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SUMMARY

(Polyhaloaryl)copper compounds or their complexes, where the aryl group is
pentafluorophenyl, pentachlorophenyl, or 2,3,5,6-tetrachloro-4-pyridyl, have been
prepared by three methods: (i) via a polyhaloaryllithium compound; (ii) via a poly-
haloaryl Grignard reagent; and (iii) via addition of polyhaloarene to lithium dime-
thylcopper. The copper compounds react readily with acid chlorides but slowly or not
at all with chlorosilanes.

INTRODUCTION

Recently there has been considerable interest in the use of organocopper
compounds for the synthesis of a variety of substances. In some earlier studies of
organometallic compounds we prepared, among several organocopper compounds,
the insoluble methylcopper?, the soluble “ate” complex lithium dimethylcopper!,
and phenylcopper?. Several broad generalizations were made? on the order of de-
creasing thermal stability of organometallic compounds, including those of copper.
It has long been recognized that the introduction of halogens, particularly fluorine
and chlorine, may enhance the thermal stability of many organometallic compounds.
This has been found to be the case for (perfluoroalkyl)copper? and -silver* compounds
(pentafluorophenyl)copper¢7-%, and other (polyhaloaryl)copper compounds®?®.
We have found that the copper compounds are good intermediates for the prepara-
tion of polyhaloaryl ketones in high yields, but exhibit a low order of reactivity or are
unreactive towards chlorosilanes in ethereal solvents.

RESULTS AND DISCUSSION

Prior to our work, (pentafluorophenyl)copper had been prepared by addition
of a copper(l) halide to a (pentafluorophenyl)magnesium halide®-¢. Three methods
were mentioned previously®'°, for the preparation of (polyhaloaryl)copper com-
pounds or their complexes, where the aryl group is pentafluorophenyl, pentachloro-
phenyl, or 2,3,5,6-tetrachloro-4-pyridyl. They were : method A, addition of a copper(l)
halide to a polyhaloaryllithium compound; method B, addition of a copper(l)
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halide to a polyhaloaryl Grignard reagent; and method C, addition of a polyhalo-
arene to lithium dimethylcopper containing a small excess of methyllithium. The
(polyhaloaryl)copper compounds, prepared by all methods, react exothermally with
acid halides to give high yields of polyhaloaryl ketones. We have previously report-
ed®* 10 the preparation of some polyhaloaryl diketones by similar procedures.

This facile reaction may complement organocadmium compounds for the
preparation of ketones!!. As the copper compounds were used without isolation and
no substances arising from reaction of the copper compound with the carbonyl
group were isolated they may be less reactive than organocadmium compounds!?.

We have prepared the respective polyhaloaryl methyl and phenyl ketones in
yields as high as 85%/,. Methods A and B are, in many cases, the preferred preparations
of the (polyhaloaryl)copper compounds or their complexes, although in some cases
method C can give high yields of the copper compounds via rapid reactions, e.g.
pentafluorobenzene and lithium dimethylcopper. Generally, slightly higher yields of
the ketones, and hence the copper compounds, are obtained when copper(I) iodide
is used rather than copper(I) chioride, and via method A.

Addition of pentafluorobenzene (2x moles) to lithium dimethylcopper (x
moles), containing a small excess of methyllithium, at — 10° in ether was accompanied
by rapid evolution of nearly the theoretical quantity (2x moles) of methane to give a
new copper compound. Pentafluorobenzene, pentafluoroiodobenzene, and 4-iodo-
tetrachloropyridine were the only arenes of those investigated which reacted with
lithium dimethylcopper in ether : for the other arenes a mixture of THF and ether was
found to be necessary. In all of these reactions, except that with pentafluorobenzene, a
yellow precipitate resembling methylcopper was observed during the addition of the
arene to the lithinm dimethylcopper, perhaps indicating the following sequence of
reactions, although this may be an over-simplification.

CeClsX + Li[Me,Cu] — C¢ClsLi + MeCu + MeX — Li[(C4Cl;)CuMe]
CeClsX + Li[(C4Cls)CuMe] — Li[(C4Cls)>Cu] + MeX
X=H or Cl

In this connection it was found that the polyhaloaryllithium compounds dissolve
methylcopper to give clear but usually colored solutions, which on derivatization
with benzoyl chloride afforded a mixture of acetophenone and the respective poly-
haloaryl phenyl ketone.

