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SUMMARY

The reaction of CuBr with methyl- and methoxyphenyllithium derivatives
and the isolation of the o-tolyl-, m-tolyl-, p-tolyl- and o-anisylcopper are described.
Thermal decomposition, hydrolysis and some other reactions are examined. IR and
X-ray powder spectra (including phenylcopper) are reported.

INTRODUCTION

Well characterized organometallic compounds, with a direct copper—carbon
c-bond, are very few in number in comparison with those of transition and post
transition organometallic compounds®.

Substituted phenylcopper(l) derivatives have been mentioned as products
from addition of copper(I) halides to arylmetallic compounds?~> or from addition
of iodine-containing polyaromatic compounds to lithium dimethylcopper®-3. They
have also been obtained by decomposition of diazonium borofluorides in the pre-
sence of metallic copper®, but no pure samples were isolated.

In extension of our researches in this field”*™¢, we report the preparation and
characterization of some aromatic copper(I) derivatives, which appear to be promising
for further physico-chemical investigations.

Evidence for the formation of complexes with the aryllithiwm reagent and
chelating agents is also presented.

We were unable to obtain the previously reported copper(Il) derivatives®-°.

RESULTS

We have studied the reacticn of CuBr with o-, m-, p-tolyl and o-, p-anisylli-
thium. .

In anhydrous diethyl ether, with a ratio Li/Cu < 1, deep coloured solutions
were formed, from which o-, m-, p-tolyl and o-anisylcopper slowly precipitated or
were obtained as specified in the experimental part. (We did not succeed in isolating
pure samples of p-anisylcopper.) The isolated compounds were microcrystalline
diamagnetic powders: almost white (o-tolyl-, m-tolyl-), yellow (p-tolyl-) and orange
(o-anisylcopper). The IR spectra in the region 2000200 cm™* are shown in Fig. 1;
powder spectra, including data for phenylcopper, are reported in Table 1.
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Fig 1. IR spectra of phenylcopper derivatives; 2000-1600 cm™* : nujol, higher concentration; 1600-1330
cm™*: hostaflon; 1330-200 cm™*: nujol. (1) o-Tolylcopper; (2) m-tolylcapper; (3) p-tolylcopper; (4) o-
anisylcopper. ’ ’

In most organic solvents deep yellow to red solutions were obtained, which
apparently were stable only at low temperature. Molecular weights, in agreement with
a low aggregation state (monomeric to dimeric species), were obtained at 25° in
various solvents (toluene, THF, CCl,) by extrapolating to zero time the values mea-
sured shortly after the preparation of the solutions. The mol. wts. appeared to increase
with time, and a reaction with the solvent was indicated, eg. in CCl, solutions by
formation of Cl1™.

No measurements were possible for the very unstable m-tolylcopper solutions.

m-Tolylcopper was also less stable to thermal decomposition than phenyl-
copper, but the o- and p-derivatives showed a stability similar to the latter. In the
solid state, weak explosions, with almost quantitative yield of the corresponding
diaryl derivative, were observed under vacuum with a heating rate of 5-10°/min at
about 100° for m-tolyl- and between 110-120° for o- and p-tolylcopper. The explosion
of o-anisylcopper was observed at about 150° and in addition to o, o’-bianisole some
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TABLE 1
POWDER SPECTRA, 4i=1.5418 A (Cu-K,)
Phenylcopper o-tolylcopper m-tolylcopper p-tolylcopper o-anisylcopper
d Int. d Int. d Int. d Int. d Int.
9.71 vs 983 s 10.16 vs 12.63 vs 1051 vs
6.86 w 8.70 w 9.31 vw 10.40 s 10.02 vs
5.25 m 7.14 vs 808 vw 937 S 8.73 s
4.60 s 6.54 [ 7.20 m 8.64 s 8.04 w
433 m 6.10 m 6.01 w 7.06 mw 7.26 w
4.15 w 520 w 579 s 6.56 w 6.51 ms
3.83 m 490 VW 5.19 m 6.22 w 5.67 w
3.55 w 4.60 w 501 vw 5.68 s 529 w
343 . wvw 431 vw 4.52 s 5.13 mw 4.92 m
3.15 vs 412 w 422 w 471 w 4.69 w
300 vw 3.89 w 383 vw 442 vw(b) 411 vw
2.64 w 3.62 m 3.53 w 404 vw 399 m
2.48 vw 3.29 m 343 m 395 mw - 3.85 w
239 vw 322 vw(b) 333 w 383 w 373 w
234 vw 304 vw(b} 298 w 373 w 361 w
221 m 278 284 w 363 vw 346 w
2.16 vw 265 vw 2176 w 333 vw 327 m
2.10 w 2.53 vw(b) 2.66 w 3.28 w 3.07 w
195 vw 234 w 2.57 vw 3.12 W 295 w
193 m 227 w 249 vw 293 w(b) 291 w
190 vw 2.19 vw 241 vw 258 vw (b) 283 m
186 w 210 vw 229 vw 242 vw(b) 273 m
1.80 w 204 vw 2.20 w(b) 225 vw(b) - 237 w
1.62 vw 197 w 208 vw 2.19 vw 245 w
1.58 vw 191 w 1.99 w 214 w 236 w
1.54 w 1.84 w 1.89 yw 2 vw 230 w
1.49 vw 1.79 vw 203 vw 2.24 w
144 vw 200 vw 214 m
137 ww 191 vw(b) 206 w
183 . vw(b) 201 vw
194 w
1.86 vw
1.80 vw
1.76 yw

