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Abstract: In the formation of Grignard reagents from 4-bromoalkoxybenzene and
their subsequent coupling reactions with allylic halides, the unusual minor side
products, 8 - 14 have been obtained.

Introduction

Although the Grignard reagents have been known and are the most useful
synthetically since 1900, the mechanism of its formation is still not well
understood’. The adsorption model mechanism proposed by Kharasch and Re.'anuth2 and
substantiated by walborsky3 presumes that the intermediate radicals which involved
during the formation and various side products remain adsorbed on the Mg surface.
Garst et al.‘ have recently questioned the validity of this model and have suggested
that all radicals produced in Grignard reagent formation diffuse freely through the
solution (the diffusion model). The slide products obtained during the Grignard
reagent formation are due to radical 1isomerization, attack on solvent, and
dimerizations. To synthesize the analogues of estragole (an attractant for the oill
palm pollinating weevil, Elaeidobius kamerunicuss), we synthesized the Grignard
reagents of 4-alkoxybromobenzenes. Besides the normal dimer side product, unusual
side products were also formed by substitution reaction between two molecules of

Grignard reagent. The details are described in this paper.

RESULTS AND DISCUSSION

In our attempt to synthesize compounds 1 - 4, we carried out the reactions
shown in Scheme 1. The apparent experimental ylelds of the major products, 1 - 4 and
5 -7, were 20 - 40% and 5 - 11%, respectively; while those of minor products, 8 - 14
ranged from 0.1 to O0.8%. Compounds 1 - 8 were obtained in pure form whereas

compounds 9 - 14 were detected from the analysis of the spectra of the products
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mixtures. The estimated proportions of each compound in the product mixture were
calculated from the integrals of characteristic proton signals in the NMR spectrum.
To the best of our knowledge, no reports have appeared showing the existence of
products similar to 8 - 14 in reactions involving Grignard reagents. Even though no
conclusive evidence of the mechanism for their formation could be established,

possible involvement of free radicals might have taken place in these reactionsl-‘.

Table 1: Apparent Experimental Yields of the Major and Minor Coupling Products.

RMgBr + R1X e R - R: + R-R + R-Ph + 1, 4 - RC‘s}l‘R1
R = 4-C _H OMe 1 5 8 11
6 4

R1X = CH2=C(CH3)CH2C1 38% 11% 0.3% s 0.8%

R = 4-C6H‘0Me 2 5 8 12

RIX = trans—CH3CH=CHCH2C1 41% = 5% 0.6% s 0.04%

R = 4—C6H‘0Et 3 6 9 13

RIX = CH2=CHCHZBr 20% > 5% 0.4% 0.1%

R = 4—C6H‘OCH(CH3)2 4 7 10 14

Rlx = CH2=CHCHZBr 36% > 5% 0.3% 0.1%
Experimental
Instruments. " NMR spectra were recorded with either a Bruker AM 300 or a JNM-GSX

270 with chemical shifts (3) expressed in ppm downfield from tetramethylsilane (TMS).
Low resolution mass spectra were measured on Varian MAT CH7 and Finnigan Mat GC-MS
SSQ 710. Column chromatography was carried out using Merck Kieselgel 60 (230 mesh)
and thin layer chromatography was carried out using Merck Kleselgel 60 PF254.
Reagents. Commercial 4-bromoanisole was dried on molecular sieves (5A) and
fractionally distilled to give colourless liquid. Ether was dried on sodium wire
before use. Allylic chlorides were obtained from Aldrich and were used without
further purification. Magnesium turnings and all other reagents were of reagent

grade.
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Preparation of 4-Bromoethoxybenzene. To 10.0 g (58 mmol) of 4-bromophenol was
added 12 ml of 20% NaOH and 48 ml distilled water in a 250 ml two necked flask. The
pH of the reaction mixture was ca. 10. To the clear 1ce-cooled alkaline aqueous
solution of 4-bromophenol was added dropwise 3.0 g (35 mmol) of diethyl sulfate. The
reaction mixture was then gently refluxed for 4-5 hours and then left overnight at
room temperature. The pH of the reaction mixture remained ca. 10. The reaction
mixture was extracted with ether. The crude product (7.3 g) obtalned from the
ether-extract was purified by column chromatography (petroleum ether/ether, 80:20) to
give 3.8 g (19 mmol; 33% yleld) of 4-bromoethoxybenzene.

