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Summary

ArCu' compounds (Ar = phenyl, o-, m-, or p-tolyl) do not react with carbon
dioxide at appreciable rate, but in the presence of triphenylphosphine in
appropriate solvents undergo insertion to give the corresponding carboxylato
complexes ArCQO,Cu(PPh,),. In the presence of diphos the carbon dioxide
absorption was very slow and mainly gave (ArCO,Cu),diphos; complexes. The
(diphenylphosphino)methane (DPM) derivatives [ ArCO,CuDPM], and
(ArCO,Cu),DPM were prepared by other methods for comparison. The X-ray
structure of HCO,Cu(PPh3), is reported.

Introduction

Since De Pasquale and Tamborsky [1] first studied the interactions between
fluoroorganocopper compounds and carbon dioxide, the number of papers in
this field has increased rapidly, reflecting the considerable interest in all reac-
tions between transition metal compounds and CO,. These reactions are known
to involve a simple coordination of CO,, with formation of adducts or an inser-
tion of CO, into a metal—carbon bond, with formation of carboxylates. The
interaction of CO, with transition metals is often investigated in connection
with the objective of bringing about catalytic insertion of CO, into organic
substrates. Some reversible reactions of CO, with copper(I) and copper(Il) com-
pounds have been reported recently {2]. Usually, however, the reaction with
organocopper gives final products derived from insertion. Most of these studies
were by Yamamoto et al. [3] or Normant et al. [4] and were concerned almost
exclusively with organocopper compounds of the aliphatic series. We describe
here the reaction between carbon dioxide and some arylcopper complexes con-
taining tertiary phosphines.

0022-328X/82/0000—0000/$02.75 © 1982 Elsevier Sequoia S.A.
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Results and discussion

The rate of absorption of CO, by solutions or suspensions of ArCu (Ar =
phenyl, o-, m-, or p-tolyl; solvent * = toluene or ether) at 0°C was negligible, but
was increased in the presence of tertiary phosphines (triphenylphosphine and
1,2-bis(diphenylphosphino)ethane (diphos)). The maximum ratio of absorbed
CO, to Cu was 1. For the triphenylphosphine derivatives the reaction was com-
plete in some hours, but a longer time was needed for diphos complexes. The
highest rate of absorption was observed at a P/Cu ratio of 3, while catalytic
amounts of the ligand and also a P/Cu ratio of 1 had negligible effects. P(OPh);
was ineffective for the CO, insertion.

The analytical data for the isolated products, which were white or cream
diamagnetic compounds, with a stoichiometry depending mainly on the ligand,
are given in Table 1 (T = tolyl). When dried and kept under nitrogen these com-
plexes are stable for months, but they are also reasonably stable in the air.

Infrared data for copper(I) carboxylato complexes are given in Table 2.

Complexes with triphenylphosphine

The reaction between ArCu' compounds and triphenylphosphine gives com-
plexes with Cu/PPh; ratios of 2 and 3 [6]. In contrast, in the reaction with CO,,
stable products were formed only for the stoichiometry ArCO,Cu(PPhs,),, the
same complexes also being obtained starting from 1/1 and 1/3 ratios. The
occurrence of insertion, previously observed for alkylcopper complexes [7], is
demonstrated by the identity of products with those obtained in other ways
(Scheme 1).

ArCu + 2 PPh; ArCu + 2 PPh,
+CO4 +ArCOOH
ArCOzCu(PPh:;)z (—'—_'!

I+2PPh3

ArCu + ArCOOH - ArCO,Cu + ArH

SCHEDME 1

The same products have also been prepared by treating copper(II) carboxy-
lates with the ligand in alcoholic solution [8].

The PhCO,Cu(PPh,), complex I, when refluxed in toluene with excess
methy! iodide ** for 30 min, gave an almost theoretical yield of methylbenzoate
and a copper derivative identical with [Cul;][MePPh,}, [10], according to the

*
Other solvents such as methanol [5a], dichloroethane {5b], nitromethane [5c], pyridine {5d].
carbon disulfide [5e] are known to react with these organocopper compounds or their complexes
with tertiary phosphines.

