
Journal of Organometallic Chemistry 547 (1997) 65-69 

Synthesis and crystal structure of cationic complex of ytterbium with 
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The cationic complex of ytterbium ([Y~THF)~]“[(Ph,Ge)2Cu]r]. 2THF (1) was synthesized by redox transmetaRatimt react&t of 
Yb with PhsGeCufPPh,), in the presence of a catalytic amount of Ybl&THF), and by the excbanng reactions of fPh,Ge),Yb@HF), witb 
PhsCeCu(PPh,), or PhC=CCu. X-ray diffraction study has shown that crystals of 1 have an ionic structure composed of i 
[YMTHF),]‘+ cations W-0 2.350(5). 2.369f4). 2.3S3(5)& and [(Ph,Ge)$u]- anions (Cu-Ge 2.33f(ii. 2.339(l)& GeCuGe 
175.96(53”). The Yb and Cu atoms in 1 have distorted octahedral and linear coordinations respectively. Q 1997 Wsevier Science S.A. 

1. Introduction 

Cationic complexes of lanthanoids represent only a 
small group of compounds [l-3] among organoderiva- 
tives of rare earth elements [4]. Similar cationic com- 
plexes of alkali metals are well known [S] and 
organocuprates of lithium were found to be unique 
reagents in organic synthesis [6]. In the previous re- 
searches we found that lanthanoids easily form 
organocuprates with phenylethynyl and organogerma- 
nium substituents of the types 
([(PhC= C),CU][EU(P~)(THF),])~, 
II(PhC= C),Cu]]Yb(THF),])2 171. 
([(C,F,),GelzCu),[Ln(DME),] (Ln = Sm. Yb) [S]. Now 
we report the synthesis and crystal structure of the novel 
organogermanium cuprate of ytterbium 1. 

2. Results and discussion 

For preparation of the titled compound we used the 
redqx transmetallation reaction which is widely used as 

* Correrponding author. 
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a synthetic route to organolanthanoids [4] and the ex- 
change* reactions of germylytterbium complex 
Wh3Ge)2YbOliF~4 ’ with organocopper derivatives 
Ph,GeCu(PPh,), z and Phc=cCu 3. Yb was fotmd to 
react with Ph,GeCu(PPh,), in THF only in 
ence of ytterbium diiodide as catalyst ‘. The inte 
for ca. 60h leads to tbe formation of metal 
triphenylphosphine and complex 1. 

4Ph,GeCu(PPh,), + Yty I + IIPPh, + 2cu 
20°C 

The complete transmetaflation does not occur even at 
prolonged reaction time (120 h). The complex 1 was 
isolated in 72.3% y;ctd as unstable in air diamagnebc 

‘(Ph,Gr)sYMTHF), was prepared by the method whkh we de- 
scribed in Ref. [9]. 

‘For the preparation of dte known germykopper coot 
Ph,CkCufPPh,), [IO] we used mother mdod-dre tea&m of 
Ph,GeH with t-BuOCu in dte presence of PPhr. The details of the 
synthetic procedure are now being prepnred for publication. 

’ FhC=CCu wa prepared by the rqorted method see Ref. [l II- 
’ A catatytk activation of kmhanoid metals with kn&anoid habdes 

we used earlier in the reactions of dse metals with R,EERl (E = Si. 
Cr. Sn) [2.9,12]. dimer of triphenylrnethyl radicals [31, Ph,Hg. and 
Ph,Bi [13]. 

S.A. All rights metwd. 
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pale-brown crystals, soluble in THF, DME and insolu- 
b!e in hexane. It melts with decomposition at 155 
160°C. The IR spectrum conFrms the presence of Ph,Ge 
fragments, coordinated and s lvated THF. In THF solu- 
tion the complex 1 was found to be a weak electrolyte 
(conductivity (THE 20°C): h, = 49.0 cm’ R- i mol- ‘, 
K, = 1.20 X lo-‘mol-‘k 

The exchange reaction between (Ph$e),YMTHF), 
and Ph,GeCu(PPh,), proceeds smoothly at room tem- 
peratum and leads to complex 1 in 85.1% yield. 

