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Summary: The synthesis of 1,4-bis(chloromagnesio)-2,5-
di-tert-butylbenzene was conducted by treating 1,4-bis-
(chloromercurio)-2,5-di-tert-butylbenzene with methyl-
magnesium chloride. The dimagnesiated compound was
characterized by hydrolysis, halogenation, and treatment
with allyl bromide. NMR spectra suggest that 1,4-
bis(chloromagnesio)-2,5-di-tert-butylbenzene exists as a
mixture of oligomers.

Introduction

Grignard reagents have been intensively studied over
the last century.! Despite the abundance of aromatic
compounds bearing one magnesium substituent, there
are very few examples of aromatic compounds contain-
ing two or more magnesium groups attached to the same
ring.2=5 Evidence for aromatic “poly-Grignard” deriva-
tives has come from analysis of products obtained upon
electrophile addition.>* The crystal structure of tet-
rameric o-phenylenemagnesium has been reported,
which exists with one terminal magnesium—carbon
bond and one ortho carbon bridging between two mag-
nesiums of the tetrameric unit.® Furthermore, several
dimeric arylmagnesium compounds with bridging aryl
groups have been structurally characterized.® However,
structural information on aromatic “poly-Grignard”
reagents of the type that might be generated and used
in typical synthetic procedures has not been reported.

® Abstract published in Advance ACS Abstracts, September 1, 1997.
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We have recently described the syntheses of perlithi-
ated,” permagnesiated,® and perzincated ruthenocenes,®
which were prepared by reaction of the appropriate
methylmetal with a permercurated ruthenocene. Given
the facile preparation and novelty of the permetalated
ruthenocenes, we sought to extend this chemistry to
polymetalated benzene derivatives.l® Herein we de-
scribe the synthesis and reactivity of 1,4-bis(chloromag-
nesio)-2,5-di-tert-butylbenzene. NMR spectra of this
compound suggest that it exists as a mixture of oligo-
mers obtained by shifting of the Schlenk equilibrium
from the monomer.

Results and Discussion

The preparative chemistry is outlined in Scheme 1.
The requisite dimercurated derivative 2 was prepared
from 1,4-di-tert-butylbenzene (1) by fusion with mercuric
trifluoroacetate (2.2 equiv) at 210 °C,!! followed by
treatment with sodium chloride in water/methanol. 1,4-
Di-tert-butylbenzene could not be tri- or tetramercurated
under the fusion conditions, even with excess mercuric
trifluoroacetate and extended heating. Exclusive for-
mation of the 1,4-dimercurated compound, as opposed
to the 1,3-isomer, was evident from the NMR spectra.

Treatment of 2 with methylmagnesium chloride (4.5
equiv) in refluxing 1,2-dimethoxyethane (DME) for 18
h led to a white suspension containing 1,4-bis(chloro-
magnesio)-2,5-di-tert-butylbenzene (3). Hydrolysis at
room temperature afforded 1 (80%), while quenching
with D0 resulted in 1-d; (71%) with >95% deuterium
incorporation in the 2- and 5-positions. Since the
carbon—mercury bond is stable to hydrolysis under the
reaction conditions, the hydrolysis experiments are
consistent with the formulation of 3 as a dimagnesiated
species. Treatment of 3 with bromine afforded 1,4-
dibromo-2,5-di-tert-butylbenzene (4, 90%),2 while ad-
dition of iodine gave 1,4-diiodo-2,5-di-tert-butylbenzene
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Scheme 1. Preparation and Reactions of 3

C(CHg)z 1) 2.2 Hg(O.CCF3)p C(CHa)s C(CHz)s
210 °C, 0.5 h, 95% HaCl
9% 4 CHaMgC MgCl
DME, reflux
2) excess NaCl ClHg AN CiMg
C(CHa)s 1:1 CH3OH/MH,0 C(CHg)s C(CH3)
reflux, 36 h, 96% 373
1 2 3
allyl bromide Xo Ho0 or
D,O
C(CHz)s G(CHa)a C(CHa)s
% X H(D)
= X (D)H
C(CHa)s C(CHa)s C(CHg)s
6, 87% 4, X =Br, 90% 1, 80%
5, X =1, 88% 1-d,, 71%
>95% D

(5, 88%).13 Addition of allyl bromide afforded 1,4-di-
tert-butyl-2,5-diallylbenzene (6, 87%). Ketones and
other carbonyl-containing compounds gave mixtures of
many products upon reaction with 3. Use of DME in
the formation of 3 is critical. Other solvents (THF,
Et,O, HMPA, NEts;, TMEDA) led to mixtures of (meth-
ylmercurio)benzene species, with <20% of 1 being
isolated upon hydrolysis.

