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Abstract

Iron(lll) mediated coupling of arylmagnesium haBdeith other aryl halides produced both
homo- and cross-coupled products. The reactionhehpmagnesium bromide with 1,4-
dibromobenzene as well as with 4-chlorobromobenzengresence of Feglcatalyst
produced both cross-couplgiterphenyl and homo-coupled biphenyl. Under the esam
condition only homo-coupled 4;dipropoxybiphenyl was obtained from 4-
propoxyphenylmagnesium bromide. The coupling ofrdrimphenylmagnesium bromide
with bromobenzene produced both homo- and crosgledwiaryls.

Keywords: Coupling; Aryl halides; Terphenyl; Biphenyl

© 2013 JSR Publications. ISSN: 2070-0237 (Prir@y,®0245 (Online). All rights reserved.
doi: http://dx.doi.org/10.3329/jsr.v5i1.12207 J. Sci. Re&.(1), 127-134 (2013)

1. Introduction

Aryl-aryl bond formation is one of the most powérfools in modern organic synthesis
[1-4]. Biaryls as well as their heteroaromatic agales are some of the attractive
structural units in natural products, bio-activenpmunds, functional polymers, ligands in
catalysts etc. For the synthesis of biaryls, ttéorsimetal-mediated coupling reactions
have been used in most cases. Palladium and rdaekalysts have been the major choice
for aryl-aryl cross-coupling reactions and are Widesed in the laboratory as well as in
industry. Palladium(0) catalysts are reliably uged], especially if appropriate ligands
such as sterically hindered phosphines are prdSeti?]. Nickel(0) complexes had also
found useful applications, but appear to havedeseral scope [13-17].

Following the pioneering work of Kochi and co-workd18-22] iron catalysts have
recently been very actively investigated for thmérformance in cross-coupling reactions
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[23-29]. Because of competition of homo-couplingoeross-coupling, there remained a
challenge of using iron-catalyst for aryl-aryl csesoupling. Although highly efficient
cross-coupling reactions could be realized betwaeeange of alkyl magnesium reagents
and aryl halides or aryl sulfonates, iron-catalyzgdss-coupling between two aryl
moieties remained problematic owing to extensivendkwoupling reactions of the aryl
magnesium species. Nakamuzaal. reported a selective biaryl synthesis based on
iron(lll) fluoride catalyzed cross-coupling of arghlorides with aryl Grignard reagents
where the fluoride ion remarkably suppresses thedwoupling in presence of additive
like 1,3-bis(2,6-diisopropylphenyl)imidazolinium lohide (SIPr.HCI) [30]. Very recently
Knokhel and co-workers reported iron(lll) bromidedrated coupling of N-heterocyclic
chlorides and bromides with arylmagnesium bromideium chloride complex [31].
Herein, we report the formation of cross-couplearys along with homo-coupled
products through iron(lll) chloride catalyzed réaws of aryl Grignard reagents and aryl
halides without using any additives.

2. Experimental
2.1. General

Melting points were determined with Yanaco MP-500m@Iting point apparatus. NMR
spectra were recorded on Bruker Biospin 500 spetter using tetramethylsilane as the
internal standard. Mass spectra were recorded orShanadzu GCMS-QP2010
spectrometer. All solvents were dried and purifiey the usual techniques:
tetrahydrofuran was distilled from benzophenoneg/lkehder a nitrogen atmosphene;
hexane and dichloromethane were simply distilletthauit using any drying agent.

