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The total syntheses of the amaryllidaceae alkaloids haemanthidine, pretazettine, and tazettine as optically pure enantiomers are reported.
Using pb-mannose as the starting material, the critical relative stereochemical relationships are established with an intramolecular nitrone—
alkene cycloaddition reaction. The synthetic route leads successively to (-)-haemanthidine and then to (+)-pretazettine and (+)-tazettine,
taking advantage of the well-established complex relationships among these three alkaloids.

The crinine class ofmaryllidaceaealkaloids is composed  proved difficult® Reported here are stereocontrolled synthe-
of approximately 50 members that are relatively widely ses of pretazettine and the related alkaloids tazet@har({d
distributed in naturé.These alkaloids possess thi-3a- haemanthidined), which afford optically pure materials and
arylhydroindole ring system, the more pharmacologically which verify that the absolute configurations of the natural
active members also bearing an hydroxyl group at the 6a-

position (pretazettine numbering) that can be eittisror (2) () Wildman, W. C.; Bailey, D. TJ. Org. Chem1968,33, 3749.

i i i ianifi _ (b) Wildman, W. C.; Bailey, D. TJ. Am. Chem. S0d 969,91, 150. (c
trans '.:O the ad.Jacent aryl ”r.'g' DeSplt.e .S|gn|f|cant ac f:u)rusawa, E.; Furusawa, é Tani, S.; Irie, H.; Kitamura, K_; Wildmgn), W.
complishments in the synthesis of the crinine-related alka- ¢, chem. Pharm. Bull1976, 24, 336. (d) Kobayashi, S.; Takeda, S.:
loids lacking the 6a-hydroxyl, reliable methods for control- Ishikawa, H.; Matsumoto, H.; Kihara, M.; Shingu, T.; Numata, A.; Uyeo,
. . . o S.Chem. Pharm. Bull1976,24, 1537.
ling the relative disposition of the aryl and hydroxyl groups (3) () Hendrickson, J. B.. Bogard, T. L.: Fisch, M. E.Am. Chem.
in these important alkaloids have been problematic, as hasfgg 119@5952, ?5)3$- (bd) ngdao\li.;_lszbel, Kl.b CheKm. Sﬁc'd Che[n. Clcgn;rznun

H y . (C suda, Y., al, A.; Isobe, Hetrahedron Lett y

control of absolute StereOChemIStry' 3153. (d) Hendrickson, J. B.; Bogard, T. L.; Fisch, M. E.; Grossert, S.;
Some time ago we began a synthetic program to provide Yoshimura, N.J. Am. Chem. So4974,96, 7781. (e) Kobayashi, S.; Kihara,

. L M.; Shingu, T.; Shingu, K.Chem. Pharm. Bull.1980, 28, 2924.
general access to these alkaloids. The initially selected targetDanishgngy’ s M(;,,?; J. Mullen, G.: Gamnfi“’ R. J. Am. Chem(.f)SOC.

pretazettineX), first characterized in the 196@%as received 1%82,1551;3??54%1. Z(g%(\)Nf(lg)e MJ D.; Cshogg.DW- _lé. M.; ghigir?. BI-C Ohr9-

; ; : em. ,48, . artin, S. F.; Davidsen, S. m. Chem.
considerable attention as a.synt-het|c target, glthough adequatgoc.1984,106, 6431. (i) Martin, S. F.: Davidsen. S. K. Puckette, TJA.
control of the stereochemical issues mentioned above hasorg. Chem.,1987,52, 1962. (j) Overman, L. E.; Wild, HTetrahedron
Lett. 1989,30. 647. (k) Ishibashi, H.; Nakatani, H.; Iwami, S.; Sato, T.;
Nakamura, N.; Ikeda, M. J. Chem. Soc., Chem. Comrh889, 1767. (1)

T Present Address: Eastman Chemical Company, Research LaboratoriesAbelman, M. M.; Overman, L. E.; Tran, V. DI. Am. Chem. Sod.990,
P. O. Box 1972, B-150B, Kingsport, TN 37662-5150. 112 6959. (m) Ishibashi, H.; Uemura, N.; Nakatani, H.; Okazaki, M.; Sato,
(1) (a) Lewis, J. RNat. Prod. Rep1998,15, 107. (b) Hoshino, O. In T.; Nakamumra, N., lkeda, Ml. Org. Chem1993,58, 2360. (n) Pearson,
The AlkaloidsCordell, G. A., Ed., Academic Press: New York, 1998; Vol. = W. H.; Postich, M. JJ. Org. Chem.1994 59, 5662. (0) Rigby, J. H.;
51, p 323. (c) Martin, S. F. lithe AlkaloidsCordell, G. A., Ed., Academic Cavezza, A.; Heeg, M. J. Am. Chem. Sot998 120, 3664. (p) Nishimata,
Press: New York, 1987; Vol. 30, p 251. T.; Mori, M. J. Org. Chem1998,63, 7586.
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products are as reported. Since this work was completed || EGTGTGNGNGNGNGEGEGEGEEEEEEEEEEEEEE

