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Experimental Data 
Total Contribution 
via TBP Cr (CO) 5 
via GH. SP Cr(CO)S 

Time (ps) 

Figure 3. Increase in infrared absorbance at 1961 cm"1 by Cr(CO)5-
cyclohexane. The calculated individual contributions of ground state 
square pyramid (SP) and trigonal bipyramid (TBP) geometries are 
shown separately. 

of Cr(CO)5 (SP) which are equal to the gas-phase frequencies6,7 

also have been observed in our experiment with the same time 
transient. 

Figure 2 shows that the rate of Cr(CO)6 disappearance in 
cyclohexane solution is at the resolution limit of the apparatus. 
This absorption at 1986 cm"1 is similar to the gas-phase frequency, 
and the transient decay is significantly faster than the final product 
appearance rate. 

Figure 3 shows the transient absorption at 1961 cm"1 which 
is the reported frequency OfCr(CO)5-(CH) (CH = cyclohexane) 
with E symmetry.15 The risetime is faster than the decay rate 
for "naked" Cr(CO)5, which suggests that another channel exists 
for formation of Cr(CO)5-(CH). 

We propose that reaction mechanism 1 is compatible with both 
polarized light photolysis16 and a theoretical model of dissocia
tion.17 In this model the excited state of Cr(CO)6 correlates with 
an excited state of Cr(CO)5 which decays to triplet trigonal bi
pyramid (TBP) and singlet square pyramid species (SP). 

Cr(CO)6 Cr(CO)5 
* 2 

Cr(CO)5 (TBP) 

( 1 ) 

Cr(CO)5 (SP) L a
S

CH- Cr (CO) 5 .L 

The curves in Figures 1-3 and another transient at 1920 cm"1 

(not shown) were fit with a self-consistent set of rate constants 
by a response function deconvolution fitting procedure. We report 
the fitting results as first order or pseudo-first-order rate constants 
(s"1) with standard deviation estimates of about 30%. The rate 
constants for ku k2, Ar3, Jt4, and k5 are >4.2 X 1011, 2.5 X 10", 
2.0 X 1010, 1.3 X 10", and 8.6 X 109, respectively. 

In addition, we tentatively have assigned a transient signal at 
a frequency of 1920 cm"1 for triplet state Cr(CO)5 (TBP) that 
is compatible with the proposed kinetics. The 2.3 times faster 
reactivity of triplet state Cr(CO)5 (TBP) than (SP) is interesting 
and suggests that the geometry or electronic configuration of 
unsaturated coordination is important in reactivity. 
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A large number of alkaloids have been isolated in minute 
quantity from the skin extracts of neotropical poison-dart frogs 
(family Dendrobatidae).1 The scarcity of natural material, 
coupled with the intriguing biological activity of those compounds 
which have been studied,1 makes these alkaloids ideal targets for 
total synthesis.2 The 5,8-disubstituted indolizidines, for which 
no syntheses have been reported, have a structural similarity to 
the cardiotonic pumiliotoxins.3 In this communication we now 
report the synthesis of indolizidines 167B (1), 205A (2), and 207A 
(3) by a general route involving the intramolecular dipolar cy-

/ 167B 

(D 

do 
^ 2 0 5 A <<207A <^ ( - ) . 209 l ! 

•<r (2) ^ (3) \ (4) 

cloaddition of the (Z)-TV-alkenylnitrone 8 to give the isoxazolidine 
9 as the only isolated product (Scheme I).4 The unique aspect 
of this approach is the rapid construction of the indolizidine 
skeleton from relatively simple molecules with a high degree of 
stereocontrol at C-5, C-8, and C-8a. Thus the homochiral hy-
droxylamine precursor 7d can be used to prepare the enantiom-
erically pure indolizidine (-)-209B (4). A notable use of the 
intramolecular nitrone approach to all-cis 2,3,6-trisubstituted 
piperidines had previously been reported by LeBeI and Balasu-

(1) (a) Daly, J. W.; Spande, T. F. In Alkaloids: Chemical and Biological 
Perspectives; Pelletier, S. W.; Ed.; Wiley: New York, 1986; Vol. 4, Chapter 
1, pp 1-274. (b) Daly, J. W.; Myers, C. W.; Whittaker, N. Toxicon 1987, 
25, 1023-1095. (c) Tokuyama, T.; Nishimori, N.; Shimada, A.; Edwards, 
M. W.; Daly, J. W. Tetrahedron 1987, 43, 643-652. 

