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Complexes of Copper(1) Acetate. Part I. Complexes with G-Donor 
Ligands 
By Dennis A. Edwards and Roger Richards, School of Chemistry, University of Bath, Bath BA2 7AY 

Reactions of copper(\) acetate with various nitrogen-, phosphorus-, arsenic-, sulphur-, and selenium-donor ligands 
have been studied. With unidentate donors, either [Cu(O,CMe)L,] (L = thiourea or selenourea) or [Cu(O,CMe)L,] 
(L = Ph,P or imidazoline-2-thione) are formed. With the bidentate donors, 1 .I O-phenanthroline, 2.9-dimethyl- 
1 ,I O-phenanthroline, Ph,PCH,PPh,, Ph,PCH,CH2PPh, (dppe), or Ph,AsCH,CH,AsPh, (dpae) complexes of 
the type [Cu(O,CMe) (bidentate)] can be isolated. With dppe and dpae further complexes may be produced by 
varying the reaction conditions, viz. [(Cu(O,CMe)),(dppe),] and its benzene solvate, and [Cu(O,CMe) (dpae),]. 
A further type, [(Cu (O,CMe)),( bidentate)], thought to involve bridging ligand molecules, has been isolated using 
2,5 - d i t h ia h exa n e or 2,2'- bi p yrid yl. 

COPPER(I) acetate was first prepared l s 2  over seventy 
years ago, but its structure and reactions have only 
recently been effectively explored. Two independent 
crystd-structure determinations 3,* show the acetate to  
be a polymeric planar molecule. Although the involve- 
ment of copper(x) acetate in organic reactions such as 
decarboxylations and dehalogenations is established, 
little is known of its complexes with a-donor ligands. 
All such complexes isolated to date have been indirectly 
prepared. The complexes [Cu(O,CMe) (PPh3)J and 
[Cu(O,CMe) (PPh,)J result from the reduction of copper- 
(11) acetate in methanol using an excess of the phos- 
~ h i n e , ~  the bis complex also having been produceds by 
CO, insertion into the Cu-Me bond of [MeCu(PPh,),]* 
0.50Et2; [Cu(O,ChZe){P(C,H,,),),] has been prepared 
analogou~ly.~ The reaction of acetic acid with copper(1) 
oxide in the presence of the appropriate ligand leads to 
the formation of [Cu(O,CMe) (CNBut)] lo or [Cu(O,CMe)- 
(tu),] ( tu = thiourea).ll The substituted tu  complexes 
[Cu(O,CMe)(RHN-CS-NHR'),] (R = Ph, R' = H, x = 
1 ;  R = R' == Ph, x = 1; R = MeCO, R' = 13, x = I 
and 2; R = R' = MeCO, x = 4), prepared by reduction 
of copper(I1) acetate, have also been briefly reported.12 
Finally, bisracetato (2,g-dimet hyl-l,l O-phenanthroline) - 
copper(i)] has been produced7 by displacement of the 
phosphine ligands of [Cu(02CMe) (PPh,)J. 

The present work extends the range of such complexes, 
reporting the direct reactions of a selection of o-donors 
with copper(1) acetate itself. 

1: X PE K I  ME KTAL 

~l.ilatevinZs.-Coppcr(I) acetate was prepared as before l3 by 
reducing copper(~r) acetate with copper foil in an aceto- 
nitrile-acetic acid-acetic anhydride solvent mixture under 
nitrogen. Ligands wcrc gencrally recrystallised and vacuum 
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dried before use. All solvents were dried and deoxygenated 
by standard methods before use. 
Physical Measurements.-1.r. spectra were recorded on 

Perkin-Elmer 62 1 and Hilger and Watts Infrascan spectro- 
photometers. Far-i.r. spectra of samples dispersed in 
Polythene were obtained on a R.I.I.C. Fs 720 interfero- 
meter. N.m.r. spectra were obtained using Varian A60 and 
Jeol 100 MHz spectrometers with an  internal SiMe, standard. 
Conductance measurements at 26 OC were carried out using a 
Wayne-Kerr Autobalance universal bridge and a dip-type 
cell with platinum electrodes. Molecular-weight determin- 
ations were carried out either cryoscopically or osmometric- 
ally in benzene, bromoform, or 1,2-dibromoethane. Mass 
spectra were recorded on A.E.I. MS 12 and 902 spectro- 
meters using direct-insertion probes. Spectra were nor- 
mally recorded at ca. 200 "C using an  ionising energy of 70 
eV.f Ion abundances were obtained by summation of the 
isotope contributions of a particular ion and expressed rela- 
tive to a copper-containing base peak of 100 units. 

Reactions.-As copper(1) acetate and a number of com- 
plexes were sensitive to both moisture and oxygen, all 
preparations and manipulations were carried out  under dry 
nitrogen or in a closed vacuum system. 

A cetatobis (tripr~enyZphosplti.e)copper(r). Copper(1) acet- 
ate (0.67 g )  was added to triphenylphosphine (6.13 g) dis- 
solved in toluene (30 cm3). After stirring under nitrogen for 
30 min, the colourless solid was filtcreil off, washed with 
toluene and diethyl ether, and dried in T J ~ C U O  (yield 40%) 
(Found: C, 70.3; H, 5.10; Cu, 9.80. Calc. for CBBH,,- 
CuO,P,: C, 70.5; H, 5-15; CU, 9.80%). 

