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Abstract: Easily accessible arylgermanium trichlor-
ides were found to undergo palladium-catalyzed
cross-coupling reactions with aryl bromides and io-
dides in good yields. The reaction is performed in
an aqueous medium with sodium hydroxide as an ac-
tivator. Some base-sensitive functionalities such as
acetyl and trifluoromethyl survived the reaction.
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The organotin—mediated cross-coupling reaction is one
of the most powerful protocols for constructing carbon
skeletons because of its compatibility with a wide variety
of reactive functionalities.'! Due to its hazardous by-
product, increasing attention has recently been paid to
less hazardous alternative reagents such as boron
and silicon® counterparts. Organogermanium coupling
has been much less investigated while it can also be a
promising substitute.”! Apart for its cost, the problem
is the limited availability of reactive organogermanium
reagents. We have recently developed a fluoride ion-
mediated, highly efficient organotin-cross-coupling re-
action.’! It further turned that the reaction could also
be promoted by alkali hydroxide.!” We report here our
results on the palladium-catalyzed cross-coupling reac-
tion using readily available organogermanium trichlor-
ides”' in aqueous alkaline solution.®!

Do+ wx B0 )
R GeCl; + Ar-X —— R Ar
NaOH
dioxane / H,O

1a: R=H 2a-m 3a-n

1b: R = Me

1c:R=F

1d: R = MeO

(1)
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The arylgermanium mixed trihalide is readily prepared
by the reaction of an aryl halide with the dioxane com-
plex of germanium(II) chloride.”’ Its hydrolysis fol-
lowed by treatment with concentrated hydrochloric
acid affords the corresponding arylgermanium trichlor-
ide in moderate to good yields.”) Although the initially
obtained mixed trihalide also acts as an efficient re-
agent, we used phenylgermanium trichloride as the re-
agent for refinement of the reaction in view of clarity.
The effects of catalyst, solvent, and the amount of base
were explored using 4-iodoanisole as the electrophile
and the results are indicated in Table 1. On account of
the substrate-to-reagent ratio, the yields of runs 1-9
are based on the germanium reagent and those of runs
10-16 on the iodide. All the experiments were carried
outin mixed solvents of that indicated in Table 1 and wa-
ter (4 cm® each for 0.5 mmol of the substrate). Potassium
or sodium hydroxide was necessary to promote the reac-
tion. The reaction in the absence of the base resulted in
quantitative recovery of iodoanisole (run 1). Milder bas-
es such as potassium and sodium carbonate did not pro-
vide the desired product at all (run 12).!"! Fluoride ion,
which was expected to be effective according to the re-
sults for organotin cases,"'? did not promote the reac-
tion either.*! The yield was maximum with 8 mol equivs.
of KOH to the germanium reagent and it decreased in
the presence of more or less base (runs 2-5). Palladiu-
m(II) acetate without added ligand gave the best result
among all conditions examined (runs 4, 6-9). Addition
of triphenylphosphine did not alter the results (runs 4 vs.
6, 10 vs. 11). As an organic co-solvent, dioxane was the
most suitable (runs 13-16). The yield was even higher
when sodium hydroxide was used in place of KOH
(run 13).

Being encouraged by the above results, we examined
the reaction between a variety of arylgermanium tri-
chlorides and aryl halides and the results are summar-
ized in Table 2. Moderate to excellent yields of the ex-
pected coupling products were obtained within a short
time. Not only aryl iodides but also bromides reacted
smoothly. It is worth noting that base-sensitive function-
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Table 1. Pd-catalyzed reaction of iodoanisole with phenyltri-
chlorogermane (1a)."!

Table 2. Palladium-catalyzed cross-coupling reaction of Ar’-
X with Ar-GeCl,.1!

Run Base (equiv)”  Solvent Catalyst Time  Yield [%]
1@ KOH 0 Dioxane Pd,(dba);*CHCl/2 PPh, 4 0
24 KOH 4 Dioxane Pd,(dba);*CHCl/2 PPh; 4 trace
34 KOH 6 Dioxane Pd,(dba);*CHCIy/2 PPh, 4 34
44 KOH 8 Dioxane Pd,(dba);*CHCI/2 PPhy 4 57
54 KOH 16 Dioxane Pdy(dba);*CHCI/2 PPh, 4 48
69  KOH 8 Dioxane Pd,(dba);*CHCI; 24 61
714 KOH 8 Dioxane Pd(OAc), 4 62 (51)
g9  KOH 8 Dioxane PdCl, 4 40
g KOH 8 Dioxane PACL,[P(o-tolyl)s], 4 46
10 KOH 8 Dioxane Pd(OAc), 15 70(64)
11 KOH 8 Dioxane Pd(OAc),/, PPh, 1.5 70(64)
12 Na,CO; 8 Dioxane Pd(OAc), 15 0
13 NaOH 8 Dioxane Pd(OAc), 1.5 82 (70)
14 NaQOH 8 Toluene Pd(OAc), 15 8
15 NaOH 8 DMPU Pd(OAc), 15 68
16 NaOH 8 DMSO Pd(OAG), 15 39

[a

All experiments were carried out using phenyltrichloroger-
mane (0.6 mmol) and 4-iodoanisol (0.5 mmol) in the pre-
sence of palladium catalyst (5 mol %) in the organic sol-
vent indicated (4 mL) and water (4 mL) at 110°C (oil-
bath temperature).

1 Molar equivalents to the germanium reagent.

[l GC yield. Isolated yield is in parentheses.

