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to give the bicyclic ketone 23 as a gum. This gum was taken up 
in 4 mL of acetonitrile, and the solution was cooled at 0 "C. To 
this solution was added successively diphenyl chlorophosphate 
(190 pL, 0.92 mmol), diisopropylethylamine (160 pL, 0.92 mmol), 
and DMAP (<1 me). After the mixture was stirred at 0 "C under 
Ar for 1 h, 3-pyridmemethanethiol(l37 mg, 1.09 "01) was added 
followed by additional diisopropylethylamiie (190 pL, 1.09 "01). 
The reaction mixture waa stirred at 0 "C for 3 h and then at room 
temperature for 1 h. The resulting mixture was diluted with 
EtOAc-ether (l:l), and this solution was washed (10% saturated 
NaHC03, 10% saturated NH4Cl, brine), dried (Na2S04), and 
evaporated to give a gum. Flash chromatography (Si02, EtOAc 
then MeCN) of this gum gave the title compound (138 mg, 47%) 
as a white foam: [alaD +71.0° (c 0.5, CHC13); IR (CDClJ, 3420, 
1770,1705 cm-'; 'H NMR (CDClJ 6 8.50-8.56 (m, 2 H), 7.66-7.72 
(m, 1 H), 7.23-7.30 (m, 1 H), 5.85-6.04 (m, 1 H), 5.37-5.48 (m, 
1 H), 5.20-5.28 (m, 1 H), 4.61-4.87 (m, 2 H), 3.91-4.12 (m, 5 H), 
3.41-3.47 (m, 1 H), 3.30 (dq, J = 7.3,g.l Hz, 1 H), 1.8 (br s, 1 H), 
1.25 (d, J = 7.3 Hz, 3 H). Anal. Calcd for Cl8H&lzO4S.0.6H2O 
C, 58.24; H, 5.76; N, 7.55. Found: C, 58.19; H, 5.43; N, 7.77. 
Potassium (4R,5S,6S)-3-[(Pyridin3-ylmethyl)thio1-6- 

(hydroxymethyl)-4-methyl-7-oxo-l-azabicyc~o[3.2.O]hept-2- 
ene-2-carboxylate (26). To a solution of the allyl ester 25 (58 
mg, 0.16 mmol) in 500 pL of acetonitrile was added a solution 
of tetrakis(tripheny1phosphine)palladium (4 mg, 2 mol %) and 
triphenylphosphine (4 mg) in 100 pL of CHzC12, followed by a 
solution of potassium 2-ethylhexanoate (32 mg, 0.176 mmol) in 
250 pL of EtOAc. After the mixture was stirred at room tem- 
perature under Ar for 1.5 h, it was diluted with ether and the 
supernatant was decanted. Ether was again added, the super- 
natant was decanted, and the residue was dried in vacuo to give 
a tan powder. Reverse-phase chromatography (CIS Bonda- 
Pak/H20) of this powder gave, after lyophilization, the title 
compound (41 mg, 72%) as off-white glassy beads: IFt (KBr) 3400, 
1750, 1595 cm-'; 'H NMR (D20) 6 8.52 (d, J = 2.3 Hz, 1 H), 8.43 
(dd, J = 1.5,4.9 Hz, 1 H), 7.90 (dt, J = 1.9,8.0 Hz, 1 H), 7.44 (dd, 
J = 5.0,8.0 Hz, 1 H), 4.18,4.05 (AB q, J = 14.1 Hz, 2 H), 3.82-4.05 
(m, 4 H), 3.50-3.56 (m, 1 H), 3.33 (dq, J = 7.3,g.O Hz, 1 H): 1.16 

304 (C  9157) nm. 
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Fluorine-containing epoxides are important intermedi- 
ates in the synthesis of surfactants, oligomers, and poly- 
mers with special properties.' Since most polyfluorinated 
olefins are too deactivated for direct electrophilic ep- 
oxidation, their epoxides are usually made by either using 
special catalysts or employing indirect methods. For ex- 
ample, our attempts to epoxidize the electron deficient 
double bond of 3,3,4,4,5,5,6,6,6-nonafluorohexene (1) with 
m-chloroperoxybenzoic acid or trifluoroperacetic acid were 
unsuccessful; only starting material was recovered. 

* Direct correspondance to this author at School of Chemistry, 
Tel-Aviv University, Tel-Aviv 69978, Israel. 

