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Abstract: Direct alkylation of a secondary sp®> C—H bond of indoline  proceeded as
derivatives having a urea moiety with terminal alkenes proceeded in  dichloroethane w
the presence of a hydroxoiridium/1,5-cyclooctadiene catalyst, which  Although a chloroiri

would generate an amidoiridium intermediate by the reaction with an  activity. ined use of [{IrCl(cod)};] and bases
urea N-H moiety of the indolines, giving the linear addition products  such as K,COj3 4 promoted the present reaction
in high yields. (entries 7 and 8). The presence of binap (2,2-

bis(diphenylphgsphino)-1,1'-binaphthyl) as a ligand completely
iihibited th action (entry 9). The hydroxorhodium complex

Direct C—H alkylation reaction with unsaturated bonds is one of layed noRatalytic activity (entry 10).

the most useful and attractive methods realizing highly atom-
efficient C—C bond formations in synthetic organic chemistry."

The sp® C-H bond adjacent to nitrogen is reactive towargs us work [{Ir(OH)(cod)},] o Y
transition metal catalysis, and the selective alkylation has g?pfgg'z"/gs'%om Rt M Re p‘<
developed by using a variety of early and late transition Meta \ R  ———— 2, NN @
catalysts.””! In particular, directed C-H activation has_played Me KAR3 P4<
an important role in such transformations using late 1 2 o 3 )\
metals. For example, Ru-catalyzed alkylations of t L, R1‘NJ\N/R24>R1\NJ\N R? J dippbz
bond of 2-(N-alkylamino)pyridines with alkenes wer Me Ir [
Jun® and Murai,® independently. Shibata a I Il H
reported enantioselective sp® C—H bond acfj 0 0
(alkylamino)pyridines  catalyzed by cationic j No reaction Ph\NJkN'Ph /\NJLN‘Ph
bisphosphine complexes.®®“®!  Very recently, Tran P 4 H 5 H
reported Ir-catalyzed C—H alkylation of cyclic amines substitu )

i i [6f] ; b) This work
with a thiocarbonyl group.™ In this context, we recently repQrted o o
direct C—H alkylation of an aminomethyl group of ureas 1 = I A [{Ir(OH)(cod)}5] [ A
terminal alkenes catalyzed by a iridi R/ N H * AR R%
complex (Scheme 1a)®  The i R

Scheme 1. Ir-catalyzed sp3 C-H alkylation of ureas.

Table 1. Reaction optimization of Ir-catalyzed C—H alkylation of indoline.”

. 7 O jj]\
found that indoline deriva i [ %J\N’Ph + A Ar % %Ph
H 60°C, 20 h H
substrates for the secondar ) Ar = 4-MeOCgH,, Ar
Here we report that the dire
bonds of indolin i

by a hydroxol i with 1,5-  Entry Catalyst Solvent Yield [%]®
cyclooctadiene.

1a 2a 3aa

Treafment of N-p lindoline-1-carboxamide (1a) with 4- ! [{Ir(OH)(cod)k=] Toluene %
metho [ resence of [{Ir(OH)(cod)}] (5 mol% 2 KIr(OH)(cod)}] 1,4-Dioxane 89
of Ir, in toluene at 60 °C for 20 h gave
the hydroalkylation p in 99% vyield (Table 1, entry 1). 3 [Ir(OH)(cod)}] THF 58

3 . e . .
The sp” C—H alkylation occurred at the 2-position of the mgolme 4 [{Ir(OH)(cod)}a] 1.2-Dichloroethane 12
ring with the high linear selectivity (over 98%), and an sp® C—H
bond at the 7-position was inert. The reaction in 1,4-dioxane 5 [{Ir(OH)(cod)},] DMF 12



6 KIrCl(cod)},] Toluene 0
7t [KIrCl(cod)}2] Toluene 69
g [KIrCl(cod)}2] Toluene 37
gt [Ir(OH)(cod)}2] Toluene 0
10 {Rh(OH)(cod)},] Toluene 0
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products 3bi-bk in good yields (entries 8-10), in contrast to the
branch-selectivity observed in the reactions of sp® C-H
alkylation with vinyl ethers."” Electron-deficient alkenes such as
methyl vinyl ketone and diethyl vi hosphonate, and internal
alkenes, (E)-2-octene and cyclooC ere not applicable to
the present reaction.

Table 3. Scope of alkenes.”