Acctato[bis (difilie~ylpho~phino)~nethane]coppev (I). Cop- 
per(1) acetate (0.29 g) was added to  the phosphine (1.13 g) 
dissolved in a mixture of diethyl ether (26 cm3) and benzene 
(10 (3111,). The acetate dissolved, but on stirring for 20 min 
a colourless solid began to form. After 16 h the product was 
filtered off, washed with diethy1 ether, aid dried in vaceio 
(yield 607;) (Found: C, 63.8; H, 4.70; Cu, 12-7. Calc. €or 
C2,H,5Cu0,P,: C, 64.0; H, 4.97; CU, 12.5%). 
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Acetato[ 1,2-bis(diphenyZ~hosphino)etha~ze]copper (I). Cop- 

per(1) acetate (0.57 g) was suspended in benzene (30 cm3) 
and the phosphine (1.68 g) dissolved in benzene (20 cm3) 
added slowly with stirring under nitrogen. After 18 h the 
colourless product was filtered off, recrystallised from 
benzene, washed with diethyl ether, and dried in vacuo 
(yield 75%) (Found: C, 64-1; H, 5-15; Cu, 12-3. Calc. for 

Bis (ucetato) tris[ 1,2-bis (diphenyZ~hosphino)ethane]dicopper- 
(r)-bezzzene (l/l). Copper(1) acetate (0.30 g) was added to a 
solution of the phosphine (2.63 g) in benzene (30 cm3). The 
acetate dissolved and, on stimng under nitrogen, a colour- 
less solid slowly formed. After 16 h the product was 
filtered off, washed with benzene and diethyl ether, and 
dried at room temperature in vucuo (yield 92%) (Found: 
C, 69.7; H, 5.60; Cu, 8.25. Calc. for C,,H,,Cu,O,P,: C, 
69.6; H, 5.60; CU, 8.35%). 
Bis (acetato)tris[ 1,2-bis (diphenyl~hosphino)etlzane]dicopper- 

(I). The benzene solvate was heated in z'acuo a t  110 "C for 
24 h (Found: C, 68.2; H, 5.45; Cu, 8.70. Calc. for 
C,2H78CU204P,: c ,  68.4; H, 5.45; CU, 8*8Oo/b). 
A cetato[ 1,2-bis(diphenylarsino)ethane]copper(z). Copper- 

(I) acetate (0-40 g) was added to a solution of the arsine 
(1.58 g) in diethyl ether (40 cm3). After stirring under 
nitrogen for 18 h, the colourless solid was filtered off, washed 
with diethyl ether, and dried in vacuo (yield 94%) (Found: 
C, 55.1; H, 4.50; Cu, 10-5. Calc. for C,,H2,As,Cu0,: 
C, 55.2; H, 4.45; CU, 10*4y0). 

similar method to that above using copper(1) acetate (0.19 g) 
and arsine (1.79 g) in diethyl ether (30 cm3) gave a colourless 
solid (yield 8T%) (Found: C, 59.2; H, 4.80; Cu, 6.05. 
Calc. for C,4H51As,Cu0,: C, 59.2; H, 4.70; Cu, 5.80y0). 

Acetutotris(thiourea)copper(I). (a) Anhydrous copper(I1) 
acetate (5.0 g) was added to a saturated solution of thiourea 
(8.6 g) in ethanol (180 cm3) and 2,2-dimethoxypropane (40 
cm3). Decolourisation of the solution was complete after 
stirring for 1 h under nitrogen. After filtration, diethyl 
ether (100 cm3) was added to the filtrate to give a colourless 
solid which was filtered off, washed with diethyl ether, and 
dried in vacuo (yield 85%) (Found: C, 17.3; H, 4.40; Cu, 
18.1 ; N, 23.9; S, 27.1. Calc. for C,H,,CuN,O,S,: C, 17.1 ; 
H, 4.30; CU, 18.1; N, 23.9; S, 27.4%). 

(b) Copper(1) acetate (0.39 g)  was added to a solution of 
thiourea (2.24 g) in 2,%dimethosypropane (40 cm3). The 
resulting solution was filtered and diethyl ether (100 cnl3) 
added to the filtrate to give a colourless soZid subsequently 
treated as in (a), (yield 87%) (Found: C, 17.0; H, 4.40; 
CU, 17.9; N, 24.2%). 

A cetatobis(iinidnzolidilze-3-thione)copper(I) . Copper(1) 
acetate (0.26 g) was added to a stirred solution of the thione 
(0.82 g) in NN-dimethylforrnaniide (30 cm3) under nitrogen. 
After the initial grey colouration cleared a colourless solid 
slowly formed. This was filtered off, washed with diethyl 
ether, and dried in uacuu. Copper analysis and an i.r. 
spectrum suggested that this solid was not the expected 
product, but may have been impure acetato(NN-dimethyl- 
formarnide)copper(I) (Found : Cu, 33-6. Calc. for C,Hl,- 
CuNO,: Cu, 32.5%). It was not examined further. Di- 
ethyl ether (40 om3) was added to the filtrate and the result- 
ing colourless precipitate filtered off, washed with diethyl 
ether, and dried in vacuo (Found: C, 29.1; H, 4.70; Cu, 
19.3; PIIT, 17.2. Calc. for C,H,,CuN,O,S,: C, 29.4; H, 4-65; 
c u ,  19.4; N 17.1%). 

Bis(acetato) (2,5-difI~iahe~?.ane)dicopper (I) .  Copper(1) acet- 

C28H27C~0,P,: C, 64.6; H, 5.25; CU, 12.2%). 