Given the excellent thermal stability of 3, its isolation
was carried out. Preparation of 3 as described above
followed by evaporation of the solvent, washing of the
resultant residue with hexane, and vacuum drying for
36 h at 80 °C afforded a white powder. This powder
was sparingly soluble in dimethyl sulfoxide-d¢ and
tetrahydrofuran-dg and was characterized by *H and
13C{IH} NMR spectroscopy and CP/MAS 13C NMR
spectroscopy. In dimethyl sulfoxide-ds, two products
were observed in an 80:20 ratio. Free DME was also
present. The 'H and 3C{*H} NMR spectra are consis-
tent with 7 as the major product, while we propose 8 to
be the minor product on the basis of the similarity of
its TH NMR spectrum to that of 7. There was no

C(CHa)s C(CHa)3
H H H H
CHaMg H CIMg H
C(CHa)s C(CH3)3
7 8

evidence for deprotonation of dimethyl sulfoxide-ds by
3,7, 0r 8 over 1 week at 23 °C. A 'H NMR spectrum of
the isolated solid in tetrahydrofuran-dg showed tert-
butyl resonances for 7 and 8 in a 50:50 ratio and showed
at least eight overlapping tert-butyl methyl resonances
between 6 1.55 and 1.59 (ca. 40% of total methyl signal
integration). The increased solubility of 8, coupled with
the new resonances, suggests that tetrahydrofuran-ds
is better able to dissolve the components of the white
powder than is dimethyl sulfoxide-ds. A CP/MAS 3C
NMR spectrum of the isolated solid was recorded. The
spectrum revealed more than one compound to be
present, but showed resonances expected for a 1,4-
dimagnesiated-2,5-di-tert-butylbenzene. At least three
magnesiated carbon signals were observed between 160

(23) Bell, F. J. Chem. Soc. 1958, 120.

and 174 ppm.** Both free and coordinated DME were
also observed.

The reactivity data outlined above, particularly the
hydrolysis experiments, demonstrate that treatment of
2 with methylmagnesium chloride provides a dimagne-
siated benzene in at least 71% vyield (yield of 1-d,
obtained from treatment of 3 with D,0O). The spectro-
scopic data allow some insight into the structure
adopted by 3; the monomeric structure presented in
Scheme 1 for simplicity cannot be the only dimagnesi-
ated species present. The NMR spectra in dimethyl
sulfoxide-ds showed only the monomagnesiated species
7 and 8. We suggest that 7 and 8 are minor species
that have the highest solubility among all of the
products.’®> Bromination studies of 3 require that 7 and
8 constitute <10% of the compounds present. In tet-
rahydrofuran-ds, the tert-butyl resonances between 6
1.55 and 1.59 in the 'H NMR are too complicated for
monomeric 3. The low solubility of the compounds
giving rise to the 6 1.55 and 1.59 resonances suggests
that they are oligomers formed by shifting of the
Schlenk equilibrium from monomeric 3. Such an oli-
gomeric mixture may be favored by the synthetic
approach to 3. Since magnesium chloride has a very
low solubility in DME, the formation of oligomers may
occur through irreversible elimination of magnesium
chloride from 3. We have previously shown that pen-
takis(chloromagnesio)pentamethylruthenocene exists as
an oligomeric mixture, of which the monomer is a minor
component at best.8

The results presented herein raise several important
points. The regiospecific synthesis of 3 is significant,
since existing routes to dimagnesiated aromatics require
Lewis basic groups for ortho-magnesiation® or rely upon
the inefficient reaction of a polyhalogenated benzene
derivative with 2 equiv of magnesium metal (the second
insertion is apparently slow due to the deactivating
effect of the first chloromagnesio substituent).2 While
a few aliphatic di-Grignard reagents have been proposed
to be polymeric on the basis of their low solubilities in
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organic solvents,® the present study gives the first
structural insight into an example of such a species.
Moreover, care must be exercised when aromatic “poly-
Grignard” reagents are generated in solution and used
in synthetic procedures, since carbon—magnesium bonds
of widely differing reactivity are likely to be present
(e.g., ArMgClI, ArMgAr, ArMgCHz3) in the same mol-
ecule. Finally, many polymetalated benzene derivatives
should be easily prepared from polymercurated precur-
sors in analogy with the present study and the work of
others.319 Such molecules should be significant from a
theoretical viewpoint and may have applications in
synthesis. We are continuing to explore the properties
of polymetalated aromatic compounds and will report
our findings in due course.

