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Eudistomidin B, isolated from a marine tunicate, was originally assigned a tetrahydro-b-carboline struc-
ture with a 2-p-tolylethanamine residue. Asymmetric total synthesis of the reported structure of natural
product, which features an intramolecular diastereoselective Pictet-Spengler cyclization, suggests that
the reported structure of the natural product needs to be revised.

� 2009 Elsevier Ltd. All rights reserved.
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Scheme 1. Retrosynthetic analysis.
In connection with our chemical and pharmacological studies
on the b-carboline class of indole alkaloids,1 we are interested in
the marine indole alkaloid eudistomidin B (1),2 which was isolated
from the Okinawan tunicate Eudistoma glaucus and has unique bio-
logical activities, including potent cytotoxicity to murine leukemia
L1210 and L5178Y cells and the ability to activate rabbit heart
muscle actomyosin ATPase. This natural product has a novel struc-
ture composed of a brominated tetrahydro-b-carboline and a un-
ique 2-p-tolylethanamine residue, which are joined together at
the C-1 position of the former skeleton and the a position of the
tolylethanamine residue, generating consecutive chiral centers at
C-1 and C-10 positions. The intriguing chemical structures and
interesting biological activities prompted us to embark on the
asymmetric total synthesis of eudistomidin B (1).

Our retrosynthesis, which is shown in Scheme 1, was based on
the intramolecular Pictet-Spengler cyclization strategy that was
successfully used in our synthesis of subincanadines.3 Stereoselec-
tive construction of the tetrahydro-b-carboline skeleton in 2 was
expected to be accomplished by the intramolecular Pictet-Spengler
reaction using aldehyde 3 that tethered 5-bromotryptamine (4)
and optically active aldehyde prepared from diol 5. Transformation
of the secondary hydroxyl group at C-10 in 2 into the amino func-
tion, accompanied by inversion of the stereochemistry, would fur-
nish target molecule 1.

The synthesis began with the preparation of optically active diol
5 (Scheme 2) from p-tolualdehyde via a seven-step operation that
ll rights reserved.

ayama).
included the proline-catalyzed asymmetric aminoxylation4 of
aldehyde 6. Reductive cleavage of the N–O bond in 7 using PtO2 un-
der H2 atmosphere gave diol 5 (mp 65–67 �C, ½a�23

D +17.4 (c 1.0,
CHCl3)) in 82% yield, which showed 99% ee as determined by chiral
HPLC column chromatography. After selective protection of the
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primary alcohol in diol 5 with a TBS group, the remaining hydroxyl
group was condensed with 1,10-carbonyldiimidazole (CDI) to give
carbamate 8, which was then treated with 5-bromotryptamine
(4)5 in DCM in the presence of DMAP, followed by PTS in MeOH,
to afford carbamate 9 in 75% overall yield from 5.

Next, the primary alcohol in 9 was oxidized with IBX to give
aldehyde 3 in 87% yield (Scheme 3). Compound 3 was found to ex-
ist in hemiaminal form 30 in solution, as demonstrated by the
chemical shift appearing at d 82 (C-1) in the 13C NMR spectrum.
Treatment of 3 with TFA in DCM at 0 �C gave the cyclization prod-
ucts in 98% yield with a diastereomeric ratio of 4:1, which could be
separated by column chromatography. The stereochemistries of
major product 26 as well as minor product 20 were determined
by NOE experiments (Fig. 1): irradiation of the proton at C-1 caused
a significant signal enhancement of the proton on the methylene
group (C-11) of the side chain in 2 and of the proton at C-10 in min-
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or product 20, respectively, demonstrating the trans relationship of
the two protons at C-1 and C-10 in the major product 2. Diastere-
oselectivity of the intramolecular Pictet-Spengler reaction of 3
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Table 1
1H and 13C NMR data for synthetic and natural2 eudistomidin B in CDCl3 + CF3CO2D
(10:1)

Position dH (500 MHz) dC (125 MHz)

