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when a third member named furoguaiacidin was isolated 
(as the diethyl ether) by Majumder and Bhattacharyya2 
from the same source, these were the only known examples 
of lignans possessing the furan heterocycle system. 

We now report a short synthesis of 2,5-bis(4-ethoxy-3- 
r1iethoxyphenyl)-4-methoxymethyl-3-methylfuran (3), the 
htructure proposed for furoguaiacidin diethyl ether. Alkyla- 
tion of ethyl 4-ethoxy-3-methoxybenzoylacetate (4) with 
a-bromo-4-ethaxy-3-methoxypropiophenone (5) using so- 
dium hydride gave the diketo ester (6) which, without iso- 
lation, was converted to the required furan, ethyl 2,5-bis(4- 
ethoxy-3-methoxyphenyl) -3-methylfuran-4-carboxylate 
(7). Reduction of this ester with lithium aluminum hydride 
gave the alcohol (8) which on alkylation with methyl io- 
dide-sodium hydride in dimethoxyethane gave the prod- 
uct, furoguaiacidin diethyl ether (3) with physical con- 
stants (mp, nmr, ir, uv) in excellent agreement with those 
reported. 

Experimental Section 
Nmr spectra were measured in deuteriochloroform solution with 

tetramethylsilane as internal standard. 
Ethyl 4-Ethoxy-3-methoxybenzoylacetate (4). A previously 

described procedure3 was modified by using sodium hydride in- 
stead of sodium ethoxide and reducing the reaction time from 60 
hr to 30 min: nmr 6 1.23 (t, 3 H, J = 7 Hz, -COzCHzCHs), 1.47 (t, 3 
H , J  = 7 Hz,ArOCHzCHs), 3.87 (9, 3 H, OCH3), 3.90 (s, 2 H, CHz), 
4.13 (9, 2 H, J == 7 Hz, A ~ O C H Z C H ~ ) ,  4.17 (9, 2 H, J = 7 Hz, 
-COzCH&H3), 6.75-7.57 (m, 3 H, ArH). 
a-Bromo-4-ethoxy-3-methoxypropiophenone ( 5 )  was crys- 

tallized from methanol and had mp 72-73' (lit.4 76-77'); nmr 6 
1.47 (t, 3 H, J = 7 Hz, ArOCH&H3), 1.85 (d, 3 H, J = 6.5 Hz, 
CH&HBr), 3.88 (s, 3 H, OCH3), 4.16 (9, 2 H, J = 7 Hz, Ar- 
OCHZCH~) ,  5.29 (9, 1 H , J  = 6.5 Hz, CH&HBrCO), 6.78-7.62 (m, 
3 H, ArH). 
Ethyl 2,5-Bis(4-ethoxy-3-methoxyphenyl)-3-methylfuran- 

4-carboxylate (7). Sodium hydride (122 mg, 57% oil dispersion) 
was added with stirring to absolute ethanol (50 ml) under nitrogen, 
followed by a solution of the keto ester 4 (770 mg) in the same sol- 
vent (25 ml). This mixture was stirred for 15-20 min, and a solu- 
tion of the bromo ketone 5 (830 mg) in ethanol (25 ml) was added 
dropwise. The flask was then stoppered and stirred at room tem- 
perature for 3 days. Hydrogen chloride gas was bubbled through 
the reaction mixture for 20 min a t  O", then the resulting dark solu- 
tion refluxed for 1 hr, poured into water (300 ml), and extracted 
with chloroform. Removal of the solvent and crystallization of the 
dark residue from methanol gave the furan ester (7) as pale yellow 
prisms (550 mg): mp 113-115'; nmr 6 1.32 (t, 3 H, J = 7 Hz, 
-CO&HzCH3), 1.47 (t, 6 H, J = 7 Hz, ArOCH2CH3), 2.38 (s, 3 H, 
CH3), 3.92 (s, 6 H, OCH3), 4.14 (4, 4H, J = 7 Hz, ArOCHzCHa), 
4.33 (q ,2  H, J = 7 Hz, -CO&HzCH3), 6.83-7.57 (m, 6 H, ArH). 

Anal. Calcd for C26H3007: C, 68.70; H, 6.65. Found: C, 68.80; H, 
6.68. 

