
136 J. Org. Chem. 1985, 50, 136-139 

clo[2.2.l]hept-2-ene oxide to 5 by base.8 The ketone 4 may 
arise from an oxo carbene that could in turn arise from an 
oxirene, or the latter could act directly as a carbenoid: by 
undergoing transannular insertion. 

Whatever the actual mechanism of the conversion of 2 
to 4, these results show that, like dehydrohalogenation of 
halo epoxides: dehalogenation of uic-dihalo epoxides leads 
to the product expected from the generation of an oxo 
carbene.'O 

Experimental Section 
GC was performed on an Antek 461 gas chromatograph 

equipped with a thermal conductivity detector and fitted with 
a 1.5 m X 3.2 mm 5% Carbowax 20M on Chromosorb W stainless 
steel analytical column or a 1 m X 6.4 mm 20% Carbowax 20M 
on Chromosorb W stainless steel preparative column. The carrier 
gas was helium at a flow rate of 60 mL/min. IR spectra were taken 
with a Pye Unicam SP-3-100 spectrometer, and 'H NMR spectra 
were taken with a JEOL C-60 HL spectrometer in CDC1, with 
(CHJ4Si as an internal standard. Zinc dust (J. T. Baker) was 
used without further treatment. Dioxane (B.D.H.) was refluxed 
overnight over sodium in a nitrogen atmosphere, distilled, and 
then stored over type 4-A molecular sieves. 
2,4-Dichlor0-3-oxatricyclo[3.2.1.0~~~]octane (2) was prepared 

by reacting cyclopentadiene with trichloroethylene and dehy- 
drochlorinating the trichlorobicycloheptenes with KOH in PrOH 
to give 2,3-dichlorobicyc10[2.2.l]hepta-2,5-diene.~~ The diene was 
reduced with hydrogen and palladium-charcoal in EtOH to 
2,3-dichlorobicyclo[ 2.2.11 he~t-2-ene.l~ The dichloroalkene was 
epoxidized with 3-chloroperoxybenzoic acid in CH2C12 to give 2.3b 
Reaction of 2,4-Dichloro-3-oxatricyclo[3.2.1.02~4]octane (2) 

with Zn. The epoxide 2 (221 mg, 1.23 mmol) and Zn powder (86 
mg, 1.31 mmol) in dioxane (5 mL) were stirred under nitrogen 
at 22 "C for 12 h. Water (15 mL) was added and the mixture was 
extracted with two 10-mL portions of ether. The ether extracts 
were dried with anhydrous MgS04 and evaporated (rotary 
evaporator, room temperature) to give 132 mg of an oil, the 'H 
NMR spectrum of which showed it to consist of nortricyclanone 
(4) and nortricyclanol (5) in a molar ratio of 9:1, corresponding 
to  90% and lo%, respectively. 4 and 5 were separated by 
preparative GC and identified by direct comparison (GC retention 
times and IR spectra) with authentic samples.6asb 
3,3-Dichlorobicyclo[2.2.l]heptan-2-one (6) was made 

analogously to the method of Shive et al. for the preparation of 
dibromocamphor.6" Bicyclo[2.2.l]heptan-2-one (2.0 g, 18.2 mmol) 
was placed in a 100-mL round-bottomed flask equipped with a 
reflux condenser and a dropping funnel. A 2 M solution of Cl2 
in AcOH (18 mL, 36 mmol) was added over 15 min, and the 
mixture was then heated on the steambath for several minutes 
(until the evolution of HC1 ceased). A further 18-mL portion of 
Clz in AcOH was added, and the mixture was heated on the 
steambath for 24 h. After being cooled to room temperature, the 
solution was poured over ice and the precipitated product was 
recrystallized from CH2C12-hexane and sublimed to give 2.5 g 
(77%) of 6, mp 100-103 "C (lit.7 mp 101.5-102.5 "C). The IR and 
'H NMR spectra corresponded with those r e p ~ r t e d . ~  
Attempted Reaction of 3,3-Dichlorobicyclo[2.2.l]heptan- 

%-one (6) with Zn. The dichloro ketone 6 (221 mg, 1.24 mmol) 
and Zn powder (85 mg, 1.3 mmol) in dioxane (5 mL) were stirred 

(8) Crandall, J. K.; Crawley, L. C.; Banks, D. B.; Lin, L. C. J. Org. 
