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Introduction

Synthetic access to the very important class of copper(l) cylaldimine)], and o-phthalic acid, leading to a variety of
coordination compounds is based on the metathesis reactiondinuclear copper(l) complexes.
between copper halides and the salt of the corresponding
ligand1—3 Such reactions must be carried out in coordinating
polar solvents, which is usually why copper(l) disproportionates ~ The metalation of tetradentate Schiff bases, such as acacenH
to copper(ll) and copper metal. An additional problem, mainly [N,N-ethylenebis(acetylacetone imine)] and salophgiNN -
when we are dealing with a polynucleating polyprotic ligand, o-phenylenebis(salicylaldimine)], in their protic forms was
can be the difficulty in obtaining the ligand as the alkali metal carried out by mixing either toluene or THF solutions of {Cu
salt and in managing the nuclearity of the resulting compound. Mes), 1 (Mes= 2,4,6-MgCgH,), and the ligand in the presence
Thus we felt the necessity for a different metalating methodology of a copper(l)-stabilizing agent such as CO, RFRNC2 The
in the case of copper(l) complexes, which should avoid the use metalation of acacentiind salophenfis reported in Scheme
of any salt and halide derivative, that is, the direct reaction of 1.
a copper(l) source with the protic form of the ligand in an  Thetransarrangement of the halves of such ligands, which
innocent solvent. This method employing §Mes;|* [Mes = normally act as tetradentate binders for a single metal ion, is
2,4,6-MeCeH,| as starting material has been efficiently used based on the X-ray-determined solid state structuré. oiVe
in organometallic chemistry by van Koten and co-workerge should comment, however, that we are referring to the solid
wish to illustrate the effectiveness of such a method in the state, while in solution theis arrangement may also be possible
synthesis of dinuclear copper(l) compleX€swhich are par-  and the two metal centers may be accessible in the appropriate
ticularly attractive, and, among others, in the field of dioxygen disposition for dinuclear reactivity. In the case of complex
activation®’ In order to emphasize the relevance of this the reaction was also carried out in a carbon monoxide
synthetic approach, we used molecules which are usually atmosphere. Although CO loss from the solid is facile, it rebinds
mononucleating ligands but are potential binucleating ligands, under such conditions. The CO stretching vibration Zois
such as the tetradentate Schiff bases, which can force twovery high (2071 cm?)2 in agreement with the electrophilic
copper(l) ions into an interesting close geometrical proximity. nature of the # metal which is unable tor-back-donate.
These ligands, used under conventional conditions, induce theCompound3 shows the same spectroscopic characteristics as
disproportionation of copper(P. We report here the reaction 2, with a very high stretching vibration of thesNR group at
of the homoleptic copper(aryl [CusMess] compound, which 2166 cnT?, though in the latter case there is no reversibile
is available on a large scatayith acacent [N,N-ethylenebis-  binding of BUNC, as in the case of carbon monoxfdén the
(acetylacetone imine)], salophenN,N-o-phenylenebis(sali-
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Figure 1. SCHAKAL drawing of complex4. Prime indicates a Figure 2. SCHAKAL drawing of complexs.

transformation of 1— x, -y, —z

Table 1. Selected Bond Distances (A) and Angles (deg) for Scheme 2
Complex4 2/5 [CusMess), 1

Cu-P1 2.258(1) N+C6 1.467(7)

Cu—P2 2.277(1) CctC2 1.517(8)

Cu-01 2.038(4) C2C3 1.368(8)

Cu—N1 2.019(4) C3-C4 1.422(8)

01-C2 1.275(6) C4C5 1.510(9)

