
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

A Simple Synthesis Of 4-Methylthio-1,2-Dithiolane The Photosynthesis
Inhibitor Of The Green Alga Cham Globularis
Eric Blocka; Venkatachalam Eswarakrishnana

a Department of Chemistry, State University of New York at Albany, Albany, New York

To cite this Article Block, Eric and Eswarakrishnan, Venkatachalam(1986) 'A Simple Synthesis Of 4-Methylthio-1,2-
Dithiolane The Photosynthesis Inhibitor Of The Green Alga Cham Globularis', Phosphorus, Sulfur, and Silicon and the
Related Elements, 26: 1, 101 — 104
To link to this Article: DOI: 10.1080/03086648608084576
URL: http://dx.doi.org/10.1080/03086648608084576

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/03086648608084576
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus und Sul/ur. 1986. Vol. 26. pp. 101-104 
030~-~~X/~6/2601-0101/S10.00/0 

0 1986 Gordon and Breach. Science Publishers. Inc. 
Printed in the United Kingdom 

A SIMPLE SYNTHESIS OF 

PHOTOSYNTHESIS INHIBITOR OF THE 
GREEN ALGA CHAM GLOBULARIS 

4-METHYLTHIO-1,2-DITHIOLANE THE 

ERIC BLOCK*+ and VENKATACHALAM ESWARAKRISHNAN 

Department of Chemistry, State University of New York at Albany, 
Albany, New York 12222 

( Received June 22, 1985) 

CMethylthio-1.2-dithiolane, 1, a photosynthesis inhibitor from Chum glohufuris, has been synthesized 
from allyl methyl sulfide in 76% overall yield. Derivatives of 1 which have also been prepared include 
Cmethylthio-1.2-dithiolane 1-oxide, 4-methylsulfonyl-l.2-dithiolane. and Cmethylsulfonyl-1.2-dithiolane 
1.1 -dioxide. 

INTRODUCTION 

In connection with a study of naturally occurring low molecular weight organosulfur 
compounds showing biological activity' we sought a simple synthesis of 4-methyl- 
thio-1,2-dithiolane (I), an odoriferous photosynthesis inhibitor found in the green 
alga Chum gfobufuris.2 A single synthesis of 1 has been reported3 but suffers from 
low yield, from the use of the relatively inaccessible 1,2,3-propanetrithiol as starting 
material and from the need for chromatographic purification of the key inter- 
mediate. We wish to report a simple synthesis of both 1 and certain of its derivatives 
which takes advantage of the ready availability of 1,3-dibromo-2-(methylthio)prc~ 
pane (2).4 

RESULTS AND DISCUSSION 

Following the procedure 'of Stammer,4 allyl methyl sulfide was treated with bromine 
giving 2 in quantitative yield. Since attempts to directly replace the bromine atoms 
of 2 by sulfur nucleophiles led to rearrangement, 2 was first oxidized with one 
equivalent of MCPBA to 1,3-dibromo-2-(methylsulfinyl)propane (3; 82% yield) (eq. 
1). Treatment of 3 with sodium trithiocarbonate, acidification and reduction with 
lithium aluminum hydride afforded 2-methylthio-1 ,3-propanedithiol(4) in 93% yield 
from 3 (76% overall yield) and good purity. Treatment of 4 with iodine in ether as 
described previously3 led cleanly to dithiolane 1 which was handled in solution due 
to its high reactivity (eq. 2). 

*Author to whom all correspondence should be addressed. 
Fellow of the John Simon Guggenheim Foundation, 19841985. 
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MeS / A / L  3 
Br flr 

Br Br 
5 

MeSO MeS 

flr A flr ;*pSH s-s 
3 4 1 

MeS02 MeS02 MeS02 

5 6 

In a similar manner oxidation of 2 with two equivalents of MCPBA gave 
1,3-dibromo-2-(methylsulfonyl)propane (5; 93% yield) which upon reaction with 
sodium trithiocarbonate, acidification and reduction as above gave 2-methylsulfonyl- 
1,3-propanedithiol(6) in 31% yield. This upon treatment with iodine gave Cmethyl- 
sulfonyl-1,2-dithiolane (7, a previously unknown derivative of 1 (eq. 3). In an effort 
to prepare 4-mcthylsulfinyl-1,2-dithiolane, the oxidation of dithiolane 1 was studied. 
We previously reported that oxidation of 1,2,4trithiolane with t-BuOOH-V,O, 
gave exclusively the antibiotic 1,2,Ctrithiolane 4-oxide by oxidation of the sulfide 
rather than disulfide s u l f ~ r . ~ . ~  To our surprise exposure of 1 to the same oxidant 
gave only 4-methylthio-1,2-ditolane 1-oxide (9) as a mixture of stereoisomers. 
Oxidation of 1 with excess MCPBA gave Cmethylsulfonyl-l,2-dithiolane 1,l-dioxide 
(8) (eq. 4). 