Chem. 1971,36, 510. 

(9) Cf. the possible insertion of oxirenes into transannular C-H bonds: 
Concannon, P. W.; Ciabattoni, J. J .  Am. Chem. SOC. 1973, 95, 3284. 
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position." (b) Peroxy acid oxidation of alkynes.l8 (c) Debromination of 
a,a-dibromo ketones with zinc5 (d) Dehydrobromination of a-bromo- 
ketones (Kowalski, C. J.; Fields, K. W. J. Am. Chem. SOC. 1982,104,321). 
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logues (Torres, M.; Clement, A.; Strausz, 0. P. J.  Org. Chem. 1975, 40, 
1694). Only in diazo ketone decomposition and in the photoexcitation 
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(11) Schmerling, M., US. Pat. 2914571, 1959, Chem. Abstr. 1960,54, 
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0022-3263/85/1950-0l36$01.50/0 

under nitrogen at 22 "C for 12 h. Workup as for the reaction of 
2 with Zn gave 214 mg of a liquid that was shown by GC and lH 
NMR spectroscopy to be only the starting material 6. 
Reaction of 2-Chloro-3-oxatricyc10[3.2.1.@~]octane (3) with 

Zn. The chloro epoxide 37 (221 mg, 1.53 mmol) and Zn powder 
(100 mg, 1.53 "01) in dioxane (5 mL) were stirred under nitrogen 
at  22 OC for 12 h. Workup as for the reaction of 2 with Zn gave 
160 mg of a liquid that was shown by GC to consist of nortri- 
cyclanol(5) and the starting epoxide 3 in the molar ratio ca. 47:53. 
The identities of 5 and 3 were confirmed by collecting them 
(preparative GC) and comparing them (GC, IR) with authentic 
samples. 
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Alkynes represent an exceedingly important and useful 
class of organic compounds, the chemistry and preparation 
of which has been reviewed.' Only a few synthetic 
methods are available for the direct conversion of a car- 
bonyl derivative to an alkyne. Structural and regioselective 
limitations of classical alkyne syntheses by alkylation or 
elimination procedures make new synthetic methods for 
the construction of alkynes from carbonyl compounds 
highly desirable. The most notable syntheses of alkynes 
from carbonyl compound precursors are (1) oxidation 
[ C U C ~ / O ~ ~ ;  Ni023; AgOCOCF34; Hg05[ of bis hydrazones 
derived from 1,2-diketones; (2) treatment of 2-substituted 
[epoxy6; OBz'; OAC'~~; C18; Br8; OMs8; SMeg] ketones with 
p-toluenesulfonyl h y d r a ~ i n e ~ - ~  or tripheny1phosphine;'O 

~~~ ~ ~ 
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Table I. Reduct ions  of Bis P h o s p h a t e  Ester 2 
vield, % 

recovered" 
starting 

reducing agent / solv temp, "C time diphenylacetylene stilbene diphenylethane material 
Na(Hg)THF/MezSO 0 2 h  80 1 19 
T i / T H F  66 24 h 57 3 2 21 
Na(NH3) -78 
Li(NH,) -78 
Na(CloH8)HMPA 25 
Li(C,J&)/HMPA 25 
Na(DBB)/THF 25 
Li(DBB)/THF 25/66 
Al(Hg) /THF/MezSO 25 
Mg/THF 66 
Zn/THF 66 
HZ(PtOz)/EtOH 25 
(Bu)$nH/THF 25 + hu 
Cr [C104(en)z]z/DMF 25 
Vitride/Et20 25 
P(OEt)3/C& 82 
[ (CH3)PW"xylene 106 

5 min 
5 min 
24 h 
24 h 
24 h 
24 h 
96 h 
24 h 
24 h 
72 h 
70 h 
24 h 
3 h  
24 h 
96 h 

40 34 24 
39 44 17 
39 29 32 
49 24 6 21 

b 
b 

b 
b 

25 39 12 24 

85 10 
14 2 35 

b 
b 
100 
b 

Isolated by chromatography on silica gel 60; 3:4:5 ratios were determined by GLC. *Complex mixture of products. 