Acetatobis [ 1,2-bis (d~phenyZarsino)et~~aneJco~per(r). A 

ate (0.36 g) was added to 2,s-dithiahexane (1.24 g)  in di- 
ethyl ether (20 cm3) and benzene (5 cm3). After stirring 
under nitrogen for 1 h the very air-sensitive colourless 
precipitate was filtered off, washed with diethyl ether, and 
dried in V ~ C U O  (yield 70%) (Found: C, 26.6; H, 5.10; Cu, 
34.8; S, 17.5. Calc. for C,Hi,Cu,O*S,: C, 26.2; H, 4-40; 
CU, 34.6; S, 17-57;). 

Acetatotris(seZenourea)copper(i). Copper(1) acetate (0.31 
g) was added to a solution of selenourea (1.26 g) in ethanol 
(100 cm3), with the exclusion of light. The acetate dissolved 
and a light-sensitive colourless solid slowly precipitated. 
This was then filtered off, washed with ethanol and diethyl 
ether, and dried in vucuo with the exclusion of light (yield 
83%) (Found: C, 12-3; H, 3-10; Cu, 13.0; N, 16.4. Calc. 
for C,H,,CuN,O,Se,: C, 12.2; H, 3.10; Cu, 12.9; N, 17.1%). 

Bis(acetat0) (2,2'-bipyridyZ)dicopper(1). Anhydrous 2,2'- 
bipyridyl (1.0 g) was dissolved in diethyl ether (25 cm3) and 
copper(1) acetate (0.29 g) added. A black solid formed im- 
mediately and the mixture was stirred for 16 h. The 
air-sensitive solid, by this time dark brown in colour, was 
filtered off under nitrogen, washed with diethyl ether, and 
dried in vacuo (yield 80%) (Found: C, 41.3; H, 3.70; Cu, 
29.3; N, 7.20. Calc. for C,,H,,Cu,N,O,: C, 41.9; H, 3.50; 
CU, 31.7; N, 7-ooy0). 
A cetato( l,lO-PhenanthroZine)copper(r). A suspension of 

copper(1) acetate (0.45 g) in benzene (10 cm3) was added to a 
solution of anhydrous 1,lO-phenanthroline (2.40 g) in ben- 
zene (30 cm3). A dark purple solid formed immediately and 
the reaction mixture was then stirred for 6 d under nitrogen. 
After 3 cl the colour of the solid had changed to brick-red. 
The air-sensitive solid was filtered off, washed with benzene, 
and dried in V ~ C U O  (yield 90%) (Found: C, 5 5 4 ;  H, 3.65; 
Cu, 20.0; N, 9-20. Calc. for C,,H,,CuN,O,: C, 55.5; H, 
3.65; CU, 21.0; N, 9.25%). 
Acetato(2,9-dimethyZ-I, lO-@hezzanthroZine)coPper(I). Cop- 

per(1) acetate (0.26 g) was added to a solution of 2,9-di- 
methyl-1, I0-phenanthroline (0-97 g) in benzene (25 cm3). 
After stirring under nitrogen for 18 h the air-stable bright 
red solid was filtered off, recrystallised from benzene, and 
dried in vacuo (yield 70%) (Found: C, 57.6; H, 5.35; N, 
8.55. Calc. for C,,H15CuN202: C, 58.1; H, 4-55; N, 8.45%). 

RESULTS A S D  DISCUSSION 

Several types of complexes of copper(1) acetate with G- 

donor ligands were isolated. With unidentate ligands 
the types [Cu(O,CMe)L,] (L = PPh, and etu *) and [Cu- 
(O,CMe)L,] (L = tu  and su) were found. With poten- 
tially bidentate ligands the types [Cu(O,CMe)B] (B = 
ilppm, dppe, dpae, phen, and 2,9-Me2phen), [Cu(O,CiLIe)- 
(dpae),], [{Cu(O,CMe)),B,] (B = dppe and its benzene 
solvate), and [(Cu(O,CRle))B] (B = dth and bipy) were 
found. All the complexes are diamagnetic and also 
colourless except for the bidentate nitrogen-donor com- 
plexes which are deeply coloured, presumably due to 
copper4igand x* or ligand x+x* transitions appearing 
in the visible region. A few other reactions of copper(1) 
acetate with o-donor ligands were attempted, but did not 

* etu T= Imidazolidine-2-thione (ethylenethiourea) ; t u  = 
thiourea ; su = selenourea ; dppm = bis(dipheny1phosphino)- 
methane; dppe = 1,2-bis(diphe1lylphosphino)ethane; 1,2-dpae 
= 1,2-bis(diphenylarsino)ethane ; phen = 1,lO-phenanthroline; 
2, g-Me,phen = 2,9-dirnethyl-l,lO-phenanthroline; dth = 2,5- 
dithiahexane; and bipy = 2,Y-bipyridyl. 

http://dx.doi.org/10.1039/DT9750000637


1975 639 

lead to desired products. With bis(diethylphosphin0) 
disulphide the major product appeared to  be copper(1) 
sulphide , with triphenylphosphine oxide oxidation to 
copper(r1) occurred, and little or no reaction was evident 

TABLE 1 

Molecular-weight and conductivity resuIts 

M Conductivity 
--A-, A/S cm2 rno1-l 

Calc. for ( 10-3~-solutions, 
Found monomer 25 "C) 

623,b 6860 647 3-gd 
< 1 C  

< l a  
< l a  

26.6 0 

740,b 541 c 507 22.5,d 57.5,f 

[Cu(02CMe)(dppe)] 1 008,e 973 h 521 15.8,d 17.2 Q 
[Cu(O,CMe) (dpae)] 1 263,c 1 356 h 609 10.6,d 10-1,f 