One of us recently developed a new method using ele- 
mental fluorine to epoxidize olefinse2 When fluorine is 
passed through a water-acetonitrile mixture, a relatively 
stable HOF-acetonitrile complex is formed? This is a rare 
case of an oxidizing system where the partial charge on the 
oxygen atom is permanently positive,' which is responsible 
for the complex's very efficient epoxidation of moderately 
electron rich olefins. We report here on the ability of the 
HOF-CH,CN system to epoxidize 1 and related electron- 
deficient fluoroolefins. 

When a hydrocarbon olefin is reacted with the F2-H2- 
0-CH3CN oxidizing mixture a t  0 OC or lower, it usually 
takes less than a minute for complete epoxidation to oc- 
cur.2 Under similar conditions, however, fluoroolefin 1 
failed to react. Since HOF is stabilized by CH3CNS and 
can be easily prepared in relatively large amounts, it was 
possible to use a considerable excess of the reagent: raise 
the temperature to about 25 "C, and prolong the reaction 
time to a few hours. Under these conditions the elec- 
tron-deficient olefin smoothly reacted to form the corre- 
sponding epoxide 2 in over 70% yield. Similar results also 
were obtained with olefins possessing longer perfluorinated 
chains, such as 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctene 
(3), which formed the corresponding epoxide 4 in 80% 
yield. 

F,/H,O/CH,C N 
R,CH=CH, RICH-CH, 

HOFfCH,CN 'o/ 

With two identical double bonds in a molecule, as in the 
fluorinated diene 5,' it is difficult to differentiate their 
reactivity. The deactivating effect of the oxygen atom of 
the first-formed monoepoxide is hardly felt by the re- 
maining double bond, especially when compared to the 
strong electron-withdrawing effect of the CF2 groups. 
Thus, when only a moderate excess of the reagent is used, 
a mixture of the mono- (6) and bis-epoxide (7) was formed. 
With a very large excess of the reagent the reaction could 
be driven to completion to form the bis-epoxide 7 in 72% 
yield. 

CH,~CH-(CF,)lo-CH=CH, 
P 

CH,~,CH-(CF,),,--CH=CH, + CH -cH-(cF~),,,-cH-cH, 

With more differentiated double bonds, however, the 
more electron rich olefin can be regiospecifically ep- 
oxidized. Thus, 1,1,2- trifluoro- 1,5-hexadiene (8) reacted 
with the in situ prepared HOF-CH,CN reagent in leas than 
2 min to produce only 5,6-epoxy-1,1,2-trifuoro-l-hexene 
(9). Similarly, 1,1,2-trifluoro-1,7-octadiene (10) and 

' O /  
O h  L 

(1) Feiring, A.; Smart, B. Ullmann's Encyclopedia of Industrial 
Chemistw. 5th ed.: VCH Publishers: New York. 1988: Vol. A 11, ChaDter 
6. Tarrant, P.; Allison, C. G.; Barthold, K. P:; Stump, E. C. Fluoiine 
Chemistry Reuiews; Tarrant, P., Ed.; Marcel Dekker: New York, 1971; 
VOl. 5, p 77. 

(2) Rozen, S.; Kol, M. J. Org. Chem. 1990,55, 5155. 
( 3 )  Rozen, S.; Brand, M. Angew. Chem., Znt. Ed. Engl. 1986,26554. 

Rozen, S.; Brand, M.; Kol, M. J. Am. Chem. SOC. 1989,111,8325. 
(4) Migliorese, K. G.; Appleman, E. H.; Taangeris, M. N. J. Qrg. Chem. 

1979,44,1711. 
(5)  Unlike pure HOF, which is unstable above -70 OC, the HOF-C- 

HsCN complex has a half-life of several hours at room temperature. 
(6) In contrast with the olefin epoxidations described in ref 2, most 

of the alkenes in this work had to be treated with a considerable excess 
of HOF-CHaCN to achieve near quantitative conversion. 
(7) Kim, Y. K.; Pierce, 0. R.; Bajzer, W. X.; Smith, A. G. J. Fluorine 

Chem. 1971, 1, 203. 
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1,1,2-trifluoro-1,9-decadiene (1 1 P  were converted in good 
yields to the corresponding epoxides 12 and 13 without 
affecting the trifluoroethylene moiety. These monoep- 
oxides could be polymerized through the epoxy group to 
yield polymers with pendant fluorovinyl substituenh that 
could be used for cross-linking and other chemical modi- 
fications! Regioselective epoxidation is also possible when 
both aromatic and other ?r centers are present in the same 
molecule. For example, pentafluorophenylethene (14) 
reacted with the oxidizing mixture in 5 min to form the 
corresponding epoxide 151° in 85% yield." 
CF,=CF-(CH3,-CH=CH, * CF,=CF-(CH,),-Ccn\yCH, 

