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Abstract: The effect of chiral diphosphine structure, method of catalyst generation,
reaction solvent and HI scavenger on the formation of enantioenriched 3,3-disubstituted
2-oxindole 2 from asymmetric Heck cyclization of 1 was studied. Depending upon
whether the HI scavenger was a silver salt or a basic tertiary amine, either enantiomer
of 2 could be formed with good selectivity using the same enantiomer of BINAP.
Using Pd-BINAP as catalyst, a variety of enantioenriched 3,3-disubstituted oxindoles,
indolines and dihydrobenzofurans was prepared from (E)-a,B-unsaturated 2-haloaniline
substrates. All cyclizations conducted in the presence of AgiPO4 or 1,2,2,6,6-
pentamethylpiperidine (PMP) afforded opposite enantiomers of the spirocyclic product.
These studies demonstrate, for the first time, that asymmetric Heck reactions of halide
substrates can proceed with useful levels of enantioselectivity without silver or thallium
salts.

As the key reaction for the synthesis of physostigmine, the author investigated
asymmetric Heck cyclization of (E)- and (Z)-butenanilides S and discovered that the
enantioselectivity highly depends on the geometry of the substrate. For (Z)-§, both of
silver- and amine-promoted cyclizations predominantly gave (R)-enantiomer of
aldehyde 7 and enantioselectivity over 90% is reproducibly realized in the amine-
promoted cyclization. This method is highly promising to construct 2-oxindole 7
enantioselectively, which is an important intermediate for the synthesis of
hexahydropyrrolo[2,3-b]indole skeleton of physostigmine and related alkaloids.
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Most of naturally occurring compounds are optically active, and in many cases,
each enantiomer shows variable potency of biological activities and sometimes has
even completely different pharmacological features. Therefore, it is much important to
synthesize such molecules in optically pure form. Recently, asymmetric syntheses
using chiral transition metal catalysts have been developed, however few excellent
methods yet exist for asymmetric carbon-carbon bond formation. Particularly
underdeveloped is the asymmetric synthesis of quaternary carbon centers using chiral
metal complexes.

The author expected that quaternary carbon center of spirooxindole 2 can be
formed by asymmetric intramolecular Heck reaction. The effect of chiral diphosphine
structure, method of catalyst generation, reaction solvent and HI scavenger on the
formation of 2 from asymmetric Heck cyclization of 1 was studied. Depending upon
whether the HI scavenger was a silver salt or basic tertiary amine, either enantiomer of
2 could be formed with good selectivity using the same enantiomer of BINAP (eq. 1).
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The scope of asymmetric Heck cyclizations of (E)-o.,B-unsaturated 2-
haloanilide substrates was surveyed. As the representative results summarized in Table
1, a variety of enantioenriched 3,3-disubstituted oxindole, indolines and
dihydrobenzofurans was prepared using Pd-BINAP as catalyst. With all aniline
substrates, opposite enantioselection was observed in AgzPOgs- and 1,2,2,6.6-
pentamethylpiperidine (PMP)-promoted cyclizations. These studies demonstrate, for
the first time, that asymmetric Heck reactions of halide substrates can proceed with
useful levels of enantioselectivity without silver or thallium salts.
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Table 1. Asymmetric Synthesis of Either Spirocyclic Enantiomer
from the Corresponding Aryl Iodide Using (R)-BINAP
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AgaPO4 - 76%, (S) 65 % ee
PMP - 74%. (R) 75 % ee
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Co
Ag3POq - 91%. (S) 50 % ee
PMP - 66%, (R) 55 % es

0
§—- NMe

AgsPO; - 74%, (S) 81 % ee
PMP - 45%, (R) 95 % ee
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AgsPOq - 90%, (+) 64 % ee
PMP - 68%, (-) 8 % ee

o]
%_—-NMe

{0

AgiPO, - 81%, (S) 71 % ee
PMP - 77%, (R) 66 % ee

0?—- NMe
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Ag3POy - 98%, {+) 72 % se
PMP - 89%, (-} 71 % ee
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Ag3P°4 - 88%, (-) 63 % ee
PMP - 91%, (+) 25 % ee

