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Asymmetric Bronsted Acid Catalyzed Isoindoline Synthesis:
Enhancement of Enantiomeric Ratio by Stereoablative Kinetic

Resolution™*

Dieter Enders,* Arun A. Narine, Fabien Toulgoat, and Tom Bisschops

The enantioselective Brgnsted acid catalyzed 1,2-addition to
imines has emerged as a powerful metal-free method to access
functionalized chiral amines.!! Chiral phosphoric acids have
proven to be highly effective catalysts in aza-Friedel-Crafts,
hydrocyanation, Mannich, reduction, and other 1,2-addition
reactions.”* In a limited number of cases, the resulting amine
products have been converted into pharmaceutically relevant
or natural product precursors.”***! However, a subsequent
tandem or one-pot process using the amine as a nucleophile
has rarely been exploited. The research groups of Rueping
and Gong independently developed an elegant Brgnsted acid
catalyzed tandem Mannich/aza-Michael addition of an enol-
ized a,B-unsaturated ketone and imine for the asymmetric
synthesis of isoquinuclidines.*! More recently, chiral piper-
idines have been prepared by Terada and co-workers in a
tandem aza—ene type reaction/cyclization sequence.”

We envisioned that another class of heterocycles, chiral
1,3-disubstituted isoindolines 3, could be rapidly accessed
from bifunctional substrates 1 containing an imine and
Michael acceptor (Scheme 1). An e-iminoenoate 1 could
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Scheme 1. Catalytic enantioselective synthesis of isoindolines using a
1,2-addition/aza-Michael reaction sequence.
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react in a Brgnsted acid catalyzed 1,2-addition with a
nucleophile (NuH) to afford a chiral amine 2, which could
react further in an intramolecular aza-Michael addition.
Chiral isoindolines, particularly 1-isoindolylcarboxylic
acids 4 (R'=CO,H) and 1-substituted isoindolin-3-ones 5,

R1
@[fNH
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5 O ¢ R?

are common substructures in a variety of natural products®
and pharmaceuticals.”) Access to 1- and 1,3-substituted
isoindolines 4 and 5 is hampered by the fact that only a
limited number of synthetic procedures exist for their
preparation.”! Moreover, few reports describe routes to
enantiomerically pure isoindolines. Resolutions!”! and chiral-
auxiliary-based methods'® are dominant avenues to enantio-
merically enriched isoindolyl derivatives 4-6. Several articles
detail the metal-catalyzed asymmetric synthesis of 1-substi-
tuted isoindolines 4 and 1-substituted isoindolin-3-ones 5.
To the best of our knowledge, there are no existing metal- or
organocatalyzed asymmetric syntheses of 1,3-disubstituted
isoindolines 6.

We report herein the first catalytic diastereo- and
enantioselective synthesis of 1,3-disubstituted isoindolines
using a one-pot, two-step process consisting of a chiral
Brgnsted acid catalyzed aza-Friedel-Crafts reaction and a
base-catalyzed intramolecular aza-Michael addition. More-
over, these investigations led to the discovery of a Brgnsted
acid catalyzed stereoablative kinetic resolution'” that occurs
in tandem to the Friedel-Crafts reaction and amplifies the
enantiomeric ratios of the isoindoline products.

Indoles 8 and N-tosyliminoenoates 9 were selected as the
nucleophilic and electrophilic components, respectively, for
this reaction (Scheme 2). In the first instance, indole (8a) and
iminoenoate 9a were exposed to several chiral binaphthol-
(BINOL)-derived phosphoric acids (e.g. 7a, X = OH). These
catalysts were found to be completely inert, even though they
are known to readily promote the Friedel-Crafts reaction of
indoles 8 and a variety of imines (Table 1, entry 1).%l This
indicates that the ortho-enoate substituent has a profound
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A series of N-triflyl phosphoramides 7b—f (X =
- NHTf) were then synthesized. All of these catalysts