intermediate leads to symmetrical ytterbium com- 
pounds. 
(Ph,Ge)?Yb(THF), + PhC=CCu 

rz [((Ph,Ge),CuC=CPh){Yb(THF),)I 

2[((Ph,Ge),CuC=CPh}(Yb(THF)r,)] 

‘II” 1+ ( PhC=C)2Yb 
20°C 

(Ph,Ge),Yb(THF), + ZPh,GeCu(PPh,), 
THF 
--) 1+6PPh, 

ZO’C 

The reaction of (Ph,Ge),Yb(THF),, with PhC=CCu, 
instead of the expected ytterbium cuprate with mixed 
organocopper anions of the type (Ph,Ge)JuC=CPh’-, 
gave known bis(phenylethynyl)ytterbium [ 141 and com- 
plex 1 in high yields. It can be suggested that mixed 
organocuprate of Yb is formed at the initial steps of the 
reaction, but the following disproportionation of the 

Complex 1, isolated in 62.1% yield from the reaction 
of the digermylytterbium compound with 
phenylethynylcopper, according to elemental analysis, 
m.p. and IR data is identical to the organogermanium 
cuprate obtained by the transmetallation reaction and by 
the exchange reaction of (Ph,Ge),Yb(THF), with 
Ph,GeCu(PPh,),. 

An X-ray diffraction study has shown that crystals of 
1 have an ionic structure composed of [Yb(THF),]‘+ 
cations and [(Ph,Ge)@t]- anions. Besides these ions 
the crystal structure of 1 contains solvating THF 

Table I 
Selected bond lengths (A, and angles (deg) for I 

YMI)-O(I) 2.350(5) 
YMI)-(K3) 2.383(S) 
CdlkGd2) 2.33904 1.7) 
Ge! I Mxs) 1.981(7) 
W2Mx43) I .979f73 
Gexl)-a3 I ) I .998(7) 
cc 13Mx 18) 1.39MlO) 
C(lS)-C( 16) 1.380(11) 
C(17)-C(18) I .395( IO) 
C( I9)424) I .385(9) 
a2 I I-a221 1.353(12) 
C(23)-C(244) 1.399111) 
C(25)-C(30) 1.39N I I) 

YM I b-0(2! 
Cu( I )-Get I ) 
Cal)-C(l3) 
CM I )-C( 19) 
Ge!2)-C(37) 
C(13)-C(I4j 
C(14)-C(l5) 
C( I6)-C( 17) 
a 19)~C(20) 
C(20)-C(21) 
C(22Mx23) 
C(25)-C(26) 
C(26LCf27) 

2.369(4) 
2.3351(12) 
1.975(l) 
1.996(7) 
I .9X5(7) 
I .37%10) 
l.4OlllO) 
l.356(1 I) 
I .384( IO) 
1.393(11) 
I .379( 12) 
I .375( IO) 
1.381(1 I) 

C(27MX28) I .363( 12) C(28MX29) 1.376t 13) 
C(29)-C(30) 1.373(13) C(31)-C(36) I 375(10) 
C(3! bC(32) 1.3?4(10) C(32)-C(33) I .402( I?) 
C(33)-C(34) 1.355(1’) C(34)-C(35) 1.355(12) 
C(35)-C(36) I W2(10) C(37)-C(38) 1.378(10) 
C(37)-C(42) 1.384(10) C(38)-C(39) 1.399(13) 
C139)-CMO) I .36(2) C(40)-a4 I ) I .368( 14) 
a41 kC(42) 1.387(11) C(J3Hx44) I .392( IO) 
C(43)-C(48) I .400(P) C(U)-C(45) I .383( IO) 
C(45MX46) 1.37X( IO) CM-C(47) I .373( IO) 
C(47)-a-18) I .372(9) 