2,5-Bis( 4-ethory-3-methoxyphenyl)-4-hydroxymethyl-3- 
methylfuran (8). A solution of the ester 7 (149 mg) in ether (15 
ml) was added with stirring to  lithium aluminum hydride (ca. 0.5 
g) in ether (30 ml) a t  0' under nitrogen. The mixture was allowed 
to reach room temperature on standing overnight, then decom- 
posed by addition of ethyl acetate, then water until coagulation oc- 
curred. The solution was decanted, dried (MgSOd), and evaporated 
to yield the alcohol 8, crystallized from methanol as colorless nee- 
dles: mp 147-148'; nmr 6 1.45 (t, 6 H, J = 7 Hz, ArOCHzCH3), 
2.03 (br s, 1 H, -OH), 2.25 (s, 3 H, CH3), 3.88 (s, 6 H, OCH3), 4.09 
(q, 6 H, J = 7 Hz, ArOCHzCH3), 4.62 (s, 2 H, CHzOH), 6.80-7.52 
(m, 6 H, ArHj. 

Anal. Calcd for CzdHz~O6: C, 69.88; H, 6.84. Found: C, 69.80; H, 
6.90. 
Furoguaiacidin Diethyl Ether (3). To a stirred solution of the 

alcohol 8 (547 mg) in dry 1,2-dimethoxyethane (25 ml) was added 
methyl iodide (10 drops) and sodium hydride ( e a .  10 mg, 57% oil 
dispersion) under nitrogen. More methyl iodide (25 drops) was 
then added and the mixture stirred overnight a t  room tempera- 
ture. Removal of the solvent under reduced pressure gave a yellow.. 
green crystalline residue, which was dissolved in chloroform, 
washed with water, and dried. Removal of the colored impurity 
was effected by preparative tlc (silica gel, Merck PF 254+366) 

using benzene-acetone (9:l) to give furoguaiacidin diethyl ether 
(3) as colorless prisms (290 mg) from methanol: mp 133.5-135' 
(lit.2 mp 135'); X(C2HjOH) 258 nm (log 4.47) and 324 (4.16); nmr 6 
1.45 (t, 4 H, J = 7 Hz, ArOCHZCH3), 2.27 (s, 3 H, CH3), 3.45 (s, 3 
H, -CH*OCH3), 3.92 (5, 6 H, ArOCHd, 4.12 (q, 4 H, J = 7 Hz, Ar- 
OCHzCH3),4.40 (s, 2 H,CHzOCH3),and 6.83-7.37 (m, 6 H, ArH). 
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In 1964, Mayer and Gebhardt2 reported a simple one- 
step synthesis of 1,3-dithiole-2-thione (1) which involved 
the addition of sulfur and carbon disulfide to sodium acety- 
lide (eq l). This procedure was subsequently extended with 
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C- Y, cx, 
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1, R = H , ;  Y = X  = S  

3, R = C H , ; Y = S e ; X = S  
2, R=C,Hj; Y =Se; X = S  

the preparation of 5-phenyl-1,3-thiaselenole-2-thione (2).3 
We report here the anomalous reaction that occurs in the 
attempt to prepare the parent compound of 2 by this meth- 
od. 

Treatment of sodium acetylide with selenium and carbon 
disulfide gave, in addition to the expected product, 1,3-thi- 
aselenole-2-thione (4), four other related compounds iden- 
tified as 1, 1,3-dithiole-2-selone (5), 1,3-thiaselenole-2-sel- 
one (6), and 1,3-diselenole-2-thione (7). In a similar reac- 
tion, sulfur and carbon diselenide reacted with sodium 
acetylide to give the same products as well as 1,3-diselen- 
ole-2-selone (8). Table I lists the relative percentages of the 
products formed in these two reactions. The products were 
easily separated by chromatography on silica gel (5% 
CHC13 in CC14). Relative to 1, the introduction of selenium 
into the ring reduces the retention time on the column, 
while replacement of the thiocarbonyl in 1 with a seleno- 
carbonyl increases it. In a compound such as 6, the seleni- 
um in the carbonyl has a greater effect on the retention 
time than in the ring, and this material is eluted after 1. 
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Table I[ 
Relative Per Cent Composition 

_- 
Reasl ion Relative ?4 composltiona _- 

1 4 5 6 7 8 

Y = S e ; X = S  22 70 5 2 1 0 
Y = S ;  X = S e  1 1 15 25 8 50 

a Approximate values based on amounts of material isolated after chromatography and from analysis by high-pressure liquid chroma- 
tography. 