Experimental Section

All reactions were carried out under an atmosphere of argon
using either a Schlenk line with appropriate glassware or a
glovebox. 1,2-Dimethoxyethane was distilled from sodium
benzophenone ketyl prior to use. Tetrahydrofuran-ds and
DMSO-ds were dried over sodium and activated 4-A molecular
sieves, respectively. Other solvents were used as received. 1,4-
Di-tert-butylbenzene, mercuric trifluoroacetate, and other
reagents were purchased from Aldrich Chemical Company. *H,
13C{1H}, and °F NMR spectra were obtained at 500, 121, and
282 MHz, respectively, in the indicated solvents. Infrared
spectra used potassium bromide, Nujol, or Fluorolube as the
matrices as indicated. Mass spectra were obtained in the
electron impact mode. Elemental analyses were performed by
Midwest Microlab, Indianapolis, IN, or Galbraith Laboratories,
Knoxville, TN. Melting points were obtained on an Electro-
thermal Model 9200 melting point apparatus and are uncor-
rected.

1,4-Bis[(trifluoroacetoxy)mercurio]-2,5-di-tert-butyl-
benzene. A 250-mL round-bottomed flask, equipped with a
condenser, was charged with mercuric trifluoroacetate (30.0
g, 70.0 mmol), which was heated with stirring until melted
(180—190 °C), at which time crystalline 1 (6.08 g, 32.0 mmol)
was added. The temperature was increased to 210 °C for 20
min, whereupon the melt solidified. The resulting white solid
was collected on a medium-porosity glass frit and was washed
with water (300 mL) and methanol (300 mL). Vacuum drying
afforded 24.7 g (95%) of a white powder: dec range 300—310
°C; IR (KBr, cm™1) 3100 (w), 2950 (s), 2878 (m), 1784 (m), 1679
(s), 1577 (w), 1472 (m), 1437 (m), 1416 (m), 1363 (m), 1312
(m), 1257 (m), 1188 (s), 1049 (s), 924 (w), 886 (m), 853 (m),
840 (s), 807 (s), 789 (m), 725 (s), 644 (w), 610 (w), 517 (m), 485
(w), 455 (m), 420 (w); *H NMR (acetone-de, 6) 7.91 (s, aromatic
H), 1.53 (s, C(CHj3)3); **C{*H} NMR (acetone-ds, ppm) 160.85
(9, 3 = 37 Hz, C=0), 152.52 (s, C—C(CHg)3), 141.29 (s, C—Hg),
136.18 (s, aromatic C—H), 119.69 (q, J = 273 Hz, CF3), 35.64
(s, C(CHa)3), 33.11 (s, C(CHa)3); °F (acetone-ds, ppm) —74.3
().

Anal. Calcd for Ci1gH20FsHg204: C, 26.51; H, 2.41. Found:
C, 26.38; H, 2.51.

1,4-Bis(chloromercurio)-2,5-di-tert-butylbenzene (2). A
mixture of 1,4-bis[(trifluoroacetoxy)mercurio)]-2,5-di-tert-
butylbenzene (24.7 g, 30.3 mmol), sodium chloride (8.85 g,
0.151 mol), water (200 mL), and methanol (200 mL) was
refluxed for 2 days. The resulting white powder was collected
on a medium-porosity glass frit and was washed with hexanes
(300 mL), methanol (300 mL), and diethyl ether (300 mL).
Vacuum drying afforded 2 as a white powder (19.3 g, 96%):
dec range 300—330 °C; IR (KBr, cm~1) 3090 (vw), 2952 (s), 2878
(s), 2792 (w), 2744 (w), 1472 (s), 1450 (m), 1392 (m), 1362 (s),
1312 (m), 1259 (m), 1241 (m), 1201 (w), 1175 (m), 1158 (w),
1053 (s), 1024 (w), 942 (vw), 929 (vw), 888 (m), 835 (w), 733
(vw), 669 (vw), 645 (vw), 627 (vw), 501 (w), 487 (m), 457 (m),
419 (vw); *H NMR (CDCl3, 0) 7.32 (s, aromatic H), 1.32 (s,
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C(CHs)3); 3C{*H} NMR (CDCl3, ppm) 147.98 (s, C—CHya)s),
133.78 (s, C—Hg), 124.86 (s, aromatic C—H), 33.29 (s, C(CHz3)3),
31.38 (s, C(CHs3)3).

