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ON PHEXYLCOPPER
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Phenylcopper was first reported! bv Reich in 1923 as an impure product
obtained in 60 ?; vield from phenylmagnesium bromide and cuprous iodide in ether:
later, Gilman and Stralev? obtained a vield of 86 °; in a similar reaction. Formation
of phenylcopper (not isolated) from phenyllithium® and from tetraphenvllead* has
also been claimed. Reporis®® that it is formed by the thermal decomposition of
phenyvldiazonium borofluoride in the presence of metallic copper have been questioned®.

It seems that the cnly c-bonded organocopper compound which has been
studied? in some detail is the thermally unstable methvlcopper CH4Cu. Phenvicopper
must be considered as poorly characterized and even the reactions reported to give
it require further study.

The aim of the present work is to reexamine the reactions said to give phenyi-
copper, to determine the nature of the main product, and to report on the preparation
and tsolation of phenvlcopper from phenvilithium.

Qur experiences suggest that the nature of the products, expected to be phenyl-
copper, are strongly dependent on the method adopted and on reaction conditions.
Difierent complexes can be obtalned, both from phenvlmagnesiumbromide and from
phenvllithium when treated with copper salts. On the other hand, tetraphenyllead is
not suited for the preparation of phenylcopper from cuprous halides as the reaction
takes place only at temperatures at which the phenvleopper is not stable. Almost pure
phenyvicopper, C;H Cu, was cbtained by treating phenyllithium with a slight excess
of cuprous bromide suspended in ethvl ether, but when even a slight excess of phenvl-
lithium was used the complex {CiH Cu} C.H Li-3.5(C,Hs).0 (I} was obtained. A
metallorganic compound free from Grignard reagent could not be obtained from the
reaction of phenvlmagnesium bromide with cuprous bromide; when the =olvent
used was THF, the complexes, {CuBr).(C,H;).Mg-#THF (II) and (C,H;).Cu-
(CH.) Me-nTHF (III) were isolated using equimolar amounts or an excess of Grignard
reagent respectivelyv. It must be emphasized that both the Grignard reagent and
phenyllithium must be used shortly after their preparation, for even when de-
composition is carefully prevented, a slow interaction of these reagents and the solvents
apparently takes place and the course of the formation reactien of copper-organic
complexes is no longer reproducible.

Phenylcopper is thermally much more stable than methylcopper® or ethyl-
coppes?, but it is highly reactive and almost as difhcult to manipulate. It can be kept
undecomposed for some days under nitrogen or in a vacuumni.

As was observed for the methvlcopper, phenvlcopper strongly retains ethyl
ether even after many hours under a good vacuum {0.012 mm).
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Phenylcopper reacts with mercuric bromide vielding phenylmercury bromide
almost quantitatively.

The complexes (I) and (II) are extremely reactive towards moisture. The former
is inflammable in air, the latter reacts rapidiy in air yielding vellow to black colored
products. Both are slowly decomposed at room temperature under nitrogen even in a
vacuum.

Complex (III} is more slowly decomposed in inert atmosphere but reacts
rapidly in air (sometimes with flame) vielding a deliquescent violet solid.

IR SPECTRUM OF PHENYLCOPPER

The IR absorption frequencies of solid phenylcopper reported in Table 1 are
assigned by comparison with the assignment of the spectra of C;H,X (X = (], Br, I).
The frequencies of triphenylaluminium are also reported™.

Almost all the absorption bands can be easily assigned being in a narrow range
near the frequencies and of similar intensities ratios as the vibration of the C.Hj
group.

