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with labile functional groups and sensitive stereochemical 
centers. 

Experimental Section 
General Methods. Benzene, toluene, and acetonitrile were 

distilled under nitrogen atmosphere from CaH2; diethyl ether was 
distilled from sodium benzophenone ketyl. The construction and 
use of the high pressure apparatus employed in this study has 
been described previously.16 IR spectra were recorded on a 
Perkin-Elmer Model 281 spectrometer either as a thin film (NaC1 
plates) or pellet (KBr). Melting points were determined on a 
Mel-Temp melting point apparatus and are uncorrected. Ele- 
mental analyses were performed by the Microanalytical Labo- 
ratory, operated by the College of Chemistry, University of 
California, Berkely. Mass spectra were recorded on a Kratos 
MS-50 high resolution mass spectrometer. 

General Procedure for High Pressure and Ambient 
Pressure Reactions. A solution of triphenylphosphine (0.25 
mmol), alkyl halide or sulfonate (0.50 mmol), and solvent (0.8 mL, 
acetonitrile or benzene:toluene, 7:3 mole ratio) in a Teflon tube 
clamped at both ends was pressurized at 15 kbar (1.5 GPa) hy- 
drostatic pressure for 24-36 h at 20-40 "C (see Tables I and I1 
for solvent and exact conditions). The reactions were cooled (if 
necessary), depressurized, and concentrated under reduced 
pressure to afford the crude phosphonium salts which were washed 
with anhydrous ethyl ether. The precipitated phosphonium salts 
were collected, washed repeatedly with ether, and dried under 
vacuum. The salts showed characteristic bands at 1450-1425 cm-' 
(s), 1120-1100 cm-' (s), 1010-990 cm-' (m-s), and 730-720 cm-I 
( s ) .~~J '  The control runs were performed at 1 bar pressure, 36-48 
h, and 20-80 "C, with an identical ratio of reagents in each case 
with those described for their respective high pressure runs. The 
following new compounds were prepared. 

1-Undecyltriphenylphosphonium bromide: failed to 
crystallize; IR (thin film) 1440,1103,995,720 cm-'. Anal. Calcd 
for C2eH38PBr: C, 70.01; H, 7.70; Br, 16.06. Found C, 69.53; H, 
7.30; Br, 15.42. 

[3-( l,3-Dioxolan-P-yl)butyl]triphenylphosphonium brom- 
ide: amorphous foam; IR (pellet) 1450,1120,1005,730 cm-'. Anal. 
Calcd for C2,H2602PBr: C, 63.03; H, 5.73. Found: C, 62.77; H, 
5.76. 
(1-Phenylethyl)triphenylphosphonium bromide: mp 

224-225 "C; IR (pellet) 1440,1100,1000,728 cm-'. Anal. Calcd 
for C26H24PBr: C, 69.81; H, 5.46; Br, 18.03. Found: C, 69.67; H, 
5.48; Br, 18.20. 
1-Pentyltriphenylphosphonium chloride: mp 171-173 "C; 

IR (pellet) 1448,1115,1005,730 cm-l. Anal. Calcd for CBH&CI: 
C, 74.89; H, 7.10. Found: C, 75.00; H, 6.99. 
Cyclohexyltriphenylphosphonium chloride: amorphous 

foam; IR (pellet) 1448,1120,1000,728 cm-'; mass spectrum, exact 
mass calcd for C2&6PC1 minus HCl mle 344.1726, found mle 
344.1699. 
2-Butyltriphenylphosphonium methanesulfonate: mp 

183-185 "C; IR (pellet) 1438, 1100, 995, 720 cm-l. Anal. Calcd 
for C23H2503SP: C, 66.97; H, 6.11; S, 7.77. Found: C, 66.26; H, 
6.64; S, 7.74. 

