Total Synthesis of (—)-Kaitocephalin
Based on a Rh-Catalyzed C—H Amination
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A total synthesis of (—)-kaitocephalin, an ionotropic glutamate receptor antagonist, is accomplished in highly stereocontrolled manner via
Overman rearrangement, rhodium-catalyzed benzylic C—H amination, pyrrolidine formation involving nucleophilic opening of a cyclic sulfamate,

and rhodium-catalyzed allylic C—H amination as key steps.

In 1997, Shin-ya and co-workers isolated kaitocephalin
(1) from Eupenicillium shearii PF1191." This structurally
novel amino acid has attracted much attention due to its
potent antagonistic activity against ionotropic glutamate
receptors.? Excessive stimulation of these receptors by
glutamic acid or other agonists causes a variety of neuro-
degenerative disorders including epilepsy, stroke, Parkin-
son’s disease, and Alzheimer’s disease.” Since antagonists
of glutamate receptors are effective for the protection of
neuronal injury or death, kaitocephalin (1) has potential as
a promising lead compound for developing therapeutic
agents against various neuronal diseases. However, de-
tailed neurobiological studies and SAR studies have been
hampered at present by the fact that the fungus has not
produced a sufficient amount of kaitocephalin (1). Such
extremely low availability from natural sources as well
as the intriguing biological properties and structural
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challenges has made kaitocephalin (1) and its analogues
attractive targets for synthesis. Thus, there have been a
number of the synthetic studies* including total syntheses
achieved by four groups.®~® In connection with our pro-
ject directed toward the synthesis of natural products
which selectively interact with ionotropic glutamate recep-
tors,**!® we became interested in the synthesis of
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kaitocephalin (1). Herein, we report a novel sterco-
controlled synthesis of (—)-kaitocephalin (1) which features
two rhodium-catalyzed C—H amination reactions for the
installation of both right-hand and left-hand sides of
amino acid functionalities.

Scheme 1 illustrates our retrosynthetic analysis of
kaitocephalin (1). We envisaged 2 as a precursor of 1 by
focusing on three carboxylic acids which could be available
by oxidative cleavage of a phenyl group and a cyclopentene
ring simultaneously. We then postulated that this inter-
mediate could be accessed from 3 via rhodium-catalyzed
benzylic and allylic C—H amination reactions followed by
an intramolecular nucleophilic attack of a nitrogen atom
on a sulfamate group, based on Du Bois’ protocol.' "1

Scheme 1. Retrosynthetic Analysis of Kaitocephalin (1)
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Our synthesis of 1 thus began with the enantio- and
stereoselective preparation of sulfamate 13 (Scheme 2).
Todoenone 5, readily available from (1R,3S)-cyclopent-
4-ene-1,3-diol (4),'* was first converted to 7 via 6 by a five-
step sequence involving Luche reduction,'> Mitsunobu
reaction,'® saponification, protection as a p-methoxyben-
zyloxymethyl (PMBM) ether,'” and desilylation in 71%
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overall yield. Alkenyl iodide 7 was then subjected to
Suzuki-Miyaura coupling'® with borane 8, in situ prepared
from (R)-3-(tert-butyldimethylsilyloxy)-5-phenylpent-
l-ene'® and 9-BBN, to give allyl alcohol 9 in 84% vyield.
At this stage, after conversion of 9 to trichloroacetimidate 10,
we examined its Overman rearrangement®” under various

Scheme 2. Preparation of Sulfamate 13
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conditions in order to introduce a nitrogen atom to the
quaternary center stereoselectively. As a result, we gratify-
ingly found that when a solution of 10 in xylene was heated
with K,CO; at 170 °C for 20 min, the rearrangement
cleanly took place to afford trichloroacetamide 11 in
75% yield.>! It is important to note that when the reaction
was conducted at lower temperature ( < 140 °C), the yield
was dramatically diminished to 40% or less because
it required the longer reaction time resulting in appreci-
able decomposition of 10 or 11. Palladium-catalyzed
conditions®* were also found to be less effective in this
rearrangement and led to a complex mixture. The rear-
ranged product 11 thus obtained was then converted to
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Scheme 3. Preparation of Key Intermediate 17
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sulfamate 13 by desilylation followed by sulfamation in
72% yield.

