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The nucleophilic aromatic substitution /&) reaction is a Table 1. Screening of Coatalysts and Conditions for the
fundamental transformation in organic chemistfjhe nucleophiles ~ 9rganocatalytic (15 mol %) SyAr Addition of
employed are mostly amines or phenols, but 1,3-dicarbonyl com-

. . X F OuN NO. O2N NO,
pounds are reactive enough to be arylated under mild condgions. No, O cson © 2 \@
Although the nucleophilic aromatic substitution reaction has been ©/ + é/coza — . + o] 1)
“CO,Et é/

2-Carboethoxy-cyclopentanone 2a to 2,4-DNF 1a?

PTC

known for more than 100 years, there are only sporadic examples, COEt

restricted to intramolecular reactions and oxygen nucleophiles, in  NCz
which the stereochemistry of the newly formed center is contrélled. 12
To the best of our knowledge, there are no reports of chiral induction
on quaternary or tertiary stereocenters formed when carbon nu-
cleophiles are applied. Furthermore, no catalytic highly enantiose-
lective SYAr reactions have been developed to our knowledge.
Herein, we present the development of the organocatalytic regio-
and enantioselective\8r reaction between activated aromatic com-

3a 3aa

4a:R'=Bn, R? = allyl, X = Br

4b: R" = 9-anthracenylmethyl, R? = allyl, X = Br
4c: R'=4-CF3-Bn, RZ = allyl, X = Br

4d: R'=Bn, R2=Bn, X = Br

4e:R'=Bn, R2=Bz, X=Cl

. X . catalyst C-:O-arylation yield ee
pounds and 1,3-dicarbonyl compounds using phase transfer catalysis = gqyy (temp, °C) ratiob %) (%)°
45 Thi ) : . . .
(PTC)4>This new reaction affords functlonallz_ed optlcglly active 1 TBAI () 151 %
compounds bearing a quaternary stereocitédrigh enantioselec- 2 da(rt) 151 80 15
tivities, in excellent yields, and with high atom economy, using 3 4b (rt) 1.5:1 80 10
simple operations and mild and environmentally benign reaction con- 4 43(“)e 1.01 70 =7
ditions. Furthermore, we demonstrate the utility of this new reaction 2 id EE)ZO) 11%11 %% rr‘r:é
by the synthesis of the optically active spiro-pyrrolidone-3,3 7 4e () 401 82 46
oxoindole structure, which constitutes the skeleton of a wide range 8 4e(0) 8.0:1 85 60
of natural substances and pharmaceutically interesting moletules. 9 4e(—20) 16:1 89 80
10 4e(—40) >50:1 89 87

The use of PTC-mediated reactions using cinchona alkaloids has
focused on mainly the alkylations of glycine derivatives toward the ~ 2Reaction performed with 0.10 mmol @& and 0.11 mmol oflain 2
synthesis of natural or unnatural amino acid derivathasj only re- mL of toluene; 99% conversion in all reactions after 2 Betermined by

. . 1H NMR. ¢ Combined yield oBaand3aa ¢ Enantiomeric excess determin-
cently have synthetically useful procedures for the asymmetric PTC-

; i - ed by HPLC.® N-TrifluorobenzylO-allyl cinchoninium bromide was used.
mediated al.kylatlo.n of 1,3-d|carbonyl compounds bee.n re_p@ﬂ‘éd. and enantioselectivity of they8r reaction represents a novel and
Our starting point for the enantioselectivg/8 reaction is the

challenging problem, for which the knowledge previously gathered
addition of commercially available 2,4-dinitro-fluorobenzene (2,4- ding p gep vo

h | . i hasi in the alkylation reactions was insufficient.
DNF’_ l‘?‘) to 2-carboet qu-cyc opentanodain a biphasic system High enantioselectivities observed in the PTC-mediated reactions
consisting of an organic solvent and CsOH monohydrate as the

X } normally arise from electrostatic interactions in the ion pair between
base (Table 1). Complete conversion after a few minutes at room o qyaternary ammonium salt and the nucleophile, which then

temperature was obtained upon the addition of a quaternary reacts in a stereocontrolled manner with the electrophile.

ammonium salt catalyst, such as TBAI or the cinchona alkaloid Further screening revealed that Bebenzoylated catalygte 12
derivative ammonium safta**2However, the enantiomeric excess i which the oxygen atom of the benzoyl group might stabilize an

of 3awas disappointing (entry 2). An initial screening of the most oy pair by hydrogen bonding, significantly increased @aryla-
widely used modified cinchona catalysts, e.g., those bearing atjon selectivity. We were pleased to find that performing the reaction
hindering 9-anthracenylmethyl group at the quinuclidine nitrogen of 13 with 2ain the presence ofeas the catalyst gave the desired
atom @b, Corey’s catalyst}® or a strongly electron-withdrawing  C-arylated producBain high yield with aC-arylationO-arylation
group @c),**c afforded also only nearly racemic products (entries ratio of >50:1 and an enantiomeric excess of up to 87% ee (Table
3—6). It is well known that catalystdb,c improve the enantiose- 1, entries 710). In Table 1, entries 2, 5, and 6, the known and

lectivity in alkylation reactions compared witda or 4d.t' commercially availableD-allylated or O-benzylated catalystda
Moreover, the yield of the desire@-arylated product3a was and4d, respectively, are compared to tlebenzoylated catalyst
affected by formation of th®-arylated adducBaa (C-arylation 4g, showing that the latter represents the solution to increase the
vs O-arylation 1.5:1). The presence of tlearylated producBaa enantioselectivity and thé-:O-arylation ratio in the SAr reaction’?