another synthesis of optically active (—)-haemanthidine and Scheme %
(+)-pretazettine, as well as-§-crinamine, has been reportéd. |
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Consistent with the findings of previous workers, our HC™ g ’c'\l: . HiC = (’.‘3‘ . (&%)
approach to pretazettine takes advantage of the complex 1" H 12 H
relationships that exist among haemanthidine, pretazettine, OPiv OPiv
and tazettine, which have been elegantly detailed by Wild- ar t ar -
man? In particular, Wildman showed that haemanthidine L (4’—;0/)» Loy (T'Scy)»
methiodide is converted to pretazettine under mild conditions ~ © Hio HCO™ T H L °
and that pretazettine is chemically labile, being further 13 1
converted to tazettine under basic conditions. It has also been
shown that tazettine can be converted back to pretazettine, (920/) (9:17) 2 Ar = 4-methylenedioxybenzene

although with very low efficiency® Finally, others have
demonstrated that haemanthidine can be formed by
Bischler—Napieralski cyclization of a suitably substituted aryl
hydroindole such a4, and this is the route adopted in our
studies®®c

The plan for assembling the requisite aryl hydroindole

aReagents and conditions: (a) (C(OCH;),, TsOH, 80°C;
(b) 2-butanone, Nal, NaHC£80 °C; (c) Zn, EtOH, HO, 80°C;
(d) CH(OCH)3, Amberlyst 15 resin, 25C; (e) G;, NaHCG;, 2:1
CH,Cl,/CH;0H, —78°C, then (CH),S, —78 to 25°C; (f) ArMgBr,
THF, 0 to 25°C; (g) PDC, CHCl,, 4 A molecular seives, AO;
(h) LDA, ethyl (trimethylsilyl)acetate, THF;-78 to —50 °C; (i)

(.9, 14) was to take advantage of an intramolecular agN, phsH, benzene, 8TC; (j) acetone (containing0.5% HO),
nitrone—alkene cycloaddition reactidras has been outlined  Amberlyst 15 resin, 42C, 90%; (k) ($-a-methylbenzyl hydroxyl-

in earlier reports from these laboratorfeQptically pure amine oxylate, KCO;, benzene, 23C; (I) benzene, 55 to 8C,
products were expected to be the result of employing either 75%; (m) Pd/C, 1:1 THF/CBOH, 25°C; (n) LiAlH 4, THF, 60°C;

an optically active cycloaddition substrate or a chiral auxiliary
on the nitrone nitrogen, or both. In practice the requisite
nitrone has been prepared frasamannose, which allows
for the unambiguous assignment of the absolute stereochem
istry of the final product (Scheme 1).

The synthesis of pretazettine begins with bromo &ipl

(o) acetic formic anhydride, THF-60 to —20 °C; (p) pivaloyl
chloride, pyridine, DMAP, 80C; (q) TFA, HO, 25°C; (r) NalQy,
2:1 THF/HO, 25°C; (s) pyrrolidine, acetic acid, benzene, 25,
(t) NaBH,, CeCk-7H,O, CH;OH, —78 °C; (u) methanesulfonic
anhydride, NEf THF, 0°C, then CHOH, —78 to 0°C; (v) POCE,
80°C; (w) LiOH, CH;OH, 25°C; (x) CHsl, CH3OH, then aq HCI,
then NaHCQ to pH 8, 25°C; (y) NaOH, CHOH, 25°C.

prepared on a 50 g scale framamethylb-mannopyranoside
(55% vyield for five steps) using modified literature proce-
dures® Protection of the diol as its acetonide followed by
reductive fragmentation and acetal formation then afforded

(4) For pertinent reviews of nitronrealkene cycloaddition reactions.
see: (a) Wade, P. A. I@omprehensive Organic Synthesisost, B. M.,
Fleming, I., Eds.; Pergamon Press: Elmsford, NY, 1991; Vol. 4, pp +111
1168. (b) Tufariello, J. J. 14,3-Dipolar Cycloaddition ChemistryPadwa,
A., Ed.; Wiley-Interscience: New York, 1984; Vol. 2, pp 8368. (c)
Padwa, A. Inl,3-Dipolar Cycloaddition ChemistryPadwa, A., Ed.; Wiley-
Interscience: New York, 1984; Vol. 2, pp 27406.

(5) (a) Baldwin, S. W.; Wilson, J. D.; Aubé, J. A. Org. Chem1985,
50, 4432. (b) Baldwin, S. W.; Gedon, S. Synth. Commun1991, 21,
587. (c) Baldwin, S. W.; McFadyen, R. B.; Aubé, J. A.; Wilson, J. D.
Tetrahedron Lett1991,32, 4431. (d) Baldwin, S. W.; Aubé, J.; McPhail,
A. T.J. Org. Chem1991,56, 6546.