(2) Indolizidine 223AB has been synthesized by more than one strategy, 
and its structure and absolute stereochemistry have been defined as 
(3/?,5/?,8afl)-3-butyl-5-propylindolizidine: (a) MacDonald, T. L. / . Org. 
Chem. 1980, 45, 193-194. (b) Hart, D. J.; Tsai, Y.-M. J. Org. Chem. 1982, 
47, 4403-4409. (c) Broka, C. A.; Eng, K. K. J. Org. Chem. 1986, 51, 
5043-5045. (d) Iida, H.; Watanabe, Y.; Kibayashi, C. J. Am. Chem. Soc. 
1985,107, 5534-5535. (e) Royer, J.; Husson, H.-P. Tetrahedron Lett. 1985, 
26, 1515-1518. 

(3) (a) Overman, L. E.; Bell, K. L.; Ito, F. J. Am. Chem. Soc. 1984,106, 
4192-4201. (b) Overman, L. E.; Goldstein, S. W. J. Am. Chem. Soc. 1984, 
106, 5360-5361. (c) Overman, L. E.; Lin, N.-H. J. Org. Chem. 1985, 50, 
3669-3670. (d) Overman, L. E.; Sharp, M. J. Tetrahedron Lett. 1988, 29, 
901-904. (e) Daly, J. W.; McNeal, E. T.; Overman, L. E.; Ellison, D. H. J. 
Med. Chem. 1985, 28, 482-486. (V) Daly, J. W.; McNeal, E. M.; Gusovsky, 
F.; Ito, F.; Overman, L. E. J. Med. Chem. 1988, 31, 477-480. 

(4) (a) Tufariello, J. J. In 1,3-Dipolar Cycloaddition Chemistry; Padwa, 
A., Ed.; Wiley-Interscience: New York, 1984; Vol. 2, Chapter 12, pp 
277-406. Confalone, P. N.; Huie, E. M. Org. React. 1988, 36, 1-173. (b) 
For related intramolecular nitrone cycloadditions, see: Oppolzer, W.; Siles, 
S.; Snowden, R. L.; Bakker, B. H.; Petrzilka, M. Tetrahedron Lett. 1979, 20, 
4391-4394. Oppolzer, W.; Siles, S.; Snowden, R. L.; Bakker, B. H.; Petrzilka, 
M. Tetrahedron 1985, 41, 3497-3509. Holmes, A. B.; Swithenbank, C; 
Williams, S. F. / . Chem. Soc, Chem. Commun. 1986, 265-266. 
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Scheme 111° 

• 5, A,B = O 
i 6, A1B = NOH 
»7 , A = H1B = NHOH 

(a) R = H 
(b) R = C=CH 
(C) R = CH=CH 2 

(d) R = CH 2 CH, 

"Reagents: (i) NH2OH-HCl, NaOAc, H2O, EtOH, room tempera
ture; (ii) NaCNBH3, MeOH, pH 3-4 (HC'/MeOH, methyl orange), 
-10 0C; (iii) 4-acetoxybutanal, CH2Cl2, O 0C; (iv) PhCH3, A, 16 h; (v) 
K2CO3 (catalyst), MeOH, room temperature; (vi) MsCl, Et3N, CH2-
Cl2, -10 0C; (vii) Zn, HOAc, H2O, 60 0C, 2 h. 

Scheme II" 

^.A-
" > < ; ; 

12, X = O 
X = NNMc-

/ \ / v - — - \ 

R, 

14, X = NNMc2 (Scheme I) , 11a, R2 = CII2OH 
Ca, X =NOH (*' > 15. R2 = CO2II 

(XlI)J ' 6 ' R2 = C 0 C 1 

(XMl)J ' 7 ' R 3 - C 0 S c I > h 

"'" " 1, R2 = H 

"Reagents: (i) H2NNMe2, EtOH, A (86%); (ii) n-BuLi, THF, -78 
0C, 1 h; allyl bromide, THF, -78 °C — O °C, 2 h (91%); (iii) NH2-
OH-HCl, NaOAc, EtOH, H2O, room temperature (97%); (iv) NaC-
NBH3, MeOH, pH 3-4 (HCl/MeOH, methyl orange), -10 0C; (v) 
4-acetoxybutanal, CH2Cl2, O 0C; (vi) PhCH3, A, 16 h (40%, three 
steps); (vii) K2CO3 (catalyst), MeOH, room temperature (84%); (viii) 
MsCl, Et3N, CH2Cl2, -10 0C; (ix) Zn, HOAc, H2O, 60 0 C, 2 h (95%, 
two steps); (x) Jones reagent, Me2CO, room temperature (67%); (xi) 
(COCl)2, DMF (catalyst), CH2Cl2, room temperature; (xii) PhSeH, 
py, THF, PhH, room temperature (78%, two steps); (xiii) W-Bu3SnH, 
AIBN (catalyst), PhH, A (62%). 