Table I1 
Spectroscopic Properties 

ili,,,,, i n l e n l  1 4 7 5 6 8 

--__I_ 

Ir (CCI,, cm-') 1070, 1100 1060, 1095 1040, 1086 960 940 920 
N m r  (5, re1 toTMS, 7.17 7.26, 7.80 7.92 7.35 7.42, 8.01 8.10 

Uv-visible, ,I, ( E )  inexme) 430 (100) 440 (100) 455 (100) 530 (300) 548 (270) 555 (400) 
CDC1,) (.JAB = 7.5 Hz) ( J k B  = 7.5 Hz) 

360 (11,000) 368 (15,500) 
275 (1000) 285 (2600) 
230 (5500) 245 (10,700) 

The identification of the products in these reactions fol- 
lows from their spectroscopic properties (Table II), mass 
spectra, and elemental analyses.4 The ir, nmr, and uv-visi- 
ble data, collected on compounds 1 and 4-8 (Table II), dis- 
play remarkable additive trends for the successive intro- 
duction of selenium into 1, which shifts the spectroscopic 
absorptions to iower energies. Compound 1 was identified 
in comparison with literature values for this material.l,5 
Compounds 7 and 8 could be prepared by independent 
routes: addition of selenium and carbon diselenide to sodi- 
um acetylide provided 8, while treatment of 8 with P4S10 
gave 7. 

Two plausible mechanisms for the formation of the prod- 
ucts listed in Table I are outlined in Scheme I. Pathway A 
involves ring closure of 9, followed by addition and removal 
of H+, and ring opening to give 10 in which a mixing of sul- 
fur and selenium atoms has occurred. Alternately, the in- 
terconversion o€ 9 and 10 could be accomplished by the s&- 

377 (12,100) 402 (11,800) 410 (13,100) 413 (14,100) 
290 (1850) 295 (1000) 305 (1500) 318 (1200) 
254 (9100) 233 (4700) 252 (6100) 264 (7200) 

ries of steps outlined by pathway B.6 The formation of only 
one product in the case of phenyl substitution (2, eq I )  
lends support for the two proposed mechanisms. The sub- 
stituent effectively blocks the interconversion of 9 and 10. 
This was further tested by treating sodium methylacetylide 
with selenium and carbon disulfide, which also yielded only 
one product, identified as 5-methyl-1,3-thiaselenole-2- 
thione (3). 

Since pathway A involves removal of H+ from the neu- 
tral ring closed product 4, the preparation of I (eq 1) was 
carried out in the presence of 8 in order to check for the 
formation of mixed sulfur-selenium products. Analysis of 
the product mixture showed the expected presence of 1 
(-95% of the product mixture), as well as 4 (-4%) and 7 
(-1%). No 8 could be detected in the product mixture. 
While these results cannot rule out the operation of path- 
way B, no mixing of sulfur and selenium to give 4 and 7 
would have strongly weighed against pathway A. 

partiway A /  

I; 
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The reactions reported here provide an excellent oppor- 
tunity to study the comparative reactivities and properties 
of sulfur and selenium in organic cpmpounds. Furthermore, 
1 and 4-8 are of interest as potential Ei~-pseudo-aromatic 
systems in which each ring heteroatom contributes an elec- 
tron pair as illustrated by the resonance structure 1 L7 Syn- 
thetically, these compounds have gained attention as inter- 
mediates in the preparation of tetrathiofulvalene deriva- 
tives (12) which have recently been reported to form highly 
conducting charge-transfer salts.8-ll 

42 11 

Experimental Section 
General. Elemental analyses were performed by Galbraith Lab- 

oratories, Knoxville, Tenn. Molecular ion values (mle) reported for 
compounds containing selenium are based on Some of the se- 
lenium compounds involved in the synthetic procedures described 
herein (e.g., CSe2 and H2Se) are extremely toxic and difficult to 
control, and appropriate precautions should be exercised in han- 
dling such materials. 