Anal. Calcd for Ci14H20CloHgz: C, 26.46; H, 3.05. Found:
C, 26.54; H, 3.18.

Treatment of 3 with Water. A 100-mL Schlenk flask was
charged with 2 (0.500 g, 0.757 mmol) and 1,2-dimethoxyethane
(35 mL). A 3.0 M solution of methylmagnesium chloride in
tetrahydrofuran (1.1 mL, 3.4 mmol) was added to the resulting
suspension. The solution was refluxed for 17 h to afford a
white suspension. Water (0.30 mL, 17 mmol) was added to
the solution at room temperature, and the solution was stirred
for 1 h. The solvent was removed under reduced pressure,
and the residue was extracted with hexane (50 mL). The
hexane extract was passed through a 2-cm pad of silica gel on
a coarse glass frit. Elution with hexane (50 mL), followed by
removal of the solvent under reduced pressure, afforded a
white crystalline solid of 1 (0.117 g, 81%): 'H NMR (CDCls,
0) 7.34 (s, aromatic H), 1.34 (s, CHa)3); *3C{*H} NMR (CDCls,
ppm) 147.99 (s, C—C(CHsa)3), 124.87 (s, aromatic C—H), 34.22
(S, C(CH3)3), 31.39 (S, C(CH3)3)

Treatment of 3 with Bromine. Compound 3 was gener-
ated as above from 2 (0.510 g, 0.772 mmol) and a 3.0 M
solution of methylmagnesium chloride in tetrahydrofuran (1.2
mL, 3.5 mmol) in 1,2-dimethoxyethane (35 mL). Bromine (0.30
mL, 5.8 mmol) was added to the solution at room temperature,
and the solution was stirred for 1 h. The solvent was removed
under reduced pressure, and the residue was extracted with
hexane (50 mL). The hexane extract was passed through a
2-cm pad of silica gel on a course glass frit. Elution with
hexane (50 mL), followed by removal of solvent under reduced
pressure and recrystallization from methylene chloride, af-
forded 4 (0.243 g, 90%): mp 100—101 °C; *H NMR (CDCls, )
7.58 (s, aromatic H), 1.47 (s, C(CHz3)3); *3*C{*H} NMR (CDCl;,
ppm) 146.86 (s, C—C(CHs)3), 134.98 (s, aromatic C—H), 121.44
(s, C—Br), 36.00 (s, C(CHa)3), 29.42 (s, C(CHz3)3); MS (20 eV)
m/e 348 (M, 36), 333 (M* — CHjs, 100).

Anal. Calcd for CisH20Br2: C, 48.30; H, 5.79. Found: C,
48.69; H, 6.00.

Treatment of 3 with lodine. Compound 3 was generated
as above from 2 (0.540 g, 0.763 mmol) and a 3.0 M solution of
methylmagnesium chloride in tetrahydrofuran (1.0 mL, 3.0
mmol) in 1,2-dimethoxyethane (35 mL). lodine (1.94 g, 7.64
mmol) was added to the solution at room temperature, and
the solution was stirred for 1 h. The solvent was removed
under reduced pressure, and the residue was extracted hexane
(50 mL). The hexane extract was passed through a 2-cm pad
of silica gel on a course glass frit. Elution with hexane (50
mL), followed by removal of the solvent under reduced pressure
and recrystallization from methylene chloride, afforded 5
(0.297 g, 88%): mp 137 °C; *H NMR (CDCls, 0) 7.92 (s,
aromatic H), 1.495 (s, C(CHs)s); *C{*H} NMR (CDCl3, ppm)
149.48 (s, C—C(CHpg)3), 142.22 (s, aromatic C—H), 95.52 (s, C-I),
35.80 (s, C(CH3)3), 29.59 (s, C(CHg3)3); MS (20 eV) m/e 442 (M,
100), 427 (M* — CHg, 83).

Anal. Calcd for CisHxlz: C, 38.01; H, 4.56. Found: C,
38.11; H, 4.55.

