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SYNTHESIS OF SAFRAMYCINS. IV. SELENIUM OXIDE OXIDATION OF 4-OXO-HEXAHYDRO-1,5-
IMINO-3-BENZAZOCIN-7,10-DIONE; PROMISING METHOD TO CONSTRUCT SAFRAMYCINS C AND D

FROM SAFRAMYCIN B 1)

Naoki SAITO, Yoko OHIRA, and Akinori KUBO*
Meiji College of Pharmacy, 1-35-23 Nozawa, Setagaya-ku, Tokyo 154, Japan

9-Methoxy-3,8,11-trimethyl-4-ox0-1,2,3,4,5,6-hexahydro-1,5-imino-3-benzazocin-7,10-dione (13) is oxidized to the
corresponding 6-hydroxy compound (14) with selenium oxide. This is a good way to make saframycins C (3) and D
(4) from saframycin B (2).
KEYWORDS saframycin; preparation; hydroxylation; selenium oxide oxidation; stereoselective synthesis; redox
reaction

Recently we totally synthesized (+)-saframycin B (2),2) one of the antitumor antibiotics saframycins A-D (1-4)3)
and renieramycins A-F (5-10)4) (Chart 1). Here we report the synthesis of saframycins C (3) and D (4), involving the first
successful construction of the unique ABC ring systems of 3 and 4 from the p-quinone (13) by stereoselectively
introducting the hydroxy function at the C-6 position5) using selenium oxide.

The partial demethylation of the readily available tricyclic lactam (11) 8) with boron tribromide in dichloromethane
at -78°C for 1 h gave the phenol (12,7) mp 199-201°C) (73% yield). Oxidation of 12 with 10N HNOg3 gave the p-quinone
(13,7) mp 150-152°C) (87% yield). The hydroxy function was introduced at the C-6 position by selenium oxide oxidation.
Treating 13 with selenium oxide (3 eq) in dioxane under reflux for 4 h afforded the alcohol (14,7) mp 175.5-178°C) (80%
yield).8) Oxidation of the phenol (12) with selenium oxide in dioxane under reflux for 5 h afforded 14 in 71% yield.9) The
TH NMR spectrum of 14 displayed H-6 as a doublet at § 4.797 ( J = 1 Hz), whereas the TH NMR spectrum of 21 (vide
infra) showed the H-6 as a doublet at § 5.102 (J = 6.8 Hz).10) Acetylation of 14 with acetic anhydride in acetic acid at
100°C for 2 h afforded 15 7)(mp 182-184°C) (91% yield), whose TH NMR spectrum indicated a low-field shift of the signal
of the H-6 proton (5 5.960, J = 1.7 Hz). Treating 13 with selenium oxide in methanol under reflux for 30 h gave 167) (mp
158-159°C) (61% vyield), TH NMR (CDCI3): & 1.985 (8H, s, quinone-CH3), 2.642 (3H, s, amine-CH3), 2.949 (1H, d, J =
13.2 Hz, 2-Ho), 3.580 (1H, dd, J = 1.5, 0.5 Hz, 5-H), 3.599 (3H, s, OCH3), 3.960 (1H, dd, J = 13.2, 5.4 Hz, 2-Hp), 3.980
(38H, s, OCH3), 4.046 (1H, dd, J = 5.4, 0.5 Hz, 1-H), 4.261 (1H, d, J = 1.5 Hz, 6-H). Introduction of a hydroxy function (or
methoxyl group) at the C-6 position occurred cleanly from the less hindered a-face. This is a promising method to make
saframycin C and renieramycin A from saframycin B (Chart 2).

Then we studied the conversion of 14 into the hydroquinone (18) (Chart 3). Initial attempts to oxidize 14 by '
conventional methods using Cu(OAc)2, PCC, PDC, and other oxidants failed. Only the starting material was recovered.
However, treatment of 14 with selenium oxide in p-xylene under reflux for 3 h afforded the unstable ketone (17,7) mp
230-235°C (dec.)) (7.3% yield), IR (KBr): 1725, 1660, 1645 cm™1, and 187) (mp 232.5-234°C) (29.6% yield), IR (KBr):
3300-2500, 1670, 1625 cm™1; UV xmax (log €) nm: 241 (3.93), 283 (3.95), 374 (3.71); EI-MS (m/z): 306 (M+); TH NMR
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(400 MHz, CDCI3): 2.198 (3H, s, Ar CH3), 2.550 (3H, s, amine-CH3), 2.915 (3H, s, amide-CH3), 3.299 (1H, dd, J = 12.2,
1.2 Hz, 2-Ha), 3.886 (3H, s, OCHa3), 3.924 (1H, dd, J= 1.2, 0.5 Hz, 5-H), 4.043 (1H, dd, J = 12.2, 5.2 Hz, 2-Hp), 4.386 (1H,
ddd, J = 5.2, 1.2, 1.2 Hz, 1-H), 5.580 (1H, br s, OH), 11.521 (1H, br s, OH). The intramolecular redox reaction of 14
produced 18.11) Hydrogenation of 17 with 10% Pd/C in ethyl acetate gave 18 in 98% yield. Its spectra were identical
with those of an authentic sample described above. Thus we efficiently synthesized the hydroquinone (18), embodying
all of the skeletal features of the "right half" of saframycin D (4).
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Finally, we synthesized the alcohol (21), with the stereochemistry of the C-6 position epimeric to that of
saframycins. Reduction of 18 with sodium borohydride in ethanol at room temperature for 1 h accompanied by auto-
oxidation (through 20) gave 217) (mp 157-159°C) (81% vyield) as the sole product. The stereochemical course of this
reaction could be rationalized as proceeding through a hydride attack from the less hindered o-face. Treatment of 21 with
selenium oxide in dioxane under reflux for 3 h afforded 17 (57.4% yield) and 18 (7.5% yield). The oxidation was
especially rapid for an axial alcohol (21) because steric strain was relieved in going from the reactant to the product.
Acetylation of 21 with acetic anhydride in acetic acid at 100°C for 1 h afforded 227) (mp 183-185°C) (5.4% yield), TH
NMR 8 6.070 (1H, d, J = 7.3 Hz, 6-H) and 197) (mp 176-177.5°C) ( 75.5% yield) which was identical in all respects with
19 prepared from 18 (acetic anhydride, acetic acid, 100°C, 2 h, 76% yield).

Efforts to apply this transformation to the total syntheses of saframycins (3, 4) and renieramycins (5-10) are under
intensive investigation in our laboratories. '
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