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Functionalized organometallic compounds are key intermedi-
ates in organic synthesis.l'! In particular, organozinc reagents
are compatible with a wide range of functional groups and
have broad application in synthesis.’) However, sensitive
functional groups, such as aldehyde or ketone functionalities
with o acidic hydrogen atoms, are only tolerated in special
cases.’!. Furthermore, the reactivity of unsaturated zinc
reagents toward acidic hydrogen atoms of alcohols and
phenols precludes the performance of Negishi cross-coupling
reactions” of aromatic iodides containing these functional-
ities. In contrast to organozinc reagents, organoindium
reagents have been shown to be compatible with water and
several important functionalities.”) However, in classical
syntheses of these organoindium compounds through Li/In
or Mg/In transmetalation, the corresponding organometallic
precursors require protecting groups. Recently, we reported
that LiCl accelerates dramatically the insertion of zinc!® or
magnesium(’! into organic halides. Herein, we report a
preparation of polyfunctional aryl and heteroaryl indium(T1T)
reagents 1 through the direct insertion of indium metal in the
presence of LiCl into iodides 2. To the best of our knowledge,
only allyl, propargyl®! pentafluorophenyl,® and benzyl
indium(III) reagents® have been prepared by the direct
treatment of the corresponding halides with indium metal.
Commercially available indium does not react with aryl
iodides. However, when LiCl (2-4 equiv)'”! was added to
indium powder (2-4 equiv) that had been activated with
1,2-dibromoethane and TMSCI"! in THF, an efficient inser-
tion occurred within 20 min to 24 h at 30-50°C to provide
polyfunctional aryl and heteroaryl indium(III) species 1 in
70-97 % yield (Scheme 1).

Thus, the treatment of 4-iodoacetophenone (2a) with
activated indium powder (4 equiv) in the presence of LiCl
(4 equiv) in THF at 50°C for 24 h provided the desired aryl
indium(IIT) reagent 1a in 96 % yield, as indicated by iodolysis
(Table 1).") No insertion occurred in the absence of LiCl.
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Scheme 1. Preparation of organoindium reagents 1 through direct
indium insertion in the presence of LiCl, followed by palladium-
catalyzed cross-coupling. FG =functional group.

Similarly, the iodoketones 2b and 2 ¢ were converted into the
corresponding keto-substituted indium derivatives 1b (50°C,
24 h) and 1¢ (35°C, 2h) in 93 and 90% yield, respectively.
The functionalized aryl iodides 2d-g with an ester or
aldehyde functionality also reacted smoothly with indium
metal in the presence of LiCl to give the organoindium(III)
reagents 1d-g in 70-86 % yield. The presence of an electron-
withdrawing group or metalation-directing group increased
the insertion rate considerably.

This method was extended to the preparation of hetero-
aryl indium(III) reagents. Heterocyclic iodides (and a heter-
ocyclic bromide), some of which contained a ketone, alde-
hyde, or ester functionality, reacted smoothly with indium
powder in the presence of LiCl to furnish the heteroaryl
indium(IIT) compounds 1h-m in 78-97% yield (Table1,
entries 8-13). This method provides access to organoindium
reagents containing a range of important and sensitive
functional groups that are not compatible with organozinc
reagents.

Organoindium species are useful reagents in organic
synthesis.”! Palladium-catalyzed cross-coupling reactions with
triorganoindium compounds!"® were pioneered by Sarandeses
and co-workers.!*¥ Typically, the cross-coupling reactions are
conducted in THF at reflux. Under these conditions, the cross-
coupling of the less reactive functionalized aryl indium(I1I)
reagents 1a—m was inefficient. However, upon the addition of
N-methylpyrrolidinone (NMP) as a cosolvent (NMP/THF
1:2),1") the cross-coupling reactions proceeded smoothly in
the presence of [Pd(dppf)CL]!™ at 25-66°C (dppf=
1,1"-bis(diphenylphosphanyl)ferrocene).

This Pd-catalyzed cross-coupling procedure proved to be
quite general: A range of aryl iodides 3 reacted with the
functionalized organoindium compounds 1 to afford products
of type 4 (Table 2). [Pd(dppf)ClL,], a catalyst developed by
Hayashi et al.,' catalyzed these cross-coupling reactions
effectively (Table 2, entries 1,2, 6, 7, and 9-11). In the case of
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Table 1: LiCl-mediated indium insertion of aryl and heteroaryl com-
pounds 1.

Entry Indium reagent T[°C], Entry Indium reagent T[°C],
ield [9%])® t[h ield [%])®! t[h
y y
o
M / A\
Me)‘\©\ eW/Q\mx,um
1 InX,-LiCl 8 ©
Ta (96) 50, 24 T1h (91) 30, 0.33
o)
i /A
2 'Pr)l\©\ 9 |/Q\Inx2-LiC\
InX,LiCl
1b (93) 50, 24 1i (97) 30, 0.33
9 CHO
Sy ot
3 InXLiCl 10 87 TInXzLicl
1c (90) 35,2 1j (78) 30, 0.33
Q N
X
OEt &
= .
4 Qitxz-u - 11 InX,LiCl
1d (86) 35,8 Tk (88) 50, 4
OMe
OAc Ho /N
s 12 0" InX,LiCl
OHC InXLiCI °
1e (70) 35,4 11 (83) 30, 0.33
OPiv Eto_ / \
0~ InX,LiCl
6 MeO,C InXLiCl 13 e}
1f(70) 40, 13 1m (92) 50,16
CN
/ Etozc/©\|nx2-u0|
1g (78) 50, 6