I

** For ester formation by reaction between RCO,Cu* and methyl iodide see ref. 9.



431

"a3uL Jurjeay pue AIB[[Ided a3y jo aInjuIadWd) UOISIAWILY 3Y} UO JUIPUAUIP aT8 Y)O( IOWIOYHN,] **d" W BY} WIOL JUIDFJIP Alaa
51 jutod uoptsoduwovap ayyl, 5 'P2jutauaiiaa sy xa[durod TeuIAO 9113 auanjo3 10 LD T1D woay umse uopuLIIYISAION LOd .AanE ‘89 38 pajrasuy ardides) 0,891—1¢81
38 §91awW ‘un30ads Y] FUaIAJJIP A1932[dWI0D € Ing ‘U050 U0 [UOT)A[UUR DUIES DYJ YIIM ‘X330 Wnd[o)ad + [{OAIA WOI PIZR(UISAID jnpoxd oy 19Y)a windjoxyad
pue auanfoy 10 Lot HO woay pozieIsAId xadutod ayy jo ‘d'w q ‘01D Aq A[PARTIUEND PIWIFUOD §BM JUDALOS JO dDUSATd oy, *auaniol.L(NIANOC 0L d touanjos
2-Esoydip?(np? 0o .1-w) touanior g*1.Esoydip(npl 0DI-0) isosA[eun pood oAl pue 'patBlOS] OS[B 210M UOHBZI[[UISAID JO JUDAIOS U}IM Saxa[dW0d FUIMOI[O] aU T,

A3TTIqn[os Mo[ 00} '8 61'91 ey 9'€9 2 Waa®(mploos-0

9’1 8¥L 8L 0291 06'y L'E9 2 Wda®(np®ooL-w)
(L'18L) (26°L) (92'91) $9'9) (66'29)
21 989 1'8 10'91 AR 0't9 P Wda®(np?ooL-0)
Ajrpignios mof 0oy (22'8) 98'91) (82'1) (51'29)
£'8 (AA]) ey 9'z9 2 Waa®(motooyq)
g1 4] 19 p'0T 90'TT L0'S L'L9 0£2—622 » Wdand?ood-d
£1 ov8 g1 L6'0T £9'y a'L9 £62—1£2 WdanD?ooJl-wu
(1'£89) (£9°01) (06°01) (10¢) (L6'L9)
L1 698 £'0T 26'01 10°9 L'L9 L9T—99T Wdanotood-o
(0'699) (68°01) (LT'TD) (8L'1) ($g'L9)
1 668 801 ar'tt a8y T'L9 q £83—812 Wdaanolooua
Arrignios moj 009 611 68'L 91°g 0'TL  9L%~ '932—¥23 Esoydip?(npZood-o
Aymignios so[ 009 811 80'8 8r'g oL 812—012 p E80UdIPE(nDT 0D L- )
(L9'11) (86'L) #r'g) (68'0L)

AymIquios moj 003 911 £8'L 229 g'69 261881 p Esoydip®(ng%ooL-0)
(v9'01) (Lz'L) (¥9'9) (88'6L)

ANmiqnioes sof 003 601 pE'L 69'G g'eL ZV2—6€2 ‘1oLz Esoydip? (noloouy)
(8€'01) ($9'01) (€2'9) (6€'89)

AFTIqnIos moj 009 20l 8901 8L'g 0'89 282082 soydipndtooL-d
£ 9€L v'8 10°6 or'g 0'EL 96T—¥61 L(Eyga)nptool-d
€1 g1l a's 188 gr'g 821 ¥61—261 LEugaInpCooL-ti

(3'e3L) (L4'8) (8L'8) (a1'9) 90'EL)
1 ovL 9'g £8'8 00'g 9L 203—002 t(Eygd)ndtooa-o
(2°60L) (v2'8) (96'8) (86'%) (z8'3L)
g1 989 L8 86'8 L'y 9'%L Y1212 t(Eyga)notooud
auanioy, 400 d ny H 0
)
M/ Mg ((*poted punoy) ‘1M ‘IO ((%) (*pafea) punoy) sisAEUY (*0ap) *d'w BnWwioyg

SEXTTINOD OLVIAX0HEUVD (DYEAdOD HOJd VILVA TVIILLATVNY



432

TABLE 2
IR DATA 2 FOR COPPER(I) CARBOXYLATO COMPLEXES

Complex (CO2)gsym (s(bD)) (CO3)5ym (S(bI)) Ay
(cm™1) (cm™1) (cm™1)

