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A New Approach to the Pancratistatin C-Ring from D-Glucose: Ferrier 
Rearrangement, Pseudoinversion and Pd-Catalyzed Cyclizations 
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Abstract: A Ferrier rearrangement and [~-hydroxyketone transposition are key steps in a route to a 
pancratistatin C-ring precursor. A key feature of the strategy is the pseudoinversion accomplished by ~- 
hydroxyketone transposition, which allows convenient access from methyl (z-D-glucopyranoside. 
Arylations of the C-ring by intramolecular reductive or non-reductive Pd-catalyzed conjugate addition 
have been demonstrated, utilizing the C 1 hydroxyl to deliver the tethered aryl synthon. 
© 1997 Elsevier Science Ltd. 

The biological activity, scarcity and structural complexity .OH .OH 
of Amaryll idaceae alkaloids 1-4 have prompted numerous f ~ . . f o 8  - ~  : H ~ O H  

10 
synthetic studies toward functionalized phenanthridone ring o8 ( =- OH 
systems, 1,2 including several total syntheses of  lycoricidine (1). 
With six contiguous stereogenic centers in their C rings, 7- R O R O 
deoxypancra t i s t a t in  (3) and pancratistatin (4) present 1 (R=H) 3 (R=H) 
considerable synthetic challenges, including stereocontrolled 2 (R = OH) 4 (R = OH) 
introduction of the C10b aryl substituent. Recently, the first successful syntheses of  7-deoxypancratistatin (3) 
and pancratistatin (4) have been reported.3,4, 5 

Our efforts in this area focused 
on a syn thes i s  o f  7 - d e o x y -  
pancratistatin (3) which would be 
capable of  general access to highly 
o x y g e n a t e d  m e m b e r s  o f  the 
phenanthridone alkaloids, including 
(+)-pancra t i s ta t in  (4). Notable 
features of  our strategy (Scheme 1) 
include the utilization of the C1 ~- 
hydroxyl to deliver a tethered aryl 
synthon to the 13 face at C10b 
resulting in a cis-fused ring system, 
subsequent  e lec t rophi l ic  enolate 
amination on the convex face, and an 
endgame based on a lactone ---> lactam 
isomerization (5 ---> 3). 6 

To support the development of 
the strategy shown in Scheme 1, we 
recently described model studies of  
intramolecular palladium-catalyzed 
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aryl iodide-enone conjugate addition reactions of 4-iodobenzyloxycyclohexenone U to selectively form tricyclic 
arylation products 12 or 13 (Scheme 2). 7 Importantly, the reductive cyclization product 12 was formed with 
complete selectivity for the cis ring junction as required for pancratistatin synthesis (>95% by IH NMR 
spectroscopy, no trans product detected); these results encouraged us to pursue the application of  this 
stereoselective arylation reaction to the synthesis of 7-deoxypancratistatin (3). 
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Scheme 2 

reductive non-reductive 

~ 1 2  "Pd'catalyzed ~ 1 ~ 1 1  Pd-catalyzed ~ 
O an/I-enone O aryl-enone O 

conjugate conjugate 
addition addition 

12:13 = 12:1 1:3:12 = 10:1 
(>95% yield) (>95% yield) 

Our strategy for the synthesis of 3 required the highly oxygenated cyclohexenone 6. A enantiopure source 
of the asymmetry in 6 i s  a pyranose sugar, with a Ferrier carbocyclization to convert the pyran to a 
cyclohexanone. However, the standard Ferrier retrosynthetic disconnection leads to the 2-O-alkyl L-glucoside 
10 (or an analogous 2-O-alkyl-D-idoside). We recognized a plane of symmetry in hypothetical diketone A; the 
corresponding plane through Ferrier rearrangement products 7 and 8 suggests a pseudosymmetrical relationship 
which could be exploited to circumvent a tedious differentiation of the C2 from C3 and C4 hydroxyls of 
expensive L-glucose or D-idose. 8 Thus, we would effect pseudoinversion of a D-glucose derivative to its L- 
glucose (or D-idose) counterpart by transposing the [~-hydroxyketone moiety; the requisite 4-O-alkyl-D-glucose- 
derived precursor 9 is readily available from inexpensive methyl C~-D-glucopyranoside. 