Table 11. Reduct ion  of B i s  P h o s p h a t e  Ester 2 w i t h  Titanium/Tetrahydrofuran 
K" TiCl," time (h) bis Dhowhate alkvne, % alkene, % alkane, % hydrocarbon yield, % 

2 0.67 45 1 
2.3 0.67 24 1 
4 0.75 72 1 
4.1 1.50 48 1 
6.0 1.67 24 1 

14.7 5.00 24 1 

" Molar ratio. 

and (3) reduction of diethyl enol phosphate esters of 0-ket.o 
sulfones'l or the enol triflate esters of vinyl phosphonium 
salts.12 The purpose of this note is to report a new syn- 
thesis of diphenylacetylene (3) from benzoin (I). 

Diphenylacetylene (3) was first prepared by Curtius in 
1889.5a Several syntheses of diphenylacetylene (3) from 
benzil13 and benzoin (1)14 have been reported. acyloins 
(2-hydroxy ketones), such as benzoin (l), are readily 
available by the acyloin15 or benzoin16 condensations. The 
moderate success of Bauer and Macomber14* in trans- 
forming benzoin (1) to diphenylacetylene (35% yield from 
the bis Me& ether intermediate) via reduction of an in- 
termediate cyclic thiocarbonate ester with triethyl phos- 
phite prompted us to explore the preparation and reduc- 
tion of biddiethy1 phosphate ester) 2 (Scheme I). 

Duhamel and Launay" recently reported the formation 
of enediolate dianion 1Z (195% 2) from benzoin (1) with 
2 equiv of potassium hydride in tetrahydrofuran at  0 "C. 
We found that trapping 12 with 2 equiv of diethyl chlo- 

(10) (a) Trippett, S.; Walker, D. M. J. Chem. SOC. 1960, 2976. (b) 
Borowitz, I. J.; Rusek, P. E.; Virkhaus, R. J. Org. Chem. 1969,34, 1595. 

(11) (a) Bartlett, P. A.; Green, F. R. III; Rose, E. H. J. Am. Chem. SOC. 
1978,100,4852. (b) Lythgoe, B.; Waterhouse, I. J. Chem. SOC., Perkin . .  
Trans. 1 1979, 2429. 

(12) (a) Bestmann. H.-J.: Kumar. K.: SchaDer. W. Anmu. Chem.. Int. 
Ed. Engl. 1983,22, 167. (b) Trippett, S.; Wdker, D. M. J. Chem. SOC. 
1959,3874. 

(13) (a) Mukaiyama, T.; Nambu, H.; Kumamoto, T. J .  Org. Chem. 
1964,29,2243. (b) Nakayama, S.; Yoshifuji, M.; Okazaki, R.; Inamoto, 
N. J. Chem. SOC., Perkin Trans. 1 1973, 2069. See also ref 2-5, 7 ,9 ,  10, 
12 and 14a. 

(14) (a) Bauer, D. P.; Macomber, R. S. J. Org. Chem. 1976,41, 2640. 
(b) Moss, G. I.; Crank, G.; Eastwood, F. W. J. Chem. SOC. D 1970, 206. 

(16) (a) Bloomfield, J. J.; Owsley, D. C.; Neke, J. M. Org. React. (N.Y.) 
1976,23,259. (b) McElvain, S. M. Org. React. (N.Y.) 1948,4,256. Finley, 
K. T. Chem. Reu. 1964,64, 573. 

(16) Buck, J. S.; Ide, W. S. Org. React. (N.Y.) 1948, 4, 269. 