TABLE 1
IR SPECTRA AND ASSIGNMENTS

C H. Br C H I (CeH5)a i C H Cre
v B, 1637 1031
g Ay 1580 1575 1575 1586
rig B, 1580 1575
ry Ay 1477 1473 1478 1470
rs B 1443 1439 1416 1316
1379 1397 1377 1354
1351 1370 1333 1364
1320 13206
1299 1302 1293 1303
r.q B, 1266 1239 1245
rs Ay 1173 IL7O 1183 1162
fay B, 1159 1157 1107 1126
1155
Paa B, 10638 1058 1052 1055
g Ay 1003 1003 1085 1036
ry Ay 1019 1015 1047 10I7—1020
o A, 999 98 993 985-9g0
Fas B, 957 9357
rya Al 962 [+753 ¢ 942 935
Tag B, 9°3 903 c18 gob—9gI12
Fia Aa 831 333 Ss7 861,843
Vaz B. 735 729 753 722725
739
Fay B, 683 631 688 696
676
0 A, 672 654 715 6-2
707
rag B, 457 +13 467
T A, 315 268¢ 300—287
Tay B, 2537 22ad 225-208
Tyn B. 1502 16579 157
2 Raman.
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The substituent-sensitive frequencies wz, 8z, yz, I’z (for the symbols see ref. 11)
are also identified in the range, or slightiy lower than that of bromo- and iodobenzene
frequencies as would be expected from the mass of the Cu atom, intermediate between
those of Brand I atoms, and from the expected lower force constant of the Cu-C bond.

The two characteristic vibrations of the phenyl group, the out-of-plane (um-
brella) C-H deformation w.; {ycuy) and the out-of-plane ring vibration w.s (I') are
assigned to the bands at 725 and 666 cm™!, respectively. The former falls very near to
the frequencyv caiculated (730 ¢cm™1) assuming a linear relationship with the reduced
mass of the Cu-C atoms, as suggested by Margoshes and Fassel'2.

The far infrared absorption frequencies are only slighter lower than those of
iodobenzene, likely owing to the lower force constant of the Cu~C bond.

EXPERIMENTAL

Reaction and manipulations on the sensitive compounds and at low temperature
were carried out in an atmosphere of drvv oxvgen-free nitrogen; the reaction vessels
were thoroughly dried and all reagents and solvents were made rigorouslyv anhvdrous.
Grignard reagents in ethyvl ether or in THF and phenyllithium in ether were freshly
prepared before everv reaction and titrated by conventional acidimetric methods.
Lithium, magnesium, copper and bromine were deétermined by conventional titrimetric
methods. Phenyl groups were determined by hydrolysis of the compounds in heptane
suspension, followed by distillation and quantitative spectrophotometric analysis 3 €
the benzene in the distillate.

The IR spectra of phenyicopper (as nujol mull, hostaflon mull, and KBr pelle.)
were registered using Perkin-Elmer Mod. 13 C and Beckman IR 11 spectrophoto-
Mmetars.

Phenvicopper

Cuprous bromide (1 g, 6.98 mmole} was suspended in diethy] ether (30 ml) and
treated dropwise at 0°* with 6.7 ml of a clear solution ( ~ 1 1) of phenyllithium under
magnetic stirring. As the ratio Li/Cu (= R) was increased up to 0.3, the colour of the
cuprous bromide changed from white to vellow and brownish red; then the solid phase
dissoived and a clear brownish-red solution was obtained. The addition of phenyvl-
Iithium was stopped when R ~ 0.9. An almost white precipitate formed after some
time: the liquid phase was greenish and gave a negative Gilman test. The precipitate
was washed ten times with 30 ml of anhvdrous ether, several times with THF and
dried in a vacuum to leave an almost white powder (vield go2;, based on phenyl-
lithium). (Found: C, 51.148; H, 3.99; Cu, 143.79. C;H;Cu caled.: C, 51.24; H, 3.58; Cu,
45-18°;.} The difterences between calculated and found figures can be accounted for
almost exactly by assuming that 37; of ethyvl ether was retained in the product.

The hydrolysis of another sample vielded: Cu, 44.54; CiH; 53.66°;; CsH;/Cu =
0.99 (calcd. Cu, 45.19; CgH;, 54.82; C;H;/Cu = 1.00).

Phenvlcopper (0.60z g) was suspended in THF and treated at 0° with a solution
of 1.6 g of mercuric bromide in THF at o°. From the filtered reaction solution 1.35 g
(94 °3) of a white crystalline precipitate of phenvl mercuric bromide was obtained.

* \When the reaction was performed at —350° a black product with metallicle stre was obtained

which was not further examined.

J- Organometal. Ciem., 5 (1966) 568 55‘2



ON PHENYLCOPPER 571
The complex (CeH;Cu) )CoHsLi-n(CoH),0.

