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The 3-indolyl methanamine structural mo8fis embedded in Scheme 1. A General Approach toward 3-Indolyl Methanamines 3
numerous indole alkaloids and synthetic indole derivativés via Enantioselective Friedel—Crafts Reaction

efficient catalytic asymmetric FriedeCrafts reaction of indoles R{j\/\} PN R R R
L . . . . NP PN Lewis ¢ \ J ¢
with imines2 will provide a direct, convergent, and versatile method 1. H N Acd
. . . . . —_— — S~y —
for the enantioselective construction ®from readily accessible H™ "R' chiral RL/ N N | N4
achiral precursors (Scheme?2LY. If realized with a readily acces- z  Catayst H ,, product

decomposition
sible chiral catalyst and in broad scope for both the indosnd

the imine2, especially including alkyl imines, this reaction could Table 1. Enantioselective Friedel—Crafts Reaction with Cinchona

enable the development of new strategies for asymmetric synthesigkaloids? on

of chiral indole compounds. \ NBs (Sg‘,‘f]ﬁ;‘% NHBs
Despite considerable efforts, to ddtepnly two highly enanti- @E,} + H ™ tr N
oselective catalytic FriedelCrafts reactions of indoles and imines mh 2a: Bs=SO,Ph ha

have been reported, and both utilize chiral Cu complexes as cat-
alysts? While these chiral Cu complexes effectively promote
enantioselective FriedelCrafts reactions of indoles with aryl
imines2ando-imino estersP respectively, they have not yet been
shown to be effective for any unactivated alkyl imines. Moreover,
their efficiency also depends on the electronic properties of the
indoles’@ For example, although the addition of 5-methoxyindole ety  catalyst T°C conv%® eel*° entty catalyst T°C convi% eel%

CF3
HO.

FsC CFs

5:R = H; 6: R=OMe

to N-(4-nitrobenzylidene)benzenesulfonamide with a chira-Cu 1 quinidine 23 <5 8 QD4a 50 9 8
bisoxazoline complex took place in 92% ee, the addition of 2 Qb4a 283 <5 9 QD4b 50 41 4
. . ! . 3  QD+4b 23 <5 10 QD4c 50 6 0
5-bromoindole proceeded in only 77% ®ederein, we wish to 4 QD4c 23 <5 1 5 50 35 94
report the first highly enantioselective Friedélrafts reaction of 5 5 23 12 96 12 6 50 86 89
indoles with imines with a chiral organic catalyst. Unprecedentedly 6 6 23 20 9% 18 6 50 100 92
’ ’ 7 quinidine 50 74 0 1947 50 100 92

the high enantioselectivity of this catalytic reaction is sustainable
not only for indoles of various electronic properties but also for aUnless noted, reactions were carried out viigh(0.10 mmol) andlA
both aryl and alkyl imines. gObZ(tJ mmOI)énbO'll-?PTIC_:Of So|lve'gt'rfﬁr 48 ﬁ.ltD_etermined by lalMRte_anaEli/cs)iz.
The associaton of 3indolyl methanamisith an acidiswell- SIS by HPLE analysidThe reacton was camed out n E1OAG
known to trigger its reaction with indoles to form bisindole com- 1A (0.60 mmol) in EtOAc (0.15 mL) for 36 h.
pounds (Scheme #}.78 Furthermore, alkyl imines readily tau-
tomerize to the corresponding enamine. Thus, the development of
an efficient catalytic enantioselective Friedg€lrafts reaction of
indoles1 and imine<2 requires a chiral catalyst that is effective in

activating the weakly electrophilic iminesyet is still compatible enantioselectivity remained very high even at°&) at which the

with the acid-sensitive 3-indolyl methanamir@and imines2. reaction was much faster (entries 11 and 12, Table 1). After further
We and others have reported readily accessible and tunable 6 optimizations, we established that the reaction with 10 mol % of

OH?®%and 9-thioure# cinchona alkaloids as bifunctional catalysts quinidine-derived 9-thiourea cinchona alkal@dn ethyl acetate

for asymmetric G-C bond forming reactions. Mechanistic studies gt 59°c proceeded to completion after 24 h to aff@mia in 92%

of cinchona alkaloic®*2and chiral thiouredd#indicate thatthese  gg (entry 13). The corresponding quinine-derived catdlgétorded

newly emerging bifunctional chiral organic catalysts promote asym- the same enantioselectivity for the other enantiome3As (entry

metric reactions through a network of hydrogen bonding interactions 14). Notably, under the same conditidtMe indole was found to

with the reacting nucleophiles and electrophiles. We envisaged thatpe inactive. This experimental result is consistent with the notion

such traits, achieving efficient catalysis via multiple and mild acti-  that 9-thiourea cinchona alkaloids activate the ind@k)(and the

vating interactions simultaneously with the two reacting substrates, imine through hydrogen bonding interactions.