bramanian in the synthesis of (±)-pumiliotoxin C.5 

Attention was first directed toward the synthesis of the 5-
substituted 167B (1) (Scheme II), whose structure had only been 
tentatively assigned.6 Regioselective alkylation7 of 2-pentanone 
12 with allyl bromide via the JV.iV-dimethylhydrazone 13 and 
direct displacement of iVyV-dimethylhydrazine with hydroxylamine 
gave the oxime 6a. Sodium cyanoborohydride reduction gave the 
unstable8 (±)-./V-alkenylhydroxylamine 7a, which was condensed 
with 4-acetoxybutanal to give exclusively the (Z)-nitrone 8a. 
Cyclization in refluxing toluene gave the isoxazolidine 9a. Alkaline 
hydrolysis of the acetate, mesylation accompanied by spontaneous 
cyclization, and reductive N - O bond cleavage ( Z n / H O A c ) gave 
the 5,8-disubstituted indolizidine 11a. Removal of the C-8 sub-
stituent was achieved by oxidation9 to the carboxylic acid and 
subsequent decarboxylation10 via the seleno ester 17 to give 
(±)-167B ( l ) . l l a 

The C-8 substituent in 11 is also ideally suited for manipulation 
in the synthesis of the 5,8-disubstituted alkaloids 205A (2) and 
207A (3) (Scheme III). The acetylenic side chain was obtained 
by Eschenmoser fragmentation12 of the a,/3-epoxy ketone 20, via 

(5) LeBeI, N. A.; Balasubramanian, N. 186th National Meeting of the 
American Chemical Society: Washington, D.C., August 28-September 2, 
1983; ORGN 0123. Balasubramanian, N. Diss. Abstr. Int. B 1983, 44, 799. 
Balasubramanian, N. Chem. Abstr. 1983, 99, 212302u. Balasubramanian, 
N. Org. Prep. Proced. Int. 1985, 17, 23-47. 

(6) Daly, J. W. Fortschr. Chem. Org. Naturst. 1982, 41, 205-340. 
(7) Corey, E. J.; Enders, D. Tetrahedron Lett. 1976, 3-6. 
(8) House, H. 0.; Manning, D. T.; Melillo, D. G.; Lee, L. F.; Haynes, O. 

R.; Wilkes, B. E. / . Org. Chem. 1976, 41, 855-863. 
(9) Miiller, R. H.; DiPardo, R. M. J. Org. Chem. 1977, 42, 3210-3212. 
(10) Pfenninger, J.; Heuberger, C; Graf, W. HeIv. Chim. Acta 1980, 63, 

2328-2337. 
(11) (a) Comparison of the synthetic material with an authentic sample 

(GC/MS) by Dr. T. Spande (NIH) showed the two to be identical and hence 
confirmed the assigned structure, (b) The synthetic sample was found to be 
identical with the natural material by NMR, IR, MS, and GC (Dr. J. W. 
Daly, personal communication). 

^ o 

, 1 8 , R3=OEl 
^ 19, Rj = CH2CH2CH=CH2 

(Xl) 

(xii) 
(xni) 
(xiv) 
(XV) 

(XVl) 

I via 6b - 101) 
(Scheme I) 

R V ^ - V ^ - ? - \ R 

^NJ-V 
R2 

• 11 b, R2 = CH2OH, R4 = H, R = C=CH 
i 2Ib1R2 = CHO, R4 = H, R = C=CH 
• 22 b, R2 = H, R4 = CHO, R = C=CH 
' 23b, R2 = H, R4 = CH2OH, R = CsCH 
I 24 b, R2 = H, R4 = CH2OMs, R = CsCH 