PhCO,Cu(PPh3), 1537 1390 147
0-TCO,Cu(PPh3), 1540 1392 148
m-TCO,Cu(PPh3), 1540 1382 158
pP-TCO,Cu(PPh3), 1535 1400 135
p-TCO,Cudiphos 1535 1383 152
(PhCO,diphos3-2tol 1568 % 1362 206
(0-TCO,Cu,diphosy 1564 b 1352 204
(m-TCO ,Cu),diphos; 1564 b 1360 210
(p-TCO,Cu)»diphosy 1567 % 1353 214
[(PhCO,CuDPM]1, ¢ 1563 b 1372 191
(PhCO,CuDPM} 3 d 1551 & 1386—1364 165—187
[o-TCO,CubPM]I, 1549 1363 186
[m-TCO,CuDPM], 1564 1364 200
[p-TCO,CuDPM]I, 1555 1365 190
(PhCO ,Cu),DPAL 1560 13850 175
(0-TCO,Cu),DPM 1554 13880 166
(m-TCO ,Cu),DPM 1562 13855 177
(p-TCO,Cu),DPM 1550 1385°% 165

@ Measured as KBr discs. The 5§(CO ) region (620—680 cm™! [7]) is partially obscured by the phenyl
groups of the ligands. ® Peaks with shoulders. € Crystallized from toluene. d Crystallized from MeOH.

following equation:
PhCO,Cu(PPh;), + 3Mel - PhCO,Me + [Cul,][MePPh,], @8]

Complex I did not liberate CO, when heated at 200°C and only small amounts
of the gas were released at 280°C. The other complexes of this series showed
even higher thermal stability.

Conductivity measurements confirmed that the ArCO,Cu(PPh,), compounds
are monomeric and almost undissociated [8] in dichloroethane (DCE); they
are, however, dimeric uini-univalent electrolytes in MeOH (87—41 27! em? F!).
The IR frequencies observed for v(CO,) (Table 2) agree reasonably well with
those reported by Hammond et al. [8], and the X-ray structure given in the
Appendix confirms that the carboxylato group is bidentate, as suggested by the
above authors on the basis of the separation (Av) between the sym and asym
CO, stretching frequencies.

The IR spectra of some of the compounds before crystallization showed, in
addition to the ArCO,Cu(PPh;), bands, medium broad absorption peaks at
about 1615 and 1320 cm™! *. As the insertion of the CO, into the Cu—C bond
is assumed to proceed through the formation of CO, coordination complexes
[7,11], these peaks were at first attributed to the presence of incompletely
transformed intermediates. Later, however, from the reaction of CO, with the
triphenylphosphine derivative of the o-tolyl copper two products were isolated:

* The original products could not be regenerated by bubbling CO2 through a solution of recrystallized
ArCO,Cu(PPh3)s.
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(A) a cream-coloured rather unstable powder, which separated spontaneously
from the solution; (B) a white microcrystalline compound, which was isolated
from the concentrated mother liquor. The IR spectra (Fig. 1) show clearly that
B is the normal carboxylate, while A is responsibie for the anomalous peaks.
The IR spectral and other characteristics of A (m.p. 154—156°C; CO,/Cu
released on acidolysis and pyrolysis = 0.77) are the same as those for HOCO,Cu-
(PPh,), [3]. Probably, owing to the long time of reaction, even traces of mois-
ture in the CO, are sufficient to decompose the organometallic compound.

Complexes with diphos

Of the organocopper complexes involving diphos, the most easily formed are
those of formule (ArCu).diphos; [5b], which is also the preferred stoichiom-
etry for the carboxylate derivatives. (ArCO,Cu),diphos; complexes were found
to be uni-univalent electrolytes both in DCE (32—34 27! cm? mol™!) and in
MeOH (72—79 Q7! cm? mol™}!). In the solid state their structure probably
resembles that of the chloride derivative (CuCl),diphos; [12], with one diphos
molecule bridging the two copper atoms, each of which is further coordinated
by a chelating molecule of the ligand. The high values of Av observed in the IR
spectra confirm the existence of severe steric hindrance at the copper atoms,
which forces the carboxylato groups to be monodentate. The absorptions due
to the v(CO,) can be readily identified by comparison with the IR spectra of
(ArCu),diphos; complexes [5b].

The products isolated from the reaction of ArCu and diphos in equimolecular
amounts were mixtures. In spite of satisfactory analyses, their IR spectra
showed the presence of side-products, with v(CO,) frequencies very close to

P
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Fig. 1. IR spectra in Nujol and KI of the compounds isolated from the reaction of CO4 with the triphenyl-
phosphine derivative of the o-tolylcopper. A = side-product: B = 0-TCO5Cu(PPh3)5.
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those of A. In the p-tolylCO,Cudiphos, which is the only recrystallizable com-
plex, the carboxylato group is bidentate.