N1-C4 1.301(6) C6-C6 1.518(8) oo N o pphs
01-Cu—N1 94.2(2) P Cu—P2 123.5(1) " S0 /e o7 ey
P2—Cu—N1 108.1(1) Cu-01-C2 122.0(4) 0. @ o o__ PP
P2-Cu-01 101.3(1) Ct-N1-C6 117.2(3) CE, Cu & ScuwBunc e el
P1-Cu—N1 119.8(1) Cw-N1-C4 123.2(4) o 0 0" PP
P1-Cu-0O1 103.1(1) [1,2-C5H46(C00)2Cuz]n [1,2-CGH4(COO)720uz(BmNC)4] [1,2~CGH4(CO§))zCuz(PPh3)4]

| _YpPhs

other hand, the kinetic lability of CO makes particularly
appropriate for reactivity studies. In case of BRie have an (1) derivatives by van Koteh. The polymeric formg, which is
overstabilization of copper(l), achieving tetracoordination in both quite insoluble, dissolves in the presence of auxiliary ligands;
4 and5. The major difference between the two stays in the thus6 can be a source of an appropriate dinuclear skeleton.
approximately juxtaposition of the two copper(l) centers in the Copper(l) becomes three-coordinateZiand tetracoordinate in
possible cisoid arrangement. The centrosymmetric structure of8, as in Scheme 1. We should mention that carboxylate ligands
complex 4 is shown in Figure 1, and a selection of bond are among the most interesting starting materials in copper(l)
distances and angles is given in Table 1. The structural chemistry and oligomeric stable forms derived from monocar-
parameters are in the usual range for both the coordinationboxylic acids are well-knowh!! The proposed dinuclear
spheré and the ligand acacérare quite close to what we found  skeleton shown fo6—8 is based on the X-ray analysis 8f
in dinuclear copper(hCO and copper(lFCNR complexes shown in Figure 2. In compleg, the bidentate bonding mode
containing theN,N-ethylenebis(benzaldimine) ligafland are of the carbocylato anions is nonsymmetric with significant
not affected by théransarrangement of the halves of the ligand. differences between CtiO1 (oxy) and CuO2 and between
The reactions in Scheme 1 should lead to the disproportion- Cu2-03 and Cu2-O4 (see Table 2). There is an additional
ation of copper(l). This is not observed for two reasons: the difference in the CtO environment between Cul and Cu2.
nature of the solvent.g. toluene) and the auxiliary ligandse. All these parameters are in agreement with those found in a
CO, PPh, and BUNC).! Such ligands function to stabilize  Series of copper(l) carboxylato derivatives. The Cut--Cu2
copper(l) and greatly enhance the solubility of the resulting distance [6.241(2) A] may be appropriate for the interaction of
complexes. Even in the absence of such ligands, in non-the dinuclear unit with a single substrate.
strongly-coordinating solvents we obtained dinuclear copper(l)
complexes which, however, disproportionate in protic solvents,
such as methanol. An unprotected copper(l) dinuclear complex All operations were carried out under an atmosphere of purified
has been isolated and used in further synthesis (see Scheme 2)1_itrogen. All solvents were purified by standard methods and freshly
The copper carboxyla@made by this method is stable even Qis:illed prtior to use. The NMR spectra were recorded on a 200-AC
H - : H Instrument.
Isnu:)r;igfesﬁp (;et é%f a.rsr;[gblrl:]zé?ﬁozgleon&Whh;(éh g:gnb?)ri(\jlﬁoeuds;; a Preparation_of 2. Solid1 (1.28 g, 7.03 mmol) was added to a THF
L . (100 mL) solution of acacenH0.79 g, 3.52 mmol) cooled to20 °C.
successfully applied to the synthesis of monocarboxylato copper-
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Table 2. Selected Bond Distances (A) and Angles (deg) for Table 3. Experimental Data for the X-ray Diffraction Studies of
Complex8 Complexes4 and 82

Cul-P1 2.236(4) Cu2P3 2.229(4) 4 8
gﬂi:gi gggg((g)) 835243 gggg((f())) empirical formula G4H73CUQN202P4'C7H3 C30H54CU204P4‘C7H3
Cul-02 2.140(9) Cu204 2.092(9) N Moy 825
01-C7 1.258(18) 03C8 1.245(18) cryst sys Pg“/’”oc'”'c qu;)noc inic
02-C7 1.246(17) 04C8 1.256(18) igﬁ‘%eagfn‘;pat sosk " un