[Cu(O,CMe)(dpae),] 1 135," 979 h 1 095 1 6 ~ 5 , ~  13.1,f 
0.4 0 

6 Ranges for 1 : 1 electrolytes: MeCN 120-160; MeNO, 
75-95; dmf 65-90; and dmso 26-65 S crnz mol-I at 1 0 - 3 ~  
concentration. I n  C6H6. In  1,2-dibromoethane. In 
MeNO,. # I n  dmso. I I n  MeCN. 0111 dmf. h In  CHBr,. 
{ 6.0 x 10-4~-Solution. 

with triphenylantiniony, dimethyl sulphoxide, or 1,2- 
dicyanoethane. 

of organic solvents, as shown (Table 1) by molecular- 
weight determinations in benzene and 1,2dbromoethane 
and a conductivity measurement in nitromethane. The 
solid-state i.r. spectrum (Table 2) shows the separation, 
A, of vMym(CO2) and V ~ ~ ~ ( C O , )  to be 131 cm-l, areasonable 
value for the presence of a chelating acetate group [c j .  A 
120 cm-1 for the symmetrically chelating acetates in 
Zn(O2CMe),*2H,O]. Retention of this structure in solu- 
tion is also indicated by the positions of vaEym(C02) and 
vsym(C02) in benzene and 1,2-dibrornoethane solution 
spectra. The absence of dissociation-association 
phenomena so characteristic 1 4 ~ ~  of solutions of phos- 
phine complexes of copper(1) is further indicated by the 
simple lH n.m.r. spectrum obtained in CDCl,. The com- 
plex [Cu(O,CMe)(PPh,)J is a further example of a well- 
established series of distorted tetrahedral [CuX(PPh,)J 
complexes where X is a chelating monoanion. Using the 
generalisations of Lippard and Palenik,16 it is to be 
expected that the P-Cu-P angle will be greater than 
109.5" due to the packing of unequally bulky ligands 
around the spherical copper(1) ion, and should be similar 
to  that of [Cu(NO,)(PPh,)J (131-2"),17 this angle being 
the largest found in the series investigated. This predic- 
tion is based on the concept that the angles are largest for 
planar X groups and decrease as the non-planarity and 
general crowding of the X ligand increases. In  order to 
test this postulate we intend to determine the crystal 
structure of the acetato-complex. [Preliminary results 

TABLE 2 

1.r. spectra (cm-l) 
Complex Medium vaaym(C02) v,,,(CO,) a A v(Cu0) v (CUL) 

Mull 1552 1421 131 256m, 217m 144ms, 139ms 
1556 1413 143 

C6H6 1 554 1418 136 
[Cu(O,CMe)(etu),] Mull 1556 1402 154 SlO(sh), 19Ovs, 186vs 

Mull 1541 1395 146 248w 208s, 198, 193s, d 
Mull 1548 1392 166 186, 181s, d 

rCu(O2CMe) (dPPm)l Mull 1 594 1 394 200 273m, 220m 149s, 125m 
CHCI, 1574, 1554 1395 179, 159 
C6H6 1581, 1566 1410 171, 166 

[CU (OzCMe) (dPP41 Mull 1598 1411 187 286m, 254s 1661~1, 132s 
CHCI, 1584 1417 167 
CzH4Br2 1582 1412 170 

[Cu(O2CMe) (dpa4l Mull 1690 1414 176 269m, 237m 139s, 114s 
CHC1, 1682 1417 165 

[Cu (0,CMe) (2,9-Me,phen)] Mull 1556 1 395 161 237(sh) 278w 
[CU (O2CMe) (phen)l Mull 1574 1380 194 265w, 215(sh) 283m 

w u  (OzCMe))2 (dPP4 31 Mull 1606 1372 234 256m 
CHC1, 1577 1415 162 

C{Cu(02CMe)}2(dppe),I'C6H6 Mull 1598 1373 225 
[{CU (OzCWtz(dth)l Mull 1567 1380 187 261m 207w r o  (02CW}2(biPY 11 lMUll 1573 1372 201 251m, 241m 276w 

and 98w cm-l. 

[Cu(ozcMe) (PPh3) 23 
C2H4Br2 

C C ~ ( O , C M ~  ( t ~ ) , i e  
ccu (O2CMe) (su) 33 

[Cu(O2CMe) (dpae)2I Mull 1592 1375 217 273s, 244m 112s 
CHCI, 1682 1382 200 

144m, 127s 

Very strong bands. G(CuS,) at 120m cm-l. G(CuSC) at 168s, G(CuS2) at 127s cm-l. G(CuSeC) at 142mw, i3(CuSe2) at 105w 

Unidentate Ligands.-The complex [Cu(O,CMe)- show the crystals to be monoclinic, M = 647.1, a = 

18.092, b = 11.099, G = 19.378 A, p = 122.43', U = 
3279.7 i f3 ,  2 = 4. Systematic absences: hOZ (h = 
2n + 1) and OkO ( k  = 2n -+- l), space group P2Ja.l 

(PPh,),], prepared in this work by direct reaction of the 
acetate with the phosphine in toluene, has previously 
been prepared 7 9 8  by two indirect routes. It is mono- 

and non-ionic both in the ''lid state and in a range 
15 s. J-  Lippard and J. J. Mayerle, Inoyg. Chgm., 1972, 11, 753. 