Scheme 3 
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Starting from methyl ~-D-glucopyranoside (14), known 6-iodo-6-deoxy-~-D-glucopyranoside 159 was 
prepared by a 4-step sequence in 55% overall yield. As shown in Scheme 3, treatment of iodide 15 with excess 
Nail ~[nd either 2-iodobenzyl iodide (16a) or 6-iodo-3,4-methylenedioxybenzyl chloride (16b) 10 in DMF both 
alkylated the C4 hydroxyl and eliminated HI at C5 and C6,11 forming hexenopyranosides 17 (17a: 79%; 17b: 
92%). Ferrier rearrangement (catalytic Hg(OCOCF3)2, 4:1 acetone/H20, rt) 12 of the hexenopyranosides 
provided mixtures of diastereomeric [~-hydroxyketones 18 (18a: I]:a = 9:1 (62%); 18b: [3:~x = 4.4:1 (59%)). In 
each case the ~,[~ epimers could be separated by crystallization. 

Transposition of the [~-hydroxyketone functionality of 18a([3) was achieved using a simple and efficient 
five-step protocol (Scheme 4). Silyl protection (TBSOTf, 2,6-1utidine, CH2C12, rt, 86%) 13 and reduction of the 
ketone under aprotic conditions (LiAIH(OtBu)3, THF, rt, >99%) 14 afforded a single diastereomer 19, which 
was converted to a methanesulfonate ester (MsC1, Et3N, CH2C12, rt, 83%). Fluorodesilylation (TBAF, THF, 
rt, >99%) cleanly furnished a ~-hydroxyalkyl mesylate (not shown). To our good fortune, both hydroxyl 
oxidation and mesylate elimination occurred smoothly in one step under Swern oxidation conditions 15 (DMSO, 
(COC1)2, CH2CI 2, -78 °C; then Et3N, rt; 98%), yielding the key cyclization precursor 20 with a 70% overall 
yield for the five-step pseudoinversion/elirnination sequence. 
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In the more highly oxygenated series, the major Ferrier rearrangement product 18b([~) could be converted 
to cyclization substrate 20b by the 5-step transposition/elimination sequence described above, but in practice it 
was convenient and efficient to employ the ix,IS diastereomeric mixture of Ferrier products 18b(~t,13) since the 
stereochemistry at the epimeric center was removed by alcohol oxidation. Thus, silylation, reduction, 
mesylation, and desilylation were conducted as described above, producing only diastereomers 21 and 22 in 
70% yield for 4 steps. 16 Swem oxidation was performed on mixtures of 21 and 22 in 92% yield, giving an 
overall 64% yield of cyclization precursor 20b in 5 steps for the pseudoinversion/elimination sequence from 
18b(0t,~l). Notably, this convenient sequence was performed without intermediate purifications (beyond 
aqueous workup) until just prior to Swem oxidation. 

Scheme 5 

reductlve cyclization non-reductive cyclizatlon 
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We were able to conduct intramolecular Pd-catalyzed conjugate addition reactions of 20a and 20b 
(Scheme 5, 20a series not shown) to selectively afford either reductive cyclization products or non-reductive 
products. 17 Preparative scale (ca. 1 g) experiments afforded good isolated yields of either 23b (56%) or 24b 
(70%) using these conditions. We were delighted to observe that the reductive conditions were completely 
selective for the desired cis ring junction, as required for our synthesis of 7-deoxypancratistatin. Unfortunately, 
X-ray crystallographic analysis of 23b revealed that a remote epimerization had occurred to invert the 
configuration at the 0t-benzyloxyketone. 18 We speculate this is attributable to the relief of 1,3-diaxial steric 
interactions between the 0t-benzyloxy substituent and the cis-fused benzopyran ring. We envision that 
suppression of the unanticipated epimerization which forms 23b, or the stereoselective conjugate reduction of 
24b, which did not suffer the remote epimerization, will allow continued progress toward synthesis of 7- 
deoxypancmtistatin and analogs. 