0 

Notes 

L4 Y 

Another potentially important group of olefins are the 
3-(perfluoroalkyl)-l-propenes ( 17)12 whose epoxides13 are 
particularly useful intermediates to ~urfactants. '~ Since 
the double bonds in these olefins are separated from the 
electron withdrawing perfluorinated chains by a methylene 
unit they are more susceptible to electrophilic attack and 
treatment with a moderate excess of HOF-CH3CN rapidly 
converts them to the corresponding epoxides 18 in very 
good yields. 

R,CH,CHPCH, RICH,-CH-CH, 
'O/ 

LL LB 

R l =  c6F13, cSF17, CIOFZI 

In conclusion, the novel hypofluorous acid-acetonitrile 
complex, easily prepared from fluorine and water, is a 
general epoxidizing reagent, even for unreactive olefins 
which can not be directly epoxidized by other means. This 
epoxidation method does have its limitations, however. 
Extremely electron deficient or electron poor, sterically 
hindered olefins resist epoxidation by HOF-CH3CN. In 
contrast to the reactivity of 1, for example, both C4F9C- 
H=CHC4F9 and compounds of type Ft&F(CF3)CH==CH2 
are practically inert.16 

(8) In general, synthesis of 8, 10, and 11 involves reaction between 
trifluoroiodoethene and an appropriate hydrocarbon olefin, followed by 
dehydroiodination. A full report on the preparation of these dienes will 
appear later. 

(9) Hung, M., unpublished results. A separate report on the polym- 
erizations and polymer properties will be published later. 

(10) Hanzlik, R. P.; Walsh, J. S. Arch. Biochem. Biophys. 1980,204, 
255. 

(11) If a large excess of the HOF-CHsCN reagent is allowed to react 
with aromatic compounds for prolonged p e r i d  of time, the aromatic ring 
can be attacked. This chemistry is currently under investigation. 

(12) Matsubara, S.; Utimoto, K. Tetrahedron Lett. 1987, 28, 5857. 
Umemoto, T.; Gotoh, Y. Bull. Chem. SOC. Jpn. 1986,59,439. 

(13) Brace, N. 0. J. Org. Chem. 1962,27,3033. 
(14) Brace, N. 0. U S .  Patent 3,145,222 (1964). 
(15) After 10 h with a large excess of the HOF-CH&N reagent lees 

than 5% of C4F9CH=-CHC4F9 was converted to its epoxide and R&F- 
(CF3)CH=CHz had not detectably reacted. In a competition experiment, 
perfluorohex-1-ene actually reacted faster than n-C4FBCH=CH2 but 
produced a complex mixture which contained carbonyl compounds and 
little epoxide. 

Experimental Section 
Caution! Molecular fluorine is a very toxic and corrosive gas. 

The following reactions should be carried out in an efficient fume 
hood, and the experimenter should be familiar with the precau- 
tions necessary for safe handling of fluorine.16 Since molecular 
fluorine diluted with an inert gas is much safer to handle than 
pure fluorine, the use of a fluorine/nitrogen mixture comprising 
no more than 20% fluorine is recommended. A reaction apparatus 
for working with elemental fluorine has been described." 

General Procedure for Producing the HOF-CHgCN Ox- 
idizing System. Mixtures of 10-15% F2 diluted with nitrogen 
were used. This mixture was passed at a rate of about 400 
mL/min through a cold (-10 "C) and vigorously stirred mixture 
of 400 mL of CH&N and 40 mL of H20. The level of the oxidizing 
power was monitored by reacting aliquota with an acidic aqueous 
solution of KI. The liberated iodine was then titrated with a 
standard aqueous sodium thiosulfate solution. Concentrations 
of oxidizing agent of more than 1 mol/L can be generated. 

General Epoxidation Procedure. The olefin (5-20 g) was 
dissolved in about 50 mL of CH2C12, cooled to 0 OC, and added 
in one portion to the reaction vessel in which the oxidizing agent 
had been prepared. Except for reactions with the more reactive 
olefins, the cooling bath was removed and the reaction was stopped 
after 3 h by neutralization with solid sodium bicarbonate or ita 
saturated aqueous solution. Reactions can be left for longer 
periods, but most of the reagent decomposes after 3-4 h. The 
reaction mixture was then poured into 1.5 L of water, extracted 
with CFCl,, and washed with aqueous NaHC03 and water until 
neutral. The organic layer was dried over MgSO,, and the solvent 
was removed by distillation. The residue containing the crude 
product was usually distilled at either atmospheric or reduced 
pressure. 