(17) Duhamel, L.; Launay, J.-C. Tetrahedron Lett .  1983, 24, 4209. 

90 9 1 47 
92 5 3 62 
55 23 23 50 

5 4 91 49 
8 19 73 40 
0 51 49 100 

Scheme Ia 

2 q u i v  of S-Q" 2 THFlO q u i v  *C of KH/ CIPO(OE1)2 

6h bh  Ph Ph 

1 12 
Ph 

' Ph + Ph 

Ph 

3 

111 + 

I 
reduction, 

4 5 
Ph Ph 
2 99% 

DEpoHoD EP 

a DEP = PO(OEt) ,  . 

rophosphate produces (2)-bis(diethoxyphosphiny1)stilbene 
(2) in 99% yield as predominantly a single diastereomer 
(195%) .  The 2 stereochemistry was confirmed by exam- 
ination of the ultraviolet spectrum of 12 [X  (EtOH) 266 
nm (t 12023)l. Fieser reported the ultraviolet spectra for 
the corresponding (2)- and (E)-stilbenediacetate esters (A 
(EtOH) 265 nm (t 1 2  800); X (EtOH) 271 nm ( 6  23 400), 
respecti~ely].'~ In 22 the two phenyl groups cannot easily 
become coplanar. This steric hindrance to coplanarity 
prevents a overlap of the p orbitals of the two phenyl rings 
with the central double bond and thus lowers the position 
of the UV absorption band as well as the extinction 
coefficient of the Z relative to the E isomer. 

Table I shows the various reducing agents explored in 
this study. In most cases between 2.1 and 4 equiv of re- 
ducing agent were used with the exception of reactions 12, 
16, and 17. As can be seen from Table I the best conditions 
for the selective reduction of bis phosphate ester 2 to di- 

(18) (a) Fieser, L. F. J. Chem. Ed.  1964, 31, 291. (b) Guirado, A,; 
Barba, F.; Tgvar, A. Synth. Commun. 1984, 14, 333. 
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phenylacetylene (3) are sodium amalgam (4 equiv) in 
tetrahydrofuran/dimethyl sulfoxide at 0 "C for 2 h." 
Under these conditions diphenylacetylene (3) was pro- 
duced in 80% yield with a high degree of selectivity. 

Our success with the  use of freshly prepared, highly 
activated t i tanium metal in tetrahydrofuran in the  re- 
duction of enol and aryl diethyl phosphate estersl9 together 
with McMurry and coauthor's20 observations tha t  these 
conditions only slowly reduce alkynes prompted us to 
explore this method as well. Treatment of bis phosphate 
ester 2 with t i tanium metal (2.3 equiv of K, 0.67 equiv of 
TiC1,) in refluxing tetrahydrofuran for 24 h afforded di- 
phenylacetylene (3) in 57% yield. Table I1 shows a series 
of experiments aimed at optimizing the reaction conditions 
for the selective reduction of bis phosphate ester 2 with 
t i tanium metal in refluxing tetrahydrofuran. 

Reduction of bis phosphate ester 2 with alkali metals 
(Li, Na) in liquid ammonia,'l in naphthalene/hexa- 
methylphosphoric triamide (HMPA),21 or in 4,4'-di-tert- 
butylbiphenyl (DBB)/tetrahydrofuranZ2 gave reduction 
products with poor selectivity in the  formation of di- 
phenylacetylene (3). 

Reduction of bis phosphate ester 2 with aluminum 
amalgam in tetrahydrofuran/dimethyl sulfoxide at 25 O C  

produced diphenylacetylene (3) in 25% yield again with 
poor s e l e c t i ~ i t y . ~ ~  Treatment of phosphate ester 2 with 
Rieke24 magnesium or zinc in refluxing tetrahydrofuran 
2 afforded only complex mixtures of products. 

