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Summary

The synthesis and isolation of 2-[(dimethylamino)methyl]phenylcopper
and its 5-methyl, 5-methoxy, 5-chloro and 3-chloro derivatives are described.
These hydrocarbon-soluble arylcopper compounds are appreciably more ther-
mally stable than phenylcopper (e.g. 2-[ (dimethylamino)methyl]phenylcopper
decomposes only at 175-185°). They also show improved hydrolytic and oxida-
tive stability.

Lithiation of 1-methoxy-4-[(dimethylamino)methy!]naphthalene with
butyllithium occurs at the 5-position. Metathesis of 1-methoxy-4-[(dimethyl-
amino)methyl]-5-lithionaphthalene with cuprous bromide affords the corre-
sponding organocopper compound.

Introduction

In recent years efforts in organocopper chemistry have mainly been direct-
ed to the exploration of the applicability as intermediates in organic synthesis
of organocopper compounds and complexes prepared in situ [2-4]. Among the
various organocopper compounds reported, very few have been isolated pure.
The general low solubility of organocopper compounds and their tendency to
form complexes with metal salts [3, 5] formed as by-products in their prepara-
tion (e.g. MgX,, LiX) hamper the isolation of pure products. The difficulties
are illustrated by the report of Costa et al. [6] on the preparation of phenyl-
copper, following earlier work by Reich in 1923 [7] and by Gilman in 1936 [8].

In general organocopper compounds have limited thermal stability, aryl-

* Part X of the series of papers dealing with Group IB Organometallic chemistry [1].
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copper compounds {e.g. PhCu stable at room temperature [6]) being more

statie than alkylcopper compounds (decomposition above -20° [9]).

In recent years the isolation of new types of arylcopper compounds with
improved thermal stability has been described [1a, 1b, 10-12]*. Introduction

of fluorine atoms or of triflucromethyl substituents in the aryl nucleus of phenyl-
copper results in greatly increased thermal stability [10], e.g. C¢FsCu m.p.
210-220° (dec.). It is noteworthy that Costa and Camus in their extensive research
on arylcopper compounds observed that complexation of phenyl-, tolyl- and
2-anisyl-copper [12] with mono- and bi-dentate phosphine ligands does not
notably influence the stability of the Cu—C bond [15]. We have attempted to
stabilize the Cu—C bond in arylcopper compounds by using an internal (built-in)
rather than an external ligand, i.e. by attaching the complexing ligand to the

aryl nucleus*#*, and this paper is concerned with the isolation and properties of
stable arylcopper compounds containing the Me,NCH, group as a built-in

ligand **%*,

Results and discussion
Preparation of the organolithium siarting materials

The Me,NCH,-substituted aryllithium materials Ib-Vb have been prepared
via Li—H-exchange reactions of the corresponding arenes with butyllithium [17].

R' R'
CH,NMe CH_NMe
2 2 . Et,0/hexane 2 2
+ BulLi < > + BuH
R 25 .
R Li [ .R=R' =H

(Ia - Va) (b - Vb) iI,R=Me, R =H
AI, R = MeO,R" = H
IV,R=CLR = H
V.R=HR' =0l

Although a 1/2 molar ratio of arene to butyllithium has been used by Hauser et

al. [17], we have observed that the 1/1 reaction of a series of substituted benzyl-

amines [a-Va with butyllithium results in almost quantitative lithiation (90-100%)

at the ortho-position™, as shown by deuterolysis experiments (see Experimental).
The metalation of 1-methoxy-4-[ (dimethylamino)methy!l]naphthalene (VIa)

with butyllithium could in principle take place at the 2-, 3-, 5- or 8-position as

is shown by separate studies of the metalation of 1-methoxynaphthalene [18]

Hg OMe OMe OMe
H j Hy
BuL: Dzo
—_— —_———
- BuH -LiOD
He H3
Hg CH;NMe, Ll CH_NMe, D CHyNMe,
(Vla) (VIb) (Vie)

* For reports on the synthesis of stable alkylcopper compounds see refs. 1c, 11, 13 and 14,
** This principle was first applied for the stabllization of the Cr—C bond by Bahr et at. [161].
s*35.For a preliminary account see ref. 1a.
® The isolation and characterization of several of these 2-{(dimethylamino)methyl]phenyllithium
compounds has heen reported 5],
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and 1-[(dimethylamino)methyl]naphthalene [19] with butyllithium. Actually
metalation of VIa occurs at the 5-position.