was unexpected, since in the PTC reactioBavith alkyl bromides In Table 2, the generality of the catalytic enantioselectivarS

no formation of the correspondir@-alkylated products has been reaction is demonstrated for various aromatic substrates reacting
reported. These results suggested that to be able to control the regiowith different nucleophiles.
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Table 2. Enantioselective SyAr Reaction of Aromatic Fluorides

. r stitution reaction. A dramatic improvement of regioselectivity and
la—f with s-Dicarbonyl Compounds 2a—c Catalyzed by 4e (15

enantioselectivity has been achieved by exchanging a benzyl with

mol % . . . .
E ) R a benzoate group in the cinchona alkaloids-derived PTC. The
§ 6 o 0 I\\ reactions proceed in high yields, with excellent regioselectivity and
| P x\b)\oa CsOH, de (15mote) XV = ) high enantioselectivities, with several commercially available
R PhMe/CHCl, 9:1, -40 °C /7~ OFEt activated aromatic compounds. This new reaction provides an easy
° access to optically active dihydroindoles bearing a chiral quaternary
1a-f 2a-c 3b-k . : X .
carbon. Further studies are in progress to elucidate the mechanism
NO, NO, NO, R F R and the origin of enantioselectivity.
N
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1b 1c 1d 1e 1f
aromatic time yield ee Supporting Information Available: Complete experimental pro-
entry fluoride X (h) (%)* (%) cedures and characterization. This material is available free of charge
1 1b —CH,—, 2a 24 3b, 96 92 via the Internet at http:/pubs.acs.org.
2 1c —CH;—, 2a 48 3c, 81¢d 86
3 1d —CH,—, 2a 24 3d, 81 87
4 le ~CH,—, 2a 24 368 70 References
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a|solated yield P Enantiomeric excess determined by HPLL®eaction
temperature= 35 °C. 9 Isomer in the 4-position (see Supporting Informa-
tion). ® Reaction temperature: 20 °C.

The different aromatic compoundd—e react with 2-carboet-
hoxy-cyclopentanon@a to give the desired products in good to
high yields and with up to 92% ee (entries4). Lactams, such as )
pyrrolidone2b, undergo smoothly the\@r reaction; however, an SynthesisACS: Washington, DC, 1997. (b) Sasson Y.; Neumann, R.
enantioselectivity of only 25% ee was found (emry 5). To achieve Handbook of Phase-Transfer CatalysBlackie A&M: London, 1997.

i ; i ; ; (5) For the Pd-mediated enantioselective arylation of enolates, see: (a)
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atom with the Boc group2c), and then the reaction gave the 2002 124, 1261. (b) Spielvogel, D. J.; Buchwald, S. I. Am. Chem.
optically active aromatic substitution prodi&gin very high yield Soc.2002 124, 3500.

%) an 0% ntr " Th her aromati m (6) See e.g.: (a) Christoffers, M.; Mann, Angew. Chem., Int. E®001,
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The products formed have a broad range of applications, e.g.

precursor of oxoindoles bearing a chiral quaternary carbon center.
This motif is present in numerous natural substarieeg] this work
paves the way to an easy new enantioselective approach toward
this class of molecules. Herein, we present a relevant example, the
one-pot synthesis (four-step reactioN-Boc-removal, reduction
of two nitro groups, and ring closure) of the spiro[pyrrolidone-
3,3-oxoindole]5 from compoundg (entry 6). The formation 0%
is achieved in 70% yield (eq 3).

02N NO, TFA, PdiC, NH,HCO,, O NH
MeOH, reflux % @
3
BocN HoN N OO
t02Et H
39 5
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Chem. Soc2002 124, 11240. (c) Harada, S.; Kumagai, N.; Kinoshita,
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So0c.1984 106, 6; 446. For the modifications of cinchona alkaloid-derived
PTC catalysts, see ref 8b.

(12) For the preparation and use of an analogous benzoylated PTC catalyst
from quinine, see: Colonna, S.; Re, A.; WynbergJHChem. Soc., Perkin

Trans. 11981, 547. For the use of benzoylated quinine derivatives in
asymmetric synthesis, see: France S.; Shah, M. H.; Weatherwax, A.;

Wack, H.; Roth, J. P.; Lectka, T. Am. Chem. So2005 127, 1206 and

references therein.

(13) We observed no improvement of the ee witifR: = 9-anthracenylmethyl,

Rl = Bz, X = Cl, ee Ba) = 53%), or varying the substituents of the
benzoate aromatic ring {R= Bn, R2 = p-CI-Bz/p-NO,-Bz/p-OCHs-Bz,
X = Cl).

In conclusion, herein is reported an unprecedented example of (14) See Supporting Information.

an efficient asymmetric organocatalytic nucleophilic aromatic sub-
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