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SYNTHETIC STUDIES ON NOVEL SULFUR-CONTAINING ALKALOIDS, PRTANOSINS AND
DISCORHABDINS: TOTAL SYNTHESIS OF DISCORHABDIN C

Shigeru Nishiyama, Ji-Fei Cheng, Xue Liang Tao, and Shosuke Yamamura*
Department of Chemistry, Faculty of Science and Technology, Keio University,
Hiyoshi, Yokohama 223, Japan

The first total synthesis of discorhabdin C, related to the cytotoxic sulfur-
containing alkalowds prianosins and discorhabdins 1s described The crucial phenolic
oxidation of the appropriate phenol carrying no protective group was achieved by
electrochemical methodology.

Sulfur-containing alkaloids, prianosins! and discorhabdinsZ isolated from the marine sponges Prianos
melanos and Latrunculia du Bocage have mghly fused ning structures consisting of pyrro[1,7]phenanthroline
and spuiodienone moreties, which exhibit potent antineoplastic activities The novel structures and physiological
properties of these natural products have prompted us to imuate their syntheses. In the preceding paper,? we
reported the successful biomimetic synthesis of the spirodienone which was constructed by phenolic oxidations
of the corresponding phenol using electrochemical methodology or thallium (III) salts We disclose herein total
synthesis of the highly cytotoxic discorhabdin C (1), the major pigment of the sponge Latrunculia du
Bocage.2ab To the best of our knowledge, this is the first synthesis of a member of the prianosin family,

although several groups have reported synthetic approaches to these natural products 4
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The carbobenzyloxy (Cbz) derivative (2)5 was prepared from 3,4-dimethoxy-5-nitrobenzaldehyde using
essentially the same procedure as previously described3 [1 Fe / refluxing HC1 - MeOH; 2. CbzCl, NapxCO3
(67% 1n two steps)]. Transformation of 2 to 35 was achieved 1n four steps [1 Jones oxid.; 2. ImdCO / THF,
room temp., then NaNs3, 3 refluxing in toluene, 30 mn, 4. TMSCH,CH70T11, 60 °C] 1n 81% overall yield
Selecuve removal of the Cbz group 1n 3, followed by N-benzylation [1. Ha, 10% Pd-C (100%); 2. PhCHO,
AcOH, 3 NaBH3CN / CH3CN, 50 — 60 °C (81% 1n two steps)] afforded 45, which was then reacted with
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ethyl chloroacetoacetate in refluxing EtOH to give the indole (5)3 in 85% yield. Considering the instability of
the bisbromodienone moiety in 5, particularly in basic conditions, we chose to construct the iminodienone
skeleton before the phenolic oxidation. Thus, 5 was subjected to stepwise deprotection, followed by lactam
formation® [1. "BugNF / THF, room temp. (75%); 2. KOH / aqg. MeOH, then neutralized with HCI; 3. DCC/
THF, overnight (42% in two steps)] to provide a lactam (6)7. Reduction of 6 with BHz-Me2S (THF, room
temp.) gave the corresponding amine, which on CAN oxidation in 60% ag.CH3CN yielded a rather unstable
iminodienone (7)7 in 50% overall yield. Coupling of 7 with 3,5-dibromotyramine hydrobromide in the
presence of NaHCO3 in EtOH provided the phenolic product (8)7 in 78% yield. Anodic oxidation of 8 ata
constant current [3 mA (+1700 — 1800 mV vs SCE)]8 in CH3CN in the presence of LiClO4 under an argon
atmosphere yielded N-benzyl discorhabdin C (9)7 and the ring expanded product (10)7 in 19 and 9.2% yields,
respectively. In the reaction mechanism, the two electron oxidation effected a cationic intermediate [A],



4153

followed by cyclization to [B]. which on proton abstraction provided 9, however, this condition might cause an
undesirable ring expansion to a sterically delivered phenol (10).9 Unfortunately in the last step, all effortgt0
made to remove the benzyl protective group in 9 were unsuccessful To circumvent such a difficulty, anodic
oxidanon was attempted without any protective group, as follows.

According to this synthetic plan, 5 was converted to the lactam (11)7 in three steps [1. Hp, Pd black /
AcOH - HCIOy4, 2. KOH / aq.MeOH, then neutralized with HCl, 3 DCC / THF (36% 1n three steps)]
Compound 11 was then subjected to essentially the same procedure as described above to afford 12 1n 38%
overall yield. Upon anodic oxidauon of 12 [3 mA (+1200 — 1800 mV vs SCE)|8 the target discorhabdin C (1)
was obtained 1n 24% yield together with the ring-expanded product (13)7.9 1n 6.2% yield. The synthetic
product (1) was superimposable with an authentic sample m all respects of the spectral data

On the basis of these results, synthetic studies on other congeners contaiming sulfur atom are in progress.