[a] Indium powder and LiCl were used in equimolar amounts: 2—
4 equivalents with respect to the aryl or heteroaryl iodide. [b] The yield
was determined by GC analysis of a sample that had been quenched with
a solution of iodine in anhydrous THF. [c] Ethyl 5-bromo-2-furoate (2m)
was used as the starting material. Piv=pivaloyl.

particularly unreactive organoindium reagents, such as 1e, 1f,
and 1j with a chelating group in the ortho position, a more
powerful catalytic system introduced by Buchwald and co-
workers!"®! and formed from Pd(OAc), and SPhos (2-dicyclo-
hexylphosphanyl-2’,6’-dimethoxybiphenyl) was required. In
these cases, a longer reaction time (15-27 h) and a higher
temperature (reflux in THF) were necessary; the desired
coupling products were obtained in 68-90% yield (Table 2,
entries 3-5 and 8).

The exceptional functional-group compatibility of these
organoindium reagents is emphasized further by cross-
coupling reactions with electrophiles containing acidic hydro-
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gen atoms.®) Thus, reactions with the iodoindole 3g, the
iodoalcohol 3h, and the iodophenol 3i led to the expected
products 41-n in 70-84 % yield (Scheme 2).

Pd(OAc), (4 mol%)
SPhos (8 mol%) o]
o THF/NMP (2:1)

reflux, 27 h Me
Me I
N
InXgeLiX \©f\§ O N
1c N 4 71%) H

H
3g (0.65 equiv)

Pd(OAc), (4 mol%)

SPhos (8 mol%) 9]
o) THF/NMP (2:1)

reflux, 23 h

OEt
Me OH
InXpeLiX |
OH
1d 4m (70%)

3h (0.60 equiv)

[Pd(dppf)Cl5] (4 mol%)
THF/NMP (2:1)
40°C, 4 h

07 DInXpeLiX o]

im 4n (84%)
OH 3i (0.75 equiv)

Scheme 2. Palladium-catalyzed cross-coupling of functionalized orga-
noindium reagents with aryl iodides containing unprotected acidic
functional groups.

In summary, we have developed a convenient method for
the preparation of functionalized organoindium reagents by
the direct insertion of indium in the presence of LiCl. Ketone,
ester, and aldehyde groups may be present in the reagents.
Moreover, the organoindium reagents undergo cross-cou-
pling reactions under mild conditions with a variety of aryl
iodides, including those containing NH or OH groups with
acidic hydrogen atoms, in good to excellent yields. We are
currently investigating further applications of these organo-
indium reagents.

Experimental Section
1a: LiCl (340 mg, 8 mmol) was placed in an argon-flushed flask and
dried for 5-10 min at 380°C under high vacuum (1 mbar). Indium
powder (918 mg, 8 mmol) was added under argon, the flask was
evacuated and refilled with argon three times, and THF (1 mL) was
added. 1,2-Dibromoethane (5 mol %) was then added, followed by
chlorotrimethylsilane (2mol%), and the resulting mixture was
heated with a heat gun to activate the indium powder. A solution of
4-iodoacetophenone (2a; 492 mg, 2 mmol) and an internal standard
(C,4Hj) in THF (1 mL) was added at 25°C, and the resulting mixture
was stirred at 50°C for 24 h. The insertion reaction was monitored by
GC analysis of reaction-mixture aliquots quenched with a saturated
aqueous solution of NH,Cl. Upon completion of the reaction, the
yield of 1a (96%) was determined by GC analysis of an aliquot
quenched with a solution of iodine in anhydrous THF.

4a: Ethyl 4-iodobenzoate (414 mg, 1.50 mmol) and [Pd(dppf)Cl,]
(44 mg, 0.06 mmol) were placed in an argon-flushed flask. NMP
(2mL) was added, and the solution of 1a in THF (prepared as
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Table 2: Palladium-catalyzed cross-coupling of functionalized aryl and heteroaryl organoindium reagents.

Entry Indium Electrophile Product 4 Entry Indium Electrophile Product 4
reagent y|eld [%]) reagent (yield [96])
! i X '\©\ | 7\
1 1a > Co,Et 7 1 NO, s NO,
CO,Et
3a (95%) 3e 4g (73%)
o
o CHO
[ CHO iPr
2 1b U (j O, _cHo 8 1j0! 3¢ O S\ O eN
AW
21 4b (70%) 4h (90%)
N
! Me Q/
3 1e @ 9 1k 3a
CO,Et
3b c (84%) (92%)
OPiv
I\©\ OHC -
4 10 oN MEOZC 10 1@ 3a © COLE
CN
3c (68%) 4j (78%)
[
(N 7N
5 b ., “ . - PN 5
COMe
2a (85%) 3f 4k (73%)
M
6 1ht o |

3d 4 (95%)

[a] The cross-coupling reaction was conducted with [Pd (dppf)Cl,] (4 mol %). [b] The cross-coupling reaction was conducted with Pd(OAc), (4 mol %)

and SPhos (8 mol%). [c] Yield of the pure isolated material.

described above) was transferred carefully (without the remaining
indium powder) to the resulting mixture with a syringe. The reaction
mixture was stirred at 40°C for 4 h (by which time TLC and GC
analysis of aliquots quenched with a saturated aqueous solution of
NH,Cl showed complete conversion). The reaction was then
quenched with acetic acid (0.5 mL) and water (2mL), and the
aqueous layer was extracted with ethyl acetate. The combined organic
extracts were dried with Na,SO, and concentrated in vacuo.
Purification of the crude residue by flash chromatography on silica
gel (ether/pentane 1:4) yielded 4a (380 mg, 95 %).
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