MeSO2 
I 

Me S 
excess MCPBA /-- s-so2 

8 

1 MCPBA 1 

(4) 

I I s - so 
( t w o  isomers) 
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Generul. NMR spectra were recorded on a Bruker WH-90 or Varian EM360A or XL-300 spectrometer 
using tctramethylsilane as internal standard; abbreviations used are s (singlet), d (doublet), t (triplet), m 
(multiplet). Mass spectra were obtained on an AEI MS-902 mass spectrometer. Analytical gas chromatog- 
raphy (GC) was performed on a Perkin-Elmer Sigma 2B Gas Chromatograph interfaced to a Perkin-Elmer 
Sigma 10B Data Station. A 50 m OV-101 fused silica capillary column was used for all analyses. Melting 
points are corrected. Ultraviolet (vv) spectra were recorded on a Varian DMS 80 UV-visible spcctrophe 
tometer. Tetrahydrofuran and methylene chloride were dried by distillation from lithium aluminum 
hydride. 

1,3-Dibromo-2-(methylzul/inyl)propune (3). A solution of m-chloroperbenzoic acid (85%; 8.2 g, 0.047 
mol) in methylene chloride (100 mL) was added dropwise to a solution of 1,3-dibrome2-(methylthio)pre 
pane (2) (10 g, 0.04 mol) in methylene chloride (100 mL) maintained at 0°C. When the addition was 
complete, the mixture was stirred for 20 min and then filtered to remove most of the m-chlorobenzoic 
acid which was washed with methylene chloride (50 mL). The combined filtrate was washed with 10% 
NaHCO, (50 mL), and water (50 mL) and dried (MgSO,). Filtration and evaporation of solvent gave 8.64 
g (82%) of 3 as an oil which solidified on standing. Recrystallization from methanol gave colorless 
crystals, mp 5658OC, IR (neat) 1040 cm-'; 'H NMR (CDCI,) 6 3.98 (dd, 1 H), 3.89 (dd, 1 H), 3.73 
(d, 2 H), 3.3-3.18 (m, 1 H), 2.75 (s, 3 H); "C NMR (CDCI,) 6 64.63, 36.75, 28.22, 27.22. 

Anal. Calcd. for C,H,SOBr,: C, 18.20; H, 3.05. Found: C, 18.05; H, 2.83. 

Z-Mefh.vlthio-I,~-propanedithid (4). A solution of 3 (3.5 g, 0.013 mol) in methanol ( 5  mL) was added to 
an aqueous solution of sodium trithiocarbon+ (31 mL, 1.7 M). The reaction mixture was stirred at 50°C 
for 5 h. Methanol was removed at reduced pmsure, the aqueous solution was washed once with 
methylene chloride (8 mL), then acidified to pH 1 with concentrated sulfuric acid. Carbon disulfide and 
hydrogen sulfide liberated upon acidification were removed under reduced pressure. The aqueous solution 
was extracted with methylene chloride (3 X 50 mL) and the combined organic extracts washed with 
water, dried and concentrated giving an oil. The oil was dissolved in tetrahydrofuran (50 mL) and the 
solution was cooled to O°C and treated with lithium aluminum hydride (1.3 g, 0.034 mol). The resulting 
slurry was stirred at room temperature for 15 h and then was poured slowly into a well-cooled solution of 
10 mL water and 4 mL concentrated sulfuric acid. The aqueous solution was extracted with ether (3 x 10 
mL) and the combined ether extracts were washed with water, dried and evaporated to give 4 as an oil 
(1.86 g, 93%). IR (neat) 2950, 2550, and 1440 cm-'; 'H NMR (CDCI,) 6 3.09-2.68 (rn, 5 H), 2.13 (5, 
3 H), 1.72 (br t, 2 H); 13C NMR (CDCI,) 6 52.21, 27.07, 13.70; GC retention time (170°C) 3.82 min. 

I-Methylthio-l.2-difhiobnc (1). A solution of 4 (0.46 g, 3 mmol) in ether (15 mL) was added dropwise to 
a solution of iodine (1.5 g, 6 mmol) in ether (75 mL). After the addition the solution was stirred at room 
temperature for 5 min and was then decolorized by treatment with sodium thiosulfate (3 g) and sodium 
bicarbonate (30 mL of saturated aqueous solution). The ether layer was separated, washed with brine, 
dried and filtered. GC analysis indicated that the ether layer contained almost pure 4-methylthiel.2- 
dithiolane. The ether solution was then diluted with carbon tetrachloride (10 mL) and the ether was 
removed at OOC. A golden yellow solution of 1 in &on tetrachloride was obtained; all analysis was done 
using this solution as pure 1 polymerizes rapidly; ' H  NMR (CCI,) 6 3.8-2.8 (m, 5 H). 2.23 (s, 3 H); "C 
NMR (CCI,) 6 50.95, 43.78, 15.10; GC retention time (170°C) 4.29 min. 