l4 E. L. Muetterties and C. W. hlegranti, J. Amev. Chem. SOL, 16 S. J. Lippard and G. J. Palenik, Inorg. Chem., 1971,10, 1322. 
17 G. G. Messmer and G. J. Palenik, Inorg. Chem., 1969,8, 2750. 1970,92, 4114. 
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Discussion of the far-i,r. spectrum is difficult since any 

discussion based on local C a  symmetry ignores both the 
distortion suggested above and the possible coupling of 
v(Cu-0) modes with both internal carboxylate modes and 
with ~(CU-P) modes. There is a lack of information on 

T A B L E  3 

lH N.m.r. spectra (T values) 

MeCO, Ph 
Solvent Protons Protons * 
CDCI, 7.87 2-77 
(D,C) ,SO 7.92 

(D,C),SO 8.25 
(D,C),SO 8.19 
CDC1, 7.90 2-90 
CDCI, 11.0. 2-69, 2.78 

8.16 2.80, 2-97 
:%Cl, n.0. 2.78, 2.83 
CS, 8.16 2-87 
CDCl, n.0. 2.80 
cs, 8.15 2-86 

Other 
resonances 

6.42(CHZ), 
1 * 5 3 (NH) 
2*20( NH,) 
1-99(NH2) 
6*82(CH,) 
7*69(C2H4) 
7.81 (C2H4) 
7*75(C2H4) 
7*96(C2H4) 
7*68(C2H4) 
8*00fC,HA\ 

[{ Cu (02CMe)),- CDCl, 8.06 2.75, 2.78, 7*64(C;H;) 

[{CU(O,CW},- CDC1, 8.06 2.75, 2.78, 7*66(C,H4), 
(dPP),I 2.83 

(dPPe) 31 *C,H, 2.85 2*68(C6H6) 
* Often a coniples splitting; absorption maxima only given. 

n.0. =: Not observed. 

such vibrations apart from v(Cu-Y) of [(MeC(CH,O),Y),- 
Cu][ClO,] l8 found at 132 cm-l, and the skeletal frequen- 
cies of copper(1) acetate itself observed l9 at 381, 374(sh), 
242, 190, 178, and 122 cm-l. The v(Cu-0) and v(Cu-L) 
assignments in Table 2 for this and all other complexes 
should therefore be regarded as no more than tentative, 
but reasonable in the light of the above and similar com- 
parisons and considerations. 

Investigation of the vapour phase of [Cu(O,CMe)- 
(l’Yh3)a by mass spectrometry required a high source 
temperature and this led to some thermal decomposition 
with the appearance of ions originating from both copper- 
(I) acetate l3 and triphenylphosphine.20 However, the 
copper-containing base peak was [Cu(PPh,)] + (nz/e 325 
based on T u ) .  Although the molecular ion was not 
detected, the observation of a monocopper ion at m/e 567 
(relative intensity 0.1) indicates that [Cu(O,CRIe) (PPh3)J 
fragments to [Cu(O,CMe) (PPh,)(P(C,H,),}] +, presumably 
containing a co-ordinated 9-phosphafluorenylium cation.% 
Other copper-containing ions of relative intensities of 1 
and above detected include [Cu(PPh,),]+, [Cu(O,CMe)- 
(PPh,)j+, and [Cu(OPl’h,)]+. Fragmentation of acetate 
and triphenylphosphine groups appear to be competitive 
processes. 

It is likely that [Cu(O,CMe)(etu),] is siniilarly four- 
co-ordinate, the i.r. A value being reasonable for a chelat- 
ing acetate group, although the presence of strong ligand 

H. L. Keiter and J .  G. Verkade, Inovg. Chem., 1970, 9, 404. 
S.  K. Adams, D. ,4. Edwards, and R. Richards, Inovg. Chim. 

30 D. H. Williams, R. S. Ward, and R. G. Cooks, J .  Amev. 

21 D. pvi. Adams and J. 13. Cornell, J .  Chem. SOC. ( A ) ,  19G7, 884. 

Ada, 1976, 12, 163. 

Chem. SOC., 1968, 90, 906. 

bands in the same region as vasrm(C02) makes this assign- 
ment less certain than for the phosphine complex. The 
very low solubility of the complex in a variety of organic 
solvents limited its characterisation to showing non- 
electrolyte behaviour in dimethyl sulphoxide. The far- 
i.r. spectrum was assigned by analogy with the results of 
Adams and Cornell,21 the 340 cm-l ligand band being 
observed as a well resolved doublet at 364 and 356 cm-1 
in the complex. A ligand band is also likely to  be found 
in the region of the bands assigned to v(Cu-S). 

The complexes [Cu(O,CMe) (tu),] and [Cu(O,CMe) (SU)~! 

would also be expected to be four-co-ordinate, but the 
i.r. A values of 146 and 156 cm-l respectively are remark- 
ably small for unidentate acetato-groups {cf. [Cu- 
(0,CMe) (PYh,),] ,’ A 202 cm-l}. Intramolecular hydro- 
gen bonding between the oxygen of the unco-ordinated 
carbonyl group and the Ligand amino-groups is probably 
responsible for these small A values, intermolecular 
hydrogen bonding also being possible. A similar effect 
has been observed for [Ni(O,CMe),(H,O),] 22 (A 125 cm-l). 
Co-ordination of the ligands through the Group 6 donor 
atom is indicated 23 by a lowering of the frequency of the 
thiourea band [mainly w(C=S)] from 732 to 717 cm-l and a 
similar effect on the 645 and 394 cm-l bands of selenourea, 
these bands being shifted to 635 and 630 (doublet) and 
389 cI1z-l. The assignments of ~(CU-E), ~(CU-E-C), and 
8(CuE,) (E = S or Se) are in the ranges previously 
suggested for nietal-thiourea 21 and metal-selenourea 23 

complexes, but there is little directly comparable inform- 
ation available on other copper( I)-thiourea or -seleno- 
urea 24 complexes. Lack of solubility of the two com- 
plexes restricted measurements to dimethyl sulphoxide 
solutions in which the complexes were non-electrolytes 
and by n.m.r. showed no evidence of dissociation. 
Attempts to obtain mass spectra of these, or indeed of all 
copper(1) acetate-sulphur- or -nitrogen-donor com- 
plexes isolated, failed to give spectra showing copper- 
containing ions. 

