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ABSTRACT

Starting from (S)-glycidol, the asymmetric total synthesis of novel D-seco Corynanthe-type oxindoles Us-7 and Us-8 was accomplished. The
structure of Us-7 was revised from the reported structure 1 with the (3R,7S) form to structure 22 with (3S,7R), and the absolute stereochemistry
at C15 of both alkaloids was established.

In 1997, we communicated the isolation and structure
elucidation of a new type of oxindole alkaloids, Us-7 (1)
and Us-8 (2),1 from a Rubiaceous plant,Uncaria attenuata
Korth.2 Their novel structures, which are the first examples
of D-secoCorynanthe-type indole alkaloids, were elucidated
by spectroscopic analyses and biogenetic consideration. In
particular, the stereochemistry of the three chiral centers at
C3, C7, and C15 was proposed by the following analyses.
The absolute configuration at the C7 spiro center was inferred
from the established circular dichroism (CD) criteria for

natural oxindole alkaloids.3 Thus, the CD spectra of the two
compounds exhibited a negative Cotton effect at the longest
wavelength absorption band, as shown in Figure 1. Com-
parison of those spectra with those of known alkaloids,
rhynchophylline (3) with C7(R)4 and isorhynchophylline (4)
with C7(S), indicated that the spiro center of Us-7 and -8
had the S configuration. The C3 stereochemistry was
elucidated by NOE experiments; NOE cross-peaks between
H3 and H9 in Us-7 and between H9 and H14 in Us-8
revealed that the stereochemistry at C3 isR for Us-7 andS
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for Us-8. The stereochemistry at the third position, C15, was
deduced to beR by biogenetic consideration (Scheme 1).

Thus, it was speculated that these alkaloids were formed
by an oxidative cleavage at the enamine double bond (C20-
C21) of the D-ring in the possible biogenetic intermediate
5, in which the stereochemistry at C15 was inherited from
the chiral center at C5 in secologanin, a biogenetic precursor
of monoterpenoid indole alkaloids.5 To clarify the structures
including the absolute configurations of these molecules, we
planned the asymmetric total synthesis of Us-7 and -8, in
which (S)-glycidol (6) was used as the starting material and

the formation of the carbonyl function at C20 was ac-
complished at the final stage of the total synthesis to prevent
the epimerization at C15. In this paper, we report for the
first time the successful asymmetric total synthesis of Us-7
and -8, including the structure revision of Us-7 and the
determination of the absolute stereochemistries of these novel
oxindole alkaloids.

Initially, a known chiralγ-butenolide (10)6 was prepared
from commercially available (S)-glycidol in good yield by
a newly developed practical method. The literature-known
alcohol77 prepared from6 was transformed via a three-step
operation into aldehyde8, which was then subjected to the
modified Horner-Emmons olefination8 to give Z-R,â-
unsaturated ester9 in quantitative yield. Lactonization of9
by treatment withp-TsOH in MeOH gave the desired (-)-
γ-butenolide (10) in 79% yield, the enantiomeric excess of
which was determined to be 95% by chiral HPLC analysis.
Next, to construct the monoterpenoid unit13 possessing a
â-methoxyacrylate residue, a malonate equivalent, methyl
3-ethylthio-3-oxopropanoate, was connected toR,â-unsatu-
rated lactone10 in 98% yield.

The stereochemistry of the newly constructed chiral center
in 11 was determined afterward by NOE experiments of13.
The thiol ester group in11 was reduced to aldehyde using
Fukuyama’s procedure (Et3SiH, 10% Pd-C)9 in quantitative
yield. The1H NMR spectrum of12 revealed the presence
of a tautomeric mixture of keto/enol forms, which were
converged to a single product having the desired methyl
â-methoxyacrylate residue by treatment with diazomethane.
The stereochemistries of thetrans relationship between the
ethyl andâ-methoxyacrylate groups on theγ-lactone ring
as well as theE-configuration of theâ-methoxyacrylate
moiety in13were elucidated by NOE observations, as shown
in Scheme 2.
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Figure 1. CD spectra of oxindole alkaloids.