1-Decyltriphenylphosphonium p -toluenesulfonate: mp 
94-96 "C; IR (pellet) 1452, 1125, 1005, 730 cm-'. Anal. Calcd 
for C35H4303SP: C, 73.14; H, 7.54; S, 5.58. Found: C, 72.89; H, 
7.54; s, 5.79. 

2-Butyltriphenylphosphonium p -toluenesulfonate: mp 
197-199 "C; IR (pellet) 1445,1115,1015,728 cm-l. Anal. Calcd 
for C39H3103SP: C, 70.99; H, 6.37. Found: C, 70.77; H, 6.32. 

Concentration-Dependent High Pressure Reactions. 
II -Butyltriphenylphosphonium Bromide. A solution of tri- 
phenylphosphine (1.5 mmol), n-butyl bromide (0.5 mmol), and 
7:3 benzene:toluene (0.8 mL) was pressurized at 15 kbar, 20 "C, 
for 24 h. The sample was depressurized and the crude phos- 
phonium salt processed as described above to afford 165 mg (82%) 
of n-butyltriphenylphosphonium bromide; mp 240-241 "C (lit.9 
mp 242-243 "C). 

(16) The high pressure methodology used has been described in: 
Dauben, W. G.; Krabbenhoft, H. 0. J. Org. Chem. 1977, 42, 282. 

(17) Carbridge, D. E. C. Top.  Phosphorus Chem. 1969,6, 301. 
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Preparative scale reaction of triphenylphosphine (11.4 mmol) 
and n-butyl bromide (11.4 mmol) in 7:3 benzene:toluene (5 mL) 
at 15 kbar pressure, 20 "C for 36 h, afforded, after usual ethyl 
ether processing, 4.15 g (91 %) of n-butyltriphenylphosphonium 
bromide. 
2-Butyltriphenylphosphonium Bromide. Acetonitrile (0.8 

mL) was charged with triphenylphosphine (0.5 mmol) and 2- 
butylbromide (0.5 mmol) and then subjected to 15 kbar pressure, 
40 "C for 36 h. Depressurization, followed by workup described 
above, yielded 110 mg (55%) of 2-butyltriphenylphosphonium 
bromide; mp 234-238 "C (lit.lo mp 235-238 "C). 

Cyclopentylphosphonium Bromide. Treatment of tri- 
phenylphosphine (0.25 mmol) with excess cyclopentyl bromide 
(10.0 mmol) in acetonitrile (0.2 mL) at 15 kbar pressure, 20 "C 
for 36 h, afforded, after ether processing, 81 mg (79%) of cyclo- 
pentyltriphenylphosphonium bromide; mp 26Ck261 "C (lit." mp 

Registry No. Ph3P, 603-35-0; 693-67-4; n- 
C9H19CH20Ts, 5509-08-0; n-butyltriphenylphosphonium bromide, 
1779-51-7; 1-undecyltriphenylphosphonium bromide, 60669-22-9; 
l-butyl-3-(1,3-dioxolanyl)triphenylphosphonium bromide, 
71864-02-3; 1-pentyltriphenylphosphonium chloride, 35171-60-9; 
2-butyltriphenylphosphonium bromide, 3968-92-1; cyclopentyl- 
triphenylphosphonium bromide, 7333-52-0; cyclohexyltri- 
phenylphosphonium chloride, 91949-56-3; (1-phenylethy1)tri- 
phenylphosphonium bromide, 30537-09-8; (1-(ethoxycarbony1)- 
ethy1)triphenylphosphonium bromide, 30018-16-7; l-butyltri- 
phenylphosphonium methanesulfonate, 91949-57-4; 2-butyltri- 
phenylphosphonium methanesulfonate, 91949-58-5; l-decyltri- 
phenylphosphonium p-toluenesulfonate, 91949-59-6; 2-butyltri- 
phenylphosphonium p-toluenesulfonate, 91949-60-9; n-butyl 
bromide, 109-65-9; 2-(2-bromoethyl)-2-methyl-1,3-dioxolane, 
37865-96-6; 1-pentyl chloride, 543-59-9; sec-butyl bromide, 78-76-2; 
cyclopentyl bromide, 137-43-9; cyclohexyl chloride, 542-18-7; 
1-phenylethyl bromide, 585-71-7; ethyl 2-bromopropanoate, 
535-1 1-5; n-butyl methanesulfonate, 1912-32-9; sec-butyl meth- 
anesulfonate, 16156-54-0; sec-butyl p-toluenesulfonate, 715-11-7. 