4" ArT/Ge =0.6/0.5 mmol.

alities such as ketone, trifluoromethyl, and nitro groups
survived the reaction, provided that it could be terminat-
ed in a short period of time (runs 5, 7-12). Aryl bro-
mides with an ortho-substituent were also amenable
(runs 11-14).

As for hypervalent organotin trichloride reac-
tions, ! an active germanium species is assumed to
be a hypervalent species with germanium-oxygen bonds,
such as Na, [ArGe(OH);.,] (n=1 or 2). Although the
generation of these species takes only 4 or 5 equivs. (or
5or 6 equivs. considering the structure of the germanium
by-product) of sodium hydroxide, the reaction required
8 equivs. The role of the excess base may be to drive the
reversible formation of the active hypervalent species to
a certain extent.

After our development of a tricarbagermatran re-
agent,') Oshima!*! and Faller*! reported more easily
accessible reagents. The present results suggest that
the even more readily available arylgermanium trichlor-
ide, which is also a precursor of the Faller’s reagent, is a
useful arylating agent for palladium-catalyzed cross-
coupling with aryl iodide and bromides in high yields.
The reaction leaves a wide variety of functionalities in-
tact. Since the reaction is composed of quite simple com-
ponents, it does not produce any annoying by-product
like the corresponding aryltrialkyltin and many arylsili-
con reactions do. Thus recycle of an expected simple in-
organic germanium species formed along the reaction
may be feasible. The possibility of this recycle and the
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Run  ArGe Ar-X TEhm]e Product Yl[i/tj]
1 1a  4-lodoanisole (2a) 15 3al 70
2 1d 4-Bromo-N,N-dimethylaniline (2b) 0.5 3b 66
3 1c  4-Bromoanisole (2c) 15 3¢9 48
4 1d Bromobenzene (2d) 1 3a 72
5 1d 4-Bromoacetophenone (2e) 05 3d® 71
6 1d 4-Bromofluorobenzene (2f) 0.5 3e 86
7 1c 4-Bromonitrobenzene (2g) 15 3f 59
8 1d 29 15 3g" 72
9 1d 3-Bromotrifluoromethylbenzene (2h) 0.5 3h9 87
10 1c 3-Bromonitrobenzene (2i) 15 3i 59
11 1d  2-Bromoacetophenone (2j) 0.5 34l 76
12 1d  2-Bromonitrobenzene (2k) 1 3Kl 65
13 1b 1-Bromonaphthalene (21) 15 3l 85
14 1d 21 15 3m 96
15 1c 3-Bromogquinoline (2m) 1.5 3n 48

[a] All reactions were carried out using aryl halide (0.5 mmol)
and arylgermanium trichloride (0.6 mmol) in dioxane
(4mL) and water (4 mL) at reflux in the presence of
Pd(OAc), (5 mol %), and NaOH (4.8 mmol).

[l Tsolated yields based on the aryl bromide.

[l Ref[14

l[dl Ref 15

le] Ref 0]

[fl Refl17]

le] Ref 18]

(h] Ref 19

il Ref.[20

development of more efficient germanium reagents
are under investigation.

Experimental Section

p-Anisyltrichlorogermane (1d); Typical Procedure for
the Preparation of Aryltrichlorogermanes

A mixture of p-bromoanisole (28.3 g, 151 mmol), GeCl,- diox-
ane complex (3.5 g, 15 mmol),” and anhydrous AICI, (0.10 g,
0.75 mmol) was stirred at 80°C for 20 h. After the mixture
had cooled to room temperature, it was filtered, the volatiles
were removed under vacuum, and the unreacted p-bromoani-
sole was removed by bulb-to-bulb distillation under reduced
pressure. To the residual oil was added 2 M NaOH (23 mL)
and the mixture was well stirred at room temperature to give
a white suspension. The water was distilled off. The white solid
mass thus obtained was dried at 140°C/0.1 torr for 3 h. After
cooling down to room temperature, concentrated hydrochloric
acid (40 mL) was added to the product. After stirring for 3 h at
room temperature, the product was extracted with dichlorome-
thane (30 mL x 2). The extracts were combined and dried over
anhydrous sodium sulfate. The title product was obtained by
distillation (bp 83°C/0.7 torr). The characterization data for
compound 1d are in the Supporting Information file.
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4-Methoxy-4'-(N,N-dimethylamino)biphenyl (3b);
Typical Procedure for the Cross-Coupling Reaction

In a 30-mL, two-necked, round-bottomed flask furnished with
a reflux condenser and septum, p-anisyltrichlorogermane
0.172 g (0.6 mmol) was added to a solution composed of diox-
ane (4 mL), 2 M NaOH (2.4 mL), and water (1.6 mL) over 3
minutes at room temperature under an argon atmosphere. A
white precipitate appeared upon the addition, which was dis-
solved completely within several more min. Then, 4-bromo-
N,N-dimethylaniline (0.100 g, 0.5 mmol) was added dropwise,
and palladium(II) acetate (0.001 g, 0.025 mmol) was added to
the resulting yellow-colored solution. The yellow solution
was heated under reflux for 0.5 h. After the mixture had cooled
to room temperature, the precipitate formed was filtered off
and the filtrate was extracted with ether (20 mL x 3). The com-
bined organic layer was dried over anhydrous sodium sulfate.
Silica gel column chromatography after concentration afford-
ed 3b; yield: 0.075 g (0.33 mmol, 66%). The characterization
data for compounds 3 are in the Supporting Information file.
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