Rexs

AgsPO; - 91%, {+) 55% 68
PMP - 66%, (-) 7% ee

The product (+)-2 was hydrolyzed to the corresponding enone 3, which could be
purified to an ee of 92% by recrystallization from Et20 and subsequently brominated to
afford 4 (eq. 2). The a-bromoenone 4 was suitable for X-ray crystallographic analysis
and its absolute configuration was determined. Absolute configurations of other
cyclization products were assigned by direct chemical correlation with thus defined (S)-
(+)-2.
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The insertion step of the asymmetric Heck reactions in the presence of amine
bases likely proceeds via the penta-coordinate complex A or a four-coordinate complex
B. For high enantioselection, more rigid complex B is more likely than complex A
with one phosphorus atom dissociated from palladium (Figure 1).
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The author envisioned an application of the present asymmen'ic Heck reaction
to construction of the critical quaternary carbon center of the hexahydropyrrolo[2,3-
blindole ring system of (-)-physostigmine (Figure 2).
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Figure 2

The investigation was focused on exploration of the asymmetric Heck reaction
conditions to form enantiopure oxindole aldehyde 7 from (E)- and (Z)-substrates 5 (eq.
3). Cyclization of (E)-§ in the presence of Ag3POy4 gave, after hydrolysis of the
enoxysilane 6, the S enantiomer of oxindole aldehyde 7, while cyclization in the
presence of PMP provided (R)-6, albeit both with low asymmetric induction (Table 2,
entries 1 and 2). However, identical cyclization of (Z)-5 proceeded with excellent
enantioselection (95~96% and 81~85% in the presence of PMP and Ag3POy4,
respectively), and both cyclizations provided the R enantiomer of oxindole aldehyde 7

(Table 2, entries 3 and 4). Considering the insertion proceeding preferentially via the
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most stable cationic square planar complex having an approximate coplanar orientation
of the alkene w and aryl-C ¢ bonds in the silver-promoted cyclization, predominant

formation of R enantiomer from (Z)-substrate was rationalized by steric destabilizing
interactions between (1) the B-TBDMSOCH2?-, (2) the twisted aryl ring of the substrate

and pseudo-equatorial phenyl group of BINAP.
10% Pd(R)-BINAP,
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Table 2 Asymmetric Heck Cyclization of (E)- and (Z)-Butenanilides §

oxindole aldehyde 7
entry stereochem of 5  HI scavenger E.Z yield from §, % confign ee, %
1 E Ag3POy - 80 S 45
2 E PMP 77:23 91 R 45
3 z Ag3PO4 - 77 R 81~85
4 V4 PMP 96:4 84~86 from R 95~96 from
(E)-6 (E)-6

The present asymmetric Heck cyclization of (Z)-butenanilide 5 is a highly
promising way to construct enantioselectively 2-oxindole aldehyde 7, which is an
important intermediate for the synthesis of physostigmine and related alkaloids.

In summary, the author discovered that the asymmetric Heck cyclization of (E)-
o, B-unsaturated 2-haloanilides and related compounds with Pd-BINAP in the presence
of silver salt (I) or tertiary amine reproducibly constructs 3,3-disubstituted oxindoles,
indolines and dihydrobezofurans in good to excellent enantioselectivity. Particularly,
that depending upon how HX is scavenged, either enantiomer of the Heck product can
be formed using a single enantiomer of BINAP is indeed unprecedented. As the key
reaction for the synthesis of physostigmine, the author investigated asymmetric Heck
cyclization of (E)- and (Z)-butenanilides § and discovered that the enantioselectivity
highly depends on the geometry of substrates 5. For (Z)-5, both of silver- and amine-
promoted cyclizations gave (R)-enantiomer for the first time and enantioselectivity over
90% is reproducibly realized in the amine-promoted cyclization. This method is highly
promising to construct enantioselectively 2-oxindole 7, which is an important
intermediate for the synthesis of hexahydropyrrolo[2,3-b]indole skeleton of
physostigmine and related alkaloids.
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