Finally, catalytic hydrogenation of bis phosphate ester 
2 over platinum oxide in 100% ethanol at  40 psi pressue 
for 72 h gave 1,2-diphenylethane (5) in 85% yield.25 

Several attempts to  prepare the bis(diethy1 phosphate 
ester) 2 [PhPh = (CH2)lo] of 2-hydroxycyclododecanone 
gave only modest and capricious results. Treatment of 
2-hydroxycyclododecanone (freshly sublimed) with po- 
tassium hydride (4 equiv) in tetrahydrofuran/HMPA (4:l 
ratio, respectively) for 24 h followed by quenching the  
enediolate dianion with diethyl chlorophosphate (4 equiv) 
produced biddiethy1 phosphate ester) 2 [PhPh = (CH2)l?] 
in 44% yield. All a t tempts  to  reduce the  latter bis 
phosphate ester selectively to  cyclododecyne under con- 
ditions which were successful for diphenylacetylene (3) 
failed to  give any useful results. 

Experimental Section 
Materials and Techniques. Melting points were determined 

on a Buchi melting point apparatus. All melting points and boiling 
points are uncorrected and are reported in Celsius degrees. 
Analytical gas-phase chromatography (GLC) was performed on 
a Varian Aerograph Model 1400 chromatograph, equipped with 
a flame ionization detector with helium as the carrier gas, using 
a 6 ft, stainless steel, in. column, packed with 3% SE-30 on 
Varaport-30,100/120 mesh (Varian); flow rate 15 mL/min at 190 
"C. Silica gel 60, F-254 (E. Merck No. 5765), silica gel 60 (E. Merck 
No. 7734, 70-230 mesh) and silica gel 60 (E. Merck No. 9485, 
230-400 mesh) available from Brinkmann Instruments, were used 
for thin-layer, column, and medium pressure liquid chromatog 
raphy (MF'LC),% respectively. Infrared (IR) spectra were recorded 

(19) (a) Welch, S. C.; Walters, M. E. J. Org. Chem. 1978,43, 2715. (b) 
Welch, S. C.; Walters, M. E. J. Org. Chem. 1978, 43, 4797. 

(20) McMurry, J. E.; Fleming, M. P.; Kees, K. L.; Krepski, L. R. J. 
Org. Chem. 1978,43, 3255. 

(21) Marshall, J. A.; Karas, L. J.; Royce, R. D., Jr. J.  Org. Chem. 1979, 
44,2994. Marshall, J. A.; Karas, L. J. J. Am. Chem. SOC. 1978,100,3615. 

(22) (a) Freeman, P. K.; Hutchinson, L. L. J.  Org. Chem. 1980, 45, 
1924. (b) Curtis, M. D.; Allred, A. L. J. Am. Chem. SOC. 1965,87,2554. 

(23) Schreibmann, A. A. P. Tetrahedron Lett. 1970, 4271. 
(24) (a) Rieke, R. D.; Li, P. T.-J.; Burns, T. P.; Uhm, S. T. J. Org. 

Chem. 1981, 46, 4323. (b) Rieke, R. D.; Bales, S. E.; Hudnall, P. M.; 
Poindexter, G. S. Org. Syn th .  1980, 59, 85. 

phenson, L. M.; Falk, L. C. J .  Org. Chem. 1976, 41, 2928. 
(25) (a) Jung, A.; Engel, R. J .  Org. Chem. 1975, 40, 3652. (b) Ste- 

on a Perkin-Elmer grating infrared spectrometer, Model 237B. 
Samples were taken in spectroquality grade carbon tetrachloride 
or chloroform as 10% solutions using balanced 0.1-mm sodium 
chloride cells or were taken as thin films between sodium chloride 
plates. Nuclear magnetic resonance (NMR) spectra were mea- 
sured on a Varian Associates Models T-60 and FT-80 spectrom- 
eters in the solvent indicated. Mass spectra were recorded on 
a Hewlett-Packard Model 5933 A spectrometer at 60 eV. Tet- 
rahydrofuran (THF) and ether were freshly distilled under ni- 
trogen from lithium aluminum hydride immediately prior to usage 
in all reactions. Dimethyl sulfoxide (Me2SO) and hexamethyl- 
phosphoric triamide (HMPA) were freshly vacuum distilled from 
calcium hydride. Dichloromethane was distilled from phosphorus 
pentoxide. Anhydrous titanium(II1) chloride (Alfa No. 77116) 
was transferred under nitrogen and utilized directly. All reactions 
were performed under an atmosphere of dry argon unless oth- 
erwise indicated. All equipment was dried in an oven at 120 "C 
for several hours prior to use and then allowed to cool in a des- 
sicator over Drierite. 

