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Diaryl-, divinyl-, and dialkylindium proved to be stable in aqueous media and to undergo a palladium-catalyzed cross-coupling reaction with
aryl halides in aqueous THF. Treatment of 3-iodophenol with diphenylindium compound, generated from indium trichloride and two equimolar
amounts of a phenyl Grignard reagent, in agueous media under palladium catalysis provided the corresponding coupling product in excellent
yield. Divinyl- and diethylindium can be used for the coupling reaction in the presence of water. A wide range of functional groups, including

a hydroxy group and a formyl group, are compatible with this reaction.

The palladium-catalyzed cross-coupling reaction is one of organic solventd.Among them, allylic indium provides a

the most important methodologies in organic synthk$ise

powerful tool for allylation of carbonyl compounds in

Suzuki—Miyaura coupling of organoboranes with organic aqueous media® The usefulness of allylindium in water was
halides has attracted much attention because of the lowwell illustrated in the synthesis ofH)-3-deoxye-glycero-
toxicity and easy handling of boron reagents as well as good b-galactanonulosonic acid (KDN), starting from unprotected

functional group compatibility under the reaction conditiéns.

p-mannos€. Here we wish to report the cross-coupling

On the other hand, the cross-coupling reaction with orga- reaction of organoindiums with aryl halides in aqueous

noindium compounds has not been widely studiéd-ecent

media®® This study disclosed that diaryl-, divinyl-, and

reporf2eshows that triorganoindium can efficiently transfer dialkylindium species are available in the presence of water,
the three organic groups on the metal. Therefore, studies ofsimilar to allylic indium.

this attractive cross-coupling reaction with organoindium are

warranted.

First, we examined the coupling reaction of triphenylin-
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dium with aryl iodide in aqueous THF. Triphenylindium (1.0 || | AR
mmol) was prepared in §|tu by m_lxmg.thr.ee_ equmolar Table 1. Coupling Reaction of Diphenylindium Compounds
amounts of phenylmagnesium bromide with indium trichlo-  \ith Aryl Halides

ride for 30 min (Scheme 1). Water (1 mL), 3-iodoanisole

X
| @ &
H,0 (0.5 mL) R 1 (1.0 mmol)
Scheme 1 PhyinCl @
THF (3 mL) Pdy(dba)s*CHCls (0.0025 mmol)
3 PhMgBr Ho0 (0.65 mmol) P(2-furyl); (0.015 mmol) R 2
InCly Phgln et
(1 mmoly THF
0.01 mol Pdy(dba)s*CHCl, entry 1 X R time/h yield/%
0.06 mmol P(2-furyl)s Ph
3-iodoanisole (1a, 3 mmol +1a(0.9 mmol) 1 la ! 3-OCH3s 3 100
e e, ) 2 1 | 4COrnCiHy 1 99
eflux, 2.5 h
OMe 3 1c | 4-NO; 1 96
2a 2.1 mmol 4 1d I 2-NO, 1 95
5 le | 3-OH 1 95
6 1f | 2-CH,OH 2 88
(1a, 3.0 mmol), and palladiumtrifurylphosphine compleX 7 1g ! 4-NH; 2.5 S0
were sequentially added to a THF solution of triphenylindium 8 h 1 4-N(CHa) 2 49
at 25°C. The whole mixture was then heated at reflux for 9 L : 4-CO.H 3 4Oab
2.5 h. Usual workup and silica gel column purification -2 u ' 4-COH 4 90%
= N P gel P 11 1 2-iodopyridine 5 100
provided 2.1 mmol of the cross-coupling prodiz, and 12 1k Br 3.CN 35 9
0.9 mmol oflawas recovered. Therefore, two, at least, of 13 11 Br 2.CHO 2 100
the three phenyl groups attached to the indium could survive 14 im  Br 4-COCH3 2.5 63
in aqueous THF at reflux and could be employed for the 15 in Br 4-OCHs 25 6
coupling reactiori The NMR experiment revealed that 16 lo  Br 4-CH.0H 3 6
17 ip  OTf H 4 0

triphenylindium is transformed into diphenylindium hydrox-

ide'? by the addition of watet® aThe product was isolated as the allyl ester after the carboxylic acid

: was treated with allyl bromide in the presence o€0; in DMF at 25°C.
According to the above fact, we set up a standard NaHCG; (5.0 mmol) was used as an additive?hInCh (2.2 mmol) was

procedure for the coupling reaction of arylindium with aryl used instead of 0.65 mmol of RhCI.
halide in an aqueous medium as follows. Two equimolar
amounts of phenylmagnesium bromide were added to a THF
solution of indium trichloride to prepare diphenylindium Treatment of 4-iodobenzoic acidif with the phenylindium
chloride (0.65 mmol). Water was then added to the reaction compound in the presence of NaHg@rovided the corre-
mixture. Aryl halide (1.0 mmol) was treated with the sponding product in 40% yield.However, treatment ofi
diphenylindium hydroxid¥ in the presence of palladium  with 2.2 equiv of monophenylindium species in the presence
catalyst® at reflux® to provide the corresponding coupling of NaHCGQ; in aqueous THF vyielded the coupling product
product. The results are summarized in Table 1. in 90% vyield (entry 10).