7b (10 mol%) " ., ” )
toluene, RT, 45 min NH were active, and isoindoline 10a could be prepared in
8a then high yields and diastereoselectivities (Table 1,
NTs DBUS?ﬂ?QOI %) O entries 2-6). The best catalyst, 7f (R =4-NO,C.H,,
I —_— O | N X =NHTf), was capable of providing good levels of
g‘:‘_’?g\"e'd asymmetric induction (90:10 e.r.). Thus, further reac-
| > 91 : rr i 10a CO,Me tion optimization was conducted with this compound.
9a COMe - byproduct Many aromatic and chlorinated solvents were
2 11a good reaction media, and isoindoline 10a was formed
Scheme 2. One-pot Friedel-Crafts/aza-Michael reaction. in good to excellent enantioselectivities (89:11 to
95:5 e.r., Table 2, entries 1-6). Lowering the reaction
R
Table 2: Optimization of reaction conditions (solvent, time, and temper-
O 0 o ature) for the synthesis of isoindoline 10a using catalyst 7 f (R=4-
P’ NO,C¢H,, X=NHTf) 20!
g X : old ]
O Entry Solvent T°C] Timel Yield [%]* e.rl
R 1 toluene RT 10 min 93 90:10
7a, R = 3,5-(CF3)CeHa, X = OH 2 benzene RT 1 min 97 92:8
7b, R = 3.5-(CF4)CaH,, X = NHTF 3 Phclt RT 1 min 90 92:8
7¢, R = 2-naphthyl, X = NHTf 4 CHCl,4 RT 10 min 90 95:5
7d, R = 4-biphenyl, X = NHTf 5 DCE' RT 15 min 87 95:5
7e, R = SiPh,, X = NHTf 6 CH,Cl, RT 10 min 94 95:5
7f, R = 4-(NO,)CgH,, X = NHTf 7 CH,Cl, 0 10 min 86 95:5
8 CH,Cl, —78 22h 73 89:11
. ) ) o ) ob) [a—€] See corresponding footnotes of Table 1. [f] PhCl=chlorobenzene.
Table 1: Catalyst screening for the synthesis of isoindoline 10a. [g] DCE = 1,2-dichloroethane.
Entry Cat. Timeld Yield [96]! e.r.
1 7a >120h 0 n.d.
2 7b 45 min 84 81:19  temperature had a negligible or negative effect on the
3 Tc 15 rf‘i” 92 86:14  stereoselectivity: Therefore, all further experiments were
; ;d ;Om"? gg ;g:g conducted at room temperature.
6 7? 10 m:: 93 90:1 0 The substrate scope of the reaction was examined, and

[a] Reaction conditions: A mixture of 0.3 mmol imine 9a, 3 equiv indole
(8a), and 10 mol % catalyst 7 was stirred at room temperature in 2.0 mL
toluene; DBU (50 mol%) was added and the reaction mixture was
stirred for a further 15 min. [b] Diastereomeric ratio (d.r.) was 9:1 as
determined from the '"H NMR spectrum of the crude reaction mixture.
[c] Refers to the reaction time prior to addition of DBU. [d] Refers to
inseparable mixture of diastereomers obtained after flash chromatog-
raphy. [e] Determined by HPLC analysis on a chiral stationary phase.

effect on the reactivity of the imine moiety within substrate
9a.

BINOL-derived phosphoric acids have recently been
derivatized into more acidic N-triflyl phosphoramides,
which are more active in several chemical reactions.!!
Therefore, BINOL-derived N-triflyl phosphoramide 7b was
synthesized and found to rapidly catalyze the Friedel-Crafts
reaction (Scheme 2). Following exposure of the reaction
mixture to a catalytic quantity of 1,8-diazabicyclo-
[5.4.0Jundec-7-ene (DBU), isoindoline 10a was isolated in
good yield and diastereo- and enantioselectivity. Notably, the
Friedel-Crafts reaction was highly chemoselective as the
1,4-addition of indole (8a) to the Michael acceptor of
e-iminoenoate 9a was not observed.!"” Bis-indole byproduct
11a was also formed in small amounts during the acid-
catalyzed step.!"™
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varying substitution patterns within the imine 9 and indole 8
were found to be tolerated (Table 3). For all cases, the yields
ranged from good to excellent (71-99%) and the process

Table 3: Substrate scope for the synthesis of various isoindolines 10a-j
using catalyst 1"