O(I)-YMIL0(2) X8.5(2) o(l)-YMl)-o(2) 91.5(2) 
al)-YM1)-0(3) 90.1(Z) ot2kYM I )-o(3) 88.5(2) 
O(I)-YMI)-043) 89.cH2) 0(2)-YM:).-a3) 91.5(2) 
Get I )-C$ I wx2) 175.96(5) C( I3bGd I X(25) 101.3(3) 
C(l3~-Geil)-C(19) 98.0(3) C(25)-Gr(lkC(l9) 105.4(3) 
C( 13wJe( I )-cut I ) I18 2(2) C(25)-Gr( I )-Cd I ) Il6.‘)(2) 
C( I9)-Ge( I )-IX I ) Il4.5(2) C(43)-Gr(2)-C(37) 10X4(3) 
C(43)-GdZkC(31) 101.1(3) C(37)-Gd2)-C(31) 102.2(3) 
C(43)-Ge(?)-Cd I ) 120.7(‘) C(37bGr(?bCu( I ) I14.S(2) 
C(3 I )-Get2)-CIA I ) I12.6(2) 
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Fig. 1. The general view of Ihe cadon [YMTHF),]” in 1 and atom 
labeling. All THF molecules in the [YMTHF),,]” cation are disor- 
dered on nvo posirions. One of these p&lions is denoted by the 
dashed lines. 

molecules. The ions end qolvating THF molecules are 
isolated in the crystala &ucture. The minimum Yb . . . Cu 
distance in 1 is 7.62 A. 

The [Yb(THF),]‘+ cation in 1 has a slightly distorted 
octahedral coordination (Fig. 1): the OYbO angles are 
in the range 88.5(2)-91 S(2)” (Table 1). The Yb atom of 
the cation in the crystal structure is on a center of 
symmetry. All THF molecules in the [YbW-lF),]‘+ 
cation are disordered on two positions (see Section 3). 
One of these positions is denoted by the dashed lines in 
Fig. I. The YMl)-0(l), YM I)-0$2) and yb(lk0a3) 
distances are 2.35OWA. 2.369(4)A and 2.383(5)A re- 
spectively. The geometry of the [YMTHF),I?+ cation in 

1 is close to that for a similar cation with an i 
octahedral structure (Yb-0 2.390 b;) rn 
[Yb(THF),l’+[ph,Cl; [31. 

The general view of the [@h&e&$ anion is 
shown in Fig. 2. Tbe environment of the Cu(l) atom is 
somewhat distorted from linear: the Ge(l)cu(lKie(;?) 
angle is 175.96(5)*. * C~~(l)-Ge(l)~and Cu(l)-Ge(2) 
distances are 2.33% 1) A and 2.33% 1) A respectively. As 
we know, these are the first 
distances found in organoeleme 
atoms have a distorted tetrahedral 
CuCieC angles (114.5(2)-118.2(2)” at tbe Gefl) 
and 112.6(3)-120.7(2y at the 
larger than the ideal tetrahedral angle. WOGe-C dis- 
tances Fge from I .975(7) to i.998(7)A (average: 
I .986(9) A) (Table 1). 

3. Experimental section 

The synthesis and isolation of I were performed 
under vacuum in sealed ampules using tboroughiy 
dried solvents. The IR spectra were recorded on a 
Perkin-Elmer-577 spectrometer. YbI&THF)~ used as a 
catalyst was synthesized by reaction of Yb with I2 in 
THF. 

3.1. X-ray diffraction studies 

X-ray data for 1 was collected on a Siemens B/PC 
diffractometer at 153 K (MoKa radiation, graphite 
monocbromator, 8-28 scan mode, 2 I 6 525”. 5545 
indepemlent reflections measured ( R,,, = 0.044~. 3981 
reflections observed ( I > 2 a( I)). Crystal data for 1 at 
153K: C,,Cu&e,H,,,O,Yb,. f.w. 2092.5, mono- 