The molecu- 
lar weight of [Cu(O,CMe) (dppm)] in benzene is somewhat 
less than that of a dimer, whilst that  in 1,2-dibromoethane 
is only slightly above that of a monomer. Conductivity 
results in three solvents were indicative of the presence 
of ions, but were very much lower than those expected 
for a 1 : 1 electrolyte. These features suggest that 
[Cu(O,CMe) (dppm)] is a t  least dixneric but undergoes 
solvent-dependent dissociation in solution. This is in 
line with the solution behaviour of many discrete solid 
copper(1)-phosphine c o m p l e x e ~ , ~ ~ ~ ~ ~  several solution 
species often being simultaneously formed in solvents of 
low polarity. Dissociation usually results in the liber- 
ation of ligand, but for [Cu(O,CMe)(dppm)] the conduc- 
tivity results imply the formation of at least some acetatc 
ions in solution. The 1 : 1 copper(1) halide-dppm com- 

Bidentate Ligands.-(a) 1 : 1 Complzxcs. 

a, D. A. Edwards and R. N. Hayward, Canad. J .  Chem., 1968, 

43 G. B. Aitken, J. L. Duncan, and G. P. McQuillan, J. Cheni. 

a4 I .  M. Cheremisina, E. V. Khlystunova, and V. L. Varand. 

46, 3443. 

SOC. ( A ) ,  1971, 2695; J.C.S. Dalton, 1972, 2103. 

Izuest. Akad.  Nauk S.S.S.R., Sev. Rhim., 1972, 2672. 
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plexes are thought 25 to  ionise in dichloroethane b y  
process (1). 

[CuX(dppm)I, * 2[Cu(dppm),I [CUX,! (1) 
The high4.r. v ~ ~ ~ ( C O ~ )  position of the solid and larger 

A value compared to  that of [Cu(O,CMe)(PPh,)& 
suggests 26 that the solid complex contains bridging 
acetate, structure (I) being reasonable. Solution i.r. 
spectra in benzene and chloroform had two bands in the 
V , , ~ ~ ( C O ~ )  region, again indicative of dissociation, but the 

641 
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cm1 
n.ni.r. spectrum in CDCI, sho~ved only one environment 
for the acetate groups, perhaps favouring the formation of 
an equilibrium concentration of (11) even though migr- 
ation of a dppm molecule is required. Alternatively 
rapid exchange may prevent the detection of individual 
acetate-proton signals in wlhich case (111) is a further 
possible dissociation product, the three-co-ordinate copper 
atoms probably being further solvated in the polar 
solvents used for conductance studies. The n.1n.r. 
spectrum indicated that the dppm ligands are bidentate, 
but, as for the copper@) halide-dppm complexes,25 the 
splitting of the methylene-protons signal by interaction 
with the two equivalent 31P nuclei was not evident. The 
presence of bridging acetate rests only on i.r. evidence and 
the alternative formulation of clielating acetate and 
bridging dppm (as found 27 for [(CuI),(dppm)J and 
](CuCl),(dppm)]*0~25C2H,C1,), which would relieve the 

strained CuPCP rings, should not be conclusively ruled 
out. 

The molecular-weight results for [Cu( 0,CMe) (dppe)] in 
bromoform and 1,2-dibromoethane were slightly below 
those required for a dimer, the conductivity results 
suggesting slight ionic dissociation of such a dimer. The 
~mym(C02) and vsym(CO2) frequencies changed but slightly 
from the solid state to solution, suggesting no major 

25 N. Marsich, A. Camus, and 17. Cebulcc, J .  Inorg. Nuclear 
Cf iem. .  1972, 84, 933. 

28 N. 1;. Curtis, J .  Clieriz. Sor.  ( A ) ,  1968, 1679. 

rn 

change of structure in solution. The A values are 
reasonable for a structure of type (I). A resonance peak 
for the acetate protons was not found in the n.m.r. 
spectrum in CDCI,, there merely being a gradual increase 
in absorption between 7 7 and 9, apart from the observ- 
ation of the CH,CH, peak. A similar effect was found 
for both [Cu(O,CMe)(dpae)] and [Cu(O,Chle)(dpae)J in 
CDCl,, yet in CS, the precise resonance position of the 
acetate protons was easily found. The mass spectrum 
of [Cu(O,CMe) (dppe)] provided some evidence in favour 
of a dimeric structure. The spectrum showed many ions 
due to  ligand 28 and copper(1) acetate fragmentations, so 
thermal decomposition may accompany fragment ation 
by electron bombardment in the spectrometer. How- 
ever, as the ratio of copper-phosphorus to other copper- 
fragment ions was reasonably constant for several runs 
carried out under different conditions, we believe some 
vaporisation of the discrete complex can occur. Con- 
sidering only copper-containing ions, the base peak is 
[Cu,(O,CMe)]+ (m/e 185) and the most significant ion 
detected favouring a dimeric formulation was [Cu, 
(O,CMe),(dppe)]- (m/e 642, rel. intensity 1.1). Other 
copper-phosphorus-containing ions detected with rela- 
tive intensities greater than 5 include [Cu(dppe)(Ph,P= 
CH,)] +, [Cu(O,CPuZe) (dppe)]--, [Cu(O,CMe) (PPh2)J+, 
[Cu(dppe)]-, [CU(PP~, ) , ]~ ,  [Cu(PPh,)]+, [Cu(O,CMe)- 
(PPh,)!+, [Cu(PPh,)]+, and [CUP]+. The detection of 
[Cu(PPh,)] + shows that a 1,3-phenyl migration can occur 
on fragmentation, a process previously observed for the 
free ligand.= The fragmentations (2) and (3) are 

