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Chiral Phosphoric Acid Catalyzed Enantioselective Friedel-Crafts
Alkylation of Indoles with Nitroalkenes: Cooperative Effect of 3 A

Molecular Sieves**

Junji Itoh, Kohei Fuchibe, and Takahiko Akiyama*

The enantioselective Friedel-Crafts alkylation! of indoles
with nitroalkenes is one of the most important carbon—carbon
bond-forming reactions for the preparation of biologically
active compounds such as indole alkaloids.”! Although
several chiral catalysts, including salen/AICI complexes,
bis(sulfonamide) compounds,*" thiourea-contaning structur-
es,Pl and Zn" or Cu'-bisoxazoline complexes,?**¢ have
been reported for the reaction, the enantioselectivities are not
always satisfactory. The development of more efficient
catalysts is required.

Recently, novel Brgnsted acid catalysts were developed
and used in a number of asymmetric reactions, and the
chiral phosphoric acids derived from (R)-binol (binol =2,2'-
dihydroxy-1,1"-binaphthyl) have been extensively studied as
versatile organocatalysts for enantioselective reactions.*”
Most of the phosphoric acid catalyzed reactions reported
so far involve imine or iminium ion electrophiles, however,
there are scattered examples that include carbonyl com-
pounds®™ M aziridines,* or nitrones as electrophiles.* The
application of chiral phosphoric acid catalysis to other
electrophiles is desirable, and the enantioselective addition
of a nucleophile to a nitroalkene by using a chiral phosphoric
acid has not previously been reported. We describe herein the
first chiral phosphoric acid catalyzed Friedel-Crafts alkyla-
tion of indoles!” with nitroalkenes to afford Friedel-Crafts
adducts in excellent enantioselectivities (Scheme 1).

Chiral phosphoric acid (R)-3 provided the best enantio-
selectivity in the Friedel-Crafts alkylation of indole 1a with
nitroalkene 2a (2 equiv) in benzene/1,2-dichloroethane (1:1)
at —35°C. Although the system resulted in the formation of
Friedel-Crafts adduct 4a with good enantioselectivity, the
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Scheme 1. Comparison of reactions from previous studies and this
work.

yield was low (Table 1, entry 1).? To our delight, we found
that the addition of activated, powdered molecular sieves
(M.S.) significantly improved both the chemical yield and the
enantioselectivity. Among the molecular sieves examined, the
3 A molecular sieves gave the best result (Table 1, entry 2)."]
Since the addition of a small amount of water to the reaction
mixture deteriorates the chemical yield (Table 1, entry 5),[1213!
we suppose that the molecular sieves absorb the small amount
of water present in the reaction medium.

We explored the scope and limitations of the reaction by
using various indoles and nitroalkenes under the optimized
reaction conditions, and the results are summarized in
Table 2. A wide range of nitroalkenes bearing electron-
donating (2b-c), electron-withdrawing (2d-e), and hetero-

Table 1: Effect of the 3 A molecular sieves.®
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(R)-3: (10 mol%)

Ph
- NO.
C@ + Ph/\/NOZ QEA/ 2

benzene/DCE 1:1

H N
—-35°C, 48 h H
1a 2a 4a
Entry M.S. Yield [%]®! ee [%]
1 5 75
2 3A 76 91
3 4 A 69 83
4 5A 59 838
5 3 Ad 1 60

[a] Reactions were carried out with 1a (0.2 mmol) and 2a (0.4 mmol;
2 equiv) in benzene (0.5 mL)/1,2-dichloroethane (0.5 mL). [b] Yield of
isolated product. [c] Enantiomeric excess was determined by HPLC
analysis. [d] Used 10 equiv of H,O.
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aromatic (2 f) groups underwent the Friedel-Crafts alkylation Ph  NHAG
reaction to afford Friedel-Crafts adducts 4 with excellent b /
enantioselectivities (Table 2, entries 1-6). Aliphatic nitroal- /A
kenes (2g-j) gave the corresponding adducts with high Ph o NO, PR NH, N

