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Intramolecular 1,3-Dipolar Cycloaddition as a Tool for the Preparation of
Azaspirocyclic Keto Aziridines. Synthesis of Intermediates for the Total Synthesis of
(£)-Cephalotaxine
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Abstract: The thermal intramolecular azide-enone 1,3-dipolar cycloaddition to azaspirocyclic keto
aziridines 17 and 18 is reported. a-Hydroxylation and oxidation to the corresponding diketo aziridine 2

provided an intermediate in a synthetic approach toward cephalotaxine 1. © 1997 Elsevier Science Lid.

Cephalotaxine 1 is the major alkaloid of Cephalotaxus fortunei (Chinese plum-chew), C. harringtonia and
C. harringtonia var. drupacea (Japanese plum-yew).I It is a minor constituent of C, Wilsonia.® The structure
of cephalotaxine was determined by NMR and X-ray diffraction analysis.3 The interest in this structurally
unique class of alkaloids was stimulated by the finding that an extract of C. harringtonia seed shows antitumor
activity against experimental lymphoid leukemia systems L-1210 and P-338 in mice. It was found that
complex esters of cephalotaxine 1, e.g., the harringtonines, are the active antitumor alkaloids from

Cephalotaxus sp. (Figure 1).43
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Our synthetic approach toward cephalotaxine is part of a general approach to the total synthesis of
azasplrocycllc natural products based upon the reductive ring opening of keto aziridines with samarium(II)
iodide (SmIz) 7 We envisioned diketo aziridine 2 as a possible precursor for the Sml,-mediated ring opening

to spirocyclic diketo amine 4 (Figure 2). Cleavage of the silyl ether followed by intramolecular cyclization and

methyl enol ether generation (or vice versa) would lead to cephalotaxinone 6 which can be reduced with
NaBH, to afford cephalotaxine 1. 7 It is hoped that the presence of a chloride substituent in the aryl side chain

of 3 will open the possibility of a sequenced Sml,-mediated ring opening/ring closing reaction. This would

provide ketone 6 without isolation of azaspirocyclic diketo amine §.
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We report here the intramolecular azide-enone 1,3-dipolar cycloaddition reaction as a tool for the
synthesis of aziridines 2 and 18 (Scheme 4), intermediates under investigation for use in a synthetic approach
toward cephalotaxine 1.2

Reduction of commercial 3,4-(methylenedioxy)phenylacetic acid followed by iodination and protection of
the hydroxy function gave the aryl iodide 8 (Scheme 1).”*" The alky! chloride 9 was prepared from alcohol 7
under Appel conditions.” Lithium-halogen exchange followed by transmetallation with ZnCl, provided aryl

zinc compounds 10 and 11.
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(a) 1. LAH, ether; 95 %; 2. 1;, AgO,CCF,, CHCl3; 85 %. (b) TBSC], imidazole, DMF; 91 %. (c) PPh;, CCly, Et;N, DMF; 87 %. (d)
n-BuLi, THF, -100 °C, 10 min then ZnCl,, -100 °C, 10 min then 15 min at 25 °C.

Vinyl iodide 14 was prepared from commercial 3-methoxy-2-cyclopentenone by treatment with the
Grignard reagent'® from 3-chloro-1-propanol (Scheme 2). Careful acidic workup afforded alcohol 12, which
was tosylated and subsequently treated with sodium azide to afford the azido enone 13. The iodination to vinyl
iodide 14 was accomplished in 50 % yield (40 % of recovered starting material) under conditions recently

reported by Sha. t
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(a) CIMgCH,CH,CH,0MgC], THF, 0 °C then 1 M aq. H,50,, 30 min then solid Na,HPO,/NaH,PO,; 81 %. (b) 1. p-TsC|,

CH,Cl,, DMAP, Et;N; 76 %. 2. NaN,, DMF, 25 °C; 96 %. (c) TMSN;, CH,Cl,, 25 °C, 2 h then I, pyridine, 0 °C to 25 °C 12 h;
50 %.