We next examined the assembly of the pyrrolidine core
starting with rhodium-catalyzed C—H amination'' of 13
(Scheme 3). When sulfamate 13 was treated with 2 mol %
of Rh,(OAc)4, bis(acetoxy)iodobenzene (BAIB), and
MgO in CH,Cl, at 40 °C according to the procedure!'®
reported by Du Bois and co-workers, an oxidative C—H
amination took place at the benzylic position regio- and
stereoselectively to give cyclic sulfamate 14 in 74% yield,
and no other isomers were detected. Although a pyrroli-
dine synthesis via intramolecular displacement of a cyclic
sulfamate with a nitrogen atom was unprecedented, we
were pleased to find very effective conditions for this
transformation. Thus, after selective fert-butoxycarbony-
lation of the sulfamate nitogen of 14, the resulting N-Boc
derivative was successively treated with NaH and water in
the same flask at 0 °C to instantaneously provide pyrroli-
dine 15 in 97% yield via stereoselective cyclization in Sy2
fashion. When 5 M NaOH was used in place of NaH—
water, 15 was also obtained in good yield (89%) although
the cyclization became somewhat sluggish. Interestingly,
when NaH was used alone without addition of water, no
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Scheme 4. Synthesis of (—)-Kaitocephalin
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cyclization occurred. The stereostructure of 15 was well
supported by the NOESY spectrum.

For another rhodium-catalyzed C—H amination on the
cyclopentene ring, 15 was converted to carbamate 16 by
deprotection of the PMBM group with DDQ followed by
carbamoylation in 92% yield. Upon treatment of 16 with
10 mol % Rhy(OAc),, BAIB, and MgO in CH,Cl,''® at
room temperature, the desired allylic C—H amination
proceeded to give cyclic carbamate 17 in 60% yield. This
reaction was markedly improved by employing 10 mol %
of Rhy(esp),''? in benzene, and 17 was obtained in 86%
yield. It is important to add that all attempts to effect an
allylic C—H amination prior to a benzylic C—H amination
failed. For example, Rh,(OAc)s-catalyzed reaction of 18
did not give the corresponding cyclic carbamate and
ketone 19 was obtained in 20% yield instead.

The final stage of the synthesis of kaitocephalin (1)
involved fomation of the 3,5-dichloro-4-hydroxybenza-
mide moiety, oxidative cleavage of the phenyl group and
the cyclopentene ring generating three carboxylic acids,
and removal of all protecting groups (Scheme 4). Thus,
after removal of the Boc group of 17, the resulting amine
was subjected to amidation with 20> under Schot-
ten—Baumann conditions to give amide 21 in 97% yield.
At this point, we initially attempted the RuO,4 oxidation®*
of 21 using a catalytic amout of RuCl; and NalOy;

(23) Hirata, K. WO 2008/062740.

(24) (a) Carlsen, P. H. J.; Katsuki, T.; Martin, V. S.; Sharpless, K. B.
J. Org. Chem. 1981, 46, 3936-3938. (b) Matsuura, F.; Hamada, Y.;
Shioiri, T. Tetrahedron 1993, 49, 8211-8222. (c) Clayden, J.; Knowles,
F. E.; Baldwin, I. R. J. Am. Chem. Soc. 2005, 127, 2412-2413.
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however, the desired triacid was not obtained at all. It
turned out that the cyclic carbamate moiety does not
survive under the oxidation conditions. After several dis-
couraging results, we found that N-Boc cyclic carbamate
22, derived from 21 in 91% yield, successfully underwent
RuO4-mediated oxidative cleavage to afford triacid 23.
Furthermore, we could unambiguously determine the
absolute structure of 22 by X-ray crystallographic
analysis.”> Finally, without purification, 23 was succes-
sively subjected to saponification and deprotection of the
N-Boc group to furnish (—)-kaitocephalin (1) in 24%
overall yield from 22 after Dowex 50WX4 treatment,
reversed-phase chromatography, and HPLC. The syn-
thetic substance was identical with an authentic sample
by spectroscopic (‘H and '*C NMR) and chromatographic
(reversed-phase TLC and HPLC) comparisons.

In conclusion, we have accomplished the highly stereo-
controlled total synthesis of (—)-kaitocephalin (1) from

(25) The crystallographic data (CCDC 859724) can be obtained free
of charge from the Cambridge Crystallographic Data centre via www.
ccde.cam.ac.uk/data_request/cif.
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readily available 5 in 21 steps and 4% overall yield. The
present work provides here a new methodology for the
stereoselective construction of substituted pyrrolidines
utilizing a rhodium-catalyzed C—H amination.

Acknowledgment. This work was supported by a
Grant-in-Aid for Scientific Research (A) (22249001)
and Grant-in-Aid for Young Scientists (B) (23790015)
from JSPS and a Grant-in-Aid for Scientific Research
on Innovative Areas “Reaction Integration” (No. 2105)
(22106538) from MEXT. We thank Prof. Ohfune and
Prof. Shinada (Osaka City University) for providing us
with an authentic sample of kaitocephalin and valuable
information.

Supporting Information Available. Experimental pro-
cedures and characterization data for all new compounds.
This material is available free of charge via the Internet at
http://pubs.acs.org.

The authors declare no competing financial interest.

1647