Scheme 1. Possible Biogenetic Route of Us-7 and -8

Scheme 2a

a Reagents and conditions: (a) DHP, cat.p-TsOH‚H2O, CH2Cl2,
rt, 88%. (b) TBAF, THF, rt, quant. (c) (COCl)2, DMSO, CH2Cl2,
-78 °C, then Et3N, -78 f 0 °C, 76%. (d) (CF3CH2O)2POCH2-
CO2Me, KN(TMS)2, 18-crown-6, THF, -78 °C, quant. (e)
p-TsOH‚H2O, MeOH, rt, 79% (95% ee). (f) EtSCOCH2CO2Me,
t-BuOK, dry t-BuOH, rt, 98%. (g) Et3SiH, cat 10% Pd-C, acetone,
quant. (h) CH2N2, EtOH, 0°C, quant.
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Trimethylaluminum-mediated regioselective aminolysis10

of lactone13 with tryptamine gave amide14 in 85% yield
(Scheme 3). The secondary hydroxyl group generated by the
ring opening of the lactone was protected as the benzyl
carbonate in 85% yield by treatment with dibenzyl dicar-
bonate in the presence of CeCl3

11 in order to prevent the
ring closure of the free hydroxyl group with theâ-meth-
oxyacrylate function. The thus obtained amide15 was
subjected to the Bischler-Napieralski reaction, and the
resultant labile imine16was reduced with NaBH4 in MeOH
to produce two diastereomers at the C3 position in a ratio
of ca. 1:2. After separation of the diastereomers by SiO2

column chromatography, the secondary amine groups in the
tetrahydro-â-carbolines were transformed intoNb-formyl
derivatives by using pentafluorophenyl formate12 to give
amides17 and18 in 21% and 43% overall yields, respec-
tively, from 15. The stereochemistry at the C3 position in
17 was determined by X-ray crystallographic analysis to be
S by using itsO-acetyl derivative19 (mp 231-233°C),
which was prepared from17 by a conventional procedure.
This X-ray analysis also confirmed the stereochemistries
[15(R), 20(R), andE-configuration of theâ-methoxyacrylate],
which were inferred from NOE experiments of13 as
described above.

The next requirement for the total synthesis is the trans-
formation of the tetrahydro-â-carbolines into the oxindole
derivatives (Scheme 4). To date, several procedures for the
oxidative rearrangement employing Pb(OAc)4,13 t-BuOCl,14

NBS,15 or OsO4
16 have been reported. After several attempts,

it was found that oxidation of the indole nucleus with
Pb(OAc)4 and successive treatment of the resultant 7-
acetoxyindolenine derivative with aqueous acid (one drop
of acetic acid in aqueous methanol, reflux for 15 min) were
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Scheme 3a

a Reagents and conditions: (a) tryptamine, AlMe3 in hexane,
CH2Cl2, rt, 85%. (b) (PhCH2OCO)2O, CeCl3, THF, 60 °C, 85%.
(c) POCl3, benzene, reflux. (d) NaBH4, MeOH, 0°C. (e) C6F5OCHO,
CH2Cl2, rt; 17, 21% from15; 18, 43% from15. (f) H2, 10% Pd-
C, EtOH, rt. (g) Ac2O, DMAP, CH2Cl2, rt, 95% from17.