"W NMR (300 MHz, CDC1)): 7.32 (2H, AA" of AA'BB'), 6.73 (2H, BB  of AA'BE'),
3.94 (24, q, J = 7.0 Hz, CHz), 1.38 (3H, t, J = 7.0 Hz, CHa).

Preparation of 4-Bromoisopropoxybenzene. To an ethanolic solution (100 ml) of
0.24 mol of sodium ethoxide was added 10.4 g (0.06 mol) of 4-bromophenol. After
complete dissolution, 33 ml of isopropyl bromide was added. The reaction mixture was
refluxed for 4 hours and left overnight at room temperature. The reaction mixture
was filtered and the solvent was removed by vacuum evaporator. The crude reaction
mixture was treated with 30 ml1 of 0.4 M NaOH, extracted with ether and fractionated
by column chromatography to produce 7.4 g (34.4 mmol, 57% yield) of
4-bromoisopropoxybenzene.

W NMR (300 MHz, CDC1): 7.32 (2H, AA of AA'BB), 6.73 (2H, BB'of AA'BB),
4,44 (1H, hept., J = 6.1 Hz, CH), 1.29 (6H, d, J = 6.1 Hz, 2 x Cl{a).

Reaction of Allylic Halides with 4-Alkoxyphenylmagnesium Bromides in Ether.
4-Alkoxyphenylmagnesium bromides were prepared as described elsewhere®. The

coupling reaction of a typlcal allylic halide with 4-alkoxyphenylmagnesium bromide

and workup procedures were carried out according to the usual procedures. The

apparent yields are shown in Table 1. The spectral data for the coupled compounds 1 -

2 are shown elsewhere® and for 3 - 14 are summarized as below.

3:

'H NMR (300 MHz, CDCL): 7.08 (2H, A of AA'BB'), 6.82 (2H, BB of AABB ),
5.88 - 5.99 (1H, m, vinylic CH), 5.06 (1H, m-d, J = 8.2 Hz, vinylic Cﬂz)’ 5.02 (1H,
t, J 1.4 Hz, vinylic Cﬂz)' 3.99 (2H, q, J = 6.9 Hz, 0CH2), 3.31 (2H, br-d, J = 6.7
Hz, CHz)’ 1.39 (3H, t, J = 6.9 Hz, CH3).

4:

'H NMR (300 MHz, CDCL): 7.07 (2H, AA" of AA'BB’), 6.80 (2H, BB of AA'BB),
5.90-5.99 (1H, m, vinylic CH), 5.05 (1H, m-d, J = 8.3 Hz, vinylic CH), 5.02 (1H,
m, vinylic CH)), 4.51 (1H, hept, J = 6.0 Hz, CH), 3.31 (2H, br-d, J = 6.7 H,, CH),
1.32 (6H, d, J = 6.0 Hz, 2 x CH).
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'H NMR (300 MHz, cocL):  7.48 (4, AA" of AA'BB'), 6.96 (4H, BB of AA'BB ),
3.84 (6H, s, 2 x OCH).
MS, m'z (%) : 214(M', 100), 199(76), 171(24), 156(10), 139(7), 128(16), 107(7).

"'y NMR (270 MHz, COCL):  7.46 (4H, AA of AA'BB'), 6.93 (4H, BB of AA'BB),
4.04 (4H, q, J = 6.8 Hz, 2 x OCHZ)' 1.43 (6H, t, J = 6.8 Hz, 2 x CHa).
MS, m/z (%): 242(M', 100), 213(27), 185(43), 186(43), 157(28), 139(7), 128(14).