Synthetic Natural Synthetic Natural

1 5.28 (s) 5.19 (d, 8.9) 62.77 63.59
3 3.88 (m) 3.28 (dd, 12.2, 5.3) 50.36 45.80

3.77 (br dd, 14.0, 4.0) 2.86 (m)
4 3.21 (2H, overlapped) 2.82 (m) 15.29 15.00

2.38 (dd, 15.6, 4.2)
4a 107.27 105.53
4b 126.74 122.40
5 7.71 (d, 1.7) 7.52 (d, 1.6) 121.40 121.05
6 114.51 113.61
7 7.46 (dd, 8.7, 1.7) 7.39 (dd, 8.7, 1.6) 127.96 126.91
8 7.34 (d, 8.7) 7.42 (d, 8.7) 113.67 113.87
8a 136.05 135.49
9 11.08 (s)
9a 121.24 137.57
10 4.56 (br d, 9.8) 4.18 (m) 56.75 63.73
11 3.21 (overlapped) 3.23 (dd, 14.7, 3.1) 34.32 33.27

3.09 (m) 3.03 (dd, 14.7, 9.7)
12 128.69 134.10
13, 17 6.97 (2H, d, 7.9) 7.05 (2H, d, 7.5) 128.58 128.87
14, 16 7.12 (2H, d, 7.9) 6.59 (2H, d, 7.5) 130.49 128.52
15 139.47 134.10
18 2.29 (3H, s) 2.88 (3H, s) 20.72 32.42
19 3.15 (3H, s) 2.92 (3H, s) 42.54 39.75
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could be improved to 16:1 by using TMSCl as acid. The high diaste-
reoselectivity of the cyclization could be due to the plausible acyli-
minium intermediate, in which the indole nucleus would attack
from the less hindered side (anti from the side chain), as depicted
in Figure 1.

To accomplish the total synthesis, we next investigated the intro-
duction of an amino function to the C-10 position, which is accompa-
nied by the inversion of stereochemistry. The carbonyl group in 2
was removed by alkaline hydrolysis and the resulting secondary
amine in 10 was protected as carbamate or sulfonamide (Scheme
4). All attempts to conduct the nucleophilic substitution of the free
alcohol in 11a or 11b under Mitsunobu conditions or of the C-10-
O-mesyl derivatives prepared from 11a or 11b with sodium azide
gave unsuccessful results. Then, we modified the cyclic sulfamate
strategy developed by White and Garst7 and applied it to the synthe-
sis. Treatment of amino alcohol 10 with 1.2 equiv of sulfuryl chloride
in DCM at�78 �C in the presence of Et3N for 2 h gave unstable cyclic
sulfamate 12. To this mixture was added 10 equiv of sodium azide in
DMF. The reaction mixture was heated at 60 �C to facilitate nucleo-
philic ring opening with the azide group at C-10. After cooling to
room temperature, the reaction mixture was treated with 10% aque-
ous sulfuric acid to hydrolyze resulting sulfamidic acid intermediate
13 to give azidoamine derivative 14 in 26% overall yield. By careful
treatment and column chromatography, unstable cyclic sulfamate
128 could be isolated in low yield (9–15%) and then transformed to
14 with the same procedure as above-mentioned in 64% yield. Final-
ly, reductive methylation of the secondary amine in 14 and succes-
sive reduction of the azide function with Red-Al furnished the
target molecule in 60% yield (2 steps).

The structure of synthetic compound 19 (½a�25
D free base: +42.0 (c

0.57, CHCl3), TFA salt: +63.4 (c 0.78, CHCl3)) was confirmed by de-
tailed spectroscopic analyses, including 2D-NMR (COSY, HMQC,
and HMBC) spectroscopy. However, significant differences were
noted between our NMR data (see Table 1) and those reported
for the natural product (½a�22

D �76.4 (c 0.3, CHCl3)). In particular,
the chemical shifts at H-10, 13, 14, and 18 in the 1H NMR spectra
and at C-10 and 18 in the 13C NMR spectra showed marked differ-
ences, as depicted in Scheme 4. Hence, we concluded that natural
eudistomidin B does not have structure 1, and inconsistencies in
the data reported for the natural product hindered us from propos-
ing a credible alternative structure.
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