In studies concerning the reaction of organocopper compounds with «,f-un-
saturated ketones'?, investigation of solutions of lithium dimethylcopper in ether
by NMR spectroscopy and its low order of reactivity with carbonyl functions
indicated that the equilibrium (1) may be far to the right. Possibly, the addition of a

(MeCu), + MeLi  Li*[Me,Cu]~ (1)

polyhaloarene upsets this equilibrium and metalation or metal-halogen exchange
proceeds rapidly via a smalil quantity of methyilithium.

A small excess of methyllithium appears to be necessary for the metalation of
polyhaloarenes by lithium dimethylcopper. For reactions in which the evolution of
methane was very slow, addition of a further small quantity (ca. 5%4) of methyl-
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lithium resulted in a rapid evolution of methane. Furthermore no hydrogen—copper
exchange was observed between pentafluorobenzene and methylcopper or phenyl-
copper. The presence of a small excess of methyllithium in the lithium dimethyl-
copper may account for the observed difference in the reaction with polyhaloarenes
and some organic monohalides!.

No appreciable reaction occurred between hexafluorobenzene and lithium
dimethylcopper in THF/ether or DME/ether at 0°. There was isolated ca. 3-5%;
yields of pentafluorophenyl ketones subsequent to the addition of acid halides, indi-
cating replacement of fluorine by a metal, possibly via free radicals which may arise
from decomposition of lithium dimethylcopper. Although such observations have
previously been made!'¢, fluorine—metal exchange is generally not considered
likely under the usual conditions of halogen—metal exchange and Grignard reagent
formation. Recently there has been a report of an anomalous reaction of a Grignard
reagent with decafluorobiphenyl in which the intermediacy of a polyfluoroaryl
Grignard reagent was postulated!”.

An indication of the lower reactivity of the (polyhaloaryl)copper compounds
is their reactions with chlorosilanes. A mixture of (pentafluorophenyl)copper and
chlorotrimethylsilane in ether/hexane was kept at the ambient temperature for 4.5
days, although VPC analysis indicated no apparent further reaction after 12 h. The
products were (pentafluorophenyl)trimethylsilane (25%;) and decafluorobiphenyl
(10.5%;). (Pentafluorophenyl)copper and chlorodimethylphenylsilane on heating in
dioxane at 95° afforded (pentafluorophenyl)dimethylphenylsilane in 59%{ yield,
identical to a sample prepared in excellent yield via pentafluorophenyllithium. A
reaction with chlorotriphenylsilane under similar conditions gave only a low yield of
(pentafluorophenyl)triphenylsilane. Similar reactions of (pentachlorophenyl)copper
and (2,3,5,6-tetrachloro-4-pyridyl)copper with chlorosilanes were unsuccessful.

So far, no significant measure of success has been obtained in reactions of the
(polyhaloaryl)copper compounds with some sulfur compounds: thionyl chloride,
sulfuryl chloride and p-toluenesulfonyl chloride.

EXPERIMENTAL

All reactions were carried out in an atmosphere of dry, oxygen-free nitrogen.
Ethereal solvents were dried over sodium and, excepting ether, further purified by
distillation from sodium benzophenone ketyl. n-Butyllithium in hexane, methyl-
lithium in ether, and phenyllithium in ether/benzene were from the Foote Mineral Co.
Copper(]) iodide was either prepared'® or purchased from Alfa Inorganic Chemicals.
Copper(l) chloride was prepared by purification'® of commercial samples.

Polyhaloaryllithium and Grignard reagents

The following were prepared by reported procedures: pentachlorophenyl-
lithium?°, (pentachlorophenyl)magnesium chloride?!, 2,3,5,6-tetrachloro-4-pyridyl-
lithium?*>, (2,3,5,6-tetrachloro-4-pyridyl)magnesium chloride®-23, pentafluorophenyl-
lithium>#, and (pentafiuorophenyl)magnesium chloride?>.

2.3.5.6-Tetrachloro-4-pyridyllithium was prepared by addition of n-butyl-
lithium in hexane to pentachloropyridine (equimolar proportions) in THF at —70°.
The lithium compound is best used within one hour as it decomposes, even at —70°.
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Preparation of polyhaloarylcopper compounds

Method A: From polyhaloaryllithium compounds. To the polyhaloaryllithium
compound (from x moles of the respective arene) in THF at — 70° was added a copper
(I) halide (x moles) and the mixture stirred at —70° until Color Test I>2 was negative.
The mixture was allowed to warm to the ambient temperature before use. The time
taken for Color Test I to become negative was at least several hours. For example,
pentafluorophenyllithium and copper(l) iodide in THF at —70° gave a negative
Color Test I only after 5 h had elapsed. The combination of pentafluorophenyl-
lithium and copper(I) chioride in ether under our conditions gave poor yields of
ketones subsequent to the addition of an acid chloride, and should be avoided.