[ Cu (0,CMe) (dppe)] -+ 
[Cu(O,CMe)(PPh,),]+ $- C,H, (2) 

(3) 

1 
[Cu(dppe)]+ -+ [Cu(PPh,),]'- + C,H, 

supported by the detection of the appropriate nieta- 
stable peaks. The complex [Cu(O,CMe) (dpae)] was the 
least stable of all the arsenic- and phosphorus-donor 
complexes towards oxidation and hydrolysis. However, 
the evidence available (see Tables) points to an analogous 
structure to that suggested for [Cu(O,CMe) (dppe)]. 

The complex [Cu( 0,ChIe) (2,9-R1e2phen)] has previously 
been prepared by ligand exchange from [Cu(O,CMe)- 
(PPh,),] and was assigned a dimeric structure of type (I). 
The vsrm(C02) was reported at 1 363 cm-l leading to a A 
value of 199 cm-l, but we find this mode at 1395 cm-l 
with A 161 cm-l. Whilst this complex is quite air stable, 
we find [Cu(O,CMe)(phen)], isolated for the first time in 
this work, to be extremely air sensitive. Although a 
dark purple solid formed immediately on treating the 
acetate with phen in benzene, a stoicheiometric product 
was only reached after at least 3 d reaction time. The 
air sensitivity and insolubility of the complex hindered 
its full characterisation, but an analogous structure to  
that of [Cu(O,CMe) (2,9-Mc2phen)] seems reasonable. 

27 N. Marsich, G. Kardin, and L. Kandaccio, J .  A m w .  Chem. 
Soc., 1973, 95, 4053;  G. Nardin and L. Randaccio, Actn Cvyst., 
1974, B30, 1377. 

2a R.  Colton and Q. K. Porter, Austral .  J .  Chem., 1968, 21, 
3215. 
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(b) 1 : 2 Conzplexes. Only [Cu(O,CMe) (dpae),] of this 

stoicheiometry was isolated and the evidence available 
does not allow a unique structural assignment. The 
molecular-weight determinations were indicative of 
the presence of a monomer, and the conductivity results 
suggest only a slight tendency towards ionic dissociation 
in polar solvents. The mull-ir. A value was significantly 
greater than that found for either [Cu(O,CMe)(dpae)] or 
even [Cu(O,CMe) (PPh3)J,' suggesting the presence of a 
unidentate acetate group. The formation of a four- 
co-ordinate monomer would thus require the presence of 
one bidentate and one unidentate dpae ligand; alterna- 
tively, a three-co-ordinate monomer would have both 
dpae ligands unidentate. However, no splitting of the 
methylene-proton signal could be found in the lH n.m.r. 
spectra of the complex in either CDC1, or CS,. Perhaps 
rapid interchange of bonded and non-bonded arsenic 
atoms on the n.m.r. time scale a t  room temperature 
prevents the observation of separate methylene-proton 
signals. 

(c) 2 : 3 Complexes. This stoicheiometry, found in 
this work for [(Cu(O,CMe)},(dppe)J and its benzene 
solvate, is quite common for copper(1)-dppe complexes. 
Marsich et ales have prepared several [ (CuX),(dppe)J 
complexes (X = halogen), such complexes often retain- 
ing solvent of crystallisation. Crystal-structure deter- 
minations have shown that where X = a ~ i d o , ~ ~  5-per- 
fluoromethyltetrazolato,30 and chloro 31 the centro- 
symmetric structure (IV) is present. 

I IY) 

The complex [{Cu(O,CMe)},(dppe)J was precipitated 
from benzene solution as a 1 : 1 benzene solvate, the 
benzene only being completely removed by pumping in 
vacuo for 24 h at 110 "C. The large mull-i,r. A value of 
234 cm-1 (225 cm-l for the solvate) is good evidence for 
the presence of only unidentate acetate groups and so 
this complex is thought to be a further example of type 
(IV). The complexes [(CuX),(dppa)J [X = uninegative 
unidentate group; dppa = 1,2-bis(diphenylphosphino)- 
acetylene] are thought to possess an alternative structure 
in which all three dppa ligands are bridging.32 However, 
this is a consequence of the linear P-Cz-P skeleton 
which precludes the possibility of chelation for this 
ligand. The solution-i.r. spectrum of [(Cu(O,CMe)},- 
(dppe)J in chloroform indicates that structure (IV) does 
not persist in solution, A being reduced to 162 cm-l. The 
vasym(C02) and vsym(CO,) positions are very close to those of 
[Cu(O,CMe) (dppe)], suggesting that the dissociation (4) 

[(Cu(O,CMe)},(dppe)31 'T- 
[(Cu(O,CMe) (dPP4 121 + dPPe (4) 

A. P. Gaughan, R. F. Ziolo, and 2. Dori, Inovg. Chewz., 1971, 
10, 2776. 

occurs. Supporting evidence for such a dissociation is 
given by the molecular-weight determination in bromo- 
form, an apparent molecular weight below that of the 
formula weight being obtained. However, the conduct- 
ance results obtained in more polar solvents are in the 
ranges expected €or 1 : 1 electrolytes, so alternative 
dissociation modes in these solutions may be (5)  or, less 

likely since it involves migration of one acetate to the 
other copper atom, (6). Similar solvent-dependent 

dissociations have been noted before. For example,33 
conductance measurements show that [ Cu (o-Et,PC, H,- 
AsEt,)Cl] is almost completely ionised in nitrobenzene, 
yet a molecular-weight determination in methyl ethyl 
ketone indicated that the complex was present as a dimer. 