anisole was formed; the latter was probably formed by interaction with the small
amount of solvent usually present.

On hydrolysis in most organic solvents all the above compounds yielded
quantitatively the corresponding arenes. (o-Anisylcopper was more resistant to the
hydrolysis than the tolyl derivatives.) The compounds are sensitive to oxygen:
suspensions in ether or pentane gave the corresponding diaryls, phenols and small
quantities of arenes, diaryl ethers and phenol derivatives when exposed to oxygen.
Detonations sometimes occurred, mainly with p-tolylcopper, when solid samples of
about 0.5 g were exposed to oxygen even at 0°. The -autoxidations are being further
studied. .

Formation of complexes between arylhﬂnum and arylcopper 1s mdlcated by
the stoicheiometry of the reaction of CuBr with aryllithium. Free aryllithium (Michler
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colour test) could be detected in the reaction solutions, starting from a reactants ratio
Li/Cu >2.

A complex with a Li/Cu ratio = 1 precipitated with m-tolylcopper. It was a
yellow powder. stable at room temperature but extremely reactive towards moisture
and inflammable in air.

The other organocopper derivatives gave solutions from which only products
with non-reproducible composition could be isolated by long standing, solvent
removal or by dioxane addition.

Evidence has been obtained for complex formation on addition of bidentate
or trisubstituted phosphines. These latter pale yellow complexes were stable at room
temperature and similar to those obtained from phenylcopper’s. With 2,2'-dipyridine
and 1,10-phenanthroline deep red complexes were formed, which were less stable than
the parent organocopper compounds. Two or more moles of organocopper were
present per mole of ligand.

The organocopper compounds reacted with imidazole, forming the corre-
sponding arene and Cu' imidazolate. Analogous reactions were observed with
benzimidazole or 1,2,4-triazole.

EXPERIMENTAL

General procedures, apparatus and reagent preparations have been previously
described 9.

IR spectra were recorded as nujol and hostaflon mulls with a Perkin—Elmer
225 Spectrophotometer.

o-Tolylcopper

Cuprous bromide (1 g, 6.98 mmoles) was suspended in ethyl ether (30 ml) and
_ allowed to react dropwise at 0° with 6.6 ml of a clear solution of o-tolyllithium (1 M).
The colour changed to yellow and then to a deep orange brown, while the solid
dissolved. A white microcrystalline powder was formed after a few min. The precipi-
tate, washed several times with ether, was dried for 8 h in high vacuum and yielded
about 507 of a pale beige powder. (Found: C, 54.07; H, 4.63; Cu, 41.00; [toluene]/
[Cu], 0.99. C;H,Cu calcd.: C, 54.35; H, 4.56; Cu, 41.08%; [toluene]/[Cu], 1.00.)

Reaction with HgBr,. To a stirred suspension of o-tolylcopper (0.59 g, 3.82
mmoles) in THF (30 ml) a solution of HgBr, (1.60 g, 4.44 mmoles) in THF was added
at 0°. The colour changed from yellow-orange to greenish. From the filtrate, by
addition of water, o-tolylmercuric bromide was obtained as a white precipitate, m.p.
167-169° (1.252 g, 88.3%7); recrystallized from acetone m.p. 170-172° (lit.1°: 168°).
(Found: C, 22.76; H, 1.85. C,H,HgBr calcd.: C, 22.62; H, 1.90%.)

p-Tolylcopper

The preparation was the same as for o-tolylcopper. From brown black solu-
tions a yellow microcrystalline powder with traces of solvent was isolated. The yield,
based on p-tolyllithium, was more than 90%. (Found: C, 54.92; H, 4.87; Cu, 4047;
[toluenc]/[Cu], 1.02. C,H,;Cu calcd.: C, 54.35; H, 4.56 ; Cu, 41.08%; ; [toluene]/[Cu],
1.00.)

