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The conversion of organic halides to organometallics by
direct metal insertion (the Grignard reaction) is a very gen-
eral method. The LiCl-mediated insertion of Mg,"! Zn,”
ALP Mn,” and InP! has proven to be especially effective
and provides access to a range of functionalized organome-
tallic reagents that can readily be applied to cross-coupling!®
and other reactions with electrophiles.m Nevertheless, some
functionalized halides, such as 4-bromobenzonitrile (1a), do
not insert magnesium under standard conditions and require
specific optimization because of radical side-reactions. Takai
and Tkawa first reported the beneficial effect of indium(III)
halides on the insertion of aluminum metal into allylic hal-
ides.”®! This observation solved the problem of the erratic be-
havior of the direct insertion of magnesium into the bromo-
nitrile 1a and led us to develop a new, general one-pot pro-
cedure for the preparation of triorganoindium compounds
of type 2, 5, 8, and 11, starting from various organic halides
(chlorides and bromides).

Organoindium compounds are versatile organometallic in-
termediates for organic synthesis because they display a
high functional group tolerance and are mainly prepared by
transmetalation reactions.”” A direct insertion of indium
powder is only possible with activated organic halides and
requires a large excess of this expensive metal.>'” However,
the treatment of 1a (1.00 equiv) with magnesium turnings
(2.50 equiv) in the presence of LiCl (2.50 equiv) and InCl,
(0.33 equiv) at room temperature in THF for 4 h leads to
the corresponding triorganoindium reagent (2a) in good
yield (77 %; Scheme 1). No excess of indium(III) is neces-
sary under these conditions. Iodolysis followed by gas-chro-
matographic analysis showed complete conversion and more
importantly the absence of significant amounts of side prod-
ucts. Sarandeses and co-workers pioneered and further es-
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Scheme 1. Preparation of tri(4-cyanophenyl)indium (2a) from 4-bromo-
benzonitrile (1a) by means of Mg insertion in the presence of LiCl and
InCl; and subsequent Pd-catalyzed cross-coupling. [a] Complexed LiCl
and magnesium halides are omitted for clarity.
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tablished Pd-catalyzed cross-couplings with organoindium
reagents."! Interestingly, a Pd-catalyzed cross-coupling of
tri(4-cyanophenyl)indium (2a) with the Buchwald ligand (2-
dicyclohexylphosphino-2’,6'-dimethoxybiphenyl (S-Phos))!?!
led to a smooth reaction with ethyl 4-bromobenzoate (1b;
THEF, 50°C, 12 h), providing the desired biphenyl 3a in 71 %
yield. Ethyl 4-iodobenzoate (1¢) was also used instead of 1b
as an electrophile, which resulted in an increased yield of 3a
(81 %; Scheme 1).

Herein, we report that this method is general and applies
to aryl, heteroaryl, and alkyl bromides, as well as benzyl
chlorides. In all cases, the resulting indium reagents react
with aryl halides in the presence of a palladium catalyst
(Scheme 2).

Mg, LiCI
InCl (0.33 equiv E-Y
Fo-r-x o2 0CMY o GRS —E Y~ FG-R-E
THF, 25 °C [Pd]
THF or DMAC
50 or 80 °C

Scheme 2. Preparation of triorganoindium reagents by means of Mg in-
sertion in the presence of LiCl and InCl;. X=Br, Cl; Y=Br, I; R=aryl,
heteroaryl, benzyl, alkyl; E=aryl, heteroaryl; FG =functional group;
[Pd]=Pd(OAc), (2%), S-Phos (4%) or [PdClL,(PPh;),] (4%); DMAC=
N,N-dimethylacetamide. [a] Complexed LiCl and magnesium halides are
omitted for clarity.