Fig. 2. The geneml ~w.v of rhe anion [Wh,Gr@3$ m I and amm labeling. 
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Table 2 Table 2 (continued) 
Aromic coordinates (X IO’) a& 
pmmetea (2X 10’) for 1 

e&v&m isotropic displacement s 

CXI’) 
CC) 
c(4’J 
c(3) 
cl9 
C(7) 
c(8) 
C(S) 
07’) 
CW) 
C(b) 
c(9) 
COO) 
alI) 
al?) 
cw 
C(10’) 
a1 I’) 
ai29 
CUIIJ 
Gdl) 
Gd?) 
ai31 
a141 
C(15) 
C(lbJ 
C(l7) 
C(18) 
a191 
ct200) 
C(2l) 
(322) 
C(23) 
C(24) 
CQ5) 
Cl266) 
C127) 
C(28) 
Ci29) 
C(30) 
Cl31 1 
C(32) 
a331 
C(34J 
C(35) 
C(3bJ 
C(37) 
C(38) 
C(39J 
C(40) 
Cf41) 
C(4?.l 
C(43) 
C(W) 

497w J 
4190(j) 
3522(3) 
5278w 
4920(7) 
466N8) 

4302C-17) 
413N42) 
578’)(68) 

4983(S) 
3161;6) 
3859(S) 
464x7) 

3931(49) 
3311(41) 
4175(37) 

3!02(70 
3015(7) 
1977(9) 
2029(S) 
2%3(7) 

3214(65) 
2187(35) 
I84912OJ 
2637(50) 

1272(l) 
277l(i! 

-278(l) 
?834(5) 
335815) 
3450(b) 
30 I S(6) 
2493(6) 
24OlW 
366w3 
4377w 
49346) 
4771(7) 
40716) 
35145) 
3515(S) 
4493(6J 
4961(6) 
4473(S) 
349493 
3018(7J 

- 1obbw 
- 626l6) 
- Il61(93 
-212X(8) 
- 2573(7J 
- 2048(63 
- 106NSJ 
- 78817) 
- 1353(10) 
-2i8HlOJ 
- 24680, 
- 1913(6) 
-4X7(4) 
-492(S) 

5-q) 
487;;(;, 
3168(6) 
246x5) 
3422(6) 

3 165(35) 
262104) 
337N51) 

26426) 
5137(S) 
55 17(6) 
541 l(6) 

4527(39) 
5757(29) 
5804(3 I ) 

5044(6) 
4207(6) 
4439(7) 
5 178(6) 
5468(6J 

4709G7) 
4448(2&Q 
5102(17) 
49$0(43) 

3716(l) 
3335( I ) 
4044ilJ 
2792(4J 
2 16514) 
1856(S) 
217Ow 
2784(S) 
3089l4) 
4144(4) 
4062w 
4643(S) 
5318(53 
5427(S) 
4840(4J 

27oM4) 
2222(5) 
i702W 
1673(b) 
2164(b) 
3 I Xbl4J 
2563(S) 
1947(5) 
1951(S) 
25bOW 
3170(4) 
447cxJJ 
4376(4J 
4622(6J 
4981(6J 
51 IWJ 
485bl43 
47!0(4J 
5463(4J 

loo00 
10264(3) 
1099N2) 
923813) 
9836(6) 

1013Ow 
1089Ol6) 
9878(33) 

10538131) 
1074Ot52) 

10868(6) 
II01 l(5) 
I2 133(6) 
I l697W 

I1523(37) 
I I866(2?) 
Il447(28) 

11804(5J 
9007(6) 
889N8) 
8558(7) 
8884(b) 

8634154) 
8525(32) 
8938(17) 
9541(40) 

6977( I ) 
6725( I J 
7164(l) 
5X37(3) 
578(X4) 
51196) 
4498!4J 
453814) 
5 I97(4) 
6560(3) 
6136(4) 
595815) 
6203(5) 
6634EJ 
6807(4J 
7429(3) 
76Ob(4) 
809OW 
8406t-l) 
823SW 
777(3(S) 
7375(3) 
7655(4J 
779215) 
7643(5) 
7364(5) 
723414) 
6326t4) 
5666(J) 
so51ts) 
5099l6J 
574ti5J 
6351(4J 
7946(4) 
7X54(4) 

38(l) 
58(l) 
.52(l) 
bOC2) 
77(4) 
6213) 
73(3) 

87(2 I ) 
78(19J 

153(37J 
loo(3J 
56(3) 
b9(3) 
66(3) 