2, R2 = H1R4 = Me1R = O C H 
3, R, = H1 R4 = Me1 R = CH=CH2 

"Reagents: (i) CH2=CHCH2CH2MgBr, THF, O 0C; H3O+, O 0C 
(96%); (ii) H2O2, NaOH (catalyst), MeOH, room temperature (98%); 
(iii) H2NNHTs, CH2Cl2, HOAc, -15 0C, 15 h; room temperature 6 h 
(69%); (iv) NH2OH-HCl, NaOAc, EtOH, H2O, room temperature 
(92%); (v) NaCNBH3, MeOH, pH 3-4 (HCl/MeOH, methyl orange), 
-10 0C; (vi) 4-acetoxybutanal, CH2Cl2, O 0C; (vii) PhCH3, A, 16 h 
(63%, three steps); (viii) K2CO3 (catalyst), MeOH, room temperature 
(95%); (ix) MsCl, Et3N, CH2Cl2, -10 0C; (x) Zn, HOAc, H2O, 60 0C, 
2 h (99%, two steps); (xi) (COCl)2, DMSO, Et3N, CH2Cl2, -78 0C — 
room temperature; (xii) K2CO3 (catalyst), MeOH, room temperature; 
(xiii) NaBH4, EtOH, O 0C (57%, three steps); (xiv) MsCl, Et3N, 
CH2Cl2, O 8C, 1 h; (xv) LiEt3BH, THF, O 0 C (90%, two steps); (xvi) 
Lindlar, H2, EtOAc, room temperature (100%). 

Scheme IV" 

R5 

o 

(111) - ( V l I 

NHY 

(O < 2 5 ' 

^ 27, 

25, R, = CH2OH 
Rs = CIl2OTs 

27, R, = C5Iln 

2(i, R6 = CO2H, Y = H 
29, R6 = CO2H. Y = Cbz 
30, R6 = CO2McY = CbZ 
3 1 , R6 = CH2OH1Y = CbZ 
32, R6 = CHCY = CbZ 

OMe 

33, Y = Cb/ 
34, Y = H 

NHOH 

vu 8(1 - 10(1 
(Scheme I) 

via 21(1 • 24d 
(Scheme III) 

(-1-209B 

"Reagents: (i) TsCl, Et3N, CH2Cl2, room temperature (92%); (ii) 
/1-Bu2CuLi, DME, Et2O, -40 °C, 16 h (88%); (iii) 2 M HCl, H2O, A, 
6 h (100%); (iv) CbzCl, NaOH, H2O, THF, room temperature, 5 h 
(89%); (v) HCl, MeOH, room temperature (100%); (vi) DIBAL, 
THF, PhCH3, -78 0C, 1 h (99%); (vii) (COCl)2, DMSO, Et3N, CH2-
Cl2, -78 0 C -» room temperature (86%); (viii) Ph3P=CH2 , DMSO, 
room temperature (91%); (ix) 4,4'-di-terr-butylbiphenyl, Li, THF, -78 
°C, 30 min (95%); (x) P-MeO-C6H4-CHO, CH2Cl2, room temperature 
(100%); (xi) mCPBA, CH2Cl2, -78 °C — room temperature (88%); 
(xii) NH2OH-TsOH, MeOH, room temperature; NaOH, H2O; (xiii) 
4-acetoxybutanal, CH2Cl2, 0 0 C (25-45%, two steps); (xiv) PhCH3, A, 
16 h (89%); (xv) K2CO3 (catalyst), MeOH, room temperature (86%); 
(xvi) MsCl, Et3N, CH2Cl2, -10 °C, 1 h; (xvii) Zn, HOAc, H2O, 60 
0C, 2 h (86%, two steps); (xviii) (COCl)2, DMSO, Et3N, CH2Cl2, -78 
°C —• room temperature; (xix) basic Al2O3 chromatography, EtOAc, 
hexane; (xx) NaBH4, EtOH, O 0 C (65%, three steps); (xxi) MsCl, 
Et3N, CH2Cl2, O 0C, 1 h; (xxii) LiEt3BH, THF, O °C (87%, two 
steps). 

its tosylhydrazone, to give the acetylenic ketone 5b. Conversion 
to the oxime 6b and N a C N B H 3 reduction gave the unstable 

(12) Felix, D.; Schreiber, J.; Ohloff, G.; Eschenmoser, A. HeIv. Chim. Acta 
1971, 54, 2896-2912. 
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hydroxylamine 7b, which was immediately condensed with 4-
acetoxybutanal to give the (Z)-nitrone 8b.13 Thermal cyclization 
(80%), ester hydrolysis, mesylation, and N-O bond cleavage gave 
the indolizidine l ib in excellent yield. Conversion to 205A (2) 
required epimerization at C-8 and deoxygenation. This was 
achieved by oxidation14 to the aldehyde 21b, base-catalyzed ep
imerization5,15 to the equatorial aldehyde 22b, and reduction to 
the epimeric alcohol 23b. Mesylation and displacement16 with 
Super-Hydride gave (±)-205A (2) ." b ' n Lindlar reduction of 
205A (2) afforded (±)-207A (3). l l b 