Method B: From polyhaloaryl Grignard reagents. To the Grignard reagent
(from x moles of the respective arene) in THF at 0° was added a copper(l) halide
(x moles) and the mixture stirred for up to 16 h. Color Test I is usually negative within
one hour. However, an investigation of the sensitivity of Color Test 132 towards
(pentafluorophenyl)magnesium chloride in THF has shown that a weak positive
Color Test is obtained with a 0.05 M solution of the Grignard reagent but not with a
0.04 M solution. Similar results were reported previously for (2,3,5,6-tetrachloro-4-
pyridyl)magnesium chloride®. The malachite green color is often masked by excess
iodine which can be reduced by addition of a few drops of a sodium thiosulfate
solution. Ample time was allowed at each stage of the test as the reactions involved
appeared to be slow in dilute solution. When Color Test I was performed during the
preparation of a copper compound, there was present a pale green aqueous layer
[due to oxidation of copper(]) salts].

Method C: Via lithium dimethylcopper. Lithium dimethylcopper! was prepar-
ed by a slow, dropwise addition of methyllithium (2.2x moles) in ether to copper(I)
iodide (x moles) in ether or THF at — 10° (or lower). Copper (1) chloride could be used
when the solvent was THF (eventually a THF/ether mixture), but was unsatisfactory
when ether alone was the solvent. Fresh, clear solutions of methyllithium were used
at the strength determined by the supplier. To the lithium dimethylcopper at — 10°
was added a polyhaloarene (x or 2x  moles) dissolved in a small quantity of ether or
THF, depending on the medium in which the “ate” complex was prepared. For pre-
parations involving hydrogen-containing arenes the reaction could be followed by
the rate of evolution of methane. For perhalogenated arenes, VPC examination of a
hydrolyzed aliquot on a suitable column was used to follow the progress of the reac-
tion (usually taking about 4 h).

Lithium dimethylcopper containing none or only a small excess of methyi-
lithium does not give a positive Color Test I, as previously stated!.

Polyhaloaryl ketones (Tables 1 and 2)

To the copper compound at 0° was added an excess of an acid halide and the
mixture stirred for several hours. In many cases the reaction was noticeably exother-
mic and stirring need not be prolonged. If left for too long a period before hydrolysis
with aqueous ammonia and ammonium chioride, fission of the ether by the acid
halide in the presence of metal salts produces w-halo esters2®, particularly in reactions
employing THF as solvent. After the customary work-up'?, the products were sepa-
rated by distillation or crystallization. These were: 2',3',4',5,6"-pentafluoroacetophe-
none, b.p. 82-85°/28 mm, np’-> 1.4335, [cited?”: 48-50°/5 mm, n}’-> 1.4330], with
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TABLE 1 ‘
POLYHALOARYL KETONES FROM COPPER COMPOUNDS PREPARED BY METHOD A AND B
Copper Method® Acid Product

compound® halide (%% yield)

(scale® moles)

C¢FsCu (0.05) Al AcBr C¢FsAc (82.5)

CeFsCu (0.05) Al AcCl CsFsAc (84)

C.F.Cuf (005) A‘ AcCl C¢FsAc (37.5), (C¢Fs)2 (36)
C.FsCu®(0.10) B AcCl CcFsAc (69.5)
C,F.Cu(005) A AcBr CsFsAc (76)

C¢FsCuc (005) A AcCl CcFsAc (64)

C,FsCu (005) A BzCl CF3Bz (70)

C,ClsCu’ (005) A AcBr C.ClAc (65)

C,CL,Cu’ (0.05) A BzCl C4Cl;Bz (82)

C,Cl;Cu’ (005) A BzCl C.Cl,Bz (85)

CCl,Cu*’ (0.03) A BzCl C.Cl;Bz (71)

CsNCI,Cu (0.05) A AcBr (CsClsN)Ac-4 (64)
C,NCL,Cu (005) A BzCl (CsCi N)Bz-4 (47)
CsNCl,Cuc (0.04) B BzCl {C,Cl,N)Bz-4 (61)
CsNCI,Cu (0.04) B BzCl (C5Ci;N)Bz-4 (63)
C.ClsCu’ (0.05) A BzCli C4ClsBz (82)

2 No structures are to be implied in the notation for the copper compounds. Unless otherwise stated,
copper(l) iodide was used. ® Scale is based on the quantity of the polyhaloarene used in preparation.
© The copper compound was prepared in THF/hexane unless otherwise specified. ¢ Solvent was ether/
hexane. ¢ Copper(I) chloride used. ¥ From C¢ClsH. 9 MeLi used in place of BuLi.

