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Abstract—A total synthesis of kaitocephalin (2), a glutamate receptor antagonist, was accomplished employing a novel
stereoselective C—C bond forming reaction of a nitrone (8) and a halide (11) with zinc in aqueous solvent under sonication as a
key step. The absolute configuration of kaitocephalin was confirmed to be 2R,3S5,4R,7R,9S. © 2002 Elsevier Science Ltd. All

rights reserved.

Kaitocephalin was isolated from Eupenicillium shearii
PF1191 by Shin-ya and Seto et al. in 1997.! This
compound exhibits potent inhibitory activity against
neuronal cell death by the action of antagonist for
NMDA (N-methyl-D-aspartic acid) and AMPA/KA (a-
amino-3-hydroxy-5-methyl-4-isoxazolepropionic  acid/
kainic acid) receptors. The initially proposed
stereochemistry (1) of kaitocephalin is depicted below.?
The first total synthesis of 1 was announced very
recently by Ma et al. and the spectroscopic data of their
synthetic 1 were reported to be identical with those of
natural kaitocephalin.® However, after we had also
finished a synthesis of 1, we found that 'H NMR
spectral data of our synthetic 1 and its retention time
on HPLC were not identical with those of the natural
compound. Additionally, epimerization at C-2 of natu-
ral kaitocephalin during a derivatization was suggested
by model experiments, and a revised structure (2) was
proposed in the preceding paper.*
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Figure 1.

Herein, we report a total synthesis of kaitocephalin (2,
revised structure) employing a newly developed reaction
of a nitrone and an alkylhalide as a key step (Fig. 1).

Our strategy shown in Scheme 1 is to construct com-
pound A by a C—C bond forming reaction of nitrone B
and halide C. Nitrone B can be derived from an aldol
reaction between the known compounds (3 and 4)
followed by standard functional group manipulation.

The preparation of nitrone 8 and iodide 11, precursors
of the key reaction, is shown in Scheme 2. The sequence
began from lactone 3 which was prepared from L-pro-
line using Seebach’s method.® Treatment of aldehyde 4
(prepared from L-serine by Garner’s method®) with the
lithium enolate of lactone 3 (THF, -78°C) provided
syn-alcohol 5a and anti-alcohol 5b (51% combined
yield, 5a/5b=2:3). The stereochemistries of 5a and Sb
were determined by NOESY experiments of derivatives
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Scheme 1. Synthetic plan.
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Scheme 2. Synthesis of 8 (=B) and 11 (=C). (a) LDA, THF, -78°C, 51% (5a/5b=2:3); (b) Dess—Martin periodinane, CH,Cl,,
Py, 0°C; (c) NaBH,, EtOH/THF (5:1), 0°C, 31%; (d) 10% H,SO,, 1,4-dioxane, rt-80°C; (e) BzIBr, DBU, CH,CN, rt; ()
TBDPSCI, Et;N, DMAP, CH,Cl,, rt, 84%; (g) 80% AcOH, 60°C, 52%; (h) TMSCI, imidazol, DMF, 0°C, 96%; (i) MeReO;,
Urea-H,0,, MeOH, rt, 84%; (j) 4-benzyloxy-3,5-dichlorobenzoic acid, BOP reagent, Et;N, CH,Cl,, 0°C-rt, 92%; (k) MsCl, Et;N,

CH,Cl,, 0°C, 74%; (1) Nal, acetone, rt, 84%.

9a and 9b (Scheme 3). The minor product 5a was
converted into desired diastereomer Sb by Dess—Martin
oxidation followed by reduction with NaBH, (31%
from 5a). Treatment of 5b with 10% H,SO, caused an
intramolecular transacetalization of ¢-butyloxazoline
and hydrolysis of dimethyloxazoline. Benzylation of the
carboxyl group followed by protection of the primary
alcohol with TBDPSCI gave 6 in 84% yield over three
steps. Hydrolysis of z-butyloxazoline with 80% AcOH
(52% yield) and subsequent protection of the secondary
alcohol as the TMS ether provided 7 (96% yield).
Oxidation of the secondary amine of 7 with MeReO5—
urea-H,0,’ afforded nitrone 8 (=B, 84% yield).