[a] Reaction conditions: 1 (0.10 mmol), 2a (0.15 mmol), and [{Ir(OH)(cod)},] (5 o 0

mol% of Ir) in solvent (0.10 mL) at 60 °C for 20 h. [b] Determined by "H NMR. J\ Ar )k _Ar

[c] With K,CO; (10 mol%). [d] With KsPO, (10 mol%). [e] With 2,2 NN+ N H

bis(diphenylphosphino)-1,1'-binaphthyl (binap, 6 mol%). H R

Ar= 4-CF3CgH4
The reactivity of the indoline derivatives was found to be 1b 2 3

greatly influenced by the substituents R on the urea nitrogen ] o

(Table 2). The high reactivity comparable to 1a (entry 1) was  E"Y ‘ Yield [%]

observed for N-(4-(trifluoromethyl)phenyl)indoline-1- \ " 89 (98:2)

carboxamide (1b) giving 3ba quantitatively (entry 2). In contrast,

an electron-donating MeO group on the phenyl of 1¢c decreased 2 4- Me&) 3bc 91 (98:2)

its reactivity (entry 3). Indoline 1d having a 3,4,5-trifluorophenyl \ _

group had low solubility resulting in a low yield of the alkylation 3 .M 3bd 92(98:2)

product 3da (entry 4).! Neither indoline 1e having ortho- 4 m 3be 92 (98:2)

(trifluoromethyl)phenyl  nor  1f  substituted  with  3,5-

bis(trifluoromethyl)phenyl reacted with 2a probably due to their 5, 2fCeH (26) 3bf 91(98:2)

steric bulkiness (entries 5 and 6). Although the alkylation of ‘ ‘CHZ 29) 3bg 77 (+99:1)

indoline 1g having a benzyl group did not proceed at all (entry 7),

1h substituted with an electron-withdrawing 2,2,2-trifluoroethyl 7 \ n-Bu (2h) 3bh 85 (>99:1)

group showed a moderate reactivity giving 3ha in 28% yield

(entry 8) A O-n-Bu (2i) 3bi 82 (95:5)
H’Bu @) 3bj 64 (>99:1)

Table 2. Effect of substituents of ureas.”! OPh (2K) 3bk 91 (98:2)

[{Ir(©H)(cod)}2] O

R (5 mol% Ir) JU R
)k + /\Ar 4‘)» N N
toluene H
Ar=4-MeOCgH4 60°C, 20 h r
2a
Entry R 3 Yie
1 Ph (1a) 3aa 99 (98:2) |
2 4-CF3CeH, (1b 3ba 99 (98:2
+CeH (1b) a ©82) Y\
3 4-MeOCqH, (1c) A 39 (95:5)
4 3,4,5-F5CsH, (1d) 3M5,
5 2-CF3CqH. (1e) A 3 W
6 3,5- (CF3)206H3 (1f) .‘ 0
7 PhCH, (1

8 CF4CH;, (1h) \ 3ha

' 28 (>99:1)
B N
[a] Reaction condi

i itlons: 1a (0.10 mm a (0.15 mmol), and [{Ir(OH)(cod)},]
(5 mol% of Ir) in tol r 20 h. [b] Isolated yield.

Table 3 Its obtained for the

ral terminal alkenes 2 with N-(4-
ine-1-carboxamide (1b).  Styrene
are good substrates to give the
ts 3bb-bf in high yields (entries

Su

correspondin
1-5). Allylbenzene (2g) and 1-hexene (2h) also reacted with 1b
to give 3bg and 3bh, respectively, in good yields (entries 6 and
7). The reactions of vinyl ethers 2i—k gave also linear addition

[a] Reaction conditions: 1b (0.20 mmol), 2 (0.60 mmol), and [{Ir(OH)(cod)},] (5
molw Ir) in toluene (0.20 mL) at 60 °C for 20 h. [b] Isolated yield.

s shown in Scheme 2, several substituted indoline 1
cted with para-methoxystyrene (2a) to give the alkylation
roducts. Functional groups (X) at the 5 and 6 positions of the
aromatic rings of the indolines 1i—1 were tolerated in the reaction,
giving high yields of adducts 3ia-la."" In contrast, indoline 1m
substituted with a 7-methyl group or 7-azaindoline 1n displayed
no reactivity. A high diastereoselectivity was observed for the
reaction of indoline 10 having a methyl group at the 3 position,
giving frans-3oa in 51% yield. Tetrahydroquinoline 1p also
reacted with 2a to give 3pa in 59% yield in the presence of 10
mol% of Ir.