2.2. General Procedure for the cross-coupling of arylmagnesium bromide and aryl
halide (typical for coupling of phenylmagnesium bromide with 1,4-dibromobenzene)

A solution of bromobenzene (785 mg, 5.0 mmol) in @HF (3 mL) was added dropwise
to a portion of Mg turnings (132 mg, 5.5 mmol) inydTHF (3 mL) under a nitrogen
atmosphere at room temperature. Exothermic reactiaried within few minutes. The
reaction mixture was stirred at room temperaturelfd h to complete the formation of
Grignard reagent. With the help of a syringe thegfard reagent thus formed was
transferred to a 50 mL two-necked round-bottomadkflunder nitrogen atmosphere. A 5
mL portion dry THF was added to dilute the Grignaedgent and then it was cooled to
0 °C. Then anhydrous Fe{(41 mg, 5 mol%) and 1,4-dibromobenzene (590 mf, 2.
mmol) were added to the reaction mixture and wisved to stand at room temperature.
It was then stirred overnight to complete the rieactMethanol (10 mL) was added
followed by the addition of C}Cl, (20 mL) and water. The organic layer was separated
and the aqueous layer was extracted with morgGQGHThe combined organic layer was
dried over anhydrous MgS@nd the solvent was removed in a vacuum rotarpa edor
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to give a crude product. The crude was chromatdgrmn a silica gel column eluting
with hexane to afford 218 mg (38%) pfterphenyl as cross-coupled product and 65 mg
(17%) of biphenyl as homo-coupled product.

p-Terphenyl (5): white solid, mp 211.0-212C (lit [32] mp 210-211.5C); El MS:
m/z 230 (M); *H NMR (CDCk, 500 MHz): J (ppm) 7.68 (s, 4H), 7.65 (d,= 7.8 Hz,
4H), 7.45 (t,J = 7.8 Hz, 4H), 7.36 (t) = 7.6 Hz, 2H);®*C NMR (CDCk, 125 MHz):J
(ppm) 140.7, 140.1, 128.8, 127.5, 127.3, 127.0.

Biphenyl (6): Colorless crystal, mp 69.0-70°C (lit [33] mp 69.0-69.5C); EI MS
m/z 154 (M); '"H NMR (CDCk, 500 MHz):J (ppm) 7.61 (d,) = 8.4 Hz, 4H), 7.45 (1) =
7.8 Hz, 4H), 7.36 () = 7.4 Hz, 2H)}*C NMR (CDCk, 125 MHz):J (ppm) 141.2, 128.7,
127.2,127.1.

2.2.1.Coupling of 4-bromophenylmagnesium bromide with bromobenzene

Starting materials and reagents used were 1,44uitibenzene (1.180 g, 5.0 mmol), Mg
turnings (134 mg, 5.6 mmol), FeQXU0 mg, 5 mol%) and bromobenzene (786 mg, 5.0
mmol). Products were 4dlibromobiphenyl (47 mg, 8%), 4-bromobiphenyl (188,
16%) ando-terphenyl (34 mg, 3%).

4,4”-Dibromobiphenyl (8): Colorless crystal, mp 165.0-166°0 (lit [34] mp 166.5-
167.0°C); EI MS: m/z 310/312/314 (1:2:1) (W *H NMR (CDCk, 500 MHz): J (ppm)
7.56 (d,J = 8.4 Hz, 4H), 7.41 (d] = 8.4 Hz, 4H);*C NMR (CDC}, 125 MHz):J (ppm)
138.9, 132, 128.5, 121.9.

4-Bromobiphenyl (7): White solid, mp 88.0-89°C (lit [35] mp 89.0-90.8C); El
MS: m/z 232/234 (1:1) (¥); '"H NMR (CDCk, 500 MHz): & (ppm) 7.60-7.51 (m, 4H),
7.48-7.36 (m, 4H), 7.35 (§,= 7.6 Hz, 1H);*C NMR (CDC}, 125 MHz):J (ppm) 140.2,
140.0, 131.9, 128.9, 128.8, 127.6, 127.0, 121.6.

p-Terphenyl (5): white solid, mp 211.0-212. @ (lit [32] mp 210-211. 8C); EI MS:
m/z 230 (M); *H NMR (CDCk, 500 MHz): J (ppm) 7.68 (s, 4H), 7.65 (d,= 7.8 Hz,
4H), 7.45 (tJ = 7.8 Hz, 4H), 7.36 () = 7.6 Hz, 2H);®*C NMR (CDCE, 125 MHz):J
(ppm) 140.7, 140.1, 128.8, 127.5, 127.3, 127.0.

