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ABSTRACT
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(+)-benzastatin E (1)

A stereoselective total synthesis of (+)-benzastatin E (1) is described. The synthesis involves a diastereoselective Grignard addition to
2-acylindoline 2, which is derived from commercially available (S)-2-indolinecarboxylic acid (3). The unknown absolute configuration of (+)-1
is determined as (9S,10R).

Benzastatin E (1) and its congeners, a family of indoline Bromination of4 with NBS (1 equiv) in DMF afforded
alkaloids that were isolated froStreptomyces nitrosporeus bromide 5 in 93% vyield. The bromide was converted to
30643 in 1997 show neuronal cell protecting activity that Weinreb amid&6 by treatment witiN,O-dimethylhydroxy-
can be used to prevent brain ischemia injuBenzastatin ~ lamine hydrochloride and isopropylmagnesium chlidtide
E (1) is the most potent inhibitor of glutamate toxicity using 83% yield. Coupling of methoxymethyllithiufhgerived from
neuronal hybridoma N18-RE-1Gamong the benzastatin  Sn—Liexchange of methyl tributylstannylmethyl ether, with
family.! The relative stereochemistry of benzastatinlf (6 afforded keton& in 61% yield.
was elucidated by extensive NMR spectroscopic analysis.
However, the absolute stereochemistrylofvas undeter- _
mined. Herein, we wish to report the first total synthesis of
(+)-benzastatin E (1) and its absolute configuration.
The key step is a diastereoselective Grignard addition to
2-acylindoline 2, which is readily prepared from com-
mercially available (5(—)-indoline-2-carboxylic acid (Bas
shown in Scheme 1. H,NOC
Key intermediate 2-acylindolinéwas prepared as shown {+)-benzastatin E (1) 3
in Scheme 2. Carboxylic acid was treated with sulfuric
acid in methanol, followed by nitrogen protection with di- \, /
tert-butyl dicarbonate to provide methyl estein 92% yield.
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aKey: (a) (i) MeOH, HSOy, 80 °C, (ii) Boc,0O, CHCly, rt, 92%
(two steps); (b) NBS, DMF, 0C, 93%; (c)i-PrMgCl, Me(MeO)-
NH-HCI, THF, —20 to —10 °C, 83%,; (d) MeOCHSn(n-Bu},
n-BuLi, THF, —78 °C, 61%.

Construction of thetert-alcohol moiety was efficiently
achieved by diastereoselective Grignard addition 7to

Reaction of keton& with 3,4-dimethyl-3-pentenylmagne-

sium bromidé in THF at —78 °C gavetert-alcohols in a
25:1 ratio of separable isomers majora®d minor-8as

determined by HPLC analysis of the product mixture
(Scheme 3). Configurations of the newly created stereo-
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were derived from majo& and minor-8in a two-step
sequence, respectively, as shown in Scheme 3. Thus, the
absolute configuration of maj@was assigned as (49R.

This diastereoselective Grighard addition was successfully
extended to a variety of substrates and Grignard reagent
combinationd. The results are summarized in Table 1.
Inspection of the data in Table 1 demonstrates that the
additions are quite diastereoselective. Moreover, as shown
in runs 1 and 2, either diastereomer can be easily obtained
by exchanging the order of the metal reagent addition to
Weinreb amide. The enantiomer Bfcan also be readily
prepared by using (R)-(+)-indoline-2-carboxylic dcas a
starting material (run 3). The chiral HPLC analysi$ 8a
shows that no racemization occurs during these manipulations
(from 4 to 8). The stereochemical outcome of these facially
selective additions can be rationalized in terms of a Felkin
Anh model® as depicted in Figure 1.

Figure 1.

Finally, total synthesis off)-1 was accomplished in three
steps from major-@&s shown in Scheme 4. Conversion of
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aKey: (a)t-BuLi, CO,, EO, —78 to 0°C, 53%; (b) CDI, 28%
aqg NHs, THF, rt, 74%; (c) PPTS, MeOH, rt, 64%.

major-9to the corresponding aryllithium species followed
by carboxylation with C@ provided10. Amidation of10

with aqueous ammonia and kdarbonyldiimidazole (CDI)
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Table 1. Diastereoselective Grignard Addition to 2-Acylindolines

run substrate ® product® yield ¢ run substrate product® yield ¢
Boc Boc
U U
N 7 N,
1 7 OMe p 57% (ds = 16:1) 100% (ds = 13:1)
H H { OH
7a 8a “OMe
Boc Boc
NI N OMe
H H 2
7h 8b ™~
Boc Boc
N o N S
3 > OMe 7 OH 75% (ds = 16:1) 63% (ds = 38:1)
Br A Br H
7c 8c OMe
Boc
lll Ph
4 7a T 94% (ds = 15:1) 67% (ds = 9:1)
R OH
8d “OMe
BOE‘/ o Bo:{:l,
H OH
7d H 8e
BOLI‘, Bo<|: —
N,‘ - N,
y B O — . - Oo = .
6 7a SoH 97% (ds = 12:1) 12 7 o 82% (ds = 11:1)
H i Br H
8f OMe 8l OMe

aReadily prepared from the corresponding Weinreb amide and either Grignard reagent or alkyllithium by the same method for prepaeti@ptof
for 7c. Substrat@cwas prepared fromR)-(+)-indoline-2-carboxylic acid? Absolute configuration of the major isomer was determined by NOE experiments
of the corresponding acetonide derivati¥ésolated yield of a mixture of diastereoisomet®iastereomeric ratios determined by HPLC analysis of crude
product mixtures.

gave amidell. Removal of the acetonide protecting group selective Grignard addition t@. The unknown absolute
was effected by treatment dfl with PPTS in MeOH to stereochemistry of (+)-Wwas determined as (9S,10R).
furnish (+)-benzastatin E1) [[a]?% +21.3 € 0.10, MeOH)

(lit.* [a]*8 +17 (c 0.1, MeOH))] in 64% yield. Spectral data Supporting Information Available: Representative ex-
(IR, H NMR, and3C NMR) for synthetic §)-1 are identical ~ Perimental procedures, characterization data,'tnehd*°C

In summary, the first total synthesis of (+)-benzastatin E the Internet at hitp://pubs.acs.org.

(1) has been accomplished in 11 steps fi®ma diastereo- 0L027215T
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