Epoxidation of 3,3,4,4,5,5,6,6,6-Nonafluorohexene (1). The 
olefm 118 (15 g, 61 mmol) dissolved in 30 mL of CH2C12 was added 
to 250 mmol of the oxidizing solution. The reaction was left until 
no more oxidizing reagent could be detected and worked up as 
described above. The epoxide was distilled to give 3 g of the 
starting material and 10 g (63%) of the epoxide 2 bp 81-83 "C; 
IR (KBr) 1240 cm-'; 'H NMR (CD2C12) 6 3.0 (2 H, dm, J = 10 
Hz), 3.5 (1 H, tm, J = 10 Hz); '?F NMR (CDC12) 6 -81.6 (3 F, tm, 
J = 10 Hz); MS m/z  262 (M+). Anal. Calcd for CsH3FgO: C, 
27.48; H, 1.15; F, 65.27. Found: C, 27.63; H, 1.32; F, 65.01. 

Epoxidation of 3,3,4,4,5,5,6,6,7,7,8,8,8-Tridecafluorootene 
(3). To a solution of 230 mmol of the oxidizing reagent in 440 
mL of CH3CN-H20 (101) was added 20 g (58 mmol) of 318 in 20 
mL of CH2C12. After 2 h the reaction was neutralized with solid 
sodium bicarbonate. The reaction mixture was distilled at 80 mm 
to afford 230 mL of liquid consisting mainly of acetonitrile and 
epoxide 4. It was poured into 1 L of water and worked up as above. 
The epoxide (80% yield at 60% conversion) distilled at 20-22 
OC (1 mm): IR (KBr) 1200,1240 cm-l; 'H NMR (CD2C12) 6 3.0 

6 -81.4 (3 F, tm, J = 10 Hz); MS m/z  362 (M+). Anal. Calcd for 
CBH3F130: C, 26.52; H, 0.83; F, 68.23. Found: C, 26.73; H, 1.02; 
F, 67.89. 

Epoxidation of Fluorinated Diene 5. Following the above 
procedure, a solution of 240 mmol of the oxidizing reagent was 
prepared in 440 mL of acetonitrilewater (101). To this solution 
10 g of 5' dissolved in 30 mL of CH2C12 was added, and the 
reaction was allowed to stand at room temperature until no ox- 
idizing power remained. The reaction was worked up as described 
above. GC/MS analysis indicated the formation of both mono- 
(6) and bis-epoxides (7) in 30% and 55% yields, respectively. MS, 
m / e  (6) 551 [(M - F)+], 77 [(CF2CH=CH2)+]. When the ep- 
oxidation was repeated using the above mixture of 6 and 7 as a 
substrate, the yield of 7 increased to 72%: mp 93 OC (from 
cyclohexane); 'H NMR (CD2C12) 6 3.5 (1 H, m), 3.0 (2 H, m); MS 
m / z  (7) 586 (M)', 536 [(M - CF2)+], 486 [(M - 2CF2)+], 100 
[(CFJ2]+. Anal. Calcd for Cl&Fm02: C, 28.67; H, 1.02; F, 64.85. 
Found: C, 28.63; H, 0.99; F, 64.81. 

(2 H, dm, J 10 Hz), 3.5 (1 H, tm, J = 10 Hz); 'V NMR (CD2ClJ 

(16) Specialty Gas Material Data Sheet on Fluorine; Air Producta and 

(17) Umemoto, T.; Tomita, K.; Org. Synth. 1990,69, 129. 
(18) Available from PCR, Inc., Gainesville, FL. 

Chemic&, Inc.: Allentown, PA (1986). 
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Epoxidation of Fluorinated Diene 8. A solution of 9.5 g (70 
mmol) of 88 in 30 mL of CHzClz was added to 200 mmol of the 
oxidizing reagent. After 2 min at 0 "C the reaction was worked 
up as described above. After the solvent was removed by dis- 
tillation, the residual oil was fractionated to give the monoepoxide 
9 (60%): bp (30 mm) 58 "C; IR (KBr) 1200,1300 cm-'; 'H NMR 
(CD2C1,) 6 2.8-2.95 (2 H, dm), 3.31 (1 H, m), 1.9-2.67 (4 H, m); 
'q NMR (CD2C1J 6 -100.8 to -102.9 (1 F, four m), -114.5 to -117.7 
(1 F, four m), -166.9 to -169.3 (1 F, two m); MS m / z  151 [(M - 
1)+]; calcd mass for CeH7F30 151.0371, found 151.0367. Anal. 
Calcd for C6H7F30 C, 47.37; H, 4.61; F, 37.50. Found C, 47.35; 
H, 4.61; F, 37.86. In this case the only effect of lowering the ratio 
of the oxidizer/reactant as well as the temperature was to lower 
the conversion of the starting material from 100 to  70%. 