Reaction of Sodium Acetylide with Selenium and Carbon 
Disulfide. A 1-l., three-necked flask, equipped with an efficient 
mechanical stirrer, Dry Ice condenser, and gas inlet for acetylene 
was placed in a Dry Ice bath and 300 ml of ammonia added. While 
acetylene was being bubbled through the ammonia, 4.6 g of sodium 
(0.2 g-atom) was added in small portions. After the sodium had 
reacted, the Dry Ice bath was removed, and 200 ml of anhydrous 
ether and 15.8 g of powdered selenium (0.2 g-atom) were added 
with vigorous stirring. The ammonia was allowed to evaporate and 
300 ml of acetonit,rile added. Carbon disulfide (15.2 g, 0.2 mol) in 
100 ml of ether was added dropwise over 1 hr. The reaction was 
stirred for 1 hr more, and acidified with 10% aqueous HC1. The 
mixture was then extracted several times with ether12 and dried 
(MgS04) and the ether removed. The remaining tarry material was 
extracted with several portions of hot methylcy~lohexane~~ from 
which crystallized 2.8 g of a yellow-orange solid. Column chroma- 
tography (3 f t ,  silica gel column, 5% CHC13 in CC14 eluent) on this 
material easily separated five products which were further purified 
either by recrystallization (hexane) or sublimation. Characteriza- 
tion of the products is based on their ir, nmr, and uv-visible spec- 
tra (see Table 111, mass spectra, and elemental analyses4 and they 
are the following. 1,3-Dithiole-2-thione (I): yellow solid: mp 49.5" 
(lit. 48.4O,l SOo4); mle 13.4; 1,3-Thiaselenole-2-thione (4): yellow 
solid; mp 60.5'; mle 182; 1,3-Dithiole-2-selone ( 5 ) :  orange solid; 
mp 59-60'; mle 182; 1,3-Thiaselenole-2-selone (6): orange solid, 
mu 80-81"; mle 230; 1.3-Disclenole-2-thione (7): vellow solid: mD 
83-84'; m/e 230. 

Reaction of Sodium Acetvlide with Sulfur and Carbon Di- 
selenide. The same experimental conditions as described above 
were followed. However, extreme care should be taken due to the 
high toxicity and foul smell of carbon di~e1enide.l~ On a 0.2 mol 
preparative scale, 1.5 g of a red solid was isolated from which were 
separated compounds 1 and 4-7 and also 1,3-diselenole-2-selone 
(8): red solid; mp 113.5-114'; mle 278 (see Table I1 for ir, nmr, and 
uv-visible data). 

Reaction of Sodium Acetylide with Selenium and Carbon 
Diselenide. The same experimental conditions as described above 
were followed to give 8 in yields varying from 10 to 25%. 

Reaction of 1,3-Diselenole-2-selone (8) with PdS10. To 0.275 
g of 8 (1 mmol) in 15 ml of benzene was added 1.0 g of P4S10 
(Pfaltz and Bauer) with stirring, and the solution was refluxed for 
3 hr. Work-up consisted of filtering, adding ether, washing with 
NaHC03, and drying (MgS04). Evaporation of the ether gave a 
yellow-brown solid which was placed on a short silica gel column, 
and eluted with 5% CHC13 in CC14 to give a bright yellow solid 
identified as 1,3-diselenole-2-thione (7) in 25% yield. 

Reaction of Sodium Methylacetylide with Selenium and 
Carbon Disulfide. The same experimental conditions as de- 
scribed above were followed to give, on a 0.2 mol preparative scale, 
6.5 g of 5-methyl-1,3-thiaselenole-2-thione (3) (25% yield) as a yel- 
low-orange solid: nip 34-35'; ir (CDC13) 1060 cm-l; nmr (6, re1 to 
TMS, CC14) 2.28 (3 H, doublet), 7.20 (1 H, quartet), JallYllc = 1.5 
Hz; mle 196. 

Reaction of Sodium Acetylide with Sulfur and Carbon Di- 
sulfide in the Presence of 8. The same experimental conditions 
as described above were followed on a 0.1 mol preparative scale, 
except that  during the addition of carbon disulfide, 8 (0.1 g) was 
also added. High-pressure liquid chromatography revealed the 
presence of three products which were subsequently separated by 
column chromatography (5% CHC13 in CC14, silica gel) and identi- 
fied by their ir and nmr spectra as 1 (-95% of product mixture), 4 
(-4%), and 7 (-1%). 
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To pursue our research on the biosynthesis of marine 
natural products, we were obliged to synthesize y-bisabo- 
lene. Our choice of synthetic strategies was limited because 
we required the capability of incorporating isotopic labels 
during the penultimate stages of the synthesis. We ex- 
plored the only previous stereoselective synthesis of y-bisa- 
bolenel but could not repeat a key reaction to our satisfac- 
tion. We have therefore devised a simple synthesis of y-bis- 
abolene based on the Claisen rearrangement. Hexadeu- 
terio-y-bisabolene was also prepared by this route. 
4-Methyl-3-cyclohexen-1-one (l), prepared from p-cre- 

sol by the method of Braude and Webb,2 was treated with 