The crucial coupling reaction between vinyl iodide 14 and aryl zinc compounds 10 (or 11) was
accomplished under Pd(0)-catalysis in the presence of tri-2-furylphosphine (TFP) (Scheme 3).!213



4349

Scheme 3
Ci TBSO,
1" 0
O Pd,(dba)s (5 mol%) sz(dba)3 (5 mol%)
Q TFP (20 mol%) | TFP (20 moi%) Q O
-———————
DMF, THF, DMF, THF,
25°C,12h 25°C,6h
N3 N3
16 2% 14 48 %

The thermal intramolecular 1,3-dipolar cycloaddition of azido enone 15 in boiling xylene (131 °C) gave
the desired keto aziridine 17'* in high yield (76 %) after 48 h along with starting material (18 %) (Scheme 4).
Heating azido enone 15 in DMF (152 °C) for 12 h afforded only 20 % of aziridine 17. Extensive
decomposition occurred possibly because of the competing formation of a nitrene at elevated temperature. The
thermolysis of azido enone 16 in boiling xylene had to be stopped after 18 h because of extensive
decomposition. The keto aziridine 18 was isolated in 26 % yield along with 30 % of starting material. An
attempt to perform the cycloaddition at lower temperature (105 °C, toluene) led only to decomposition of the
starting azide 16.
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(a) For 15: xylene, 131 °C, 48 h; 76 %. For 16: xylene, 131 °C, 18 h; 26 %. (b) 1. KHMDS, THF, -100 °C, 10 min; 2-
(phenylsulfonyl)-3-phenyloxaziridine, -106 °C—-78 °C; 83 %. 2. Dess-Martin periodinane, CH,Cl,, -10 °C, 10 min; 90 %.

The introduction of the diketone oxidation state into the E-ring of keto aziridine 17 was conveniently
accomplished via Davis hydroxylation'® and Dess-Martin oxidation'® in high yield to afford diketone 2 (75 %
over 2 steps).

In conclusion, keto aziridines 2 and 18 have been synthesized as intermediates for an approach toward the
synthesis of cephalotaxine 1. The thermal intramolecular azide-enone 1,3-dipolar cycloaddition has been
demonstrated to be effective for the construction of azaspirocyclic keto aziridines 17 and 18. The presence of a
chloride substituent dramatically influences the thermal intramolecular cycloaddition of azido enone 16,
resulting in a decrease of yield compared to the cycloaddition of azido enone 15. We are currently establishing
the reaction conditions for the Sml,-mediated ring opening of keto aziridine 2.

Acknowledgment: Generous financial support was provided by the Deutsche Forschungsgemeinschaft
(Forschungsstipendium for M. H.) and the National Institutes of Health (GM35249). The authors are indebted
to Dr. Peter J. Stengel for his invaluable contribution during the initiation of this project.

References and Notes

1. Paudler, W. W_; Kerley, G. I.; McKay, J. J. Org. Chem. 1963, 28,2194,

2. Powell, R. G.; Mikolajczak, K. L.; Weisleder, D.; Smith Jr., C. R. Phytochemistry 1972, 11, 3317.

3. (a) Powell, R. G.; Weisleder, D.; Smith, C. R.: Wolff, 1. A. Tetrahedron Lett. 1969, 46, 4081. (b) Abraham, D. J.;
Rosenstein, R. D.; McGandy, E. L. Tetrahedron Lett. 1969, 46, 4085. (c) Arora, S. K_; Bates, R. B.; Grady, R. A.; Powell,
R. G.J. Org. Chem. 1974, 39, 1269. (d) Arora, S. K.; Bates, R. B.; Grady, R. A. J. Org. Chem. 1976, 41, 551.

4, (a) Powelil, R. G.; Weisleder, D.; Smith Jr., C. R.; Rohwedder, W. K. Tetrahedron Lett. 1970, 11, 815. (b) Mikolajczak, K.
L.; Powell, R. G.; Smith, Jr., C. R. Tetrahedron 1972, 28, 1995.



4350

>

1.
12.

13.

15.
16.

For recently discovered esters of cephalotaxine, see (a) Takano, I.; Yasuda, L.; Nishijima, M.; Hitotsuyanagi, Y.; Takeya,
K.; ltokawa, H. Phytochemistry 1996, 43, 299. (b) Takano, 1.; Yasuda, I.; Nishijima, M.; Hitotsuyanagi, Y.; Takeya, K.;
Itokawa, H. J. Nat. Prod. 1996, 59, 965. (c) Takano, .; Yasuda, l.; Nishijima, M.; Yanagi, Y; Takeya, K.; Itokawa, H.
Phytochemistry 1997, 44, 735.

Molander, G. A.; Stengel, P. J. J. Org. Chem. 1995, 60, 6660.