Bis( diet hoxyphosp hinyl) stilbene (2). Potassium hydride 
(35% in mineral oil, 454 mg, 11.3 mmol) was added to a tared 
50-mL round-bottomed flask and washed with freshly distilled 
Et20 (3 X 10 mL). Anhydrous THF (30 mL) was added to the 
KH and the suspension was stirred under AI at 0 "C while benzoin 
(948 mg, 4.5 "01) dissolved in THF (15 mL) was added dropwise 
over a period of 2 min. The resulting dark red suspension was 
stirred at 0 "C for 1 h. Diethyl chlorophosphate (1.6 mL, 11.3 
mmol) was added dropwise over a period of 5 min, and the re- 
sulting light brown mixture was then allowed to warm to 25 "C 
and stirred for 1 2  h. The THF was removed in vacuo, and the 
crude product was triturated with ethyl acetate (20 mL) and 
injected into a liquid chromatograph (MPLC). The material was 
purifed with a 1.5 X 25 cm silica gel 60 column (300 g), using ethyl 
acetate as the eluent, at a pressure of 10 psi, collecting 100-mL- 
sized fractions. Removal of the solvent from the appropriate 
fractions gave 2.16 g (99%) of bis(diethy1 phosphate ester) 2 as 
a yellow oil: UV (95% EtOH) 266 nm (t 12023), 218 ( e  18470); 
IR (thin film) 1600 (aromatic C=C stretch), 1240 (PO stretch), 
1050,950 cm-' (POC stretch); NMR (CDCl,) 6 7.22 (s, 10 H, Ar 
H), 4.0 (m, 8 H, POCHJ, 1.2 (t, 12 H, CHJ; mass spectrum, m / e  
484 (theory 484). 

Anal. Calcd for C2Hm0&',: C, 54.38; H, 6.29. Found C, 54.55; 
H, 6.24. 

Reductions of Bis(diethoxyphosphiny1)stilbene (2). With 
Sodium Amalgam. Na metal (37 mg, 1.6 mmol) and Hg metal 
(1.8 g) were combined in a 15-mL round-bottomed flask equipped 
with a stirring bar, reflux condenser, and Ar inlet. After addition 
of freshly distilled THF (5 mL) the mixture was heated to  reflux 
and stirred for 1.5 h, at which time it was observed that the metals 
had combined and then the heat was removed. After cooling to 
0 "C, bis(diethoxyphosphiny1)stilbene (202 mg, 0.4 mmol) dis- 
solved in freshly distilled Me2S0 (7 mL) was added dropwise over 
a period of 10 min, and the mixture was allowed to stir for 2 h 
at 0 "C. The mixture was filtered, added to H20 (50 mL), and 
extracted with EbO (3 X 50 mL). The combined ethereal extracts 
were washed with H20 (15 mL) and saturated NaCl(l5 mL), dried 
(MgS04), filtered (MgSO,), and concentrated in vacuo, chroma- 
tographed (gravity column, silica gel 60, 10 g, ethyl acetate as the 
elvent), to give 60 mg (81%) of hydrocarbons. Analysis by GLC: 
80% diphenylacetylene; 0% stilbene; 1 % 1,2-diphenylethane. 
Starting material (19%) was recovered. 