R?
7f (10 mol%) N
1 . NTs cH,cl, RT
R Q}WR R then DBU R?
+
= | dr.>9:1 N=Ts
8 ° CO,R? 10 “-CcoRr*
Entry 10 R R® R*  Timel Yield [%]4 el
1 a H H Me 10 min 94 95:5
2 b Br H Me 20 min 99 94:6
3 c OMe H Me 90 min 93 76:241"
418 d H H Me 30min 86 61:39
5 e CO,Me H Me 240 min 71 86:14
6 f H F Me 30 min 75 91:9
7 g OMe F Me 60min 95 88:1211
8 h H H tBu 20 min 75 88:12
9 i Br H tBu 10 min 85 91:9
10 j OMe H tBu 70min 97 90:10

[a—e] See corresponding footnotes of Table 1; reaction performed in
2.0mL CH,Cl,; R*=H unless otherwise noted. [f] Determined after
reduction of the ester to the corresponding alcohol. [g] R?= Me.
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occurred in a diastereoselective fashion (9:1 d.r.).™¥

The enantioselectivity of the one-pot Friedel-Crafts/
aza-Michael addition was generally high. The enan-
tiomeric ratios of isoindolines 10a—j showed little
dependence on the substitution patterns of the imine
and indole substrates. Moreover, tert-butyl ester

2

NH

=

O NHTs
R

containing substrates 10h—j were compatible with ra;]::;ic
the acidic reaction conditions of this method

(Table 3, entries 7-9). A limitation of the scope

occurred with N-methylindole 8d (R'=H, R*’=

Me), which reacted in lower enantioselectivity 7f

(61:39 e.r., Table 3, entry 4).

NMR and X-ray crystallographic analysis of
isoindolines 10 established the relative and absolute
stereochemistry. Thus, the intramolecular Michael
addition was cis-selective and (S,S)-configured iso-
indolines 10 were formed (Figure 1).['"]

The enantioselectivity of the reaction was found
to change when the reaction time was varied.
Further investigation led to a remarkable discovery:

Figure 1. X-ray crystal structure of isoindoline 10i (ORTEP view,
ellipsoids drawn at the 50% probability level, CCDC 682470).

the enantiomeric ratio of isoindoline 10a increased when the
Friedel-Crafts reaction was run for a longer time. At the same
time, the yield of isoindoline 10a decreased and higher
amounts of achiral bis-indole 11a were formed. This indicated
that a stereoablative kinetic resolution!"”! was occurring
during the Brgnsted acid catalyzed step. To confirm this, a
racemic sample of Friedel-Crafts adduct 12a was exposed to
indole (8a) in the presence of catalyst 7 f (Scheme 3).l"!
When the reaction was stopped prior to completion, the
unreacted Friedel-Crafts adduct 12a was found to be
enantiomerically enriched (83:17 e.r.). The stereochemical
outcome of the stereoablative kinetic resolution was the same
as that for the Brgnsted acid catalyzed Friedel-Crafts
reaction: both processes led to enantiomerically enriched
(S)-12a. Thus, the stereoablation destroys the minor enan-
tiomer formed during the Friedel-Crafts reaction. This
suggested that these processes could be coupled in a tandem
reaction leading to an increase in enantiomeric ratios of
isoindolines 10. To achieve this, the reaction time of the
Brgnsted acid catalyzed reaction was extended (Table 4). This
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Scheme 3. Stereoablative kinetic resolution of Friedel-Crafts adduct 12a.

Table 4: Tandem Friedel-Crafts addition/stereoablative kinetic resolu-
tion for the synthesis of isoindolines 10a,b,fh,j.*"!

Enty 10 R R® R Timeld  Yield %] e.rl

1 a H H Me 16h 71 98:2
21f b Br H Me  10d 57 >99:1
3 f H F Me 5d 52 >99:1
4 h H H tBu 2d 31 99:1
5 i OMe H tBu 2d 34 99:1

[a] Reaction conditions (unless otherwise noted): A mixture of 0.3 mmol
imine 9, 1.5 equiv indole 8, and 10 mol % catalyst 7 fin 2.0 mL PhCl was
stirred at room temperature for 1-10d. The isolated Friedel-Crafts
adducts 12 were cyclized with DBU (50 mol %). [b—e] See corresponding
footnotes of Table 1. [f] Performed in a mixture of PhCI/CHCl; (1:1).

simple procedural modification allowed isoindoline 10a to be
prepared in excellent enantiomeric ratio with minor loss in
yield (Table 4, entry 1). Extension of the method to additional
imines and indoles demonstrated that various isoindolines
10b,£h,j could be prepared in moderate yields (31-71 %) and
excellent enantiomeric ratios (99:1 e.r., Table 4, entries 2-5).