100

6. Assembling the necessary trisubstituted alkeng whs
accomplished by Peterson olefination of ketdh@repared

in three steps frond. Obtaining the requirettansrelation-
ship between the aryl and hydroxyl groups of pretazettine
requires that the aryl and ester groups8have thecis
relationship found in the indicated E alkene. Treatmenrt of
with the lithium enolate of ethyl (trimethylsilyl)acetate
according to the usual proto¢afforded alkene3 in 96%
yield as a 1.5:1 mixture of double bond isomers enriched in

(6) (a) Horton, D.; Weckerle, WCarbohydr. Res1975, 44, 227. (b)
Thiem, J.; Elvers, JChem. Ber1981,114, 1442. (c) Krohn, K.; Broser,
E.; Heins, H.Carbohydr. Res1987,164, 59.
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the unwanted Z isomer. Although adjusting the reaction of the cyclohexenone A ring ii3 by aldol cyclization.
conditions had little impact on this ratio, it was possible to Several sets of reaction conditions were tried, the best
equilibrate the mixture. Exposure & to thiophenol and proving to be treatment with pyrrolidine and acetic acid in
AIBN in refluxing benzengled to a 9:91 mixture of Zand  benzene at ambient temperature. The &Bethoxyl group

E alkenes from which pur8E could be isolated by flash  was installed by Luche reducti®nof the enone followed
chromatography. In practice, puB& could be isolated from by mesylation and methanolysis. It is significant that
7 in 93% vyield from a process involving two olefination methanolysis at room temperature produced a 4:1 mixture
reactions and three isomerization cycles. The stereochemicabf the a- and -methoxyl isomers. In contrast, extended
assignment of alkene®E and 8Z was based odH NMR methanolysis at lower temperature®6 °C) afforded a 10:1
data, specifically the chemical shift of the vinyl protons in mixture of the same compounds. It should be notedHat
the two isomers. This proton was observed &t29 for the NMR analyses of all intermediate compounds betw&&n
desired isome8E and atd 5.97 for isomei8Z, a trend that and 14 were complicated by the presence of formamide
has been consistent for several pairs of related compoundgotational isomers+3:2 ratio). Compound4 (racemic) has

in this series. Further justification for this assignment was been previously prepared and carried on to racemic haeman-
the significant NOE enhancement observed between the vinylthidine, pretazettine, and tazettine, and spectral data for the
proton of8Z and the isolated ortho proton in the aryl ring; optically activel4 described here were in complete acc#rd.

a similar enhancement was not seen for isoBter Transformation ofl4 to the title alkaloids pretazettine)(1
The necessary stereochemical outcome of the cycloadditionhaemanthidine (2), and tazettin®)(was accomplished
step at C-4a and C-6b (cigng fusion, pretazettine number-  efficiently following the original Wildman protocd, as
ing) was anticipated on the basis of earlier work. For instance, practiced by Martirf" Thus, Bischler—Napieralski cy-
one set of model studies suggested that the acetonide ringjization of 14 followed by pivalate hydrolysis afforded
would lead to a slight preference-8:1) for acis/anti/cis  optically pure haemanthidin€)in 63% yield. Spectroscopic
cycloadduct® Furthermore, other studies had indicated that data for this material, including specific rotation, were
the (R)-a-methylbenzyl substituent on the nitrone nitrogen consistent with those reported for the natural alkaloid.
would favor the creation of the C-4a stereogenic center with Treatment of haemanthidine)(@ith methy! iodide followed
the desired S configuration, creating the opportunity for an by stirring with 0.01 M aqueous HCI afforded, after workup
exercise in double diastereoselect?éﬁHydrolysis of the and flash Chroma’[ography, optica”y pure pretazetti[)g'r(
dimethyl acetal followed by treatment witR)-o-methyl- 9504 yield. Finally, exposure of pretazettine to 0.1 M aqueous
benzyl hydroxylaming then afforded the nitrone, which  NaOH led to rapid €30 min) conversion to tazetting)(in
without purification was heated at 8€ in benzene for 17 919 purified yield. All spectroscopic data were in complete
h to yield cycloadduc® in 65% yield after purification by  accord with those reported for this material. Moreover, the
flash chromatography. The room temperature 400 MHz  specific rotations of these materials verify that the absolute
NMR spectrum of9 was difficult to interpret because of  stereochemistry of (+)-pretazettine, (+)-tazettine, and (—)-

significant broadening of the signals associated with the haemanthidine are as indicated in structute®, and 3,
isoxazolidine ring. At 90C, however, the spectrum was well  respectively.

resolved.

) i The considerable length of the synthetic scheme reported
The transformation of cycloaddugto the target alkaloids

, X . here is largely the result of our interest in confirming the
1-3 was accomplished as Olft"“eg'- Thus, hydrogenolysis 4psojute stereochemistry of the target alkaloids. Thus, of the
of 9 afforded hydroxy lactam0in 95% yield after cleavage 45| synthetic manipulations required to produce alkaloids

of the N—O and benzylic nitrogen bonds followed by 1_3 from g-methylo-mannopyranoside, nearly half (12)
intramolecular transamination. That the structur&@fs as were needed to obtain aryl ketore We are currently

indicated was verified by single-crystal X-ray analysis, geyeloping alternative efficient routes @ and related

proving that the importantrans relative stereochemical  ;omnounds that take advantage of asymmetric alkene oxida-
relationship between the aryl and C6a-hydroxyl group had i, protocols.

been established. Moreover, by relating these stereocenters

to C-4 of the mannose starting material (*16), the absolute
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