The reaction with aryl iodides was quite satisfactory = The catalytic system also proved to be highly efficient for
(entries 1—6 and 11). Ester and nitro moieties were un- electron-deficient aryl bromides (entries 12 and 13). For
touched under the reaction conditions. Interestingly, 3-io- example, treatment of 2-bromobenzaldehytl® {ith the
dophenol (1e) and 2-iodobenzyl alcohdlf)( which have diphenylindium species under palladium catalysis yielded
reactive hydrogen, underwent the coupling reaction with ease.2-biphenylcarbaldehyd®l) quantitatively. However, a poor
Unfortunately, the use of 4-iodoanilindg and1h resulted yield was obtained for 4-bromoanisoleln), which is
in moderate conversion under the standard conditions.consistent with the general trend that electron-rich aryl
bromide is less reactive than electron-deficient aryl bromide.

(10) The palladium catalyst was prepared from(Bday-CHCls (0.01 In contrast to the literatur@garyl triflate 1p did not undergo
mmol) and trifurylphosphine (0.06 mmol) in THF (1 mL). coupling
(11) without water, 2.82 mmol d2a was obtained. o . o
(12) It is not clear that diphenyindium hydroxide was formed. Tetraphe-  Next, we investigated the use of other organoindiums such
nylindoxane or other oligomeric forms might be produced. However, vl _ _ _ indi
throughout this text, we describe the compound as diphenyindium hydroxide as mel ! ethyl ! methyl , and (1 Octynyl)lndlum C_ompounc_is.
for convenience. The availability of the organo group for the coupling reaction
(13) See Supporting Information. , o _ in the presence of water was examined B NMR
(14) We also checked the formation of diphenylindium hydroxide from . . . .
diphenylindium chloride on exposure to water. See Supporting Information. EXPeriments. Trivinyl- and triethylindium were _fqund to
(15) Trifurylphosphine was the best among the ligands examined. Three lose one of the three organo groups, forming divinyl- and
equimolar amounts of phosphine to palladium were necessary. The use of
one, two, or four equimolar amounts of trifurylphosphine gasén 56%,

71%, or 65% vyield, respectively, in the reactionlafwith diphenylindium. (17) Addition of NaHCQ was essential to reproduce the yield of the

(16) The reaction was sluggish when performed at ambient temperature. coupling product. It is worth noting that other reactions shown in Table 1
Treatment ofla with diphenylindium at 25°C for 24 h provided2a in did not require any bases. The effect of a base in the casei®hot clear
14% yield. at this stage.
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diethylindium species, respectivelyThus, the reaction of
divinyl- and diethylindium compounds with aryl iodide was
examined in analogy with the diphenylindium species, and
satisfactory results were obtained (Table 2). The NMR

Table 2. Coupling Reaction of Divinyl- and Diethylindium
Compounds with Aryl lodides
Ar=1 1 (1.0 mmol)

0.0025 mmol Pdy(dba)z+*CHCl3
0.015 mmol P(2-furyl)s

RaInCl Ar-R = CH=
06ommol THE/H0=3mL/0osmL = 3 R=CH=CH,
reflux 4 R=Et
substrate R time/h product yield/%

la CH=CH; 3 3a 96
1b CH=CH; 2 3b 94
1c CH=CH; 2 3c 96
le CH=CH> 2 3e 75
1f CH=CH; 2 3f 65
1c Et 4 4c 92

measurement of trimethylindium revealed that trimethylin-
dium is stable in water. However, cross-coupling with

led to recovery of the starting material. Methylated product
was obtained in 3% yield. Upon treatment of tri(1-octynyl)-

indium with water, the signals of the carbons that indicated

Scheme 2
OMe
(4-MeOCgH4)oInCl O
(0.65 mmol) O
* 5
1e (1.0 mmol) OH
THF /HoO =4 mL /0.5 mL 3h 97%
without water 25h 48%
10h 50%

nyl)indium chloride fo 3 h in refluxing aqueous THF yielded
5in 97% yield (Scheme 2). In contrast, a 48% isolated yield
of 5 was obtained in THF itself. To investigate the effect of
water, several other cosolvents were examined. Addition of
dioxane, methanol, or DMF, instead of water, furnistsed

in 52%, 61%, or 99% yield, respectively, in the reaction of
le with bis(4-methoxyphenyl)indium. A polar cosolvent
tends to promote the coupling reaction. Further investigation
is necessary to explain the solvent effect.

In summary, we have reported the cross-coupling reaction
of organoindiums in aqueous media. It is also disclosed
through this work that the reaction showed a wide range of
chemoselectivity.
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mental procedures and characterization of organoindium
compounds by*C NMR experiments. This material is
available free of charge via the Internet at http://pubs.acs.org.

OL015975I

1999