The authors wish to thank the Ministry of Education, Science and Culture (to J -F C ) as well as the
Fupsawa Foundation (to J. -F. C. and X L T.) for their fellowships
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2: C17H7NOs [m/z 315.1138 (MN)]; mp 97 - 98 °C (hexane - EtOAc); TR (nujol): 1735, 1695, 1595,
and 1535 cm-l; 1TH NMR (CDCl3): 8 3.92 (3H, s), 3.95 (3H, 5), 5.23 (2H, s), 7.20 (1H, 4, J= 2 Hz),
8.34 (1H, d, I= 2 Hz),), and 9.88 (1H, 5). 3: CpoHygN2OgSi [m/z 446.1862 (M1)]; IR (film): 1725,
1610, and 1535 cm-1; 1H NMR (CDCls): 8 0.05 (9H, s), 1.01 (2H, complex), 3.79 (3H, s), 3.86 (3H,
§), 4.20 (2H, complex), 5.19 (2H, s), 7.25 (1H, d, J= 3 Hz), and 7.48 (1H, d, J= 3 Hz). 4:
Co1HagN04Si [m/z 402.1991 (M¥)]; IR (film): 1705, 1610, and 1520 cm-}; 1H NMR (CDCl3): § 0.04
(9H, s), 1.00 (2H, complex), 3.77 (3H, s), 3.83 (3H, s), 4.20 (2H, complex), 4.30 (2H, s), 6.16 (1H,
d, J= 2 Hz), and 6.62 (111, d, J= 2 Hz). 5: C;7H3gN,0gSi [m/z 512.2347 (M*)]: IR (film): 1720,
1620, and 1520 cm-1; TH NMR (CDCl3): 5 0.06 (9H, s), 1.10 (2H, complex), 1.27 (3H, t, J=7 Hz),
3.61 (3H, s), 3.73 (2H, s), 3.90 (3H, s), 4.0 - 4.3 (4H, complex), 5.50 (2H, s), and 6.80 (1H, s).

W. F. Gannort, J. D. Benigni, J. Suzuki, and J. W. Daly, Tetrahedron Lett., 1967, 1531.

6: C1oH1gN204 [m/z 322.1319 (MH)]; TR (film); 1665, 1645, 1615, and 1520 cm™l; 1H NMR (CDCly):
§ 3.67 (3H, s), 3.87 (3H, s), 3.95 (2H, d, J=2Hz), 5.46 (2H, s), 6.16 (1H, 5), and 6.61 (1H, t,J=2
Hz). 7: IR (film): 1635, 1610, 1565, and 1545 cm-1; 1H NMR (CDCly): 5 2.71 (ZH, t, J=8 Hz), 3.82
(3H, s), 4.13 (2H, t, J= 8 Hz), 5.47 (2H, s), 6.08 (1H, ), and 6.72 (1H, 5). 8: Cp5HyN30,79Br81Br
[m/z 553 (MD)]; IR (film): 1665, 1620, 1595, and 1545 cm-1; TH NMR (CDCl3): 5 2.88 (2H, t,J=7.2
Hz), 2.97 (2H, t, J= 7.6 Hz), 3.58 (2H, t, J= 7.2 Hz), 3.87 (2H, t, I= 7.6 Hz), 5.42 (1H, s), 5.53
(1H, 5), 7.32 (1H, ), and 7.40 (2H,s). 9: CasH1gN40,79B181Br [m/z 552.9816 (MH)]; IR (film):
3370, 1650, 1565, and 1530 cm'i; 1TH NMR (CD;0D): § 2.03 (2H, 1,J=5.6 Hz), 2.72 (2H, t, J=7.6
Hz), 3.63 (2H, 1, J= 5.6 Hz), 3.86 (2H, t, J= 7.6 Hz), 5.53 (2H, s), 7.16 (1H, broad s), 7.33 ( 5H,
complex), and 7.71 (2H, 5). 10: Cp5H1gN3Q,B8IBr [m/z 551 (M)]; IR (film): 3300, 1655, 1595,
and 1535 cm-1; 1H NMR (CD30D): § 2.83 (2H, t, J= 6.7 Hz), 2.86 (2H, t, J= 7.6 Hz), 3.99 (2H, t, J=
7.6 Hz), 4.12 (2H, 1, J= 6.7 Hz), 5.49 (2H, ), 7.16 (1H, s), and 7.36 (1H, s). 11: C1,H;2N,O5 [m/z
232.0842 (MH)]: IR (film): 1640, 1620, and 1525 cm"!; IH NMR (CDCla): 5 3.91 (3H, 5), 3.95 (3H,
s), 3.99 (2H, t, J= 1.8 Hz), 6.18 (1H, s), 6.79 (1H, d, J= 1.8 Hz), 7.77 (1H, broad s), and 8.23 (1H,
broad s). 12: IR (film): 3300, 1663, 1620, 1595, and 1545 cm-l; 1H NMR (CD30D): § 2.90 (2H, t, J=
7.1 Hz), 3.00 (2H, t, J= 7.3 Hz), 3.60 (2H, t, J= 7.1 Hz), 3.90 (2H, t, J= 7.3 Hz), 5.43 (1H, ), 7.20
(1H, s), and 7.42 (2H,s). 13: C1gH3N30,79Br81Br [m/z 463 (M)]; IR (film): 3300, 1660, 1620,
1590, and 1540 cm"!; TH NMR (CD30D): § 2.93 (2H, t, I= 6.8 Hz), 3.00 (2H, t, J= 7.6 Hz), 3.98
(2H, t, I= 7.6 Hz), 4.25 (2H, t, ]= 6.8 Hz), 7.19 (1H, s), and 7.39 (1H,s).

Anodic oxidation was carried out using a 30 ml glassy carbon beaker as the anode and a platinum wire

as the cathode respectively, and stopped at ca. 2 F/mol.

The structure was unambiguously determined by NOE experiment.

Hj, Pd-C or Pd-black or Pd(OH)> / MeOH or AcOH-HC1O4. Hydrogen transfer conditions (Pd-black -
HCOOH or cyclohexene under refluxing temp.). DDQ/ CH2Clp - H20.
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