The NMR spectrum of VIa in CCl, shows an aromatic pattern which has
been tentatively assigned, on the basis of the results of proton-spin decoupling
experiments and by comparison with the patterns found in NMR spectra of
other 1,4-disubstituted naphthalene compounds [20], (see Table 1). In this
spectrum the low field multiplet belongs to Hs and H,, whereas H, and H; ap-
pear as a doublet of doublets.

Deuterolysis cf the metalated compound gave a naphthalene derivative
which contained deuterium (64%) at the 5- or 8-position as deduced from its
NMR spectrum in CCl,. In this spectrum the intensity of several peaks in the
H; s multiplet was strongly reduced. The approximate peak area ratios appeared
to be 1.36 (Hs s)/2(H, 7)/1(H2)/1(H;)/3(OCH;)/2(NCH,)/6(NCH,), which excludes
metalation at the 2- or 3-position.

The deuterated naphthalene derivative obtained upon deuterolysis of the
corresponding organocopper compound, XII*, with CH;COOD contained
93% deuterium at the 5- or 8-position. The H; g multiplet was reduced to a
doublet of doublets which confirms that metalation had occurred exclusively at
only one position. Since the CH,NMe, group is a better directing group for the
metalation than the OMe group [17], it seems plausible to conclude that metalation
of VIa with butyllithium gives the 5-lithiated compound Vb as the major product.

Synthesis of 2-[(dimethylamino)methyl]phenylcopper compounds

2-[ (Dimethylamino)methyl]phenylcopper as well as its 3- or 5-substituted
methyl, methoxy and chloro derivatives were synthesized via metathesis of the
corresponding organolithium compounds with cuprous bromide*¥, using diethyl
ether as a solvent.

R' R'

CH,NMe CHzNMe,
’ ) + CuBt EtzO + LBr
—_———
-20°% 25°
R Li R Cu
(Ib - Vb) (V1L - XI)

Vil ,R=R"=H

VIII,R = Me,R" = H
IX .,R=MeO.,R' = H
X ,R=CLR'=H
Xl ,R=H,R'=ql

These benzene-soluble organocopper compounds were isolated as yellow- to
green-coloured crystalline solids in 25-66% yield after recrystallization from
benzene or ethers.

The 4-(dimethylamino)methyl-substituted naphthylcopper compound
(XII) was synthesized analogously:

& Obtained from the reaction of the metalated reaction mixture (VIa + BuLi) with cuprous bromide.
*% From the 2/1 reaction of the organolithium compound b with cupric bromlide pure V1I was
isolated in 47% vield (calculated on the amount of CuBr; used). For a discussion of the relative
merts of the use of cuprous or cupric bromide as starting matenal see ref. 5.



120

"ZH0'e ¥'9pt6'9 ¥Lr  (1IX)

punodwo? 1addodoundio oy} JO £18£033IMAp uodn pauwIqO ! "DAJINAMIP (1-Q oY} 03 voc_u_m: a_o>=5=_o.~. y Tvuwts 4294 87 {{SH) 9-(SH) 91w Inq 93y pue Sy 10} 8)3[3urs
S1vIedes 3439890 01 0{qIEE0d UBIY, SIY ] 5 'YV VWS AJBA ¥ UM uLalied gV J ‘T Q'L L 9p 2 tHG'L £7p p 'SPXEPUBIE [UUIU} 8 pasn axv suotoxd €N pus THON
£HDO0 91 Jo BRate yuad oyl ‘H T 10§ @ [ JO UOIINI[ISQNS 10} "PI[VD 5 19ldpnu 9yl JO 311UID ALY JO uohIsOg q *Atean1vadsax 'ty puv T sv poudysw Kppafiviuay, D

€6 ‘:.o.ﬂ ‘w) 8T°8 T'w) gL vﬁ ‘MorL (1'P) 8¥°9 (g's) 08°¢C (T '8) 09'C (9'8) 91'% gy 1A
¥9 (9g'1'W) 91°8 (c'un geL v: ‘MITL (1'P) 6¥°9 (£ 's) (9'¢ @ 's) 19t (9's) 91'g . y A
8918 L9y 19 uopreppeny
J(PX2BLL 'Sy 19 uopvypeug
0 (g w)9r'g W) BEL u? 'P) gO'L (1'p) Ly'8 ') yLe (g '9) 09°¢ (9's) ¥1'2 vJA
& H d-on o'H otH €HO0 “HON EHON
(%) ,a (uI0lu] SWI ‘wdd) g punodmo)
14) (v[A)
ZanNTHD @ ZanNCHD Sy
€
H o4