An asymmetric synthesis of the 5,8-disubstituted indolizidine 
alkaloids can, in principle, be achieved by using an enantiomer-
ically pure 7V-alkenylhydroxylamine precursor 7. This approach 
would depend on the hitherto unexplored formation of such a-
chiral 7V-alkenylnitrones18 and their use in intramolecular cy-
cloadditions without loss of stereochemical integrity. Spurred on 
by the prospect of oxidizing chiral amines to chiral hydroxyl-
amines,19 we prepared the enantiomerically pure amine 34 in 53% 
overall yield from (S)-5-(hydroxymethyl)-2-pyrrolidone (25)20 by 
a chain-extension sequence (Scheme IV).21 Noteworthy was the 
novel use of the Ireland debenzylation procedure22 for the removal 
of the benzyloxycarbamate protecting group [33 —» 34] (95%). 
Formation of the imine 35, selective oxidation to the oxaziridine 
36, and cleavage with hydroxylamine gave the chiral ./V-alke-
nylhydroxylamine 7d. Application of the previously described 
intramolecular nitrone methodology and subsequent elaboration 
(Scheme IV) gave enantiomerically pure (-)-209B (4) in ten steps 
(15% overall yield from 34).23 

In summary, the A'-alkenylnitrones 8 have been shown to serve 
as extremely efficient precursors for the stereocontrolled con
struction of enantiomerically pure 5,8-disubstituted indolizidine 
alkaloids by a general strategy which should make these com-

(13) A typical procedure for the conversion 6b -*• 8b and subsequent 
cyclization to 9b is illustrated as follows. A solution of oxime 6b (1.59 g, 9.64 
mmol) in methanol (40 mL) was cooled to -10 0C under argon and treated 
with methyl orange indicator (5 drops) and sodium cyanoborohydride (0.91 
g, 14.46 mmol). Hydrochloric acid (6 M solution in water/methanol) was 
added dropwise with stirring to maintain a red coloration until reduction was 
complete (ca. 30 min). The solution was made strongly alkaline with 20% 
aqueous sodium hydroxide solution, poured into saturated aqueous sodium 
chloride solution containing ice (50 mL), and extracted with dichloromethane 
(4 X 50 mL). The organic extracts were added directly to a solution of 
4-acetoxybutanal (2.1 g, 16.1 mmol) in dry dichloromethane (20 mL) con
taining anhydrous MgSO4 at 0 0C with stirring. After 1 h, the solution was 
filtered and evaporated in vacuo to give the crude nitrone 8b, which was 
dissolved in dry toluene (250 mL) and refluxed under argon under Dean-Stark 
conditions for 15 h. Evaporation in vacuo and purification by flash chro
matography on silica (hexane/ether 5:1 -» 3:1) gave isoxazolidine 9b (1.70 
g, 63%) as a pale yellow liquid. 

(14) Mancuso, A. J.; Huang, S. L.; Swern, D. J. Org. Chem. 1978, 43, 
2480-2482. 

(15) The two epimeric aldehydes were readily distinguished in the 1H 
NMR spectrum by the characteristic aldehyde signals (6„ CHO 10.0 (d, J 
= 2.0 Hz), S^ CHO 9.65 (d, J = 2.0 Hz)). Integration of the 1H NMR 
spectrum of the equilibrium mixture indicated the ratio 22b/21b = 16.7:1. 
The aldehydes were not easily separated, but the corresponding 8-hydroxy-
methyl compounds were readily separated by flash chromatography on silica 
eluting with EtOAc/NH3 mixtures. 

(16) Brown, H. C; Krishnamurthy, S. J. Am. Chem. Soc. 1973, 95, 
1669-1671. 

(17) The pharmacology of 205A will be communicated in due course. 
(18) A few a-chiral nitrones have been prepared and used in intramolec

ular cycloaddition reactions. These were, however, C-alkenylnitrones and 
hence did not require the formation of a-chiral iV-alkenylhydroxylamines. See: 
Wovkulich, P. M.; Uskokovic, M. R. J. Am. Chem. Soc. 1981, 103, 
3958-3959. Baggiolini, E. G.; Lee, H. L.; Pizzolato, G.; Uskokovic, M. R. 
/ . Am. Chem. Soc. 1982, 104, 6460-6462. 