5936 

Acknowledgment. T h i s  resea rch  was  suppor ted  by N S F  C H E  8806805,  N S F  C H E - 9 4 2 3 7 8 2 ,  Eli Lil ly and  
Co., and  a fe l lowship  f rom the U.S.  Dept. o f  Educat ion  Graduate  Ass is tance  in Areas  o f  Nat ional  Need  P rog ram 
(G. K. F.). 

References and Notes 

1. Reviews: a) Polt, R. "Amaryllidaceae Alkaloids with Antitumor Activity" in Organic Synthesis: Theory and Applications, 
Hudlicky, T., Ed.; JAI Press, Inc.; Greenwich, 1996; Vol. 3, pp 109-148. b) Martin, S. F. In The Alkaloids; Brossi, A.; Ed.; 
Academic Press: New York, 1987; Vol. 30, pp 251-376. 

2. a) Ohta, S.; Kimoto, S. Tetrahedron Lett. 1975, 2279; Chem. Pharm. Bull 1976, 24, 2977. b) Keck, G. E.; Boden, E.; 
Sonnewald, U. Tetrahedron Lett. 1981, 22, 2615. c) Paulsen, H.; Stubbe, M. Tetrahedron Left. 1982, 23, 3171; Liebigs 
Ann. Chem. 1983, 535. d) Weller, T.; Seebach, D. Tetrahedron Lett. 1982, 23, 935. e) Ugarkar, B. G.; DaRe, J.; 
Schubert, E. M. Synthesis 1987, 715. f) Thompson, R. C.; Kallmerten, J. J. Org. Chem. 1990, 55, 6076. g) Clark, R. 
D.; Souchet, M. Tetrahedron Lett. 1990, 31, 193. h) Hudlicky, T.; Olivo, H. F. J. Am. Chem. Soc. 1992, 114, 9694. i) 
Chida, N.; Ohtsuka, M.; Ogawa, S. Tetrahedron Lett. 1991, 32, 4525. j) Martin, S. F.; Hartmann, M.; Josey, J. A. 
Tetrahedron Lett. 1992, 33, 3583. k) Lopes, R. S. C.; Lopes, C. C.; Heathcock, C. H. Tetrahedron Lett. 1992, 33, 6775. 
1) Martin, S. F.; Tso, H.-H. Heterocycles 1993, 35, 85. m) Chida, N.; Ohtsuka, M.; Ogawa, S. J. Org. Chem. 1993, 58, 
4441. n) Mclntosh, M. C.; Weinreb, S. M. J. Org. Chem. 1993, 58, 4823. o) Angle, S. R.; Louie, M. S. Tetrahedron 
Lett. 1993, 34, 4751. p) Chretien, F.; Ahmed, S. I.; Masion, A.; Chapleur, Y. Tetrahedron 1993, 49, 7463. q) Banwell, 
M. G.; Cowden, C. J.; Mackay, M. F. J. Chem. Soc., Chem. Commun. 1994, 61. r) Banwell, M. G.; Cowden, C. J. 
Aust. J. Chem. 1994, 47, 2235. s) Doyle, T. J.; Hendrix, M.; Haseltine, J. Tetrahedron Lett. 1994, 35, 8295. t) 
Hudlicky, T.; Olivo, H. F.; McKibben, B. Z Am. Chem. Soc. 1994, 116, 5108. u) Park, T. K.; Danishefsky, S. J. 
Tetrahedron Lett. 1995, 36, 195. v) Khaldi, M.; Chretien, F.; Chapleur, Y. Tetrahedron Lett. 1995, 36, 3003. w) Rigby, 
J. H.; Gupta, J. H. Synlett 1995, 547. x) Doyle, T. J.; VanDerveer, D.; Haseltine, J. Tetrahedron Lett. 1995, 36, 6197. y) 
Gauthier, D. R., Jr.; Bender, S. L. Tetrahedron Lett. 1996, 37, 13. z) Acena, J. L.; Arjona, O.; Iradier, F. Plumet, J. 
Tetrahedron Lett. 1996, 37, 105. 