2.2.2.Coupling of 4-propoxyphenylmagnesium bromide with 1,4-dibromobenzene

Starting materials and reagents used were 4-prdporyobenzene (1.075 g, 5.0 mmol),
Mg turnings (132 mg, 5.5 mmol), FeG¥0 mg, 5 mol%) and 1,4-dibromobenzene (592
mg, 2.5 mmol). Product is 4;dipropoxybiphenyl (492 mg, 73%).

4.4"Dipropoxybiphenyl (9): White solid, mp 146-147C, EI MS: m/z 270 (M); *H
NMR (CDCl, 500 MHz):9 (ppm) 7.46 (d,) = 8.8 Hz, 4H), 6.94 (d] = 8.8 Hz, 4H), 3.95
(t, J = 6.6 Hz, 2H), 1.82 (sexted, = 7.0 Hz, 2H), 1.05 () = 7.3 Hz, 3H):*C NMR
(CDCl;, 125 MHz):d (ppm) 158.2, 133.3, 127.6, 114.7, 69.6, 22.6,.10.5
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2.2.3.Coupling of phenylmagnesium bromide with 4-chlorobromobenzene

Starting materials and reagents used were bromebhent786 mg, 5.0 mmol), Mg
turnings (130 mg, 5.4 mmol), FeGh2 mg, 5 mol%) 1-bromo-4-chlorobenzene (480 mg,
2.5 mmol) Products wergterphenyl (58 mg, 10%), biphenyl (181 mg, 47%).

p-Terphenyl (5): white solid, mp 211.0-212.%C (lit [32] mp 210-211.5C); El MS:
m/z 230 (M); *H NMR (CDCk, 500 MHz): J (ppm) 7.68 (s, 4H), 7.65 (d,= 7.8 Hz,
4H), 7.45 (tJ = 7.8 Hz, 4H), 7.36 (t) = 7.6 Hz, 2H);"*C NMR (CDCk, 125 MHz): 5
(ppm) 140.7, 140.1, 128.8, 127.5, 127.3, 127.0.

Biphenyl (6): Colorless crystal, mp 69.0-70°C (lit [33] mp 69.0-69.5C); m/z 154
(M"); 'H NMR (CDCk, 500 MHz): (ppm) 7.61 (d,) = 8.4 Hz, 4H), 7.45 (1) = 7.8 Hz,
4H), 7.36 (tJ = 7.4 Hz, 2H);*C NMR (CDC}, 125 MHz):J (ppm) 141.2, 128.7, 127.2,
127.1.

3. Resultsand Discussion

Iron-catalysts being environmentally friendly amkxpensive have been extensively
studied for the carbon-carbon bond formation. Iidn€atalysts are capable of forming
ferrate complex possessing excess aryl groups ayifitopriate reagents. The reductive
elimination of these complexes might lead to thenfation of both homo- and or cross-
coupled products under suitable conditions.

In the present study, cross-coupled biaryls aralywed along with homo-coupled
products during reactions between aryl Grignargyeeaand aryl halides in presence of
Fe(lll) catalyst. All Grignard reagents were pregghrfrom pure aryl bromides and
activated Mg turnings in dry THF under nitrogen agphere. The Grignard reagents so
produced were diluted with dry THF before additioihanother aryl halide and FeCl
catalyst (5 mol%). The results of the couplingctEms are summarized in the Table 1.