~(gon-) ofa @
~ (HNB - Nng (1

4 ty
N0 3NO oM
(1A ANITVHIHAVNITAHLIWONINVIAHLAWIA) P~ AXOHLIW-1 dILVYILNTd ANV dILVEILNZA-NON 40 (120 NI VH1DZdS NN

1318Vl



121

OMe OMe
Et,0
Br —m—m—————» + LiBr
OO Lo -20°% 25° OO
Li CHzNMez Cu CHzNMez
(VIb) xan

This yellow compound, which is aimost insoluble in hydrocarbon and ether
solvents, was isolated in 50% yield.

The formation of 2-(dimethylamino)methyl-substituted arylcopper com-
pounds VII-XII in these reactions was established by elemental analysis (correct
C, H, N, Cu and O analyses, see Table 2), by IR spectroscopy (correct aromatic
substitution pattern) and by NMR spectroscopy (correct resonance patterns).
As an additional check for the site and degree of metalation of the aromatic
ring, the organocopper compounds were freated with D,O. The deuterolysis
products formed were compared with those obtained upon deuterolysis of the
corresponding organolithium compounds. The same ortho-deuterated benzyl-
dimethylamines were isolated (see Table 3). The naphthylcopper compound
XII showed a surprisingly low reactivity towards deuterolysis. After three weeks
almost no reaction had occurred. However, when XII was treated with CH;COOD
rapid deuterolysis took place, to give the deuterated product Vic (93% D; see
Table 1) which was isolated in 76% yield.

Properties of the arylcopper compounds VII-XII

Decomposition temperatures of the solid compounds VII-XII were deter-
mined by heating samples in capillary tubes in a N, atmosphere at a rate of
5°/min*. The compounds decompose into black tars at 110-210° without
melting (see Table 2).

It appears that as compared with phenylcopper** (slow decomposition at 25°
[6]), introduction of the (dimethylamino)methyl group increases the thermal stabil-
ity considerably. Introduction of other substituents may increase or decrease
thermal stability. Heating of VII at 131-133° during 5 h caused almost no decom-
position. This was concluded from the isolation of (2-deuteriobenzyi)dimethyl-
amine in about 90% yield after deuterolysis of the heated sample.

With the exception of the 3-chloro and 5-chloro derivatives the organo-
copper compounds are stable in boiling benzene. No decomposition products
were detected in the NMR spectrum of a benzene-dg solution of VII which had
been heated at 80° for 4 h.

The unsubstituted (VI1) and 3-chloro substituted (XI) derivatives are very
soluble in benzene and show a moderate solubility in ether and pentane. These

* TGA analysis of 5-methyl-2-[ (dimethylamino)methyllphenyleopper (5-MeRCu): condluéms:
2.372 mg as a powder, phunumopn.n \ueg, flow rate of N gas 32 mllmh%. heating rate 5 /min;
results, welght loss starts at 170 , at 215 B0% loss of weight and at 240 100% loss of welght
(calculated on the amount of 5-MeR).

** The decomposition temperature of phenylcopper depends very much on the purity of the sample.
Very pure phenylcopper decomposes at about 100° [6].
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TABLE 3

DEUTEROLYSIS OF THE ARYLCOPPER COMPOUNDS VII-XI AT ROOM TEMPERATURES?

R' R'
CHzNMez CHzNMez
- CUZO
R Cu R D
(VI - X1) (lec - Ve)
Compound Reaction Solvent Yield of
tume (h) RD (":.)b
VILR=R'=H 66 Ether 90
VIII,R = Me, R ' = H 140 Benzene 63
IX,R =MeO,R'=H 140 Ether 45
X.R=ClLR'=H 264 Benzene 74
XI,R =H,R'=Cl 30 Benzene 80

@ For a discussion of the deuterolysis of the naphthylcopper compound XII see text. b The® D in deuterat-
ed amtnes, isolated ftrom these deuterolvsis reactions, was at 'east 95%. The yield of RD has been determined
by GLC using decane as an internal standard.

compounds are also soluble in pyridine, acetonitrile and dioxane without form-
ing complexes with these solvents. The 5-substituted derivatives are less soluble,
while the naphthylcopper compound XII is very insoluble in the solvents mention-
ed.