262-263 "C). 
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N-Arylhydroxylamines (AH) are highly reactive products 
formed by metabolic oxidation of primary arylamines.1,2 
In aqueous solution, at neutral P H , ~  they are readily ox- 
idized to nitrosobenzenes, nitrobenzenes, p-nitrosophenols, 
and azo- and azoxybenzenes. 

In the  absence of 02, the stability of N-phenyl- 
hydroxylamine (PHA) and substi tuted N-phenyl- 
hydroxylamines is greatly enhanced? except in the strongly 
acidic region where AH'S undergo 02-independent rear- 
rangement to  the corresponding a m i n ~ p h e n o l . ~  The 
mechanism of this rearrangement in aqueous solution has 
not been clearly elucidated. Both bimolecular5 and uni- 
molecular6 pathways have been suggested. Attempts to  
resolve this controversy through lsO-labeling studies have 
been inconclusive. Rearrangement of 180-labeled N -  

(1) Miller, J. A.; Miller, E. C. h o g .  Exp. Tumor Res. 1969, 11, 273. 
(2) Cramer, J. W.; Miller, J. A.; Miller, E. C. J. Biol. Chem. 1960,235, 

( 3 )  Becker, A. R.; Sternson, L. A. Proc. Natl .  Acad. Sci. U.S.A.  1981, 
885. 

78. 2003. 
(4) Sternson, L. A.; Gammans, R. E. Bioorg. Chem. 1975, 4 ,  58. 
(5) Meller, H. E.; Hughes, E. D.; Ingold, C. K. Nature (London) 1951, 

(6 )  Yukawa, Y. J. Chem. SOC. Jpn. Pure Chem. Sec. 1950, 71,547,603. 
168, 909. 
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Table I. Pseudo-First-Order Rate Constants for the 
Degradation of 1 and 2 in Sulfuric Acid Solution at 25 Oca '  

H2S04 concentration, koM X lo3, s-l 
M Id 2 d  

0.01 
0.05 
0.10 

2.6 3.6 
2.9 2.9 
2.8 2.9 

a p = 0.5 (NaC104). Reactions were carried out as described in 
the Experimental Section. cReaction was monitored by HPLC 
using a Waters (Milford, MA) pBondapak C-18 column (300 X 4.6 
mm i.d.; 10-pm particle) using a mobile phase of 10 mM phosphate 
buffer (pH 5.8): methanol (91). A flow rate of 2 mL/min-' was 
maintained and the column effluent was monitored spectrophoto- 
metrically at 280 nm. dInitial concentration of 1 or 2 = 3.3 X 
M. 

hydroxy-2-fluorenylacetamide proceeds with retention of 
the label,7 suggesting an  intramolecular mechanism 
whereas reaction of 160-labeled AH'S in H280 occurs with 
180-incorporation into the resulting aminophenol,8 indi- 
cating an intermolecular process. Recently, Sone et al.9 
reported a large negative Hammett reaction coefficient (p  
= -3.2) for H,S04-catalyzed rearrangement of meta-sub- 
stituted N-phenylhydroxylamines supporting the conten- 
tion that reaction proceeds via an SN1-type pathway. 
Similarly, Kohnstam et a l . ' O  have supported a mechanism 
based on unimolecular decomposition of the 0-protonated 
hydroxylamine based on kinetic solvent isotope measure- 
ments. 