Complexes with DPM

Some copper(l) carboxylato complexes containing (diphenylphosphino)-
methane (DPM) were also prepared for comparison. Usually DPM acts as mono-
dentate, and the two expected series of derivatives, ArCO,DPM and (ArCO,Cu),-
DPM, were isolated (Table 1). Since the reaction between organocopper com-
pounds and the ligand affords the [Cu(PPh,CHPPh,)}],-2S (S = solvent) (II)
with elimination of the aromatic group originally bonded to the copper atom
[13] *, these complexes were made via the copper(l) carboxylates (Scheme 1).
They were also prepared by treating Il with the appropriate aromatic acid. The
ArCO,CuDPM complexes seem to exist in two forms in solution, since conduc-
tivity measurements indicate that they are uni-univalent electrolytes, but
dimers in DCE (15—18 27! ecm?® F!) and trimers in MeOH (26- 30 Q 'cm? F™').
In the case of the PhCO,CuDPM complex, it was possible to isolate two inter-
convertible modifications as solids by recrystallization from toluene and
methanol, respectively. The presumed dimeric form, with IR spectrum con-
sistent with monodentate carboxylato groups, is the preferred species for the
tolyl derivatives. The trimeric form is probably similar to the chloride analogue
[CusCL,DPM,]" Cl™ [14]. The halide is tricoordinated, but in addition one
oxygen of bridging carboxylato group can form a further bridge to another
copper atom [15].

The (ArCO,Cu),DPM complexes are monomers and non-electrolytes. Here
the DPM bridges the two copper atoms, and the low steric hindrance allows
the carboxylato groups to act as bidentate.

Experimental

All reactions were carried oui under dry nitrogen. The solvenis were dried
and distilled under nitrogen immediately before use. The CO, was dried by
passing it through a cooled trap (—60°C). The organocopper compounds were
prepared by published methods [16].

PhCO,Cu(PPh;),. 1.0 g (3.8 mmol) of PPh; was added to a stirred toluene
(30 ml) suspension of 0.53 g (3.8 mmol) of PhCu at 0°C. The deep-orange
solution formed was filtered and CQ, bubbled through it for a few hours. The
white precipitate was filtered off, washed with toluene, and dried in vacuo.

The other complexes of this series were prepared in a similar way. In the
case of the o- and p-tolyl derivatives the complexes did not separate, and were
precipitated by adding ether to the previously concentrated solution.

The complexes could be recrystallized from methanol. They also crystallized
well from CH,Cl, + ether, but the analytical results for C and H were somewhat

* {Cu(PPH, CHPPH;)]3 also reacted with CO5 in toluene, absorbing one molecule of gas for each
copper atom. After concentration of the solution and ether addition, an off-white powder was ob-
tained (v(CO3) (cm™!) 1535 s(br); 1378 s(br) with shoulder at ~1315 mw(br)). The product could
not be recrystallized satisfactorily.
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ow in this case, probably because of formation of small amounts of the corre-
ponding halide derivatives.

(PhCO,Cu).diphoss. 1.75 g (4.4 mmol) of diphos were added to a stirred
oluene (40 ml) suspension of 0.41 g (2.9 mmol) of PhCu at 0°C, and CO, was
ubbled through the white suspension for 8 h. Recrystallization was from hot
oluene.

The other carboxylates containing diphos were prepared in the same way.
'he progress of the reaction could be easily observed in the case of the p-toly!l
p-T) derivative since (p-TCu),diphos; is soluble under these conditions. The
ellow colour of the solution was discharged by reaction with the CO, and the
thite product began to separate after some hours.

PhCO,CuDPM. 0.49 g (4.0 mmol) of benzoic acid were added to the orange
olution obtained from 0.62 g (4.0 mmol) of 0-TCu and 1.34 g (4.0 mmol) of
)PM in toluene (30 ml) at 0°C. After 1 h the almost colourless solution was
iltered and concentrated under vacuum. The complex was then precipitated by
dding petroleum ether.

The same final product was obtained by first treating the organocopper sus-
ension in toluene with benzoic acid and subsequently adding the DPM.

(PhCO,Cu),DPM. 0.7 g (5.7 mmol) of benzoic acid were added to a toluene
1spension (30 ml) of 0.88 g (5.7 mmol) of o-TCu at 0°C. A white solid separ-
ted slowly, while the solution turned pale blue. Upon addition of 0.95 g (2.85
imol) of DPM, the solid dissolved to give a new silky off-white precipitate.
ecrystallization was from toluene or acetone under nitrogen.