W 2. Q—_\f\/ — 6: 92% ee
Table 2: Chiral Bronsted acid catalyzed Friedel-Crafts alkylation of N N Ph
indoles with nitroalkenes.? H H p
R Ri~ R 4a: 92% ee 5 &d s
% + Rz/\/NO2 4»10 ot (RIS \ 4 ] » NO: N
” benzene/DCE 1:1 N H Ph
; ) 3AM.S. (10-40 mg) H4 7:93% ee
-35°C
Scheme 2. Derivatization of the Friedel-Crafts adduct. Conditions:
Entry R’ R? th] Yield %" ee[%]" ) NaBH, (5 equiv), NiCL6H,0 (1 equiv), MeOH, 30 min, 94%;
1 H (1a) Ph (2a) 48 76 (4a) 9] b) AcCl (1.5 equiv), Et;N (1.5 equiv), CH,Cl,, 16 h, 91 %; c¢) PhCHO
2 H (1a) 4-MeC¢H, (2b) 116 64 (4b) 90 (1.2 equiv), CF,CO,H (2 equiv), MgSO,, CH,Cl,, 68 h, 80%, anti:-
349 H (1a) 4-MeOCeH, (2c) 119 74 (4¢) 91 spn=91:9; d) TsCl (1.5 equiv), Et;N (1.5 equiv), CH,Cl,, 17 h, 97 %.
49 H(1a) 4-CICgH, (2d) 115 73 (4d) 91 Ts = p-toluenesulfonyl.
5 H (1a) 4-CF,CH, (2€) 72 84 (4e) 91
6l H (1a) 2-thienyl (2f) 92 71 (4f) 90
71 H(1a Ph(CH,), (2 95 57 (4 88 p p
P E1 a; CH(3(C}2—322)2( (f)h) 234 70 24% 90 previously .prOposed[ﬁa e
gl H (1a) CHy(CH,), (2) 234 77 (4) 90 bered transition state,°*”# wherein _
108 H(1a) CH, (CH,)g (2j) 235 62 (4j) 91 the phosphoric acid worked as a S N—Hg
NE 5.cl(1b)  Ph (2a) M9 63 (4k) 90 bifunctional catalyst. /Q/ ? \P:O>
128 5-Br (1¢) Ph (2a) 119 72 (41) 90 In summary, we have developed RTN N\O~ o O
139 7-Me (1d)  Ph (2a) 83 70 (4m) 94 a chiral phosphoric acid catalyzed .
147 H(1a) Ph (2a) 95 >99 (4a) 91 Friedel-Crafts alkylation of indoles F'ig'ure 1. Plausiblg tran-
[a] Reactions were carried out with 1 (0.2 mmol) and of 2 (0.4 mmol;  with nitroalkenes to generate Frie- ;It:;in st:te;(;l':e :;Syhcl_
2 equiv) in benzene (0.5 mL)/1,2-dichloroethane (0.5 mL). [b] Yield of  del-Crafts adducts with excellent kZﬂ:ﬁ; t?ehinz theoa
isolated product. [c] Enantiomeric excess was determined by HPLC .. .. calectivities. We found that indole ring
analysis. [d] The reaction was performed at —20°C. [e] Employed 5 equiv 3 A molecular sieves lead to an '
of 2. [f] Used 2 equiv of 1a and 20 mol % of (R)-3 at —20°C. [g] Used .. . .
20 mol % of (R)-3. [h] The reaction was performed on a one-gram scale efficient Friedel-Crafts alkylation
(8.56 mmol) in the presence of 850 mg of 3 A molecular sieves and ~ iN the presence of a chiral phosphoric acid. This reaction is
5 equiv of 2a. the first example of nitroalkene activation catalyzed by a
chiral phosphoric acid, and additional investigations to clarify
the reaction mechanism and its application to other enantio-
enantioselectivities (Table 2, entries 7-10), but long reaction  selective reactions are underway.
times were necessary to obtain good yields. The reaction
tolerated a variety of different indoles (1b-d) and gave  Received: February 16, 2008
excellent results (Table 2, entries 11-13). Published online: April 16, 2008
This reaction was carried out on a one-gram scale to
demonstrate the synthetic utility of the present system. When ' Kéywords: asymmetric synthesis - Bronsted acids -
1.00 g of indole 1a was treated with 5 equivalents of nitro- enantioselectivity - Friedel-Crafts alkylation - indoles