Scheme 4a

a Reagents and conditions: (a then c) Pb(OAc)4, CH2Cl2, rt, then
1 drop AcOH, aq MeOH, reflux,20a, 49%. (b then c)t-BuOCl,
Et3N, CH2Cl2, -30 °C, then 1 drop AcOH, aq MeOH, reflux;20a,
68%;20b, 20%. (d then f) Pb(OAc)4, CH2Cl2, rt, then 1 drop AcOH,
aq MeOH, reflux;21a, 5%;21b, 69%. (e then f)t-BuOCl, Et3N,
CH2Cl2, -30 °C, then 1 drop AcOH, aq MeOH, reflux;21a, 41%;
21b, 47%. (g then h) H2, 10% Pd-C, EtOH, rt, then Dess-Martin
periodinane, rt;2, 82% from20a;1, 56% from21a;22, 84% from
20b.
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efficient for the present system. Actually, starting from 3H-R
derivative17, spiro-oxindole20awas obtained in 49% yield
as a sole separable product. By contrast, from 3H-â derivative
18, the two diastereomeric oxindoles21b and 21a were
produced in 69% and 5% yields, respectively. The stereo-
chemistry at the C7 position in compounds20a, 21a, and
21b was unambiguously elucidated by extensive NMR
analyses. By irradiating H9 on the benzene ring, a clear NOE
was observed between the protons on C14 in20a and21b,
demonstrating that20a and 21b have 7(S) and 7(R) con-
figurations, respectively. On the other hand, a clear NOE
between H9 and H3 was observed in the differential NOE
experiment of21a, revealing its 7(S) configuration. The
predominant formation of diastereomeric oxindole derivatives
through the lead tetraacetate oxidation/solvolytic rearrange-
ment may be interpreted from the plausible mechanism
discussed in previous papers.13a,15b,c,16eIn contrast, the facile
interconversion of rhynchophylline (3) and isorhynchophyl-
line (4) under acidic conditions is well-known.3b,14g,17On the
basis of the mechanism in the literature, the concomitant
epimerization at C3 during the solvolytic rearrangement
above may be considered. To examine this possibility, the
oxindoles20a,21a, and21bobtained by the above reactions
were treated under the conditions used for rearrangement
(one drop of acetic acid, aqueous methanol, reflux for 30
min). As a result, the oxindoles were recovered in their
completely intact forms, demonstrating that in the case of
the Nb-formyl derivatives, no isomerization at C3 or C7
occurs and the stereochemistry at C3 of the products is the
same as that of the starting materials.

The final stage of the total synthesis is the conversion of
the functional group on the side chain in the oxindole
derivatives. First, oxindole20ahaving the 3(S),7(S) config-
uration was used to complete the synthesis of Us-8. The
protecting group of the secondary hydroxyl group was
removed by hydrogenolysis, and the resulting alcohol was
oxidized with Dess-Martin periodinane18 to give ketone

derivative2 in 82% overall yield from20a. Synthetic2 was
completely identical in all respects (chromatographic behav-
ior, mass, IR, UV, CD,1H and13C NMR, [R]D) with natural
Us-8. Therefore, the structure including the absolute con-
figuration of the chiral centers in2 was established.

Next, for the completion of the total synthesis of Us-7,
3(R),7(S) isomer21a was employed for the transformation
as above. However, surprisingly, product1 was not identical
with natural Us-7 by comparison of their1H and13C NMR
spectra, although all spectral data including NOE data
indicated that the product possessed the molecular structure
of the reported Us-7 (1). As described in the introductory
section, the stereochemistry at the spiro position (C7) was
deduced by employing the empirical rule of the CD spectra
for common Corynanthe-type oxindole alkaloids. At this
stage, if we were to eliminate the information of the CD
spectral data, an alternative structure22could be considered
as a candidate structure for Us-7, which accounted for the
observed NOE correlation between H3 and H9 in the natural
product. Then, we shifted our synthetic target to oxindole
22 having the 3(S),7(R) configuration. To improve the
diastereoselectivity of the reduction of imine16with NaBH4,
the use of several reaction conditions and reagents was
attempted. When sodium tris[(S)-N-benzyloxycarbonylproly-
oxy]hydroborate19 was used for reducing imine16, the
diastereomeric ratio of the amines was changed to ca. 1:1.
As described above, the oxidative transformation of 3(S)
isomer17 using Pb(OAc)4 gave oxindole20awith the 7(S)
configuration as the sole product. However, by employing
t-BuOCl instead of Pb(OAc)4, 7(R) isomer20bwas obtained
in 20% overall yield, together with20a in 68% yield. The
structure including the stereochemistry at C7 in20b was
elucidated by extensive 2D-NMR analysis and differential
NOE experiments (from H9 to H3) as above. The functional
group on the side chain in20b was then converted into the
ketone to furnish target molecule22 in 84% overall yield.
Synthetic 22 was completely identical in all respects
(chromatographic behavior, mass, IR, UV, CD,1H and13C
NMR, [R]D) with natural Us-7. Therefore, the structure of
Us-7 was revised as formula22, and the absolute configu-
ration of the chiral centers in Us-7 was established.

The present study revealed that the empirical rule of the
Cotton effect used for the structure determination of common
Corynanthe-type oxindole alkaloids is not applicable to the
elucidation of the absolute stereochemistry at the C7 spiro
center ofD-seco-type compounds.
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