Therefore, ethyl 4-bromobenzoate (1b) could also be
smoothly converted to the corresponding triarylindium re-
agent, 2b, in 4 h at 25°C with Mg/LiCl (2.5 equiv) and InCl,
(0.33 equiv). Subsequent cross-coupling with 3-iodobenzoni-
trile (1d) or 4-bromoanisole (1e; Table 1, entries 1 and 2, re-
spectively) in THF at 50°C with Pd(OAc), (2% ) and S-Phos
(4%),0% as the catalytic system, led to the corresponding bi-
phenyl, 3b or 3¢, in 57-67% yield after 12 h. Moreover,
tri(4-chlorophenyl)indium 2¢ could be efficiently prepared
by a selective insertion of Mg into the C—Br bond of 1-
bromo-4-chlorobenzene (1f) and was coupled to bromoben-
zocaine (1g) in 82% yield (Table 1, entry 3). The electron-
rich tri(para-anisyl)indium (2d) and tri(ortho-dimethylami-
nophenyl)indium (2e) were also accessible from substrates
1e and 1i under mild conditions (25°C, 4 h) and underwent
cross-couplings with 4-iodonitrobenzene (1h) and 1a in 69—
84 % yield (Table 1, entries 4 and 5, respectively). Moreover,
tri{[(diethylcarbamoyl)oxy]|phenyl}indium (2 f) was prepared
from the corresponding bromoarene (1j) and could be re-
acted with 1a, the bromobenzamide (1k), or the unprotect-
ed bromoindole (4a) in 64-87% yield (Table 1, entries 6-8)
under the coupling conditions developed (Pd(OAc),/S-Phos;
THEF, 50°C). In several cases, it was found that a smaller
amount of magnesium turnings (1.5 instead of 2.5 equiv)
lead to similar results (Table 1, entries 6-8).

The method could also be applied to the preparation of
heteroaromatic indium reagents. Thus, 3-bromopyridine
(4b) was reacted with Mg turnings, LiCl, and InCl; (1.50,
1.50, and 0.33 equiv, respectively) at 25°C in THF and after
4 h full conversion to the corresponding organometallic re-
agent (5a) was detected by GC-MS analysis of a reaction
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Table 1. Cross-coupling of triarylindium reagents of type 2, obtained from aryl
bromides 1 by Mg insertion in the presence of LiCl and InCl;, with different or-
ganic halides as electrophiles.

Table 2. Cross-coupling of triheteroarylindium reagents of type 5, ob-
tained from heteroaryl bromides 4 by Mg insertion in the presence of
LiCl and InCl;, with different organic halides as electrophiles.

Mg, LiCl Mg, LiCl
InCl; (0.33 equiv) E-X InCl; (0.33 equiv) E-X
Ar—Br ——— > 033Arghnl® ———— » Ar—E HetAr—Br ————— > 0.33 HetArgin) — = HetAr—E
THF,25°C,4h 2 % Pd(OAc), THF,25°C, 4 h 2 % Pd(OAc),
2 4 % S-Phos 5 4 % S-Phos 6
THF, 50 °C, 12 h THF,50°C, 12 h
Entry Ar—Br E-X Product (Yield [%])" Entry HetAr—Br E-X Product (Yield [%])"
CN CN Br
Etozc@Br B BrOCOzMe @—@cozl\ne
. coe{ ) > -
(el ] 1 4pl 114 6b (82)
1 1b 1d 3b (67) oMe one
EtOZCOBr BrOOMe EtOZCOMe NN B IOCN N~
i MeO—( CN
2 1bt 1el 3¢ (57) MeO” N N=
H,N H,N )
2 4l 1m!" 6c (68)
o 5Ly O . s
A\ BrO—/( 0
CO,Et CO,Et b NHBy ) O
3 1fidl 1g[d| 3d (82) NH{Bu
3 44 1k 6d (76)
MeO Br | NO, MeO NO,
Br Br- O
4 1eld 1h 3e (84) N
NMe, NMe, > N Y O NH
o H ©
o =0 :
Br CN
4 44 43l Ge (69)
jlc! [d]
3 étlzNOCO Ta 2;,5%90)0 [a] Complexed LiCl and magnesium halides are omitted for clarity.
Br@ oN [b] Yield of isolated, analytically pure, product. [c]Mg turnings
Br O O CN (1.50 equiv), LiCl (1.50 equiv), and InCl; (0.33 equiv) were applied to the
el i preparation of the triheteroarylindium reagent. [d] 0.80 equivalents of
6 éi] NOCO 1a Etgr\%(‘l)o electrophile were used. [e] Mg turnings (2.50 equiv), LiCl (2.50 equiv),
2 O : 0 and InCl; (0.33 equiv) were applied to the preparation of the triheteroar-
@Br Br NHIBU O O ylindium reagent. [f] 0.70 equivalents of electrophile were used.
NHtBu
7 1 1kl 3h (87)
Et,NOCO Br Et,NOCO
m S
@’Br N H In a similar manner, the tripyridylindium derivative 5a
3 1 4all 3i (64) was coupled with 4-bromomethylbenzoate (11) in 82 % yield