C1-C7 1.504(16) cz2C8 1.503(16) a A 18.612(2) 12.253(1)
02-Cul-C7 29.5(4) 04 Cu2-C8 29.5(4) b, A 14.341(1) 22.403(2)
01-Cul-C7 29.8(4) 03-Cu2-C8 29.1(4) c A 14.840(1) 26.696(2)
01-Cul-02 59.3(3) 03-Cu2-04 58.5(4) B, deg 99.05(1) 98.68(1)
P2—Cul-C7 112.4(3) P4Cu2-C8 109.4(4) Vv, A 3911.7(6) 7244.2(11)
P2—Cul-02 111.8(3) P4Cu2-04 108.4(3) Z 2 4

P2-Cul-01 108.9(3) P4Cu2-03 108.2(3) Dealcs g CNT3 1.266 1.313
P1-Cul-C7 122.5(3) P3-Cu2-C8 123.0(4) F(000) 1560 2976
P1-Cul-02 117.6(3) P3Cu2-04 121.4(3) linear abs coeff, cmt  6.73 7.25
P1-Cul-0O1 116.2(3) P3Cu2-03 112.8(3) cryst dimens, mm 0.3% 0.64x 0.67 0.32x 0.51x 0.55
P1—-Cul—P2 124.9(2) P3Cu2-P4 126.7(2) 20 range, deg 646 6-46
Cul-01-C7 86.6(8) Cu203-C8 84.0(9) no. of unique total data 5508 9225
Cul-02-C7 92.8(8) Cu204—C8 95.6(8) no. of unique obsd data 3452 3248

R= 3 |AFI/3|Fol 0.048 0.060
R= SW2AF|/ 0.052

After complete dissolution of the solid, the solution was saturated with

1/2
CO while being stirred and a progressive darkening of the yellow color GOIEN: g:v?/lml:\?/ 0.85
observed. The solution was then cooled~80 °C and kept at this (NO = NV)] 2
temperature for 5 days. Colorless thin needles formed, which, after
filtration, became yellowish. After 30 min of drying (oil pump), the 2 Details pertaining to both complexes: Philips PW 1100 diffrac-
product was completely yellow but became colorless again when tomter,w/26 scan type; monochromated Maiadiation ¢ = 0.710 69
exposed to a CO atmosphere (44%). Anal. Calcd faiHG- A); criterion for observation > 2¢(1). ® Unit cell parameters were

CwN,Os C, 41.48: H, 4.48: N, 6.91. Found: C, 41.36: H, 4.50: N obtained by least-squares analysis of the setting angles of 25 carefully
6.95. 1H NMR tZOb MHz (':Q’Clz' 208 K pp.m):vé 4.93 (S’ Y H)Y " centered reflections chosen from diverse regions of reciprocal space.
3.76 (s, 2 H), 3.76 (s, 4 H), 1.94 (m, 12 H). IR (Nujoly{CO) 2071
cm L,

Preparation of 3. Solid1(1.42 g, 1.42 mmol) was added to a THF
(100 mL) solution of acacent{0.87 g, 3.28 mmol) cooled t620°C. . yyhich was filtered off and dried (85%). IR (Nujoljr(C=N) 2168
Aft_er complete dissolution of the solid, ENC was ac_idewla syringe. cmL. H NMR (200 MHz, CDCl,, 298 K, ppm): 6 7.60 (m, 2 H),
Thin white needles formed suddenly, which were filtered off and dried ; 5, (m, 2 H), 1.41 (s, 18 H).