Reaction with imidazole. To a stirred suspension of p-tolylcopper (0.55 g, 3.56
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mmoles) in diglyme (15 ml) a solution of imidazole (0.3 g, 4.41 mmoles) in diglyme was
added at 0°. Immediately a white powder was formed which after a few hours was
filtered, washed several times with diglyme and ethyl ether and dried in vacuo. The
white grayish solid was insoluble in most organic solvents. (Found: Cu, 28.19;
H, 2.27; Cu, 47.78; N, 21.49. CuC3H;N; caled.: C, 27.58; H, 2.31; Cu, 48.65; N,
21.47%)

m-Tolylcopper

The preparation was the same as for o-tolylcopper, but stoicheiometric
amounts of CuBr and m-tolyllithium were allowed to react. After 3 h from the deep
red-brown solutions a white powder usually precipitated, while the colour changed
to a deep green. Sometimes the change of colour was noticed but it was impossible
to bring about the precipitation of the compound.

The isolated m-tolylcopper was a pale beige, microcrystalline powder with
traces of solvent. Yield about 60-70%. (Found : C, 54.32; H, 4.69; Cu, 4041 ; [toluene }/
[Cul, 1.02. C;H,Cu calcd.: C, 54.35; H, 4.56; Cu, 41.08%;; [toluene]/[Cu], 1.00.)

Complex m-tolylcopper-m-tolyllithium. Cuprous bromide (1 g, 6.98 mmoles)
was suspended in ethyl ether (30 ml) and treated dropwise at 0° with 14 m] of a clear
solution of m-tolyllithium (1 M) under stirring. Michler test negative. From the deep
green solution a white yellow crystalline precipitate was formed after a few min. It
was washed several times with ether and dried in vacuo at room temperature. (Found:
Cu, 25.30;[Li}/[Cu], 095; [toluene]/[Cu], 1.97. C,4H,,Culi calcd.: Cu, 25.14%;;
[Li}/[Cu], 1.00; [toluene]/[Cu], 2.00.)

Owing to the instantaneous decomposition in air it was impossible to obtain
satisfactory analysis for C and H.

o-Anisylcopper

The reaction was the same as for o-tolylcopper. The brown solution was
evaporated to dryness, the residue was extracted with toluene and filtered through
a bed of dry Al,O;. The orange solution, reduced to a small volume by evaporation,
separated small orange crystals after cooling. They were filtered and washed three
times in the cold with a few ml of toluene. Under high vacuum the crystals changed in
a microcrystalline powder, but retained in part the solvent. Yield about 20%, but
very dependent on the experimental conditions. {Found: C, 51.76; H, 4.33; Cu, 36.19.
C,H,CuO +47 toluene, caled.: C, 51.65; H, 4.32; Cu, 35.74%;.) -

On the same sample by GLC, after hydrolysis, a ratio [anisole]/[Cu]=1.03
and 59 of toluene were found.

ACKNOWLEDGEMENT
The work has been supported by the NATO and the Italian National
Research Council (C.N.R.).

We thank Prof. G. Costa for his advice and Dr. L. Ranpaccio for his help in
the X-ray measurements.

J. Organometal. Chem., 14 (1968) 441446



446 ' A. CAMUS, N. MARSICH

REFERENCES

1 D. SExrerTH aND R. B. KING, Annual Surveys of Organometallic Chemistry, Elsevier, Amsterdam
(1965 and £.).
2 H. Gmman anp J. M. StratEY, Rec. Trav. Chim. Pays-Bas, 55 (1936) 821.
3 H. HasumoTto AND T. NaKANO, J. Chem. Soc., (1966) 891.
4 S. S. Dua, A. E. Jukes axp H. GiLMmanN, J. Organometal. Chem., 12 (1968) P 24,
5 A. E. Jukss, S. S. Dua anp H. GiiMman, J. Organometal. Chem., 12 (1968) P 44.
6 F. A. BoLtH, W. M. WHALEY AND E. B. STARKEY, J. Amer. Chem. Soc., 65 (1943) 1456.
7 (2) G. Costa. A. Camus anp E. Pauruzzi, Gazz. Chim. Ital., 86 (1956) 997;
(b) G. Costa, G. DE ALTI, L. STEFANI AND G. BOSCARATO, Ann. Chim. ( Rome), 52 (1962) 289;
{c) G. Costa, G. DE ALTI AND L. STEFANI, Atti Accad. Naz. Lincei, Rend. Cl. Sci. Fis. Mat. Nat., [8)
31 (1961) 267;
(d) G. Costa, A. Camus, L. GATTI AND N. MARSICH, J. Organometal. Chem., 5 (1956) 568;
(e) G. Casta, A. Camus, N. MARSICH AND L. GatTy, J. Organometal. Chem., 8 (1967) 339.
8 M. TsuTsul, 4nn. N.Y. Acad. Sci., 93 (1961) 135.
9 V. F. MARTYNOVA, Zh. Obshch. Khim., 32 (1962) 2702.
10 S. HipERT AND G. GRUTTNER, Ber., 48 (1915) 906.

J. Organometal. Chem., 14 (1968) 441-446