[{Ir(OH)(cod)}.] — i A
)k Ar+ A ar (5 mol% Ir) x/ J~N"ON r

toluene H

60 °C, 20 h Ar'

Ar' = 4- CF3CGH4 Ar'= 4- MeOCGH4 3

7 (e}
J\ JAr
N~ °N
H
Ar'

X = Me (3ia), 85% (>991 ol 3la; 86% (982 3ma: 0%
OMe (3ja), 72% (95:5)1!
Br (3Ka), 93% (>99:1)
o 0
o)
Ar
Ny %Ar NLH/
H
H N Ar' /K/\Ar'

Ar'

3na: 0% 30a: 51%0) 3pa: 59% (98:2)<

Scheme 2. Ir-catalyzed sp3 C-H alkylation of indolines.® [a] Reaction
conditions: 1 (0.20 mmol), 2a (0.60 mmol), and [{Ir(OH)(cod)}.] (5 mol% of Ir)
in toluene (0.20 mL) at 60 °C for 20 h. [b] In xylene (0.2 mL). [c] 10 mol% of Ir
was used.

A urea moiety of 3ba obtained here was readily removed by
basic hydrolysis, giving free indoline 6 in high yield (Scheme 3).

O NkN KOHaq

H DMSO

O 120 °C, 3h
OMe

Scheme 3. Transformation into a free indoline derivative.

3ba

Mechanistic insight into the catalytic cycle wa
the experiments shown in Schemes 4 and 5. Tetras
urea 1q was inert under the present reaction condifi
(Scheme 4). As described before, the reaction was efficiently
catalyzed by the hydroxoiridium complex, and bases
essential for promoting the reaction
(Table 1). These results indicate

[{Ir(OH)(cod)}2]

mol% Ir) )
No reaction

Scheme 4. Reaction of tetrasubstitu

eriments was shown in
1b with D,O (40 equiv) in the presence
-dioxane at 60 °C for 2 h gave
euterium at the 2 position of a
well as at the 7-position (17% D,
Scheme 5a).'? 2H NMR spectscopic analysis also supported
the H/D exchange. As shown in Scheme 5b, indoline 1b
recovered after the reaction with deuterated alkene 2a-ds!" in

The results of
Scheme 5. Treatme
(cod)}o]
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toluene at 60 °C for 2 h displayed partial H/D exchange at the 2
position (0.05D/2H). A partial H/D exchange of recovered
alkene 2a-ds; was also observed. These results indicate that the
C-H activation and the alkene i ion are reversible. The
deuterium incorporation at the 7 of product 3ba was
separately confirmed by the reaction o ith 2a-ds: a 11%
deuterium incorporation was observe
with 2a-d; (1.5 equiv) in th esenc

for 2 h.

(@)

0.16D/2H

[{Ir(OH)(cod)}2]
(5 mol% Ir)

toluene
60°C, 2h

Ar = 4-MeOCgH,4

82% D
JL 83% D

* X /\Ar

4%

Qﬂ

7% D

84%
1. 8D/2H O 9D/2H

Scheme 5. Deuterium-labeling experiments.

E Ir = [Ir(cod)]

. B/

DIR“T CH

2

Scheme 6. Proposed catalytic cycle .

Based on the deuterium-labeling experiments, the catalytic
cycle proposed for the present C—H alkylation of indoline 1a with
alkene 2 is illustrated in Scheme 6. The reaction of indoline 1a
with the hydroxoiridium A forms amidoiridium B. Oxidative
addition of the methylene C-H bond to Ir forms
alkyl(hydrido)iridium(Ill) species C." Linear-selective alkene



insertion into the Ir-H bond forms D, and irreversible reductive
elimination gives amidoiridium E. Hydrolysis of E leading to 3
regenerates species A.

In summary, we have developed direct alkylation of a
secondary sp® C—H bond of indoline derivatives with terminal
alkenes. The reaction was efficiently catalyzed by a
hydroxoiridium/1,5-cyclooctadiene complex. = The methylene
group adjacent to the nitrogen atom of the indolines was
selectively alkylated with the terminal alkenes, giving the linear
addition products in an atom-economical manner.

Experimental Section

Indoline 1 (0.20 mmol), alkene 2 (for solid compounds, 0.60 mmol), and
[{IrCl(cod)}2] (3.2 mg, 0.0050 mmol, 5 mol% of Ir) were placed in a
Schlenk tube under N,. Toluene (0.20 mL) and alkene 2 (for liquid
compounds, 0.60 mmol) were added successively. The Schlenk tube
was capped with a glass stopper and heated at 60 °C for 20 h with
stirring. The solvent was removed on a rotary evaporator, and the
residue was subjected to preparative TLC on silica gel eluted with
EtOAc/hexane (1:4) to give 3.
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