J,j-Dibromo-2-(methy~ulfonyl)propune (5). This compound was prepared from 2 by the same proce- 
dure used for the preparation of 3 above, except that 2 equiv. of m-chloroperbenzoic acid was used. From 
1 g (0.004 mol) of 2, 1.05 g (93%) of 5 was obtained as a white solid, mp 12C125"C (from ethanol); IR 
(KBr) 1320. 1280, 1270, 1120 cm-'; ' H  NMR (CDCI,) 6 3.97 (dd, 4 H), 3.77-3.36 (m, 1 H), 3.04 (5, 
3 H); "C NMR (CDCI,) 6 65.96, 41.53, 26.48. 

Anal. Calcd. for C,H,SO,Br,: C, 17.16; H, 2.88. Found: C. 17.25; H, 2.86. 

?-Merhyls~lfonvl-l,3-propunedirhiol (6). A suspension of 5 (2 g, 0.0071 rnol) in methanol (8 mL) was 
added to an aqueous solution of sodium trithiocarbonate (17 mL, 0.029 mol). The reaction mixture was 
stirred at 50°C for 5 h. Methanol was removed in uacuo and the aqueous residue was washed once with 
methylenc chloride (8 mL) and acidified to pH 1 with concentrated sulfuric acid. Liberated carbon 
disulfide and hydrogen sulfide were removed at reduced pressure. The aqueous solution was extracted 
with methylene chloride, the extract was washed with water, dried and concentrated to an oil. This oil was 
dissolved in tetrahydrofuran (30 mL) and treated with lithium aluminum hydride (0.8 g, 0.021 mol) and 
worked up as before giving dithiol 6 as an oil (0.41 g. 318). IR 2550, 1320, 1150 cm-'; 'H NMR 
(CDC,) 6 3.363.02 (m. 5 H), 2.98 (s, 3 H), 2.06-1.68 (t. 2 H); GC retention time (195°C) 4.74 min. 

4-Mefhylsulfonyl-l.2-dirhiokune (7). A solution of 6 (0.79 g, 0.0042 mol) is 2 : 1 ether: methylene chloride 
(15 mL) was added dropwise to a solution of iodine (2.16 g, 0.0085 mol) in ether (110 mL) and the 
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solution was stirred for 5 min. Sodium thiosulfate (4.3 g) was added followed by a saturated solution of 
sodium bicarbonate (45 mL) and the mixture was stirred until colorless. 7 h e  organic layer was separated, 
washed with brine, dried and filtered. Analysis by GC indicated that the solution contained a single 
higher boiling component different from 6 (retention time at 195°C. 5.46 min). The solution was 
concentrated at 0°C and CDCl, was added to give a golden yellow solution of 7, ’ H  NMR (CDCl,) 6 
4.46-3.26 (m, 5 H), 2.95 (s, 3 H). 

I-Methylrhic~/,2-dithiolune /-oxide (9). A solution of 1 (0.456 g, 0.003 mol) in 1 : 1 rert-butanol : THF (2  
mL) was cooled to -20°C (dry ice/CCl, bath) and treated dropwise with a 6% solution of hydrogen 
peroxide in rert-butanol (1.8 mL) containing 0.0037 g V,O,. The mixture was slowly warmed to room 
temperature and then concentrated to a green oil. Preparative TLC (silica gel, 9 :  1 methylene 
chloride : acetone) gave 8 (0.11 g, 22%) as a colorless solid, mp 71-73OC; IR 1070, 1060 cm-I; ‘H NMR 
(CDCI,) 6 4.54-2.74 (m, 5 H), 2.26 (s, 3 H); ”C NMR (CDCI,) 6 69.55, 66.59, 49.50, 47.61, 42.06, 
41.46,15.20. Analysis of the crude product prior to TLC by NMR spectroscopy indicated the presence of 
traces at most of 4methylsulfinyl-l,2-diLhiolane. 

Anal. Calcd. for C,H8SSO: C, 28.55; H, 4.79. Found: C, 28.74; H, 4.79. 

4-Meth.vlsulfonyl-I.2-dithiolane I,I-dioxide (8). A solution of MCPBA (5.7 g, 85%. 0.033 mol) in 
methylene chloride (25 mL) was added dropwise to a solution of 1 (1.0 g, 0.0066 mol) in carbon 
tetrachloride (10 mL) at OOC. When the addition was complete, the mixture was warmed to room 
temperature and stirred for 1 h. The solution was then washed with 10% sodium bicarbonate (30 mL). 
water (30 mL). dried and concentrated to a semisolid (0.74 9). This was washed with methylene chloride 
(4 X 5 mL) and concentrated in uucuo giving 8 as a solid (0.22 g; 15%), IR 1320, 1300, 1220,1160. 1130 
cm- I ;  ‘H NMR (acetone-d,) 6 4.56-4.01 (m, 5 H), 3.19 (s, 3 H); I3C NMR (acetone-d,) 6 59.58, 58.45. 
40.22. 34.62; MS m/e 216 ( O m ) ,  201 (0.04). 137 (0.4), 81 (72). 73 (89). 72 (100). 
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