To help resolve this controversy, N-[3-(2-hydroxyeth- 
oxy)phenyl]hydroxylamine, 1, and N-(3-ethoxyphenyl)- 
hydroxylamine, 2, were synthesized and their chemistry 
studied in aqueous sulfuric acid solution. 

NHOH NHOH 

bo,. 1 2 0- 

If rearrangement were to proceed via an SN2 mechanism, 
the hydroxyl group in 1 may be capable of providing in- 
tramolecular catalytic rate enhancement of AH degrada- 
tion, while 2 is not capable of participating in such an- 
chimerically assisted rearrangements. Kinetic measure- 
ments as well as product identification could aid in the 
detection of such catalysis, if it were to occur. 

At 25 OC, in sulfuric acid solutions (0.01,0.05, and 0.10 
M; ionic strength maintained a t  0.5 with sodium per- 
chlorate) the reaction of 1 and 2 (in the absence of 0,) 
follows apparent first-order kinetic behavior for a t  least 
4 half lives. From HPLC tracings, it appears that  under 
anaerobic conditions, reaction products can be totally 
accounted for in terms of the Bamberger rearrangement 
pathways. Exclusion of 0, is essential in avoiding inter- 
vention by parallel oxidation and condensation  reaction^.^ 
Above pH 1.7, however, redox and condensation reactions 
predominate, and therefore, studies above this pH were 
not pursued. As shown in Table I, no significant difference 
in the rates of degradation of 1 vs. 2 was observed in these 
H2S04 solutions. The degradation products are charac- 
terized from spectroscopic data and elemental analysis. 2 
degrades to the corresponding aminophenol 3. The 

(7) Gutmann, H. R.; Erickson, R. R. J .  Biol. Chem. 1972, 247, 660. 
(8) Kukhtenko, I. I. Zh. Org. Khim. 1971, I ,  330. 
(9) Sone, T.; Tokuda, Y.; Sakai, T.; Shinkai, S.; Manabe, 0. J.  Chem. 

(10) Kohnstam, G.; Petch, W. A.; Wiliams, D. L. H. J.  Chem. SOC., 
SOC., Perkin Trans. 2 1981; 298. 

Perkin. Trans. 1 1984, 423. 

melting point of the isolated degradation product (210 "C) 
corresponds with that of isomer 3 as prepared by an al- 
ternative route." l is transformed to 6-aminobenzo-1,4- 
dioxane, 4. Physical constants and spectral data (lH NMR, 
IR, and mass spectra) were identical with those of 4 ob- 
tained from a commercial source,12 confirming this isomer 
as the reaction product. 

Differentation between aminophenols and benzodioxans 
was based primarily on comparison of their elemental 
analyses and electron impact mass spectra. The amino- 
phenol 3 shows a weak molecular ion ( m / e  153) as the base 
peak and the characteristic loss of M - NH2 ( m / e  137) and 
M - NH, - OH ( m / e  120) fragments, whereas the benzo- 
dioxan mass spectrum is characterized by a prominent 
molecular ion ( m / e  151) and an M - NH2 ( m / e  135) 
fragment. Calculated elemental analyses for 3 and 4 were 
sufficiently different to also be useful in structure eluci- 
dation. 

I 4 no 
3 

At the pHs studied (0.7,1.0, and 1.7), the hydroxylamine 
exists ostensibly as the hydroxylammonium cation 5 (pK, 
of 1 and 2 estimatedg to be 2.7 from Hammett reactivity 
coefficients). Thus, the pH-independent behavior of the 
rearrangement in this acidity range is consistentg with the 
postulated protonation of the AH prior to the rate-de- 
termining step with ensuing loss of water to form a ni- 
trenium ion intermediate 6. Attempts to study the re- 

H H r H l  

5a 5b 6 

action at  pH <1.7, where pH dependency was anticipated, 
were unsuccessful due to competition by dominant side 
reactions. 