Cuprous bromide (0.5 g, 3.49 mmaole) was suspended in anhydrous ether (2o ml)
and treated as before, dropwise but not too slowly, with a clear solution of (~ 1 )
phenvllithium in ether. The same phenomena as before were observed. Time was not
allowed for precipitation of phenyvlcopper, but addition of phenyHithium was con-
tinued until R = 1.25-1.5: a crystalline pale yellow precipitate was gradually formed.
The product sparingly soluble in ether but soluble in THF, was washed 20 times with
ether and dried in a good vacuum. A substantial amount of ether was always retained.
(Found:Cu, 28.45; Li, 0.788; CgHj, 42.15; Cu/CgH;, 0.798 ; L1/Cu, 0.255. C 4 {HgCu LiO,
caled.: Cu, 28.05; 11, 0.766; C.H;, 42.51%, Cu/C.H;, 0.5; LijCu, 0.25.)

\When an excess of phenyvllithinm was used (starting from R ~ 2) a clear vellow
solution was obtained. The soluble complex is now under study™.

The complex (CuuBr) 2.5(CeHs)aMg-nTHF

Cuprous bromide (0.5 g, 3.49 mmole) was suspended in THF (30 ml) and treated
at o° dropwise under efficient stirring with 3.3 ml of a THF solution of the Grignard
reagent from bromobenzene (1.08 M). After the addition the solution gradually
became brownish yvellow and later a voluininous vellow precipitate formed. Both the
solution and the solid gave a negative Gilman test. The precipitate was washed 15
times with THF and dried in a vacuum to a pale vellow powder. (Found: Cu, z0.32; Mg,
3.18; Br, 25.44; CH,, 20.49. C,.H_Br,Cu,Mg.0. calcd.: Cu, 20.18; Mg, 3.08; Br,
25.31; CeHj, 19.46 %)

The complex (CeH Cu) J(CeHs)Mg(nTHF)

Cuprous bromide (0.5 g, 3.49 mmole) was treated as before with 6.6 ml of a
THF solution of the Grignard reagent from bromobenzene (1.08 1I). The vellow
precipitate forrned at Grignard;Cu ratios from 0.5 to 1 gradually became discoloured
giving a light violet solid and a deep purple solution. The precipitation was complete
when the solution is allowed to stand for sometimes after the ratio R = 2 was reached.
Both the solution and the solid product gave a negative Gilman test. The precipitate
was washed with THF and dried to an almost white powder, Cu,Mg(CsH,);-6THF.
(Found: Cu, 14.99; Mg, 2.35; CsHi. 35.03; Cu/CgH;, 0.50. C iHgCu.MgOq caled.:
Cu, 11.24; Mg, 2.72; C;H;, 3456 %.)

The analyvsis of the product from a different run was consistent with its con-
taining only 1 molecules of THF.
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" Note added in proof: From a filtered solution R = 1.9 two products were isolated: (I)
CgHCu-CgH Li-n(C,H;).O, white crystals, which precipitated after some days at room tempera-
ture. Dried, thev vielded a vellow pewder, inflammable in a2ir. Found: Cu, 24.99: Li, 2.72; CiH;,
60.64. C,.H,,CuLi-0.4 Ae; caled.: Cu, 24.75; Li, 2,50; CgH;, 60.35. (11} C;H Cu-CgH Li-n LiBr-m
C,;H,0,, voluminous white powder precipitated by dioxan. Stable for weeks at room temperature,
but extremely reactive towards air and moisture. Found: C, 39.43: H, 5.01; Br, 29.61; Cu, 7.25;
Li, 0.79. C,.H,4 CuLi-3.25 LiBr-4.2 diox.; caled.: C, 39.96; H, 5.72; Br, 29.96; Cu, 7.38; Li, 0.59.
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SUMMARY

The reactions which are reported to give phenylcopper from Grignard reagent

and from phenvilithium have been examined. The nature of products is strongly
dependent on the method adopted and on reaction conditions and different complexes
can be obtained. Reaction conditions for obtaining almost pure phenylcopper are
pointed out. The IR spectrum of phenvlcopper is reported and assigned.
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