Meanwhile, another precursor [11 (=C)] for the key
coupling reaction was prepared from L-serine benzyl
ester hydrochloride. Amidation with 4-benzyloxy-3,5-
dichlorobenzoic acid by BOP reagent in the presence of
tricthylamine provided 10. The hydroxyl group of 10

was then converted into iodide 11 via the mesylate in
62% yield. The iodide could be synthesized via the
tosylate as well, but the use of mesylate allowed an easy
purification of 11 by simple recrystallization.

The key C—C bond forming step of nitrone 8 and halide
11 with zinc under ultrasound irradiation is outlined in
Scheme 4. Treatment of nitrone 8 and iodide 11 with
zinc activated by Cul under irradiation of ultrasound
(THF/H,O =3.3:1,ambient temperature)® gave hydroxyl-
amine 12 in 75% yield as a single isomer. The stereo-
chemistry at C-7 of 12 was inferred from analogy with
2-epi-12 whose stereochemistry had already been deter-
mined.* After reduction of hydroxylamine with zinc
and ammonium chloride (98% yield), protection of the
secondary amine with CbzCl followed by removal of
TBDPS and TMS groups by TMSCI-MeOH system
afforded diol 13 in 45% yield over two steps. Stepwise
oxidation of the primary alcohol of 13 proceeded selec-
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Scheme 3. NOEs of 9a and 9b. (a) 10% H,SO,, 1,4-dioxane, rt; (b) BzIBr, DBU, CH;CN, rt.
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Scheme 4. Completion of the synthesis of 2. (a) 11, Zn (8 equiv.), Cul (3.6 equiv.), THF/H,O (3.3:1), ultrasound, rt, 75%; (b) Zn,
satd NH,CI, EtOH, 90°C, 98%; (c) CbzCl, K,COs;, toluene/H,0; (d) TMSCI, MeOH, rt, 45%; (e) 4-methoxy-TEMPO, KBr, satd
NaHCO;, NaClO, CH,Cl,, 0°C; (f) NaClO,, 2-methyl-2-butene, NaH,PO,, Bu’'OH/H,0 (10:3), rt, 86%; (g) H,, 20% Pd(OH),—-C,

EtOH/CHCI; (10:1), rt 27%, after preparative HPLC.

tively with 4-methoxy-TEMPO and co-oxidizing
reagent system® followed by sodium hypochlorite to
give carboxylic acid (86%, two steps). Finally,
hydrogenolysis of the benzylic protective groups with
H,/20% Pd(OH),~C afforded the target molecule,
kaitocephalin (2). In this step, chloroform was indis-
pensable as it minimized dechlorination of the aromatic
ring. 'TH NMR spectral data, retention time on HPLC
and specific rotation of synthetic 2 were identical with
those of authentic natural kaitocephalin.'®

In conclusion, the first total synthesis of the revised
structure of kaitocephalin (2) was accomplished starting
from L-proline and L-serine. For combining the three
amino acid units stereoselectively, Seebach’s aldol reac-
tion and the newly developed reaction of nitrone and
halide were employed. The overall yield was 1.2% over
14 steps from 3. By this work, the absolute configura-
tion of Kkaitocephalin has been proven to be
2R,3S,4R,7R9S.
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Data for synthetic compound 2: 'H NMR (500 MHz,
D,0) 6 1.57 (m, 1H), 1.97 (m, 1H), 2.02 (m, 1H), 2.07 (m,
1H), 2.24 (ddd, 1H, J=2.1, 5.2, 13.7 Hz), 2.38 (ddd, 1H,
J=5.5, 6.4, 14.4 Hz), 3.65 (m, 1H), 4.11 (brs, 1H), 4.31
(dd, 1H, J=5.2, 8.2 Hz), 4.36 (brs, 1H), 7.59 (s, 2H); [«]%
~26.6° (¢ 0.19, H,0). [lit.! '"H NMR (500 MHz, D,O) &
1.61 (m), 2.01 (m), 2.06 (m), 2.12 (m), 2.28 (ddd, J=2.0,
6.0, 14.0 Hz), 2.41 (ddd, J=6.0, 7.0, 14.5 Hz), 3.70 (m),
4.16 (brs), 4.35 (dd, J=6.0, 8.0 Hz), 4.41 (brs), 7.62 (s,
2H); [ =31° (¢ 0.7, H,0)].
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