3. Synthesis of racemic 4: Danishefsky, S.; Lee, J. Y. J. Am. Chem. Soc. 1989, 111, 4829. 
4. Syntheses of (+)-4: a) Tian, X.; Hudlicky, T.; Konigsberger, K. J. Am. Chem. Soc. 1995, 117, 3643. b) Trost, B. M.; 

Pulley, S. R. J. Am. Chem. Soc. 1995, 117, 10143. 
5. Syntheses of (+)-3: a) Keck, G. E.; McHardy, S. F.; Murry, J. A. J. Am. Chem. Soc. 1995, 117, 7289. b) Chida, N.; 

Jitsuoka, M.; Yamamoto, Y.; Ohtsuka, M.; Ogawa, S. Heterocycles, 1996, 43, 1385. c) Reference 2c describes a synthetic 
route to (+)-1 for which (+)-3 is an intermediate. 

6. This isomerization has precedent in the syntheses of 1, 3, and 4 described in references 2a, 2c, 3, and 5a. 
7. Friestad, G. K.; Branchaud, B. P. Tetrahedron Lett. 1995, 36, 7047. 
8. A recent publication describes an acyclic approach to an analogous D-carbohydrate ~ L-carbohydrate conversion via "hidden 

C2 symmetry"; see: Furstner, A.; Baumgartner, J. Tetrahedron 1993, 49, 8541. 
9. Kohn, A.; Schmidt, R. R. Liebigs Ann. Chem. 1987, 1045. 
10. Benzylic alkylating agent 16b was prepared in two steps by aromatic iodination of commercially available piperonyl alcohol 

(12, Ag(OOCCF3)2, 78%) and conversion to the benzylic chloride (MeSO2CI, Et3 N, 87%); this was closely related to the 
procedure of Overman et al., see: Abelman, M. M.; Overman, L. E.; Tran, V. D. J. Am. Chem. Soc. 1990, 112, 6959. 

11. Barton, D. H. R.; Augy-Dorey, S.; Camara, J.; Dalko, P.; Delaum6ny, J. M.; G6ro, S. D.; Quiclet-Sire, B.; Stiitz, P. 
Tetrahedron 1990, 46, 215. 

12. a) Chida, N.; Ohtsuka, M.; Ogura, K.; Ogawa, S. Bull. Chem. Soc. Jap. 1991, 64, 2118. 
13. Corey, E. J.; Cho, H.; Riicker, C.; Hua, D. H. Tetrahedron Lett. 1981, 22, 3455. 
14. Reduction with NaBI-14 in ethanol was complicated by base-induced enolization and subsequent elimination of BnOH. 
15. Mancuso, A. J.; Swern, D. Synthesis 1981, 165. 
16. That only 21 and 22 were obtained demonstrated that 18b(et) and 18b(l~), after silylation, each underwent highly 

stereospecific hydride reduction. Chromatographically separated 21 and 22 each furnished 20b upon Swern oxidation in 
parallel experiments. 

17. Product ratios of crude product mixtures were obtained by integration of 1H NMR spectral data: For reductive cyclization, 
23a:24a = 4:1 and 23b:24b = 5:1. For non-reductive cyclization, 24a:23a = 9:1 and 24b:23b = 12:1. Details are found 
in reference 7. 

18. This epimerization was not discernible by 1H NMR coupling constant analysis. Prior to crystallographic analysis, we had 
misassigned this structure in an earlier communication (see reference 7). 

(Received in USA 11 June 1997; accepted 24 June 1997) 