The fact that 1 and 2 react a t  the same rate suggests that 
both compounds proceed through the same rate-deter- 
mining step and that intramolecular catalysis is not op- 
erative in the rearrangement of substituted N-phenyl- 
hydroxylamines under these conditions. Rather, the data 
supports the contention that formation of a nitrenium ion 
(6) is rate determining and that attack by available nu- 
cleophiles occurs in a fast subsequent step. The proximity 
of the pendent hydroxyl group in 1 coupled with the in- 
crease in solvent structure (in strongly acidic solution) 
accounts for formation of 4 rather than the corresponding 
aminophenol. When intramolecular nucleophilic sites are 
unavailable (as in 2), the anticipated aminophenol 3 is 
formed. Thus, the internal nucleophile provided in 1 only 
serves to trap the intermediate nitrenium ion, once formed, 
without effecting the rate of rearrangement. 

Experimental Section 
Synthesis. a. m-Nitrophenoxyethanol. n-Nitrophenol(2.8 

g, 25 mmol), ethylene carbonate (1.8 g, 20 mmol), and tetra- 

(11) International Polaroid Corp. Bri. Pat. 902313,1962; Chem. Abstr. 
1962.57. 16498. 

(12) Pouchert, C. J. Aldrich Library of NMR Spectra, 2nd ed., 1983; 
Vol. 1, 1035~. 
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ethylammonium bromide (1 g, 5 mmol) were heated at  180 OC 
for 1 h. The resulting mixture was dissolved in methylene chloride 
and first extracted repeatedly with 10% NaOH solution until the 
washings were colorless and then with 10 mL of water. The 
methylene chloride layer was dried over anhydrous Na2S04 and 
concentrated to yield the product which was crystallized in pe- 
troleum ether (2.5 g, 68% yield; mp 92 "C; lit.13 mp 86-87.5 OC). 

b. N-[3-(2-Hydroxyethoxy)phenyl]hydroxylamine, 1. 
m-Nitrophenoxyethanol (1 g, 6 mmol) and ammonium chloride 
(0.7 g, 13 mmol) were suspended in a mixture of ethanol (10 mL) 
and water (3 mL). The mixture was stirred and deoxygenated 
with argon for 15 min. Zinc dust (0.7 g, 11 m o l )  was then added 
over a 3-min period and the mixture was stirred for an additional 
7 min." Water (5 mL) was added, the suspension filtered, and 
the cake washed with methylene chloride. The aqueous layer was 
extracted with methylene chloride, and the CHzClz layers were 
combined and washed sequentially with water (10 mL) and 
saturated NaCl solution. The CH2C12 layer was dried over Na2S04 
and then reduced in volume to 5 mL. Chloroform (10 mL) and 
petroleum ether (10 mL) were added, and the solution was de- 
oxygenated with argon and cooled to 0 "C. Pale yellow crystals 
formed which were recovered by fitration and recrystallized from 
petroleum ether to give colorless crystals (0.3 g, 30% yield; mp 
73-74 "C). 

Anal. Calcd for C8Hl1NO3: C, 56.80; H, 6.50; N, 8.28. Found: 
C, 56.90; H, 6.82; N, 8.60. 

c. m -Ethoxynitrobenzene. m-Nitrophenol(3 g, 20 mmol), 
anhydrous potassium carbonate (2 g, 15 mmol), and iodoethane 
(2.35 g, 15 mmol) were dissolved in 20 mL of dry acetone and the 
solution was heated at reflux for 2 days. Water (10 mL) was added 
and the acetone removed by distillation. The aqueous layer 
remaining was extracted with CHCIB. The CHC1, layers were 
washed with 10% NaOH until the washings were colorless. The 
CHCl, layer was dried over Na2S04, and the CHCIB layer was 
removed to yield 2.5 g (75% yield) of yellow crystals (mp 34 "C; 
lit.14 mp 34 "C). 