[a] Complexed LiCl and magnesium halides are omitted for clarity. [b] Yields of
the isolated, analytically pure, product. [c] Mg turnings (2.50 equiv), LiCl
(2.50 equiv), InCl; (0.33 equiv) were applied to the preparation of the triarylin-
dium reagent. [d] 0.70 equivalents of electrophile were used. [e] Mg turnings
(1.50 equiv), LiCl (1.50 equiv), InCl; (0.33 equiv) were applied to the prepara-
tion of the triarylindium reagent. [f] 0.80 equivalents of electrophile were used.

aliquot. The tri(3-pyridyl)indium reagent 5a could be cou-
pled with the unprotected 5-bromoindole (4a) by using Pd-
(OAc), (2%) and S-Phos (4% ), leading to the heteroaryl-
ated indole 6a in 90 % yield (Scheme 3).

Br.
T
N
Mg, LiCl H [
B InCl3 (0.33 equiv) oM 4a (080 equiv)  N_
\ ————> 033 3 —> N\
N THF, 25°C, 4 h N 2% Pd(OAc),

4% S-Phos N

4b (1.00 equiv) 5al?l THF, 50 °C, 12 h 6a: 90 %

Scheme 3. Preparation of tri(3-pyridyl)indium (5a) from 3-bromopyridine
(4b) by means of Mg insertion in the presence of LiCl and InCl; and sub-
sequent Pd-catalyzed cross-coupling. [a] Complexed LiCl and magnesium
halides are omitted for clarity.
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(Table 2, entry 1). Starting from 5-bromo-2,4-dimethoxypy-
rimidine (4¢), the tripyrimidylindium reagent 5b was acces-
sible and was arylated with 4-iodobenzonitrile (1m) in 68 %
yield (Table 2, entry 2). The insertion of Mg into 3-bromo-
benzofuran (4d) in the presence of InCly/LiCl yielded the
corresponding tribenzofurylindium reagent 5S¢, which re-
acted with the bromobenzamide 1k and indole 4a in 69—
76 % yields (Table 2, entries 3 and 4) under Pd catalysis.

The one-pot, in situ, Mg/LiCl/InCl; transmetalation proce-
dure was also applied to the preparation of tribenzylindium
compounds (8) starting from benzyl chlorides and bromides
(7). Thus, the reaction of Mg turnings (1.50 equiv) with
ethyl 3-(chloromethyl)benzoate (7a) in the presence of LiCl
(1.50 equiv) and InCl; (0.33 equiv) in THF led to the tri[3-
(ethoxycarbonyl)benzyl]indium reagent 8a after 2 h at 25°C.
Direct cross-coupling in THF with 4-bromobenzonitrile (1a)
with Pd(OAc), (2%) and S-Phos (4%) as the catalytic
system gave a 74% yield of the diarylmethane 9a
(Scheme 4) after 12 h.

Tribenzylindium (8b), prepared from benzyl chloride
(7b), reacted with ethyl 4-iodobenzoate (1¢) and 3-bromo-
pyridine (4b) and the coupling products were obtained in
75-88 % vyield (Table 3, entries 1 and 2) after 12 h. For these

Chem. Eur. J. 2013, 19, 828-833
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Table 3. Cross-coupling of tribenzylindium reagents (8), obtained from
benzyl halides (7) by Mg insertion in the presence of LiCl and InCls,