With Titanium. Anhydrous titanium(II1) chloride (290 mg, 
1.9 mmol) was stirred in freshly distilled THF (10 mL) under Ar 
while potassium metal (249 mg, 6.4 mmol, cut in small shiny 
pieces) was added. The 50-mL round-bottomed flask was then 
equipped with a reflux condenser and subsequently refluxed under 
Ar for 1 h until no trace of potassium was visible. Bis(dieth- 
oxyphosphiny1)stilbene (1.4 g, 2.8 mmol) dissolved in dry THF 
(13 mL) was added and the mixture was allowed to stir at reflux 
for 24 h. The reaction was then cooled to 5 "C and quenched with 
an excess of methanol, filtered on a short plug of Ce1ite:silica gel 
(41  w/w), concentrated in vacuo, and chromatographed (gravity 
column, silica gel 60, 50 g, ethyl acetate as the eluent) to give 318 

(26) Meyers, A. I.; Slade, J.; Smith, R. K.; Mihelich, E. D.; Hershenson, 
F. M.; Liang, C. D. J .  Org. Chem. 1979, 44, 2247. 
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mg (62%) of hydrocarbons. Analysis by GLC: 57% diphenyl- 
acetylene; 3% stilbene; 21% 1,2-diphenylethane. Starting material 
(21%) was recovered. 

With Sodium in Liquid Ammonia. To a three-necked WmL 
round-bottomed flask was added bis(diethoxyphoephiny1)stilbene 
(402 mg, 0.8 mmol) dissolved in THF (15 mL). The flask was 
then equipped with a dry ice condenser and stopcock and cooled 
to -78 OC. Ammonia (15 mL), distilled from Na metal, was 
admitted to the flask, and Na metal (38 mg, 1.7 "01) was added 
in small pieces (under Ar) until the blue color just persisted, at 
which time the solution was quenched with an exceas of tert-butyl 
alcohol. The NHB was allowed to evaporate and the material was 
added to H20 (50 mL) and extracted with EhO (3 X 50 mL). The 
combined ethereal extracts were dried (MgSOJ, fdtered (MgSO,), 
concentrated in vacuo, and chromatographed (gravity column, 
silica gel 60,27 g, ethyl acetate as the eluent) to give 110 mg (74%) 
of hydrocarbons. Analysis by GLC 40% diphenylacetylene; 34% 
stilbene; 0% 1,2-diphenylethane. Starting material (24%) was 
recovered. 

With Lithium in Liquid Ammonia. To a three-necked 50- 
mL round-bottomed flask was added bis(diethoxyphosphiny1)- 
stilbene (312 mg, 0.6 m o l )  dissolved in THF (10 mL). The flask 
was then equipped with a dry ice condenser and stopcock and 
cooled to -78 "C (dry ice, acetone). Ammonia (15 mL), distilled 
from Na metal, was admitted to the flask anci Li metal (10 mg, 
1.4 "01) was added under vigorous Ar flow, turning the solution 
a deep blue. The color persisted for approximately 1 min, and 
additonal small amounts of Li (ca. 1 mg) were added until the 
color just persisted at which time the solution was quenched with 
an excess of tert-butyl alcohol. The NH3 was allowed to evaporate 
and the material was added to H20 (40 mL) and extracted with 
EhO (3 X 30 mL). The combined ethereal extracts were dried 
(MgS04), filtered (MgS04), and concentrated in vacuo, to give 
108 mg (100%) of hydrocarbons. Analysis by GLC: 39% di- 
phenylacetylene; 44% stilbene; 17% 1,2-diphenylethane. 

With Sodium Naphthalenide. To a two-necked 50-mL 
round-bottomed flask was added freshly distilled HMPA (7 mL) 
and freshly sublimed naphthalene (161 mg, 1.3 mmol) followed 
by Na metal (26 mg, 1.1 mmol). To this mixture was added 
bis(diethoxyphosphiny1)stilbene (144 mg, 0.3 mmol) dissolved in 
THF (4 mL), and the resulting green mixture was stirred under 
Ar for 12 h. The mixture was added to H20 (50 mL) and extracted 
with Et20 (3 X 30 mL). The combined ethereal extracts were 
washed with H20 (3 x 30 mL), dried (MgSO,), filtered (MgSO,), 
concentrated in vacuo, and chromatographed (gravity column, 
silica gel 60,33 g, 100% hexane as the eluent) to give 37 mg (68%) 
of hydrocarbons by GLC: 39% diphenylacetylene; 29% stilbene; 
0% 1,2-diphenylethane. Starting material (32%) was recovered. 