(55%). Anal. Calcd for @HasCleN.Oz: C, 51.25; H, 7.04; N, 10.86. Preparation of 8. Addition of 6 (0.25 g, 0.86 mmol) to a stirred

Found: C, 51.40; H, 6.98; N, 10.84. IR (Nujoly{C=N) 2166 e, solution of PPk (0.91 g, 3.47 mmol) in toluene (100 mL) resulted in
Preparation of 4. Addition of a solution of acacenH0.57 9, 2.56 5 solution, which was then left at30 °C for 10 days. Translucent
mmol) and PP§(2.69 g, 10.25 mmol) in toluene (100 mL) to a toluene crystals were collected (66%). Anal. Calcd fosBs:ClOsPs C,

(100 mL) solution ofl (0.94 g, 5.12 mmol) resulted in a bright-yellow 71 go: H, 4.81: P, 9.24. Found: C, 73.35: H, 5.17; P, 8. 32NMR
solution which under stirring turned to opalescent-white. Standing for (200 MHz, CDQCl, 298 K, ppm):  7.25 (m, 64 H).

24 h at room temperature gave translucent crystals, which were filtered = x_ray Diffraction Study of 4 and 8. Crystal data and details

off. The mother liquor was concentrated and coolee-#°C. After associated with data collection and refinement are given in Table 3.
1 week, more crystals formed (38%). Anal. Calcd fogtGe The crystal quality was tested by scans showing that crystal
CuNOP: C, 72.14; H, 5.62; N, 2.00; P, 8.86. Found: C, 72.36; H, apsorption effects could be neglected. The structures were solved by
5.74;N, 1.88; P, 8.64:H NMR (200 MHz, CDCl,, room temperature,  the heavy-atom method (Patterson and Fourier techniques). For
ppm): 6 7.35 (m, 30 H), 4.68 (s, 2 H), 3.41 (s, 4 H), 1.93 (s, 6 H), complex4, refinement was done first isotropically and then anisotro-
1.41 (s, 6 H). pically for all the non-hydrogen atoms except for those of the toluene
Preparation of 5. Addition of a solution of salophenH0.70 g, solvent molecule, which was found to be disordered about a center of
2.22 mmol) and PR(2.33 g, 8.88 mmol) in toluene (100 mL) to a  symmetry. For comples, all atoms except the phosphine phenyl
toluene (100 mL) solution af (0.81 g, 4.44 mmol) resulted inayellow  carbons and the toluene solvent carbons were allowed to vary
solution which turned bright-orange as the reaction proceeded. After anisotropically. For both structures, all the Ph rings were constrained
some minutes of stirring, an orange microcrystalline solid formed, which to be regular hexagons ¢ = 1.395 A). All H atoms were put in
was filtered off and dried for 2 in vacuo(68%). The product was calculated positions and introduced in refinement as fixed contributors
air stable. Anal. Calcd for &H7.ClwN2OoPs: C, 74.13; H, 5.00; N, with isotropicU values fixed at 0.08 A
1.88; P, 8.31. Found: C, 74.10; H, 4.86; N, 6.98; P, 8.19.NMR . .
(200 MHz, CDCl,, 298 K, ppm): 6 7.30 (m, 72 H), 7.60 (m, 2 H). Acknowledgment. We thank the Fonds National Suisse de
Preparation of 6. To a solution ofL (0.74 g, 4.05 mmol) in toluene 18 Recherche Scientifique (Grant No. 20-40268.94) for financial
(100 mL) was added-phthalic acid (0.34 g, 2.05 mmol). The reaction SUpport.
was slow, due to the low solubility of thephthalic acid in the reaction

o . . Supporting Information Available: Tables of fractional atomic
solvent. After 12 h of stirring, an amorphous light-yellow solid was coordinates, thermal parameters, and complete interatomic distances
collected and dried for 2 m vacuo (65%). Anal. Calcd for gH,- ’ P ’ P

CuwO. C. 33.00: H. 1.38. Found: C. 33.01 H. 1.52 and angles fod and8 (11 pages). Ordering information is given on
Wb L, 5.5, 1, .39, Lo o any current masthead page.

resulting yellow suspension was stirred for 12 h, after whiciNBu
(0,50 mL, 4.42 mmol) was addeda syringe. The suspended solid
dissolved, and after 5 min, a white microcrystalline solid precipitated,

Preparation of 7. To a stirred toluene (100 mL) solution {0.74
g, 4.23 mmol) was addeatphthalic acid (0.35 g, 2.11 mmol), and the  1C960072K