In contrast to the high sensitivity towards hydrolysis and oxidation of
phenylcopper [6], ortho-, meta- and peara-tolylcopper [12], perhalogenated
phenylcopper [10] and 4-(dimethylamino)phenylcopper [5], the solid organo-
copper compounds V1I-XII appeared to be surprisingly stable in air. This allows
their handling in the atmosphere for a limited period of time. The unchanged
IR spectrum and decomposition point of a sample of the 5-methyl derivative,
after 48 h exposure to the atmosphere, as well as the isolation of (4-methyl-2-
deuteriobenzyl)dimethylamine as the single product from subsequent deuteroly-
sis of the exposed sample, support this view. However, in solution the oxidative
stability of the arylcopper compounds VII-XII is comparable with that of the
other arylcopper compounds mentioned above.

Experimental (with Mr C.A. Schaap)

General

All reactions were carried out in an atmosphere of dry oxygen-free nitrogen.
Solvents were carefully purified, dried, and distilled under nitrogen before use.

'H NMR spectra, which were run by Mrs. L. van der Grift-Veldstra, were
recorded on a Varian Associates HA-100 NMR spectrometer. IR spectra, which
were run by Mrs. H. de Ridder-Alberda and Mrs. G.M. Bijlsma-Kreuger, were
recorded on a Grubb-Parsons Spectromaster. Elemental analyses were carried out
under the supervision of Mr. W.J. Buis in the Analytical Department of this

Institute.
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Metalation of the tertiary benzylamines Ia-Va

The following standard procedure was used. Tertiary benzylamine (10 mmol)
was added at room temperature to a solution of 10 mmol of butyilithium (2M
solution in hexane) in ether/hexane (50 ml). The reaction mixture was stirred
at room temperature until Gilman test II [21] for the presence of butyllithium
was negative.

Reaction of the 2-[(dimethylamino)methyl]phenyllithium compounds [b-Vd
The solution or suspension of the lithiated benzyldimethylamine was added
in portions with stirring to a cold (0°) mixture of 50 ml of diethyl ether and 2
ml of deuterium oxide (D,0). This mixture was stirred for 2 h and then filtered.
The filtrate was dried over MgSO,, filtered and analyzed by GLC [% yield of
(2-deuteriobenzyl)dimethylamine]. The ether solution was extracted with
2N HCI. The water layer was extracted with ether and then made alkaline with
solid sodium hydroxide. The resulting soluticn was extracted with ether. The
ether layer was dried over MgSO;, filtered and concentrated, yielding the pure
(2-deuteriobenzyl)dimethylamine. NMR spectroscopy (in CCl,) gave the amount
of D (see below), while IR spectroscopy revealed that exclusively 2-deuterated
benzylamines were present (substitution pattern of the aromatic ring in the
830-690 cm™! region). Reaction time for the metalation, yield of RH/RD, % D;
Ia: 24. 90, 100; I1a: 66, 86, 80; I11a: 66, 90, 96; IVa: 24, 75, 97; Va: 24, 80,
90.

Reaction of the 2-[(dimethylamino)methyl]phenylcopper compounds VII-XI

1 to 5 Mmol of the appropriate organocopper compound VII-XI, dissolved
or suspended in Et,O or benzene (10 ml) and 1 ml of D,0, was stirred at room
temperature until no further change was observed. The cuprous oxide formed
was filtered off and the filtrate was analyzed by GLC [% of (2-deuteriobenzyl)-
dimethylamine, see Table 3]. The isolation and purification of the benzylamines
was carried out as described above. The resulting (2-deuteriobenzyl)dimethyl-
amines were identical with the corresponding samples obtained from the benzyl-
amine/BuLi/D,0 route (by NMR and by IR spectroscopy).

Synthesis of 2-[(dimethylamino)methyl]phenylcopper (VII)

Addition of CuBr to RLi (Ib). Solid CuBr (60 mmol) was slowly added (in
about 1'% h) at -20° to a freshly prepared suspension of 2-[(dimethylamino)-
methyl]phenyllithium* (Ib) (60 mmol) in ether (160 ml). Initially a black solid
was formed, followed by the precipitation of a white solid (R,Culi), the
colour of which slowly turned yellow (RCu) when the RLi/CuBr ratio decreased
from 2 to 1. The mixture was stirred at —20° for 1 h, warmed to room tempera-
ture, then stirred for another 2 h. The yellow-green solid was filtered off and
extracted with cold ether until a test for the presence of Br™ (from LiBr) in the
filtrate (vide infra) was negative.