For previously reported total syntheses of cephalotaxine, see (a) Auerbach, J.; Weinreb, S. M.; J. Am. Chem. Soc. 1972,
94, 7172. (b) Semmelhack, M. F.; Chong, B. P.; Jones, L. D. J. Am. Chem. Soc. 1972, 94, 8692. (c) Semmelhack, M. F.;
Chong, B. P; Stauffer, R. D.; Rogerson, T. D.; Chong, A.; Jones, L. D. J. Am. Chem. Soc. 1975, 97, 2507. (d) Weinreb, S.
M.; Auerbach, J. J. Am. Chem. Soc. 1975, 97, 2503. (e) Yasuda, S.; Yamada, T.; Hanaoka, M. Tetrahedron Lett. 1986, 27,
2023. (f) Kuehne, M. E.; Bornmann, W. G.; Parsons, W. H.; Spitzer, T. D.; Blount, J. F.; Zubieta, J. J. Org. Chem. 1988,
33, 3439. (g) Burkholder, T. P.; Fuchs, P. L. J. Am. Chem. Soc. 1990, /12, 9601. (h) lkeda, M.; Okano, M.; Kosaka, K.:
Kido, M.; Ishibashi, H. Chem. Pharm. Bull. 1993, 4/, 276. (i) Mori, M.; Isono, N. J. Org. Chem. 1995, 60, 115. (j) Lin,
X.; Kavash, R. W.; Mariano, P. S. J. Org. Chem. 1996, 61, 7335.

For intramolecular 1,3-dipolar cycloaddition between azides and o,B-unsaturated carbonyl groups, see (a) Corey, E. J.;
Balanson, R. D.; Heterocycles 1976, 5, 445. (b) Kolsaker, P.; Ellingsen, P. O.; Woien, G. Acta Chem. Scand. B 1978, 32,
683. (c) Sasaki, T.; Minamoto, K.; Suzuki, T.; Sugiura, T. J. Org. Chem. 1979, 44, 1424, (d) Sasaki, T.; Minamoto, K.;
Suzuki, T.; Yamashita, S. Tetrahedron 1980, 36, 865. (e) Schuitz, A. G.; Sha, C.-K. J. Org. Chem. 1980, 45, 2040. (f)
Schultz, A. G.; Rachivandran, R. J. Org. Chem. 1980, 45, 5008. (g) Branch, C. L.; Pearson, M. J. J. Chem. Soc., Chem.
Commun. 1981, 946. (h) Branch, C. L.; Pearson, M. J. Tetrahedron Lett. 1982, 23, 3003. (i) Sundberg, R. J.; Pearce, B. C.
J. Org. Chem. 1982, 47, 725. (j) Schultz, A. G.; Dittami, J. P.; Myong, S. O.; Sha, C.-K. J. Am. Chem. Soc. 1983, 105,
3273. (k) Schultz, A. G.; McMahon, W. G. J. Org. Chem. 1984, 49, 1676. (1) Young, J.-1.; Sha, C.-K. Heterocycles 1984,
22,2571, (m) Yuang, J.-J.; Sha, C.-K. Heterocycles 1984, 21, 566. (n) Sha, C.-K.; Ouyang, S.-L.; Hsieh, D.-Y.; Hseu, T.-
H. J. Chem. Soc., Chem. Commun. 1984, 492. (o) Pearson, W. H. Tetrahedron Lett. 1985, 26, 3527. (p) Hudlicky, T.;
Frazier, J. O.; Kwart, L. D. Tetrahedron Lett. 1985, 26, 3523. (q) Sha, C.-K.; Ouyang, S.-L.; Hsieh, D.-Y.; Chang, R.-C.;
Chang, S.-C. J. Org. Chem. 1986, 51, 1490. (r) Fukuyama, T.; Yang, L. Tetrahedron Lett. 1986, 27, 6299. (s) Hudlicky,
T.; Frazier, J. O.; Seoane, G.; Tiedje, M.; Seoane, A.; Kwart, L. D.; Beal, C. J. Am. Chem. Soc. 1986, 108, 3755. (t)
Branch, C. L.; Pearson, M. J. J. Chem. Soc., Perkin Trans. I 1986, 1077. (u) Branch, C. L.; Pearson, M. J. J. Chem. Soc.,
Perkin Trans. | 1986, 1097. (v) Liu, J.-M.; Young, J.-J.; Li, Y.-}.; Sha, C.-K. J. Org. Chem. 1986, 5/, 1120. (w) Sha, C.-
K.; Chuang, K.-S.; Wey, S.-1. J. Chem. Soc., Perkin Trans. 1 1987, 977. (x) Buchanan, J. G.; Edgar, A. R.; Hewitt, B. D.
J. Chem. Soc., Perkin Trans. 1 1987, 2371. (y) Schultz, A. G.; Staib, R. R.; Eng, K. K. J. Org. Chem. 1987, 52, 2968. (z)
Hudlicky, T.; Seoane, G.; Lovelace, T. C. J. Org. Chem. 1988, 53, 2094. (aa) Fukuyama, T.; Yang, L. J. Am. Chem. Soc.
1989, /171, 8303. (ab) Bernet, B.; Murty, A. R. C. B.; Vasella, A. Helv. Chim. Acta 1990, 73, 940. (ac) Herdeis, C.;
Schiffer, T. Tetrahedron 1996, 52, 14745.