With Lithium Naphthalenide. To a two-necked 50-mL 
round-bottomed flask was added freshly distilled HMPA (7 mL), 
freshly sublimed naphthalene (5 mg, 0.04 mmol), and Li metal, 
(5 mg, 0.7 mmol). To this mixture was added bis(diethoxy- 
phosphiny1)stilbene (155 mg, 0.3 mmol) dissolved in THF (2.4 
mL), and the resulting green mixture was stirred under Ar for 
12 h. The mixture was added to H20 (50 mL) and extracted with 
E g o  (3 X 30 mL). The combined ethereal extracts were washed 
with H20 (3 X 3 mL), dried (MgSO,), filtered (MgSO,), concen- 
trated in vacuo, and chromatographed (gravity column, silica gel 
60, 33 g, 100% hexane as the eluent) to give 43 mg (79%) of 
hydrocarbons. Analysis by GLC: 49% diphenylacetylene; 24 % 
stilbene; 6% 1,2-diphenylethane. Starting material (21 %) was 
recovered. 

With Hydrogen. To a 250-mL high-pressure Parr flask was 
added 100% ethanol (20 mL), Pt02 (29 mg, 0.1 mmol), and 
bis(diethoxyphosphiny1)stilbene (184 mg, 0.4 mmol). The con- 
tainer was stoppered, flushed with H2 (4X), charged with H2 (40 
psi), and allowed to stir at this pressure for 72 h. The mixture 
was filtered, added to saturated NaHC03 (50 mL), and extracted 
with Et20 (3 X 30 mL). The combined ethereal extracts were 
dried (MgSO,), filtered (MgSO,), concentrated in vacuo to a 
volume of a few milliliters, and injected directly into a liquid 
chromatograph (MPLC). The material was purified with a 1.5 
X 25 cm silica gel 60 column (300 g), using ethyl acetate as the 
eluent, at a pressure of 25 psi, collecting 100-mL-sized fractions. 
Removal of the solvent from the appropriate fractions gave 62 
mg (85%) of hydrocarbons. Analysis by GLC: 0% diphenyl- 

acetylene; 0% stilbene; 85% 1,2-diphenylethane. Starting material 
(10%) was recovered. 
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In connection with our interest in developing new syn- 
thetic routes to the aglycons of the anticancer anthracy- 
cline aclacinomycin A (1) and related structures,' we re- 

0 

1, R = rhodosamine. 2-deoxyfucose. and cinerulose A residues 

quired a simple and practical approach to various 1- 
hydroxy-3-methylanthraquinones as well as the corre- 
sponding w-hydroxy compounds. The natural products 
pachybasin (2)2 and w-hydroxypachybasin (3)3 are proto- 
types of these structures. Using Diels-Alder based 
methodology, we now report a simple, one-pot synthesis 
of pachybasin, as well as new syntheses of w-hydroxy- 
pachybasin, aloe-emodin (4), and fallacinol (5). 

Brassard has shown that the Diels-Alder additions of 
naphthoquinones to mixed trimethylsilyl vinylketene 
acetals affords a versatile route to substituted hydroxy- 
 anthraquinone^.^ This methodology has been adopted 
more recently by others in synthetic approaches to an- 
thracyclinone systems.s 

We felt that pachybasin (2) could be prepared most 
efficiently by the reaction of 2-bromonaphthoquinone (6)6 
with the readily prepared vinylketene acetal 7 derived from 
methyl senecioate (S).' Indeed, diene 7 reacted rapidly 
with quinone 5 in methylene chloride at room temperature 
in the presence of potassium carbonate as HBr scavanger. 
Heating the reaction mixture with sodium acetate com- 
pleted the aromatization process, and following acidifica- 
tion pachybasin (2) was isolated cleanly by direct crys- 
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