Mg, LiCl . . . p .
¢ InCls (8_33 equiv) 3" 4a (0.80 equiv) O O with different organic halides as electrophiles.
THF,25°C,2h 0.3 2 % Pd(OAc): CN Mg C
,25°C, o C)2 InCl3 (0.33 equiv E—X
COaE COaEt 4% S-Phos OEt Bnex (0.5 sad) 033 Bngn® — " g f
7a 8alel THF, 50°C, 12h 9a: 74 % THF,25°C, 2h 4 % PdCIy(PPhs),

8 DMAC, 80 °C, 12 h 9

Scheme 4. Preparation of tri[3-(ethoxycarbonyl)benzyl]indium (8a) from

Scheme 5. Preparation of tri(5-cyano-5-methylhexyl)indium (11a) from 6-
bromo-2,2-dimethylhexanenitrile (10a) by means of Mg insertion in the
presence of LiCl and InCl; and subsequent Pd-catalyzed cross-coupling.
[a] Complexed LiCl and magnesium halides are omitted for clarity.
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ethyl 3-(chloromethyl)benzoate (7a) by means of Mg insertion in the Entry Bn—X E—X Product (Yield [%])"
presence of LiCl and InCl; and subsequent Pd-catalyzed cross-coupling. cl
[a] Complexed LiCl and magnesium halides are omitted for clarity. @ IOCOQEt COzEt
1 7bl! 1cld 9b (88)
insertions, the use of smaller amounts of magnesium turn- \_ N
ings (1.2 equiv) proved to be sufficient. For these reactions 2 7kl 4bY 9c (75)
N,N-dimethylacetamide (DMAC) was the solvent, the re- ©/\CI Br < > O O
action temperature was raised to 80°C and [PdCl,(PPh;),] OH OH
(4%) was applied as the catalytic system. These reaction 3 7ht 1nlY 9d (77)
conditions proved superior to the use of the combination ©/\CI BrQ OH
Pd(OAc),/S-Phos/THF/50°C and were also applied to the oH
subsequently described coupling reactions in Table 3. Re- 4 7bldl 109 9e (82)
markably, tribenzylindium (8b) could also be coupled with Br
(4-bromophenyl)methanol (1m; 0.80 equiv with respect to @ BrOCN CN
benzyl chloride (7b) was applied to the preparation of 8b) 5 7l 1al 9f (78)
and 3-bromophenol (10; 0.60 equiv with respect to benzyl /@ACI . C N
chloride (7b) was applied to the preparation of 8b) in 77— Me Me cN
82 % yield under the optimized reaction conditions (Table 3, 6 74 1al 9g (84)
entries 3 and 4). The acidic proton of the alcohol functional- cl o) O O
ity does not disturb the cross-coupling. Moreover, tribenzyl- '@_(Me ©
indium (8b) was efficiently generated from benzyl bromide OMe OMe Me
(7¢) and, after cross-coupling, yielded the benzonitrile 9 f in 7 7e! 1p" 9h (91)
78 % vyield (Table 3, entry 5). In the same manner, the tri(4- @CCI BrOCN
methylbenzyl)indium 8¢ was arylated with 4-bromobenzoni- cl cl CN
trile (1a) in 84 % yield (Table 3, entry 6). The 3-methoxy- 8 74 o 1a 91 (76)
benzyl- and 2-chlorobenzylindium reagents 8d and 8e could /©/\ BrOCN
also be prepared and coupled in good yields (76-91%; 0 :gM Ll i;j ) CN
Table 3, entries 7 and 8). The tri(4-fluorobenzyl)indium 8 f ol
also proved to be accessible under the conditions developed C"@’”“
. . . F F CN
and reacted with a variety of aryl bromides and 4-chloro- 10 74 1¢ 9§ (82)
benzonitrile (1q) in 81-95% yield (Table 3, entries 9-13). al
The treatment of alkyl bromides with magnesium turnings . /@ B’OCOZEt FCOgEt
in the presence of InCl; and LiCl also gives access to 1 74 1pi! 9k (95)
trialkylindium reagents (11). Thus, tri(5-cyano-5-methylhex-
yl)indium (11a) was prepared from 6-bromo-2,2-dimethyl- /©/\Cl Br@—(o E o
hexanenitrile (10a) in 2 h at 25°C in THF with 1.20 equiva- F Me Me
lents of Mg/LiCl. Cross-coupling with (4-bromophenyl)me- 12 7g" 1 91 (92)
thanol (1n) in DMAC with [PdCl,(PPh,),] (4%) as catalyst I C NO,
F F NO,
13 7gl 154 9m (81)
CN CN OH CN [a] Complexed LiCl and magnesium halides are omitted for clarity.
Me . Me Br‘©_/ Me [b] Yield of isolated, analytically pure, product. [c] Mg turnings
CM\S InCI3N(|g,'3|?;Celquiv) CN:Z 1n (0.70 equiv) Me (1.20 eql%iv), LiCl (1.20 equi\{), a.nd InCl; (0.33 equiv) were applied to the
Br —————— > 0.33 In preparation of the tribenzylindium reagent. [d] 0.80 equivalents of elec-
THF, 25°C, 2h 8 S“;/nggg(zp?%)zh OH trophile were used. [e] 0.60 equivalents of electrophile were used.
10a 11al? 12a: 67 %