Appel, R.; Kleinstiick, R. Chem. Ber. 1974, 107, 5.

Turakhia, R. H.; Fischer, G. C.; Morrow, C. J.; Maschhoff, B. L.; Toubbeh, M. I.; Zbur-Wilson, J. L. J. Org. Chem. 1986,
51,1955,

Sha, C.-K_; Huang, S. J. Tetrahedron Lett. 1995, 36, 6927.

(a) Negishi, E.; Owczarcyk; Z. R.; Swanson; D. R. Tetrahedron Lett. 1991, 32, 4453. (b) Negishi, E.; Akiyoshi, K. Chem.
Lett. 1987, 1007.

For TFP ligand, see Farina, V.; Krishnan, B. J. Am. Chem. Soc. 1991, /13, 9585.

NMR data for 17 indicating a mixture of two diastereomeric (axial chiral) compounds, 3:1 ratio. 'H NMR (400 MHz,
CDCl;, mixture of isomers) §-0.03 (s, 6Hmineny. 0 07 (s, 6HMaor) 0.80 (m, 1+1H); 0.83 (s, 9HMInOr): 084 (s, 9HMajor),
1.48 (m, 1+1H); 2.06-2.30 (m,4+4H); 2.34 (m, 2HMinory; 2 48 (m, 2ZHM&or); 2,60 (m, 2ZHMinory; 2 70-2.90 (m, 2+2H); 3.10
(m, 2HMAor): 3 58 (m, 2HMMOr): 385 (m, 1HMaon); 3,90 (m, |HMAor), 588 (s, 1HM&ON). 590 (s, |Hminor); 591 (s,
IHmaiony: § 92 (s, | HMINor); 6.49 (s, IHMAOr); 6.72 (s, |HMINOr): §.74 (s, |HMInON); 6.94 (s, | HMajor), 13C NMR (100 MHz,
CDCl;, mixture of isomers) §-5.6; -5.5; 18.1; 24.0; 24.5; 25.7; 25.8; 26.1; 26.5; 28.3; 28.5; 29.6; 33.8; 35.4; 36.0; 50.5;
50.8; 55.3; 57.0; 63.6; 63.8; 64.9; 66.3; 101.0; 101.1; 109.1; 109.75; 109.77; 110.1; 121.2; 122.4; 131.6; 134.9; 145.9;
146.0; 147.6; 147.9; 211.5; 212.2. HRMS calcd for [C53H33NO,SiT 415.2179, found 415.2170. LRMS (El+) m/z 415

(16); 387 (37); 358 (55); 290 (65); 214 (70); 124 (100); 96 (86); 73 (66), 41 (22). IR v 1737 cm"L.

Davis, F. A.; Vishwakarma, L. C.; Billmers, J. M.; Finn, J. J. Org. Chem. 1984, 49, 3243.

(a) Dess, D. B.; Martin, J. C. J. Org. Chem. 1983, 48, 4156. (b) Dess, D. B.; Martin, J. C. J. Am. Chem. Soc. 1991, 113,
7277. (c) Ireland, R. L; Liu, L. J. Org. Chem. 1993, 58, 2899. (d) Speicher, A.; Bomm, V.; Eicher, T. J. Prak. Chem.
1996, 338, 588.

(Received in USA 20 March 1997; accepted 7 May 1997)



