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Giant ragweed (Ambrosia trifida), used in herbal medicine as 
an antiseptic and to treat intestinal worms and fever,1 contains 
significant quantities (ca. 0.003% by weight) of 3-(3-buten-l-
ynyl)-6-(l,3-pentadiynyl)-l,2-dithiin (thiarubrine B (Ia)) and 
lesser quantities of 3-(5-hexen-l,3-diynyl)-6-(l-propynyl)-l,2-
dithiin (thiarubrine A (Ib)) and related compounds.2 These are 

S - S 

1 a, R = CH2=CHC-C-, R' = MeC-CC-C- (thiarubine B) 
b, R = CH2=CHC-CC-C-, R' = MeC-C- (thiarubine A) 
c, R = R' = H 

light-sensitive, deeply colored substances with a 3,6-disubstituted, 
8?r-electron, antiaromatic31,2-dithiin (l,2-dithia-3,5-cyclohexa-
diene) ring (1). Thiarubrines 1 were first identified in 1964-
654,5 in species of Compositae (Asteraceae) used6" for skin 
infections and intestinal parasites by native people in Africa and 
Canada. Compounds 1 show good light-mediated activity against 
human immunodeficiency virus (HI V-1 )6b and possess significant 
antibiotic, antiviral, and nematicidal activity both in the light 
and in the dark.60* Thus far, 10 naturally occurring, polyacety-
lene-derived7ab thiarubrines have been isolated, including some 
with epoxide, alcohol, or chloro substituents in the acetylenic side 
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chains (R and R' in 1), as well as a 1,2-dithiin l-oxide.2-6*^ In 
spite of the fact that thiarubrines have been known for 30 years, 
no syntheses have been reported, hampering detailed study of 
biological activity and chemical and physical properties.8 A 
limited number of syntheses of simple 1,2-dithiins 1 have been 
been reported,9 but in most cases these approaches lack generality 
or give complex mixtures. We report the first total synthesis of 
thiarubrine B (la). 

A key consideration in planning syntheses of thiarubrines is 
the instability and reactivity of the 1,2-dithiin ring system.9f For 
this reason, we chose to defer ring generation until the final step. 
Formation of 3,6-disubstituted 1,2-dithiins requires that the 
precursors have the proper 1,4-(Z1Z) stereochemistry for the sulfur 
substitution pattern at the double bonds and the proper regio-
chemistry for the substituents. Encouraged by the report of 
Magriotis et al. that Bu3SnH cleanly undergoes regio- and 
stereospecific addition to 1-phenylthioalkynes to give the cor
responding (E)-1 -(tributylstannyl)-1 - (phenylthio) -1 -alkenes,10 we 
hoped that l,4-bis(benzylthio)-l,3-butadiyne (2) would behave 
similarly, allowing direct access to a useful synthon of 3,6-
disubstituted 1,2-dithiins. 

Compound 2 was readily synthesized as shown in Scheme 1. 
Sequential treatment of (trimethylsilyl)ethyne11 with w-butyl-
lithium, sulfur,12 benzyl bromide, and tetra-n-butylammonium 
fluoride (TBAF) gave benzylthioethyne, and this on Glaser 
oxidation13 gave2 in 93% overall yield.14 In the key step, treatment 
of 2 with 2 equiv of Ph3SnH15b in the presence of (Ph3P)4Pd and 
Et3B

15d gave crystalline (E,E)-1,4-bis(benzylthio)-l,4-bis(tri-
phenylstannyl)-l,3-butadiene (3; 56% yield).16 The stereochem
ical assignment for 3 was confirmed by single crystal X-ray 
diffraction. 