The other complexes of the two DPM series were prepared in the same way.
hey are more soluble than the DPE complexes in common solvents, but also
ss stable in the air, especially the 2/1 derivatives.

ppendix

The ArCO,Cu(PPh,), complexes were refluxed with dimethoxyethane (DME)
id the solutions then cooled to give white needles of a new product (m.p.
)2—193°C with gas release). The IR spectrum showed that the Ar groups
»nded to the copper atom had disappeared, while the 'H NMR spectrum
owed signals only in thc triphenylphosphine region. The product did not
lease CO, on treatment with 6 N H,SO,, but gave 1 mole of CO, per copper
om on pyrolysis at 200°C, leaving PPh; and metallic copper as the main solid
oducts. It was as first thought that a compound similar to Cu,(CO,)(PPhj),

'] had been obtained, and it was, therefore, decided to determine its structure
r diffractometry. While this analysis was in progress, it was discovered that the
mpound was actually HCO,Cu(PPhs),, formed because of HCHO/HCOOH im-
irities present in the DME used, which had been dried and deaerated without
king particular care in purifying it. HCO,Cu(PPhs), is a known complex [8],
1ich was recently obtained also by Beguin et al. [17] by inserting CO into the

—Cu bond of [HCuPh,]e; however, it is appropriate to report its structure
1ce there is little published structural information for complexes of this type.

ructure of HCO,Cu(PPh,),
Crystal data: C;,H;3,CuO,P,, M = 633.1, monoclinic, space group C,/c (from
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TABLE 3
ATOMIC FRACTIONAL COORDINATES (X10%) FOR THE HCO,Cu(PPh3), COMPLEX

Atom x » z

Cu [elelele) 999(0j 2500
P(1) 913(0) —78(1) 3024(1)
o) 4(1) 3138(3) 3201(2)
C(1) 1548(1) 1146(3) 3234(2)
C(2) 1534(1) 2542(4) 3589(3)
C(3) 2018(2) 3509(4) 3795(3)
c4) 2509¢2) 3087(5) 3656(3)
C(5) 2527(2) 1706(35) 3305(3)
C(6) 2046(1) 722(4) 3087(3)
C(7) 913(1) —1382(3) 2128(2)
C(8) 803(2) —841(4) 1218(2)
C(9) 721(2) —1791(4) 466(2)
C(10) T43(2) —3294(4) 6135(3)
C(11) 853(2) —3844(4) 1509(3)
C(12) 942(2) —2890(3) 2266(2)
C(13) 1174(1) —1170¢3) 4130(2)
c(14) 746(1) —1894(4) 4334(2)
C(15) 922(2) —2735(4) 5166(3)
C(16) 1524(2) —2841(4) 5802(3)
CcQ7) 19352(2) —2118(4) 5616(3)
c@as) 1783(1) —1279{4) 4788(2)
Cc(19) 0000 3770(5) 2500
H(19) 0000 4893 2500

final refinement), a 24.582(9), b 9.100(5), ¢ 15.469(7) A, g116.1(1)°, U
3106.3 A3, D,,=1.38,Z =4, F(000) = 1312, D.=1.35 gcm 3, ur (Mo-K_,) =
0.17, A = 0.7107 A. Cell parameters were determined from Weissenberg and
precession photographs and refined with an on-line automatic single crystal

13

Fig. 2. A perspective drawing of complex HCO,Cu(PPh3)2 showing the atom-numbering scheme.



437

Siemens diffractometer. A total of 1719 independent reflexions, having I, >
3a(I,) and 6 < 27° were collected using Mo-K_, radiation and corrected for
Lorentz and polarization effects. No correction for absorption was applied. The
structure was solved by the heavy-atom method. The final anisotropic least-
squares refinement, including the contribution of hydrogen atoms, neld con-
stant, gave R = 0.029. Final coordinates are listed in Table 3. Calculated coor-
dinates of the hydrogen atoms, observed and calculated structure factors and
anisotropic temperature factors are available from the authors. Fig. 2 shows a
view of the HCO,Cu(PPh,), complex, with the bond distances and angles of
interest. The copper atom is located on the two-fold crystallographic C, sym-
metry axis, so that the PPh; groups and the formiato group appear symmetri-
cally arranged around the two-fold axis. The HCOO™ group is bonded to the
metal through the oxygen atoms, acting as bidentate ligand (Cu—0O(1) 2.226(3)
A). The Cu—P distances (2.247(1) A) fall within the range characteristic of the
presence of two copper—phosphorus bonds on the same Cu(1) atom [18].
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