The reaction of phenylmagnesium bromide with halfiealent (0.5 equiv.) of 1,4-
dibromobenzen@ in presence of Fe(lll) catalyst as well as indhsence of any additive
produced the cross-coupled prodpgerphenyl5 as the major product along with homo-
coupled product biphenyb. However the Grignard reagent prepared from 1,4-
dibromobenzen& and Mg turnings (1.1 equiv.), when coupled witbrhobenzené (1.0
equiv.), produced cross-coupled 4-bromobiphé@n{dl6%), p-terphenyls (3%) along with
homo-coupled 4,4dibromobiphenyl 8 (8%). In this case, the Grignard reagent 4-
bromophenylmagnesium bromide, which already costa@nbromine atom in itpara
position, might produce mixture pfoligophenyl derivatives under the reaction cowoditi
The formationp-terphenyl5 in this case can be explained by the couplingi-@rnignard
derivative of 1,4-dibromobenzene (formed from exdely turnings) with bromobenzene
1. The Grignard reagent from 4-propoxybromobenz@&newhen treated with 1,4-
dibromobenzen@ (0.5 equiv.) in presence of iron catalyst produoaty homo-coupled
4,4 -dipropoxybiphenyB (73%). In this case, probably the electron doggditkoxy group
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in para position might accelerate the formation of ferredenplexes containing excess 4-
propoxyphenyl group (such as e, Ar;Ar’Fe and AbAr’Fe), which undergo
reductive elimination to produce only the homo-dedpproduct. However, the coupling
between phenylmagnesium bromide and 4-chlorobronmdre4 (0.5 equiv.) produced
only 10% of the expected cross-coupled proguierphenyl5 along with homo-coupled
biphenyl6 (47%).

Table 1. Coupling of aryl halides using iron(l1Btalyst.

Mg Ar?Br
AlBr  —— » ArtMgBr —— Ar—Ar?  +  af—art
THF FeCl,
0°C-rt
Entry Ar'Br Ar2Br2 Products
L O e OO0
1 2 5 (38%) 6 (17%)
2 1 7 (16%) 8 (8%)
5 (3%)

3 03H7”o—©—8r Br—@—Br
3 2
1 4

21n entry 1, 3 and 4 dihalobenzenes were used 0.5 equivalent in each case.

®
g
5
g

5 (10%) 6 (47%)

In a plausible catalytic cycle (Scheme 1) an additf Fe(lll) to an arylmagnesium
halide to form a tetrakis(aryl)iron(lll) intermedéais involved. This then undergoes
reduction, losing two aryl groups as the homo-cedpproduct, and forms aryliron(0).
Addition of one equivalent arylmagnesium halidenfsra low-valent, Fespecies which
serves as a reductant for the other aryl halidstsate. This forms an aryl radical and an
open-shell Feradical which rapidly combines to create a trigijaon(ll) species having
two different kinds of aryl moieties. This then @ngoes reductive elimination to yield the
cross-coupled product and regenerate the actiadysatomplex.
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MgX, FeXs
Ar 4FeMgX
1.5 Art-Art Ar'MgX
Art-Ar? { ArlFeoMgX}
Ar Fe'Ar ng} {Arlz,:eo(ng)Z}

& j\Arzx
MgX, [arx| o] Ar'Fe!(MgX), |

Scheme 1. Plausible mechanism for the iron(llixlgaed coupling reaction
4. Conclusion

In summary, iron(lll) chloride catalyzed couplindg aryl Grignard reagents with aryl
halides produced both homo- and cross-coupled ptedC@oupling of phenylmagnesium
bromide with half-equivalent of either 1,4-dibronesizene or 1-bromo-4-chlorobenzene
in presence of iron(lll) catalyst produced botloss-coupledp-terphenyl and homo-
coupled biphenyl. Only homo-coupled ‘“4dpropoxybiphenyl was obtained from 4-
propoxyphenylmagnesium bromide under the same tondiln this case, electron-
donating propoxy group irpara position might accelerate the formation of ferrate
complexes containing excess aryl group that mayergal reductive elimination to
produce only the homo-coupled product. The Grignerdgent prepared from 1,4-
dibromobenzene and Mg turnings (1.1 equiv.) whemptsd with bromobenzene
produced cross-coupled 4-bromobiphenyl artdrphenyl along with homo-coupled 4,4
dibromobiphenyl.
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