I lo(26) 
67( 16) 
64(16) 

86(3) 
68(3) 
87(J) 
72(3J 
70(4) 

167(38) 
b5(16J 

14(9) 
131(28) 

51(l) 
14(l) 
42(l) 
Jl(2) 
5.5(2) 
66(2) 
64(2) 
61(2) 
56t2) 
4Ot2) 
bOC2) 
7Ol2) 
7Ol3J 
67(2) 
51(2) 
4312) 
5bt2) 
6(f(?) 
73(3) 
99l3) 
82(3J 
4212) 
6212) 
82(3) 
71(3J 
75(3) 
biM2) 
45(2) 
7213) 
99(4J 
97(J) 
81(3J 
5%2J 
38(2) 

4bw 

C!JS) 
C(46) 
C(47) 
C(48) 
014s) 
C(49S) 
ctso9 
ct5 I S) 
C(52.9 

-595(5J 
-717(5) 
-710(5) 
- 596w 
2088(S) 

2166(1 I) 
1274(lIJ 
943( lb) 

1409(21) 

Y 

5930(4J 
5668(5) 
4927(5) 
4458(4) 
2920(6) 
252 l(9) 
212x9) 

2073( 13) 
2585( 13) 

‘. 

84100 
907M4) 
9169(4) 
8625(4J 
-X%6) 
524(S) 

497( IO) 
- 235( 12) 
-614(10) 

q-4 d 
S(2) 
S(2) 
50(2) 
44(2) 

171(J) 
Ib7(6) 
176i7) 

219llO) 
239(12) 

defined as one-third of the fmce of the orthogonalized U,, 

clinic, sptce group P 2,/na a = 14.096(4),& b = 
l&347(3) A, c = 19.025(4) A, p = 97.77(2)“, V = 
4875(2) A3’, Z = 2 for above-mentioned formula, II,,,, 
= 1.426gcm-3, p=2.647mm-‘. The structure of 1 
was solved by direct methods. Besides the 
[YMTHF), 12+ and (Ph,Cie),Cu]- ions the crystal struc- 
ture of 1 contains solvating THF molecules. The THF 
molecules in the cation [YMTHF),]~’ are disordered on 
two positions. For all three symmetrically independent 
THF molecules the refined multiplicities of these two 
positions are different: 0.85 and 0.15 for Ol-C4, 0.84 
and 0.16 for 02-C& and 0.83 and 3.17 for 03-Cl2 
THF molecules. The second value corresponds to the 
positions denoted by dashed lines in Fig. 1. The C 
atoms of disordered THF molecules were refined 
isotropically and other non-H atoms were refined 
anisotropically. The positions of H atoms were calcu- 
lated on the basis of geometrical conditions and refined 
in the riding model with isotropic parameters U = 
1.2U,,C, where l&C is the equivalent isotropic parame- 
ter of the bonded C atom. The final refinements con- 
verged at R = 0.038, R,, =O.OS6, S=O.88 for ob- 
served reflections The weight scheme was w = 
I/[a’(F,?) + (0.054P)’ + 19.4082f] (P = (F,,’ + 
2 F,‘)/3). The ( A/a jdv value in the final cycle is 
0.002. The largest petkks in the final difference maps are 
0.551, -0.524 (e- A- “I. All calculations were per- 
formed using SHELXTL-PLUS [ 151 and the SHELX~~ pack- 
age. Selected interatomic distances and bond angles, 
and atomic coordinates with their temperature factors in 
1 are given in Tables 1 and 2 respectively. 

3.2. Preparution of I 

(a) A mixture of Ph,GeCu(PPh,), i 1.74 g, 
1.51 mmol), Yb in the form of filings (2.84 g, 
16.42 mmol) and Ybl,tTHF), (0.03 g, 0.04 mmol) in 
20ml of THF was magnetically stirred for ca. 60 h at 
room temperature. The resulting dark-brotdn solution 
was separated from ytterbium excess and formed metal- 
lic copper (0.045 g. 93.9%). THF was removed from the 
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