afforded the alkylated benzyl alcohol derivative 12a in 67 %
yield (Scheme 5).

Moreover, tri(5-cyano-5-methylhexyl)indium (11a) was
coupled with a range of aryl bromides, as well as 4-chloro-
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benzonitrile (1q), in 75-93% yield (Table 4, entries 1-5).
Tri(3-cyanopropyl)indium (11b) and tri(4-chlorobutyl)indi-
um (11c¢) could also be efficiently generated from the corre-
sponding alkyl bromides 10b and 10c¢ and reacted in a
cross-coupling reaction with 4-bromobenzonitrile (1a; 61—

Table 4. Cross-coupling of trialkylindium reagents of type (11), obtained
from alkyl bromides (10) by Mg insertion in the presence of LiCl and
InCl;, with different organic halides as electrophiles.

Mg, LiCI
InCl3 (0.33 equiv) E-X
Akyl—Br ————— > 0.33 AlkylyIn®® Alkyl—E
THF, 25°C, 2h 4 % PACIy(PPhy),
10 " 80 °C, DMAC, 12 h 12
Entry  Alkyl-Br E-X Product (Yield [%])"
CN
CN Me
Me
Me BrOCN
Br
CN
1 10a' 1al¥
CN
Me
Mo CIOCN
Br

B CO,Et

CO,Et

=
=

g
==
@ @
=S
e
= = =
£e 2= 2=
—~ = —~ = — =
X “’% > <'D§ b ®
N < N

3 10al 1

O
£=*
o [}
o
=z @]
[V}
(@]

Me
4 10a 1l 12d (83)
CN
CN Me
Me Me
Me BrONOZ
Br
NO,
5 10a 15l 12¢ (77)
NC
S T an ¢
CN
6 10bl! 1al 12£ (85)
Cl
Cho~_"p Br CN V\/\©\
CN
7 10l 1al 12g (61)
A
XNy BrOCN V\/\©\
CN

8 104" 1al¥ 12h (87)
Ph

Ph~ Br Br

Y
g

CN

9 10 1al 12i (94)

[a] Complexed LiCl and magnesium halides are omitted for clarity.
[b] Yield of isolated, analytically pure, product. [c] Mg turnings
(1.20 equiv), LiCl (1.20 equiv), InCl; (0.33 equiv) were applied to the
preparation of the trialkylindium reagent. [d] 0.70 equivalents of electro-
phile were used.
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85% yield; Table 4, entries 6-7). Furthermore, tri(pent-4-en-
1-yl)indium (11d) and tri(phenylethyl)indium (11e) were
arylated with 4-bromobenzonitrile (1a) in 87-94% yield
(Table 4, entries 8-9).

In conclusion, we have developed a new, efficient, one-
pot procedure that enables the direct preparation of triorga-
noindium reagents from organic halides by means of a mag-
nesium insertion in the presence of InCl; and LiCl. Starting
from functionalized aryl, heteroaryl, and alkyl bromides, as
well as benzyl chlorides, the corresponding organoindium
reagents are accessible at 25°C within 4 h in good yields.
Moreover, the organoindium reagents obtained underwent
Pd-catalyzed cross-coupling reactions.
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