TABLE 2

POLYHALOARYL KETONES FROM COPPER COMPOUNDS PREPARED BY METHOD C

LiCuMe,* Arene Solvent Acid Product

(moles) (moles) halide (% yield)

0.05 C4F;sH (0.05) Et,O AcCl CFsAc (68)

0.05 CFsH (0.10) Et,0 AcCl CeFsAc (79)

0.05 C4F;l1 (0.05) Et,0 AcCl CgFsAc (59)

0.05 CeF,l (0.10) Et,O AcCl C,FsAc (64)°

i C4Fs1(20)

0.05 CeF¢° (0-10) THF/Et,0 (4/1) BzCl C¢FsBz (5)

0.05 CeF¢° (0.10) DME/Et, 0 (4/1) AcCl CsFsAc (4)

0.03 C4ClsH (0.025) Et,O AcCl C4Cl;H (72)

0.025 CClsH (0.05) THF/Et,0 (4/1) BzCl CClsBz (65)

0.02 C4Clg (0.02) THF/Et,0 (4/1) BzCl C4Cl;Bz (63)
CH,COC¢H;,

0.02° CeClg (0.02) THF/Et, 0 (4/1) BzCl C4Cl;sBz (68)

0.015 (CsCLN)I-4 (0.015) Et,O AcBr (C5sClN)Ac-4 (44)

0.03 (CsCL,N)H-4° (0.03) THF/Et,0 (3/1) BzCl (CsCl;N)Bz-4 (31)
CH3COCH;

0.04 C;sCIsN (0.04) THF/Et,0 (4/1) BzClI (CsCl1,N)Bz-4 (66)
CH,COC4H; (35)

0.05 CsCIsN (0.05) Et,O AcCl CsCIsN (90)

210%, Excess methyllithium. Copper(1} iodide used uniess otherwise stated. * Copper(I) chloride used.
¢ Insufficient methane was liberated (250 ml). “ Yield based on the C4FslI consumed. © Kept 24 h at (°
before addition of the acid chloride. / No reaction occurred.
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UV and IR spectral data in agreement with that published?®; 2,3,4,5,6,-pentafluoro-
benzophenone, b.p. 92-94°/0.2 mm, m.p. 30-31° [cited®®: m.p. 33°] with UV and IR
spectral data in agreement with that published ; 2,3',4",5',6’-pentachloroacetophenone,
m.p. 90-91°, [cited??: 90°], v.. 1726 cm™! (C=0); 2,3,4,5,6-pentachlorobenzo-
phenone, m.p. 153-154°, [cited3?: 154°], v_.. 1684 cm™! (C=0); 4-benzoyltetra-
chloropyridine, m.p. 134-135°, identical to a sample prepared in this laboratory*?;
and 4-acetyltetrachloropyridine, m.p. 120-121°, v, 1724 cm~' (C=0). (Found:
C, 32.51; H, 1.26. C;H;CI4,;NO caled.: C, 32.43; H, 1.16%,.)
The reactions are summarized in Tables 1 and 2.

Addition of polyhaloaryllithium compounds to methylcopper

Methylcopper was prepared' by addition of methyllithium (x moles) to
copper(I) iodide (x moles) in ether at —10°.

(a). Pentafluorophenyllithium (from 0.05 mole C4FsH) in ether at —70° was
added to methylcopper (0.05 mole) in ether at —70°. The methylcopper dissolved,
and on warming slowly to room temperature a clear solution was obtained. Subse-
quent to addition of excess benzoyl chloride and the usual work-up there were ob-
tained acetophenone (2.03 g, 34%,) and 2,3,4,5,6-pentafluorobenzophenone (10.18 g,
80°%), m.p. 32.5-33° [cited?8: 33°].

{b). Pentachlorophenyllithium (from 0.05 mole C4Clg) at —70° in THF was
added to methylcopper (0.05 mole) in ether at —70°. The methylcopper gradually
dissolved and on allowing to warm slowly to room temperature gave a clear wine-red
“solution. Subsequent to addition of excess benzoyl chloride, acetophenone (2.07 g,
35%) and 2,3,4,5,6-pentachlorobenzophenone (4.22 g, 47%;), m.p. 152-154°, were
isolated.