Epoxidation of Fluorinated Diene 10. Olefin lo8 (9.7 g, 60 
mmol) dissolved in CH2C12 (30 mL) was cooled to -40 "C and 
added to the oxidizing solution (160 mmol) also cooled to -40 "C. 
After 2 min the reaction was worked up as described above to 
afTord the mono epoxide 12 (50%): bp (7 mm) 50-59 "C; 'H NMR 
(CD2C12) 6 2.95 (1 H, m), 2.78 (1 H, t, J = 4 Hz), 2.49 (1 H, q, 
J = 6 Hz, 4 Hz) 1.4-2.4 (8 H, m); 'q NMR (CD2C12) 6 -106 (1 
F, m), -125.4 (1 F, m), -175 ppm (1 F, m); MS m/z 180 (M+), 108 
[(CF2=CFCH2CH2 - 1)+], 95 [(CF2==CFCH2)+]. Anal. Calcd for 
C8H1Q30: C, 53.33; H, 6.11; F, 31.67. Found: C, 53.27; H, 6.13; 
F, 31.02. 

Epoxidation of Fluorinated Diene 11. A solution of 5 g (26 
mmol) of the olefine dissolved in 20 mL of CH2C12 was added at 
-10 "C to 65 mmol of the oxidizing reagent. After 10 min the 
reaction was worked up as before to give 19% recovered starting 
materal and 55% monoepoxide 13: 'H NMR (CD2C12) 6 2.95 (1 
H, m), 2.78 (1 H, t, J = 4 Hz), 2.46 (1 H, q, J = 6 Hz, 4 Hz) 1.3-2.4 
(12 H, m); lSF NMR (CD2C12) 6 -106.5 (1 F, m), -125.7 (1 F, m), 
-175.1 (1 F, m); MS m/z 207 [(M - 1)+]; calcd mass for C1&1,F3O 
207.0997, found 207.1029; 95 [ (CF2=CFCH2)+]. 

Epoxidation of Pentafluorophenylethylene (14). A solution 
of 8 g of 1418 in 20 mL of CH2C12 was added to the reagent solution 
(100 mmol in 440 mL of 1O:l CH3CN-H20). After 5 min the 
reaction was neutralized with solid sodium bicarbonate. Most 
of the liquid was distilled off under reduced pressure (80 mm). 
The remaining liquid (50 mL) was poured into water, extracted 
with CFC13, and worked up as usual to give 6.7 g (85% yield) of 
epoxide 15:'O bp 34-37 "C (0.1 mm); 'H NMR (CD2C12) 6 3.2 (2 
H, 2 m), 4.0 (1 H, m); 'q NMR (CD2C12) 6 -143.9 (2 F, m), -154.1 
(1 F, t, J = 21 Hz), -162.5 (2 F, m); MS m / z  210 (M+). 

Epoxidation of a Mixture of 3-(Perfluoroalkyl)-l-propenes 
( 17).', To a solution of 100 mmol of the oxidizing reagent in 440 
mL of CH3CN-H20 (101) was added 20 g of a 1:l:l mixture of 
CeF13CH2CH=CH2/Cf117CH2CH=CH2/C1J21CH2CH=CH2. in 
50 mL of CH2Cl,. After 10 min the reaction was neutralized wth 
solid sodium bicarbonate. The reaction mixture was poured into 
water, extracted with CFC13, and worked up as usual. The crude 
product (16.3 g) was shown to be a 1:l:l mixture of epoxides 18: 
MS (R, = CeF13) m / z  360 (M+), (Rf = CaF17) m / e  460 (M+), (Rf 
= C14721) m / e  560 (M9. 