(19) Grundke, G.; Keese, W.; Rimpler, M. Synthesis 1987, 1115-1116, 
and references cited therein. 

(20) Silverman, R. B.; Levy, M. A. J. Org. Chem. 1980, 45, 815-818. 
(21) (a) Cuprate displacement of tosylate: Johnson, C. R.; Dutra, G. A. 

J. Am. Chem. Soc. 1973, 95, 7777-7782, 7783-7788. (b) The aldehyde 32 
was found to be in the form of the corresponding hemi-aminal. (c) Wittig 
olefination: Greenwald, R.; Chaykovsky, M.; Corey, E. J. J. Org. Chem. 1963, 
28, 1128-1129. 

(22) Ireland, R. E.; Smith, M. G. / . Am. Chem. Soc. 1988,110, 854-860. 
(23) Ia]22D = -94.3°, c 1.85, MeOH. The enantiomeric excess was judged 

to be >95% by chiral shift studies on 9d. The optical rotation of the natural 
209B is not available at present due to insufficient materia! having been 
isolated. 

pounds readily available for biological evaluation.17 
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Our investigations on the Lewis acid-mediated reactions of 
substituted sugars have demonstrated that glycofuranosides 
bearing, at 0-2, a carbon nucleophilic substituent such as a benzyl2 

or an allyl3 group, undergo readily internal C-glycosidation, a 
reaction that leads to "cyclic" 1,2-cis-C-furanosides. These results 
suggested that an intramolecular process might provide a reliable 
approach to the stereoselective synthesis of C-furanosides. The 
stereochemical outcome of the reactions of glycofuranosyl de
rivatives with C-nucleophiles such as allyltrimethylsilane,4 silyl 
enol ethers,5 or activated aromatic systems56-6 is indeed largely 
unpredictable, and the availability of a stereocontrolled approach 
to C-furanosides, which constitute important precursors of C-
nucleosides,7 aryl C-glycosides,8 and polyethers9 antibiotics, is 
highly desirable. 

We therefore looked for substituents that would make the 
general process represented in Scheme I feasible. In particular, 
on the basis of the well-documented chemistry of aryl- and vi-
nylsilanes, which undergo ipso substitution in reactions with 
electrophiles,10 a functionalized organosilyl substituent appeared 
to be an appropriate candidate. Initial investigations were not 
very encouraging as the 2-O-phenyldimethylsilyl derivative of 
xylofuranoside 1 led, on reaction with tin(IV) chloride, to the 
expected a-C-glycosylated benzene in 18% yield only as well as 
to a large amount of desilylated, anomerized xylofuranoside a-l 
(65%) and to the cyclic dimer of 1, compound 2" (8%). However, 
we considered that the low yield of the internal reaction was due 

(1) Present address: Department of Chemistry, Faculty of Science, Al
exandria University, Alexandria, Egypt. 

(2) (a) Martin, O. R. Tetrahedron Lett. 1985, 26, 2055. (b) Martin, O. 
R.; Mahnken, R. E. J. Chem. Soc., Chem. Commun. 1986, 497. (c) Martin, 
O. R. Carbohydr. Res. 1987, 171, 211. 

(3) Martin, O. R.; Kurz, K. G. Unpublished results. 
(4) (a) Kozikowski, A. P.; Sorgi, K. L. Tetrahedron Lett. 1982, 23, 2281; 

1983, 24, 1563. (b) Cupps, T. L.; Wise, D. L.; Townsend, L. B. J. Org. Chem. 
1982, 47, 5115. (c) Wilcox, C. S.; Otoski, R. M. Tetrahedron Lett. 1986, 27, 
1011. (d) Bennek, J. A.; Gray, G. R. J. Org. Chem. 1987, 52, 892. 

(5) (a) Ogawa, T.; Pernet, A. G.; Hanessian, S. Tetrahedron Lett. 1973, 
3543. (b) Yokoyama, Y. S.; Inoue, T.; Kuwajima, I. Bull. Chem\Soc. Jpn. 
1984, 57, 553. (c) Reetz, M. T.; Muller-Starke, H. Liebigs Ann. Chem. 1983, 
1726. (d) Araki, Y.; Watanabe, K.; Kuan, F.-H.; Itoh, K.; Kobayashi, N.; 
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