The lH n.m.r. spectrum of the benzene solvate showed 
a very sharp resonance peak a t  T 2-68 assignable to the 
benzene protons. Since the spectra of the complex and 
its benzene solvate were both recorded in CDCI,, dis- 
sociation of the complex giving free dppe must have 
occurred, but no splitting of the CH,CH, proton-reson- 
ance signal was observed. Perhaps rapid exchange of 
free and complexed dppe at room temperature is respon- 
sible. The mass spectrum of the unsolvated complex has 
[CUP]+ as base peak and many of the ions detected for 
[Cu(O,CMe) (dppe) J were observed again. In addition 
peaks due to [Cu(dppe),]', [(Cu(O,CMe)},(dppe) (Ph,P= 
CH,)] +, [Cu( PPh,),(Ph,PCH=CH,) J +, and [Cu,(PPh,)J + 

were also detected in relative intensities between 2.0 and 
53. The two metastable peaks associated with the two 
fragmentations involving loss of CH,CH, mentioned for 
[Cu(O,CMe) (dppe)) were also observed for [(Cu(O,CMe)),- 

(d) 2 : 1 CompZexes. The complexes [(Cu(O,CMe)),- 
(dth)] and [{Cu(O,CMe)},(bipy)] were prepared and, 
although readily formed, both proved to be very difficult 
to handle, being rapidly oxidised on exposure to air. 
Reliable solution measurements could not be obtained, 
assignment of reasonable structures resting with an inter- 
pretation of solid-state i.r. data. 

In the gaseous and liquid states 2,5-dithiahexane exists 
as a mixture of trans- and gauche-conformers (considering 
only free rotation about the C-C bond; if the C-S bonds 
are also considered ten isomers are possible). In a coni- 
plex, 2,5-dithiahexane usually assumes the gauche-form 
since this enables chelation to occur. More rarely, the 
ligand assumes the trans-form to allow a bridging arrange- 

(dPPe)3l* 

30 A. P. Gaughan, I<. s. Bowman, and 2. Dori, Inovg. Chem., 
1972, 11, 601. 

31 17. G. Albano, P. L. Bellon, and G. Ciani, J.C.S. Dalton, 1972, 
1938. 

32 A. J .  Carty and A. Efraty, Ino1.g. Clzena., 1969,8, 543. 
33 W. Cochran, I:. ,4. Hart, and I;. G. Mann, J .  chsnz. Soc., 

1957, 2816. 

http://dx.doi.org/10.1039/DT9750000637


1975 643 

ment, for example 34 in [Re,Cle(dth),.,]. 1.r. spectro- 
scopy can be used 34 to detect the presence of a particular 
conformer in a complex. Bands at 1206 [CH,(wag)], 
1 134 [CH,(twist)], 738 (C-S stretch and CH, rock), and 
686 cm-l (C-S stretch) in the free ligand have been 
assigned 35 to vibrational modes exclusively associated 
with the trans-conformer. The complex [{Cu(O,CMe)},- 
(dtli)] exhibited these bands at 1215, 1 138, 734, 718, 
and 681 cm-l, so the tram-conformer is certainly stabilised 

Me 
I 

Me 
I 

I 
Me 

I 
Me 

(PI 
in this complex. The A value is of a magnitude to 
suggest the presence of bridging acetate groups, so the 
polymeric structure (V) is in agreement with these 
features. 

34 F. A. Cotton, C. Oldham, and R. A. Walton, Inovg. Clzern., 

35 M. Hayashi, Y. Shiro, T. Oshima, and H. Murata, Bull. 
1967, 6, 214. 

Client. SOC. Japan, 1966, 39, 118. 

Although bipy conventionally acts as a chelating 
ligand, rotation about the ring-linking C-C bond enables 
the ligand to adopt a bridging co-ordination. Although 
no crystal-structure determinations have shown such a 
role for this ligand in a complex, the free ligand adopts 
this trans-planar conformation,36 and a bridging function 
has been suggested in several complexes, for example 37 
[(ZrCl,),(bipy)J. We suggest structure (V) is therefore 
also appropriate for [{Cu(O,CMe)},(bipy)]. Even using 
a large excess of bipy and a reaction time of 10 d this 
stoicheiometry is not exceeded. I t  is interesting to note 
that phen and 2,9-Me2phen, which are unable to act in a 
bridging manner, only form 1 : 1 complexes with copper(1) 
acetate. Assignment of vWym(CO2) for [{Cu(O,CMe)),- 
(bipy)] is made difficult by the presence of ligand bands 
in the same region. The free ligand has bands at 1583 
and 1555 but on co-ordination these shift to higher 
frequencies. In the present complex the ligand bands 
were found at 1615 and 1597 cm-l leaving the band at 
1573 cm-l to be assigned to vaam(C02). 
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36 L. L. Merritt and E. D. Schroeder, A d a  Cryst., 1956, 9, 801. 
37 G. W. A. Fowles and G. R. Willey, J .  Chem. SOC. ( A ) ,  1968, 
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