A Convenient Synthesis of y-Hydroxy 
ad-Unsaturated Sulfones 

Barry M. Trost* and Timothy A. Grese 

Department of Chemistry, Stanford University, Stanford, 
California 94305 - 5080 

Received August 29,1990 

The synthetic versatility offered by y-hydroxy a,@-un- 
saturated sulfones, especially as acceptors in our [3 + 21 
cycloadditions, induced us to explore more convenient 

Extension of the excellent method of Ta- 

(1) Troet, B. M.; Seoane, p.; Mignani, S.; Acemoglu, M. J. Am. Chem. 
SOC. 1989, 11 1,7481. 
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Scheme I.' Synthesis of 
(( 4-Chlorophenyl)eulfinyl)(phenylsulfonyl)methane 

C 
7w. 
- 

0 

Table I. Synthesis oP y-Hydroxy ad-Unnaturated Sulfones 
~ 

tamp, time, % 
entry R R' "C h yield 

- -  1 H  H rt 
2 CH3 H r t  2 53 
3 CH, CH3 62-80 16 41 
4 TBDMSO(CHo), H rt 1 6 6  . -.- 
5 C H ~ C H Z ) ~  H r t  2 79 
6 CHz=CH(CH& H r t  2 9 0  
7 (CH&C=CHCHZCH2CH(CHS) H rt 2 94' 
8 PhCH(CH2) H rt 2 946 - -  9 Ph H rt 
10 (CH3)3CCHZCH(CHa) H r t  2 93c 

nikaga for the synthesis of y-hydroxy a,@-unsaturated 
esters, which employs a Knoevenagel condensation in 
tandem with an allylic sulfoxide-sulfenate rearrangement,' 
to sulfones is highly attractive."' A recent communica- 
tion, employing (phenylsulfinyl)(phenylsulfonyl)methanes~ 
leads us to give a full account of our work in this area. 

We chose to employ ((4-chlorophenyl)sulfinyl)(phenyl- 
sulfony1)methane (1) as our preferred reagent. Scheme I 
outlines its synthesis in 47% overall yield from thioanisole 
(MCPBA = m-chloroperoxybenzoic acid). Condensations 
with aldehydes according to  eq 1 and Table I were nor- 
mally performed by allowing an acetonitrile solution of 
equivalent quantities of reactants to stir with 1 equiv of 
piperidine at room temperature. The products show 

"dr 1:l. *dr 1.21. edr 1.4:l. 

characteristic infrared absorbances at approximately 3600 
cm-' for the hydroxyl group and 1350-1150 cm-' for the 
sulfone groups. 'H NMR coupling constants for the vinyl 
hydrogens indicate only the E isomers are obtained in 
every case. 

The reaction is relatively insensitive to the presence of 
water or impurities, so that anhydrous solvents or inert 
atmosphere conditions are not required. Substitution of 
the aldehyde at the a-position required higher tempera- 
tures and resulted in somewhat lower yield (Table I, entry 
3), but @-substitution was not deleterious (Table I, entries 
7,8, and 10). The reaction failed with acetaldehyde and 
phenylacetaldehyde, possibly due to preferential self- 
condensation reactions. 

Condensation of 8-alkyl-substituted aldehydes (Table 
I, entries 7,8, and 10) gave essentially nonselective mix- 
tures of diastereomers. On the other hand, reaction of 1 
with the carbohydrate-derived aldehyde 3 (prepared from 
2 by the method of Nicolaou)B gave sulfone 5 as a 7.6:l 

(2) Hutchinson, D. K.; Fuchs, P. L. J.  Am. Chem. Soc. 1987,109,4755. 
Fuchs, P. L.; Braiah, T. F. Chem. Reu. 1986, 86, 903 and references 
therein. 

(3) Isobe, J.; Ichikawa, Y.; Bai, D.; Goto, T. Tetrahedron Lett. 1986, 
26,5203. Iaobe, M.; Funabashi, Y.; Ichikawa, Y.; Mio, 5.; Goto, T. Tet- 
rahedron Lett. 1984,25, 2021. 
(4) Tanikaga, R.; Nozaki, Y.; Tamura, T.; Kaji, A. Synthesis 1983,134. 
(5 )  Burgess, K.; Henderson, I. Tetrahedron Lett. 1989, 30, 4325. 
(6) Nokami, J.; Nishimura, A.; Sunami, M.; Wakabayashi, S. Tetra- 

(7) Ono, T.; Tamaoka, T.; Yuasa, Y.; Matauda, T.; Nokami, J.; Wa- 

(8) Dominguez, E.; Carretaro, J. C. Tetrahedron Lett. 1990,31,2487. 

hedron Lett. 1987, 649. 

kabayashi, s. J.  Am. Chem. Soc. 1984, 106,7890. 
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