Regiodifferentiation of 3 was readily achieved by replacement 
of one tin group with iodine,18 giving (E1E)-1,4-bis(benzylthio)-
l-iodo-4-(triphenylstannyl)-l,3-butadiene (4) (I2,1.1 equiv, 3 h, 
0 0C, CH2Cl2; 97% yield). Replacement of the remaining tin 
group in 4, or both tin groups in 3, with iodine to give (E,E)-
l,4-bis(benzylthio)-l,4-diiodo-l,3-butadiene (5) was slower (16 
h, 25 0C; 100% yield). The polyyne side chains were introduced 
by a series of three Pd(II)-mediated coupling reactions, which 
fortunately occurred smoothly, even in the case of 4, containing 
both triphenylstannyl and iodo groups. Conversion of iodotin 
compound 4 into triyne-triene 10 (see Scheme 1) could be 
accomplished in 28% overall yield in five steps: coupling with 1 
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• (a) n-BuLi, Et2O; (b) S8, -78 0C; (c) BnBr; (d) A-Bu4NF; (e) Cu2Cl2, TMEDA, O2, Me2CO, 93% for five steps; (0 2Ph3SnH, (Ph3P)4Pd, Et3B, 
toluene; -30 to 0 8C, 56%; (g) I2, CH2Cl2,0 0C, 2 h, 95-97%; (h) 2I2, CH2Cl2,25 0C, 16 h, 100%; (i) TMSC=CH, CuI-(Ph3P)2PdCl2, Et2NH, C6H6, 
86%; (j) 3TMSC=CH, CuI-(Ph3P)2PdCl2, Et2NH, C6H6,73%; (k) MeC=CC=CH, CuI-(Ph3PhPdCl2, Et2NH, C6H6,57%; (1) B-Bu4NF, 86%; (m) 
CH2-CHBr, CuI-(Ph3P)2PdCl2, Et2NH, C6H6 70%; (n) LDMAN, THF, -80 0C, 1.5 h; (o) AcCl; (p) KOH/MeOH; (q) I2, -30 0C, 17% for four 
steps. 
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1c ' (a) PhCH2SNa, MeOH, reflux, 48 h, 78%; (b) LDMAN, THF, -80 0C, 1.5 h; (c) AcCl, 96% for two steps; (d) KOH/MeOH; (e) I2, -30 0C, 

73% for two steps. 

equiv of (trimethylsilyl)ethyne and CuI-(Ph3P)2PdCl2Ui benzene-
diethylamine19 (4 - • 6), iododestannylation (6 -* 7), coupling 
with 1,3-pentadiyne (7 — 8), TBAF desilylation (8 — 9), and 
coupling with vinyl bromide (9 -*• 1O).20 In addition, double 
Pd(II)-mediated coupling of diiodo compound 5 with (trimeth-
ylsilyl)ethyne afforded symmetrical 11 in 73% yield. 

Due to the reactivity of the polyyne functionalities in 10, 
deprotection proved to be difficult. Model studies were helpful 
here. Thus, as shown in Scheme 2, treatment of (Z,Z)-l,4-bis-
(benzylthio)-l,3-butadiene (12)21 with lithium l-(JVyV-dimethy-
lamino)naphthalenide (LDMAN)22 followed by acetyl chloride 
gave (Z,Z)-l,4-bis(acetylthio)-l,3-butadiene (13) in 96% yield 
(yields of 13 were lower when 12 was cleaved with Na/NH3

9a). 
This, on sequential treatment with KOH/MeOH followed by 
iodine, gave 1,2-dithiin (Ic) in 73% yield. With this precedence, 
we treated 10 with LDMAN in THF at -80 0C for 1.5 h and then 
quenched the reaction with excess acetyl chloride to give {Z,2Z)-
5,8-bis(thioacetyl)trideca-l,5,7-triene-3,9,ll-triyne (14). Cleav
age of 14 with methanolic KOH followed by low-temperature 
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oxidation with iodine23 gave thiarubrine B (la) in 17% overall 
yield from 10. The spectroscopic properties of la (EI-MS, UV, 
1H and 13C NMR) match those reported2-6"-24 and those 
determined by us25 for natural la. Comparison of synthetic and 
natural la by Ci8 HPLC (28% H2O, 72% MeCN) with a diode 
array UV detector showed the compounds to be identical.26 In 
addition, exposure of synthetic la to light affords 3-(3-buten-
l-ynyl)-5-(l,3-pentadiynyl)thiophene, identical with the light-
induced monodesulfurization product of natural thiarubrine B.26 

Bioassay confirmed the identity of synthetic and natural la, 
showing minimal inhibitory concentrations of 0.02-0.04 (syn
thetic) and 0.01-0.02 jtg/mL (natural) toward Candida albi
cans.16 Efforts are continuing to optimize yields, to prepare 
homologs of la for biological testing from the now readily available 
3-5 and 11, and to explore the chemistry of 1,2-dithiins 1. 
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