d. N - ( m  -Ethoxyphenyl)hydroxylamine, 2. m-Ethoxy- 
nitrobenzene (1 g, 6 mmol) and ammonium chloride (0.8 g, 16 
mmol) were added to 10 mL of 95% ethanol and 3 mL of water. 
After deoxygenating the solution with argon for 15-20 min, zinc 
dust (0.8 g, 13 mmol) was added.'l The yellow solution was stirred 
for 15 min (and become colorless). Water (5 mL) was added, the 
suspension was filtered, and the resulting filter cake was washed 
with chloroform (25 mL). The aqueous layer was extracted with 
CHCl,, and the CHC1, layers were combined, washed with sat- 
urated NaCl solution (10 mL), and dried over NazSO1. The dried 
CHC13 layer was evaporated to 5 mL, hexane (20 mL) was added, 
and the solution was cooled to 0 "C. Colorless crystals (0.26 g, 
28% yield; mp 69 "C) were formed, filtered, and washed with 
hexane. Anal. Calcd for C8Hl1NO2: C, 62.75; H, 7.19; N, 9.15. 
Found: C, 63.05; H, 7.27; N, 9.30. 

Kinetic Studies. Reactions were carried out in a 50-mL flask 
fitted with a thermostatted water jacket and inlet and outlet for 
argon gassing and provided with a pH electrode. Metal free15 
HzSO4 solution [20 mL of 0.01,0.05, or 0.1 M, p = 0.5 (NaClO,)] 
was introduced into the reaction vessel which was then flushed 
with argon for 30 min; thereafter a positive pressure of Ar was 
maintained over the contents of the flask. A methanolic solution 
(1 mL of a solution containing 1 mg of 1 or 2 dissolved in 1 mL 
of methanol that had been previously deoxygenated with Ar) was 
added to the H2SO4 solution and the reaction monitored by HPLC 
as a function of time. Components were separated on a Waters 
(Milford, MA) p-Bondapak (2-18 column (300 x 4.6 mm i.d.) using 
a mobile phase of phosphate buffer (10 mM; pH 5.8):methanol 
(90:lO). A flow rate of 2 mL/min was maintained and the column 
effluent monitored spectrophotometrically at 280 nm. 

Degradation of 1 produced a single product identified to be 
4 by comparison of mass and NMR spectra with an authentic 
sample of material and from elemental analysis. Anal. Calcd for 
C8H9N02: C, 63.58;, H, 5.96; N, 9.27. Found C, 63.40; H, 5.89; 

(13) Yoshino, T.; Inaba, S.; Ishido, Y. Bull. Chem. SOC. Jpn. 1973,46, 

(14) Smissman, E. E.; Corbett, M. D. J. Org. Chem. 1972, 37, 1847. 
(15) Thiers, R. E. 'Methods in Biochemical Analysis"; Glick, D., Ed.; 

553. 

Interscience: New York, 1955; Vol. 5, 273. 

N, 8.90. lH NMR (CDCl,) 6 6.81 (1 H, br d), 6.25 (1 H, br s), 6.15 
(1 H br d), 4.19 (4 H, s), 3.42 (2 H, br s, NH2). 

Degradation of 2 produced a single product identified from 
melting point (210 "C; lit." mp 210-212 "C), by comparison of 
mass spectral and 'H NMR data with authentic material, and 
from elemental analysis to be 3. Anal. Calcd for C8HllN0$ C, 
62.75; H, 7.19; N, 9.15. Found: C, 62.48, H, 7.18; N, 8.84. 'H 
NMR (Me2SO-d6) 6 6.85-6.40 (3 H, m), 4.20 (1 H, br s, OH), 3.35 
(2 H, br t), 3.12 (2 H, br t), 1.92 (2 H, br s). 

Registry No. 1, 91861-92-6; 2, 91861-93-7; 3, 55483-70-0; 4, 
22013-33-8; m-nitrophenol, 554-84-7; ethylene carbonate, 96-49-1; 
iodoethane, 75-03-6; m-nitrophenoxyethanol, 16365-26-7; m-eth- 
oxynitrobenzene, 621-52-3. 