1 NMR (270 MHz, cOcl):  7.45 (4K, AA of AA'BB'), 6.92 (4H, BB of AA'BB'),
4.52 - 4.61 (2H, m, 2 x OCH), 1.35 (12 H, d, J = 5.9 Hz, 4 x CH)).
MS, m/z (%): 270(M', 27), 226(45), 211(24), 186(100), 157(10), 139(4), 128(9).

8:

" NMR (300 MHz, CDCla): 7.50 - 7.56 (4H, m, Ha’ Hs. H3,, Hs’)’ 7.38 - 7.44
(2H, m, Hz" Hs')' 7.29 (1H, m, Hl,), 6.97 (2H, m, Hz' Hs)' 3.84 (3H, s, 0CH3).

MS, m/z (%): 184 (M', 100), 169(40), 152(6), 141(29), 139(9), 115(24).
9:

1 MR (270 MHz, CDCla): 7.50 - 7.57 (4H, m, Ha, Hs’ Ha" Hs')’ 7.40 (2H, m,
Hz" Hs')' 7.29 (1H, m, H’,], 6.96 (2H, m, Hz’ Hs)' 3.99 (2H, q, J = 6.8 Hz, 0CH2),

1.39 (3H, t, J = 6.8 Hz, CHS).

MS, m/z (%) : 198(M’, 58), 170(100), 152(S), 141(22), 115(24).
10:

'H MR (270 MHz, CDCl): 7.46 - 7.56 (4H, m, H, H, H,, H,), 7.40 (2H, n,
Hz' , HG_), 7.29 (1H, m, Hl')' 6.94 (2H, m, Hz, Hﬁ), 4.56 - 4.61 (1H, m, OCH), 1.36
(6H, d, J = 5.9 Hz, 2 x CH:!)'

MS, m/z (%): 212(M‘, 36), 170(100), 152(4), 141(11), 115(9).
11:

1E‘l NMR (300 MHz, CDCIB): 7.49 - 7.54 (6H, m, Ha, Hs, Ha,, HS" Hz"Hs')' 6.97
(2H, m, Ha’ Hs)’ 4.83 (1H, br-s, vinylic CH), 4.77 (1H, br-s, vinylic CH), 3.83
(3H, s, 0CH3). 3.34 (2H, s, CHZ)' 1.71 (3H, s, CHS).

MS, m/z (%): 238(M°, 27), 223(6), 208(4), 197(s).

12:

MS, m/z (%): 238(M°, 9), 223(3), 208(2).

1H NMR signals could not be assigned because of its content of s 7% in the
mixture with 8.
13:

'y NMR (270 MHz, CDCla): 7.50 - 7.57 (6H, m, Hs’ Hs’ Ha" Hs" Hz" Hs')’ 6.96
(2H, m, Hz. Hﬁ), 6.00 (1H, m, vinylic CH), 5.02 - 5.08 (2H, m, vinylic C!!z). 3.99
(2H, q, J = 6.8 Hz, OCHZ), 3.32 (2H, br-d, J = 6.7 Hz, Cﬂz), 1.39 (3H, t, J = 6.8 Hz,

CH3).
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MS, m/z (%): 238(M’, 100), 209(32), 181(13), 165(22), 152(:4), 139(9), 115(20).
14:

' NR (270 MHz, CDC1): 7.46 - 7.56 (6H, m, H, H, H,, H,, H,, H ), 6.94
(2H, m, l-l2 R Hs)' 6.00 (1H, m, vinylic CH), 5.03 - 5.13 (2H, m, vinylic Cl-lz). 4.56 -
4.61 (1H, m, OCH), 3.38 (2H, br-d, J = 6.7 Hz, CHZ)’ 1.36 (6H, d, J = 5.9 Hz, 2 x
Cl-ls). .
MS, m/z (%): ZSZ(M*. 59), 210(100), 183(10), 181(10), 165(18), 152(11), 139(5),
115(10).
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