The yellow-green solid was dried in vacuo and subsequently extracted

* Stirring during the reaction of 1a with BuLt is essentlal.
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with ether (4 X 80 ml; removal of Cu®). Concentration of this ether extract by
low temperature distillation at diminished pressure (L'TD) afforded yellow
crystalline VII which was filtered off, washed with pentane and then dried in
vacuo. Physical data, see Table 2; IR spectrum, see Fig. 1; NMR and mass
spectrum, see ref. 22.

Addition of CuBr, to RLi (Ib). Solid CuBr, (15 mmol) was added-at —40°
in about 3 h to a solution of 30 mmol of (Ib) in Et,O (125 ml). The resulting
mixture was stirred at —40° for 2 h and at 0° for 112 h. During the reaction the
organocopper compound VII precipitated. For the isolation and purification of
V11 (47% yield), vide supra, (Found: Cu, 31.8. CoH,,CuN caled.: Cu, 32.13%.)

o
Mﬂ}\u\_‘wm
X
’\Jw
X
X1
s s 3 s T I m e S 6 7 8 6 20 = == P

Fig. 1. IR spectra (nujol) uf the 2-[(dimethylamino)methyllphenylcopper compounds VIi-XI.
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IR spectrum, identical to that of a sample of V1I, obtained via the CuBr/RLi
route.

Synthesis of 3-chloro-2-[(dimethylamino)methvl|/phenylcopper (XI)

Solid cuprous bromide (20 mmol) was added at —20° to a red solution of
Vb. During the reaction a black solid separated. After stirring for an additional
hour yellow XI precipitated. The solids were filtered off and washed with cold
ether (removal of LiBr). The residue was extracted with benzene. The benzene
extract upon concentration yielded a yellow solid XI which was recrystallized
from benzene/pentane. Physical data, see Table 2; IR spectrum, see Fig. 1;
NMR spectrum, see ref. 22.

Synthesis of the 5-substituted 2-[(dimethylamino)methyl]phenylcopper com-
pounds VIII-X

Solid cuprous bromide was added at —20° to a solution of the appropriate
organolithium compound (1/1 molar ratio). The mixture was stirred at —20°
for 2 h, warmed to room temperature (1 h), and stirred at room temperature
for an additional 2 h. The precipitate was filtered off and extracted with Et,0O
{removal of LiBr). The remaining solid was recrystallized from benzene.

Physical data of VIII-X, see Table 2; IR spectra, see Fig. 1; NMR (of
VII-X) and mass spectra (of VIII), see ref. 22.

Synthesis of I-methoxy-4-[(dimethylamino)methyl]-5-cuprionaphthalene (XII)

A mixture of 20 mmol of butyllithium and 20 mmol of 1-methoxy-4-[(di-
methylamino)methyl]naphthalene (VIa) was stirred at room temperature for
24 h.

The resulting purple suspension of VIb in ether was cooled to —20° and
20 mmol of solid cuprous bromide were slowly added. The yellow suspension
was stirred at —20° for 2 h, warmed to room temperature, then stirred for an-
other 1 h. The precipitate was filtered off and extracted with ether. The residue
was suspended in benzene and stirred during 2 h. Filtration afforded yellow XII.
The filtrate contained a small amount of a very finely divided black solid. Phys-
ical data, see Table 2.

Reaction of XII with CH,COOD. Solid XI1 (2.7 mmol) was added to a
mixture of benzene (15 ml) and CH;COOD (2 ml 10 N in D,O) and stirred for
24 h. The resulting mixture was made alkaline with 6 ¥ NH;OH solution, stirred
for 1 h, and filtered. The precipitate was extracted with benzene and with 6NN
NH,OH (2 X 5 ml). The water layer was extracted with benzene. The combined
benzene extracts were dried. GLC analysis indicated the presence of 2.07 mmol
(67%) of the amine. The amine was purified by an acid/base work-up procedure
(see above) using ether as a solvent. The resulting oil appeared to be pure
1-methoxy-4-{ (dimethylamino)methyl]-5-deuterionaphthalene (VIc) (see Table
1).
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