might render these bifunctional chiral organic catalysts particularly ~ We then examined the scope of the reaction. The enantioselec-

suitable to address several challenging problems in the developmentivity of the Friedet-Crafts alkylation of various indoles with imine

of enantioselective FriedelCrafts reaction of indoles with imines  2a was found to be insensitive to the electronic property of the

as described abové. indole ring (entries 1, 37, Table 2), in contrast to that by the
We therefore investigated’-©H and 9-thiourea cinchona  chiral Cu complex. The enantioselectivity did not change when the

alkaloids @—6) for their ability to promote the FriedelCrafts protecting group ir2 was changed froriN-Bs to N-Ts 6 We were

reaction of indole TA) to N-Bs phenyl imines?a (Table 1). At pleased to find that this reaction is very general with respect to the

roomtemperature in THF, the reactions with6 proceeded in less
than 20% conversion after 48 h (entries@). However, the reaction
was found to proceed in very high enantioselectivity with the
9-thiourea cinchona alkaloids (entries 5 and 6). Remarkably, the
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Table 2. Cinchona Alkaloid-Catalyzed Friedel—Crafts Reactions of
Indoles with Aryl Imines@

NHP
7or6(10 mol%) ~

N '

1 H H 3 R

Entry 1 Time/h  Yield/%° ee/%°
1 1A:R=H 2a: R'=H, P=Bs 36(36) 87(96) 94(92)
2 1A:R=H 2b: R'=H, P=Ts 60(60)  96(96) 94(94)
3 1B:R=6-CI 2a 72(72)  86(88) 90(95)
4 1C:R=6-Br 2a 60(72)  86(88) 95(95)
5 1D: R=6-OMe 2a 36(36) 89(90) 92(91)
6 1E:R=5-Me 2a 48(36)  98(94) 89(90)
7 1F:R=4-OMe 2a 72(72) 88(94) 91(89)
8 1A 2c:R'=4-Cl, P=Ts  28(28) 98(98) 94(93)
9 1A 2d: R'=3-OMe, P=Ts 72( 2)  94(95) 92 90)
10 1A 2e: R'=2-Br, P=Ts  18(18)  98(98) §93)
11 1A 2f: R=4-CF3, P=Ts  8(8)  97(97) 96%97)
12 1A 2g: R'=4-Me, P=Bs  46(46)  93(96) 92 (94)

NTs
13 1A N H 12(12)  88(89) 96(94)
\_§ 2n

14 1D 2f 36(36) 92(99) 95(94)
15° 1C 2d 72(72) 86(83) 86(83)

aUnless noted, reactions were carried out with 0.3 mm@, &6 mmol
of 1in 0.15 mL of EtOAc with 10 mol % o, and the results in parentheses
were obtained withé to give the opposite enantiomer; see Supporting
Information. P Isolated yield.c Determined by HPLC analysi8.The absolute
configuration was determined to b§ see Supporting Information.
¢ Reaction at 70C.

Table 3. Enantioselective Friedel—Crafts Reactions of Indoles
with Alkyl Imines?

NHTs NTs

NTs NTs NTs NTs
)T-s 1A SR H )\)LH \/\)LH Bno\)LH
R 2 H 7o0r6 N— 3 2i 2j 2k 21 2m
(10 mol%) H
entry 2 T°C time/h yield/%®? ee/%°
1 2i 50 48(48) 86(88) 94(92)
2 2j 50 48(48) 85(84) 94(9%
3 2k 50 12(12) 85(85) 95(96)
4 2 50 12(12) 53(55) 96(97)
5¢ 2m —-25 10(10) 65(65) 96(96)

aUnless noted, reactions were carried out w2ti(0.3 mmol) and1A
(0.6 mmol) in EtOAc (0.15 mL), and the results in parentheses were obtained
with 6 to give the opposite enantiomer; see Supporting Informatfoisp-
lated yield.c Determined by HPLC analysig.The absolute configuration
was determined to b, see Supporting Informatio.Reaction in toluene.

Scheme 2. Conversion of N-Ts to N-Cbz 3-Indolyl Methanamine 8
CbzCl, Na,CO;3

1T Na, N, N2 THEH0 (21) NHCB2
TR " TR 0°C to RT TR
N -78°C, 5 min N (98%, R =Ph 2 steps) N
H H (97%, R =i-Pr 2 steps)  H
(+)-3Ab R = Ph 94% ee 8ADR = Ph 94% ee
()-3Aj R = i-Pr 94% ee 8AjR = i-Pr 94% ee

imines2. Aryl imines of various electronic propertiedg—h) could

be readily converted into the desired adducts in-8%% ee and
83—99% vyield. The ability of catalyst6 and 7 to afford high
enantioselectivity at elevated temperature allows the reaction of
even relatively electron-deficient indoleC with an electron-rich
aryl imine2d to proceed in useful enantioselectivity (entry 15, Table
2). Most significantly, excellent enantioselectivity could be achieved
with various N-Ts alkyl imines, including those bearing no
a-substituent2i—m, Table 3). Finally, the removal of thé-Ts in

3 could be readily accomplished in excellent yield without compro-
mising the integrity of the stereocenter (Schemé’2).

In summary, we have developed the first highly enantioselective
Friedet-Crafts reaction of indoles with imines using a chiral organic
catalyst. With unprecedented scope for both indoles and imines
and utilizing practical chiral catalysts, this reaction provides a direct
and broadly useful catalytic enantioselective approach toward

3-indolyl methanamine8, which should facilitate the asymmetric
synthesis of biologically interesting indole compounds. Its unique
applicability to alkyl imines, in particular, should open new possibil-
ities in the total synthesis of indole alkaloids and their analogues.
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