(c). 2,3,5.6-Tetrachioropyridyllithium (from 0.05 mole C;Ci;N) in THF at
—70° was added to methylcopper (0.05 mole) in ether at —20°. After allowing to
warm slowly to room temperature the solution was red and clear. The complex was
kept 12 h at the ambient temperature. Subsequent to addition of excess benzoyl
chloride, 4-benzoyltetrachloropyridine (7.30 g, 45.5%;), m.p. 134-135° (from ethanol)
was isolated. Distillation of the residue afforded acetophenone (2.52 g, 429/).

Pentafluorobenzene and phenylcopper

Phenylcopper®! was prepared by addition of phenyllithium (0.05 mole) in
ether/benzene to a suspension of copper(l) iodide (10.47 g, 0.055 mole) in ether at 0°.
Pentafluorobenzene (8.4 g, 0.05 mole) was added and the mixture stirred at 0° for 24 h.
The color changed from pale yeliow, through brown to a copper color. lodobenzene
(20.4 g, 0.1 mole) was added, the solvent evaporated, and the residue heated at 100°
for 44 h. Work-up in the usual manner afforded biphenyl (6.55 g), m.p. 64-65°.
Crystallization from ethanol gave white needles, m.p. 69-70°, identical to an authentic
sample (mixed m.p.). The chloroform-insoluble residue (2.5 g), was insoluble in aque-
ous ammonia/ammonium chloride and appeared to be copper. No 2,3,4,5,6-penta-
fluorobiphenyl was present.

Pentafluorobenzene and methylcopper
To methylcopper, prepared by addition of methyllithium (0.05 mole) in ether

to copper(I) iodide (9.50 g, 0.05 mole) in ether at — 10°, was added pentafluorobenzene
(8.4 g, 0.05 mole). No methane was liberated and no 2'.3',4',5',6'-pentafluoroaceto-
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phenone was isolated subsequent to the addition of acetyl chloride and the customary
work-up. .
(Pentafluorophenyl)dimethylphenylsilane from pentafluorophenyllithium

To pentafluorophenyllithium (from 0.05 mole CgFsH) in ether/hexane at
—70° was added chlorodimethylphenylsilane (8.5 g), and the mixture stirred until
Color Test 132 was negative. Work-up in the usual manner followed by distillation
afforded (pentafluorophenyl)dimethylphenylsilane as a colorless liquid (14.55 g,
crude yield 96%;), b.p. 90-94°/0.15 mm, 98%; pure by VPC. Redistillation afforded a
sample b.p. 94.5-95.5°/0.15 mm, nj® 1.5068. (Found: C, 55.83; H, 3.85. C,,H,,F,Si

caled.: C, 55.62; H, 3.67%,.)

Reaction of (pentafluorophenyl)copper with chlorosilanes

(a). Chlorotrimethylsilane. Pentafluorophenylcopper [0.10 mole, from C¢FH,
n-BuLi and copper(I) iodide] and chlorotrimethylsilane in ether/hexane were kept
at 25° for 4.5 days. After hydrolysis with water, copper salts were removed by addition
of aqueous ammonia and ammonium chloride and the ether phase separated and
dried (MgSO,). Distillation afforded (pentafluorophenyl)trimethylsilane (3.02 g,
25%), b.p. 58-60°/15 mm, identical to a sample prepared by the reported procedure3>.
Crystallization of the residue from petroleum ether (b.p. 60-70°) afforded decafluoro-
biphenyl (0.88 g, 10.5%), m.p. 67-68°.

(b). Chlorodimethylphenylsilane. (Pentafluorophenyl)copper (0.05 mole) and
chlorodimethylphenylsilane (8.5 g, 0.05 mole) were heated in dioxane 95° for 40 h.
Work-up as before afforded (pentafluorophenyl)dimethylphenylsilane (8.96 g, 59%),
b.p. 90-94°/0.15 mm.

(¢). Chlorotriphenylisilane. In a similar reaction in dioxane at 100° for 20 h,
from pentafluorophenylcopper (0.05 mole) and chlorotriphenylsilane (10.3 g, 0.035
mole) was obtained (pentafluorophenyl)triphenylsilane (1.92 g, 9%), m.p. 131-133°,
identical to a sample prepared?# in this laboratery. The residue afforded triphenyl-
silanol (7.6 g).
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