Direct Transformation of Ergosterol to 
(22s ,23E)-6/3-Met hoxy-3a,5-cyclo-5a-ergost-23-en- 

22-01, a Key Intermediate for the Synthesis of 
Brassinolide 

Mario Anastasia, Pietro Allevi, Pierangela Ciuffreda, 
Albert0 Fiecchi,* and Antonio Scala 

Chemistry and Biochemistry Department, School of 
Medicine, University of Milan, 1-20133 Milan, Italy 

Received March 6, 1984 

Brassinolide (la) is a plant growth promoting steroidal 
lactone, first isolated from rape pollen.' Brassinolide 
contains a lactone group in ring B, and 22R,23R oxygen 
functions associated with a 2 4 s  methyl group in the side 
chain. Until now, at different laboratories,24 brassinolide 
(la) and its possible biological precursor castasterone (2) 
have been synthesized starting with a Czz  steroid. A key 
intermediate in the first synthesis2 of la is (22S,23E)-6/3- 
methoxy-3a,5-cyclo-5~-ergost-23-en-22-o1(3a), whose side 
chain was constructed by lithium alanate alkylation of 
(20S)-6~-methoxy-3a,5-cyclo-5a-pregnane-2O-carbox- 
aldehyde derived from stigmasterol (4). We now describe 
the first synthesis of 3a by the direct modification of the 
side chain of ergosterol (4). Up to  now only the C-24 
epimer of brassinolide was obtained from 

Ergosterol was reduced:JO with lithum dissolved in 
ethylamine to a 3:2 mixture of (22E)-ergosta-5,22-dien- 
3/3-01 (5a) and (22E)-5a-ergosta-7,22-dien-3/3-01 (68). The 
mixture of 5a and 6a was esterified with p-toluenesulfonyl 
chloride8 in dry pyridine and the mixture of tosylates 5b 
and 6b was treated with methanol and pyridine1' to afford 

(1) Grove, M. D.; Spencer, G. F.; Rohwedder, W. K.; Mandava, N.; 
Worley, J. F.; Warthen, J. D.; Steffens, G. L.; Flippen-Anderson, J. L.; 
Cook, J. C. Nature (London) 1979, 281, 216. 

(2) Fung, S.; Siddall, J. B. J. Am. Chem. SOC. 1980, 102, 6580. 
(3) Ischiguro, M.; Takatsuto, S.; Morisaki, M.; Ikekawa, N. J. Chem. 

Soc., Chem. Commun. 1980, 962. 
(4) Mori, K.; Sakakibara, M.; Ichikawa, Y.; Ueda, H.; Okada, K.; 

Umemura, T.; Yabuta, G.; Kuwahara, S.; Kondo, M.; Minobe, M.; Sogabe, 
A. Tetrahedron 1982, 38, 2099. 

(5) Sakakibara, M.; Mori, K. Agric. Biol. Chem. 1983, 47, 663. 
(6) Anastasia, M.; Ciuffreda, P.; Del Puppo, M.; Fiecchi, A. J. Chem. 

SOC., Perkin Trans. 1 1983, 383. 
(7) Thompson, M. J.; Mandava, N.; Flippen-Anderson, J. L.; Worley, 

J. F.; Dutky, S. R.; Robbins, W. E.; Lusby, W. J .  Org. Chem. 1979, 44, 
5002. 

(8) Anastasia, M.; Ciuffreda, P.; Fiecchi, A. J. Chem. SOC., Perkin 
Trans. 1 1983, 379. 
(9) Anastasia, M.; Ciuffreda, P.; Fiecchi, A. J. Chem. SOC. Chem. 

Commun. 1982, 1169. 
(10) Anastasia, M.; Allevi, P.; Ciuffreda, P.; Fiecchi, A. Ital. Patent 

Application 21524/83. 
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