A reasonable mechanism can be proposed for the
stereoablation. Assuming rapid and reversible protonation
of both enantiomers of 12, preferential dissociation of
tosylamide (TsNH,) from one of the diastereomeric ion
pairs 13 occurs (Scheme 3). The resultant carbocation 14 then
reacts irreversibly with indole (8a).l'”

In conclusion, we report the first catalytic asymmetric
synthesis of 1,3-disubstituted isoindolines. The method de-
scribed herein is based on a metal-free one-pot Brgnsted acid
catalyzed Friedel-Crafts/base-catalyzed aza-Michael addition
reaction of bifunctional e-iminoenoates and indoles. Chiral
BINOL-derived N-triflyl phosphoramides catalyzed the ini-
tial Friedel-Crafts reaction and the isoindoline products were
obtained in high yields and excellent diastereo- and enantio-
meric ratios. Moreover, a Brgnsted acid catalyzed stereoab-
lative kinetic resolution was found to occur in tandem to the
Friedel-Crafts reaction, thus enhancing the isoindoline enan-
tiomeric ratios to excellent levels.
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Experimental Section

General procedure: A solution of imine 9a-c¢ (0.29 mmol) and
N-triflyl phosphoramide 7b-g (0.029 mmol, 10 mol%) in CH,Cl,
(2.0mL) was charged with 4 A molecular sieves (10 beads, 0.12—
0.14 g) and indole 8a—e (0.873 mmol, 3.00 equiv). The reaction vessel
was stoppered and stirred at room temperature for 10 to 90 min. DBU
(22 pL, 0.15 mmol, 50 mol%) was added, and the reaction mixture
was stirred for an additional 15 min. The solvent was evaporated
under reduced pressure, and the crude product was purified by flash
chromatography (pentane/ether, dry loaded) to afford isoindoline
10a-j.
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For examples of Brgnsted and Lewis acid catalyzed formation of
bis-indoles from imines, see: a) W. H. Xie, K. M. Bloomfield,
Y. F. Jin, N. Y. Dolney, P. G. Wang, Synlett 1999, 498 -500; b) G.
Babu, N. Sridhar, P. T. Perumal, Synth. Commun. 2000, 30, 1609 —
1614; c) J. Hao, S. Taktak, K. Aikawa, Y. Yusa, M. Hatano, K.
Mikami, Synlett 2001, 1443 -1445; d) X. L. Mi, S. Z. Luo, J. Q.
He, J. P. Cheng, Tetrahedron Lett. 2004, 45, 4567 —4570.
Potassium carbonate and activated neutral alumina also facili-
tated the aza-Michael addition of the Friedel-Crafts adduct 12a
in comparable yield and diastereoselectivity; however, the
reaction times were longer.

For an example of 1,3-cis-selective intramolecular hetero-
Michael addition to form a five-membered ring, see: G. Mand-

[16]

(17]

Angewandte

ville, C. Girard, R. Bloch, Tetrahedron: Asymmetry 1997, 8,
3665-3673.

In CH,Cl,, the reaction of the Friedel-Crafts adduct 12a and
indole (8a) to form bis-indole 11a was slow (< 5% conversion
after 24 h). In chlorobenzene, the Friedel-Crafts adduct 12a,
although only sparingly soluble, underwent reaction with indole
(8a) to form the bis-indole 11a.

Racemic Friedel-Crafts adduct 12a was exposed to N-triflyl
phosphoramide 7h in the absence of indole for 2 d. Following
cyclization with DBU, isolindoline 10a was isolated in nearly
quantitative yield and as a racemate. This provides further
evidence that the enhancement of enantiomeric ratio is a result
of a stereoablative nucleophilic displacement reaction: in the
absence of a nucleophile, no enhancement occurs.
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