alkene 2a, 2.28 g of corresponding adduct 4a was obtained in
high chemical yield without any loss in the enantioselectivity
(Table 2, entry 14). [1] For reviews on Friedel-Crafts alkylation reactions, see: a) K. A.
Next, Friedel-Crafts adduct 4a was transformed into Jgrgensen, Synthesis 2003, 1117-1125; b) M. Bandini, A.
triptamine 5,7 melatonin analogue 6,°" and 1,2,3,4-tetrahy- Melloni, A. Umani-Ronchi, Angew. Chem. 2004, 116, 560
dro-p-carboline derivative 7 (Scheme 2). These products 566; Angew. Chem. Int. Ed. 2004, 43, 550-556; ¢) M. Bandini,
were obtained in good yields without racemization. A. Melloni, S. Tommasi, A. Umani-Ronchi, Synlett 2005, 1199 —
... . . . . 1222; d) S. B. Tsogoeva, Eur. J. Org. Chem. 2007, 1701 -1716.
To gain insight into the reaction mechanism we examined [2] a)K.S. Jandu, V. Barrett, M. Brockwell, D. Cambrige, D. R.
N-Me indole as a substrate under the optimized conditions. Farrant, C. Foster, H. Giles, R. C. Glen, A. P. Hill, H. Hobbs, A.
As expected, both the chemical yield and the enantioselec- Honey, G. R. Martin, J. Salmon, D. Smith, P. Woollard, D. L.
tivity deteriorated significantly (11% yield, 0% ee). The Selwood, J. Med. Chem. 2001, 44, 681-693; b) A. Finaru, A.
presence of the N—H moiety of indole ring is essential for Berthault, T. Besson, G. Guillaumet, S. Berteina-Raboin,
attaining high yield and enantioselectivity, therefore we Tetrahedron Lett. 2002, 43, 787-790; c) K. Paulvannan, R.
. . . . . Hale, R. Mesis, T. Chen, Tetrahedron Lett. 2002, 43, 203 -207.
assume that the p.hosphorlc acid activates the nitro moiety [3] a) M. Bandini, A. Garelli, M. Rovinetti, M. Tommasi, A. Umani-
and at the same time the phosphoryl oxygen atom forms a Ronchi, Chirality 2005, 17, 522-529; b)W. Zhuang, R.G.
hydrogen bond with the hydrogen atom of the indole N—H Hazell, K. A. Jgrgensen, Org. Biomol. Chem. 2005, 3, 2566 —
moiety (Figure 1). This arrangement is in agreement with the 2571;c) R. P. Herrera, V. Sgarzani, L. Bernardi, A. Ricci, Angew.
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20006, 8, 2115-2118; f) E. M. Fleming, T. McCabe, S. J. Connon,
Tetrahedron Lett. 2006, 47, 7037-7042; g) P. K. Singh, A. Bisai,
V. K. Singh, Tetrahedron Lett. 2007, 48, 1127-1129.

For reviews on Brgnsted acid catalysis, see: a) P. R. Schreiner,
Chem. Soc. Rev. 2003, 32, 289-296; b) P. M. Pihko, Angew.
Chem. 2004, 116, 2110-2113; Angew. Chem. Int. Ed. 2004, 43,
2062-2064; c) C. Bolm, T. Rantanen, I. Schiffers, L. Zani,
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The absolute stereochemistry of 4a was determined by chiral
HPLC analysis by comparison to the retention time described in
the reference [3c].

The powdered 3 A molecuar sieves were activated by placing the
powder under vacuum and heating with a heat gun for
10 minutes.

For leading references on molecular sieves, see: a) J. K. Thomas,
Chem. Rev. 1993, 93, 301-320; b) M. E. Davis, Acc. Chem. Res.
1993, 26, 111-115.

When 1a and 2a were treated with 3 A M.S. alone, 4a was
obtained in 3 % yield.
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