Treatment of 3 with Allyl Bromide. Compound 3 was
generated as above from 2 (0.508 g, 0.769 mmol) and a 3.0 M
solution of methylmagnesium chloride in tetrahydrofuran (1.2
mL, 3.46 mmol) in 1,2-dimethoxyethane (35 mL). Allyl
bromide (0.66 mL, 7.7 mmol) was added to the solution at room
temperature, and the solution was stirred for 24 h. The
solvent was removed under reduced pressure, and the residue
was extracted with benzene (50 mL). The benzene extract was
passed through a 2-cm pad of silica gel on a course glass frit.
Elution with benzene (50 mL), followed by removal of the
solvent under reduced pressure and recrystallization from
pentanes, afforded 6 (0.181 g, 87%): mp 68 °C; 'H NMR
(CDCls, ) 7.17 (s, aromatic H, 2 H), 5.99 (m, 1 H), 5.07 (dd, J
=1.5,3.0Hz, 1 H), 5.03 (dq, J =1.5,9.9 Hz, 1 H), 3.61 (dt, J
= 1.5, 6.0 Hz, 2 H), 1.38 (s, C(CHs3)3); 3C{1H} NMR (CDCls,
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ppm) 144.61 (s, C—C(CHjs)3), 138.87 (s, CH=CHy), 135.09 (s,
C—allyl), 130.02 (s, aromatic C—H), 115.34 (s, CH=CHy,), 38.50
(s, CHy), 35.16 (s, C(CHg3)3), 31.59 (s, C(CHs3)3).

Anal. Calcd for CyHso: C, 88.82; H, 11.18. Found: C,
88.72; H, 11.29.

Isolation of 3. Compound 3 was generated as above from
2 (0.500 g, 0.757 mmol) and a 3.0 M solution of methylmag-
nesium chloride in tetrahydrofuran (1.1 mL, 3.40 mmol) in 1,2-
dimethoxyethane (35 mL). The solvent was removed under
reduced pressure to afford a white solid. The solid was washed
three times with hexane (30 mL). Vacuum drying for 36 h in
a drying pistol heated by refluxing ethanol gave a white
powder (0.951 g): dec range >310 °C; IR (Fluorolube, cm™1)
3032 (w), 3020 (w), 3002 (w), 2946 (s), 2873 (m), 2851 (m), 2835
(m), 1487 (w), 1464 (s), 1418 (w), 1386 (w), 1370 (m), 1361 (m),
1356 (m); IR (Nujol, cm™1) 1276 (w), 1252 (w), 1238 (w), 1115
(m), 1103 (m), 1057 (s), 1023 (m), 1017 (m), 880 (m), 868 (m),
836 (w); 3C CP/MAS NMR spectrum 174.04 (s, C—Mg), 165.43
(s, C—Mg), 160.18 (s, C—Mg), 154.67 (s, C—C(CHg)s), 152.95
(s, C—C(CHyg)3), 135.75 (s, aromatic C—H), 127.14 (s, aromatic
C—H), 124.50 (s, benzene C—H), 71.20 (s, free CH;OCH,CH.-
OCHg), 70.37 (s, coordinated CH3;OCH,CH,OCH3), 61.66 (s,
coordinated CH3OCH,CH,OCH3), 59.10 (s, free CH3;OCH,-
CH,0OCHj3), 36.77 (s, C(CHj3)3), 35.82 (s, C(CH3)s), 33.88 (broad
s, C(CHa)3). Microanal. Found: C, 33.10, 33.46; H, 6.70, 6.75;
Cl, 20.20, 20.09; Hg, 5.96, 5.91.

Notes

NMR Data for 7: *H NMR (DMSO-ds, 23 °C, ) 7.46 (d, J
= 2.5 Hz, C,—H), 7.36 (d, J = 8.5 Hz, Cs—H), 7.06 (dd, J =
2.5, 8.5 Hz, C4—H), 1.41 (s, C(CHs)s), 1.25 (s, C(CHa)s), 0.45
(s, MgCHy3); 3C{*H} NMR (DMSO-ds, 23 °C, ppm) 174.72 (s,
C,), 153.96 (s, C3 or Cg), 146.09 (s, Cs or Cg), 134.42 (s, Cy),
125.02 (C4 or C5), 123.17 (C4 or C5), 35.50 (S, C(CH3)3), 34.15
(s, C(CHs)s), 33.25 (s, C(CHy3)s), 31.31 (s, C(CHa)3), 13.14 (s,

NMR Data for 8: 'H NMR (DMSO-ds, 23 °C, ) 7.48 (s, J
= 2.5 Hz, C,—H), 7.44 (d, J = 8.5 Hz, Cs—H), 7.15 (dd, J =
2.5, 8.5 Hz, C,—H), 1.49 (s, C(CHs3)3), 1.27 (s, C(CHa)s); there
was insufficient signal to noise to measure the 3C{'H}
spectrum. The 'H NMR data are equally consistent with 8
being bis(2,5-di-tert-butylphenyl)magnesium.
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