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Abstract 

[{Rh(L2)C1} 2] (L z ~-COD, or norbornadiene (NBD)) react with c~-diimines (LL) derived from glyoxal, irrespective of the 
stoichiometric ratios employed, to give [Rhz(Lz)CIz(LL)] when L 2 -= COD or [Rh(CI)(Lz)(LL)] when L 2 = NBD. Solutions of 
COD compounds contain dinuelear [{Rh(COD)(CI)}z(Ix-LL)] species with bridging LL groups and ionic [Rh(CODXLL)]+[Rh - 
(COD)C12]- species, in temperature-dependent ratios. The NBD compounds are pentacoordinated in the solid state and 
undergo rearrangements in solution. When the reactions are performed in the presence of SnC12, pentacoordinated [Rh(SnC13)- 
(diolefin)(LL)] are obtained, which in solution undergo SnC13 dissociation. The molecular structure of [Rh(SnC13)(NBD)(GCH)] 
(GCH = glyoxalbis(cyclohexylimine)) has been determined by an X-ray diffraction study. It is best described as distorted square 
pyramidal with the equatorial positions occupied by the diolefin and the diimine respectively, and the SnCI 3 fragment in the 
apical position. 
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I.  Introduct ion 

a-Diimines (RN : C(R')C(R')  : NR(LL))  have a versa- 
tile coordination chemistry [1]. In their reactions with 
[{RhL2C1} 2] (L 2 = COD or norbornadiene (NBD); L = 
CO) they give different types of product, depending on 
the stoichiometric ratios employed a n d / o r  the nature 
of LL or L2. With R h : L L =  2:1,  both dinuclear 
[{Rh(L2)(C1)}2(Ix-LL)] [2-4] and ionic [Rh(L2)(LL)] ÷- 
[Rh(L2)CI2]- [4-9] have been described. With diazadi- 
enes, the existence of both forms in equilibrium in 
solution has been reported [2,4,5]. When Rh : LL = 1 : 1 
p e n t a c o o r d i n a t e d  [6-8,10] and t e t r acoord ina t ed  
cationic [5,6,11] or neutral [12,13] species have been 
obtained, a-Diimine-type bioxazoline ligands afford 
dinuclear [(LL)Rh(tx-CI)2Rh(CO) 2] compounds con- 
taining chlorine bridges and a terminal LL group [14]. 

* Corresponding author. 
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[{Rh(diolefin)C1}2]-chiral phenanthrol ine systems pro- 
mote asymmetric transfer hydrogenation of ketones 
using alcohols as a hydrogen source [15] and Rh-d i -  
azadiene compounds catalyse regioselective and stere- 
oselective homogeneous hydrosilation reactions [13,16]. 
Recently, we have reported the reactions of [{RhL2C1} 2 ] 
with eediimines derived from biacetyl and their reac- 
tions with SnC1 z [17], on account of the catalytic poten- 
tial of transition metal  complexes containing covalently 
bonded tin compounds in organic transformations [18]. 
We report  now the reactions of  [{RhL2CI} 2] (L z - COD 
or NBD) with et-diimines (RN : C(H)C(H) : NR(LL)) 
derived from glyoxal compounds such as glyoxalbis- 
(cyclohexylimine) (GCH),  glyoxalbis(4-dimethylamino- 
anil) (GAA) and glyoxalbis(4-hydroxy-anil) (GHA),  
which give different products, depending mainly on the 
nature of L 2, and their reactions with SnC12. The 
solution behaviour of the isolated compounds and the 
crystal structure of [Rh(SnC13)(NBD)(GCH)] are also 
discussed. 
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2. Results and discussion 

[{Rh(diolefin)C1} 2] reacts with a-diimines derived 
from the glyoxal compounds GCH, GAA or GHA, 
irrespective of the stoichiometric ratios (1 : 1 or 1 : 2), to 
afford different types of compound depending on the 
diolefin in the starting dimer. 

When diolefin= COD, complexes formulated as 
[Rh2(COD)2CI2(LL)] are obtained, whose analytical, 
conductivity and IR data are collected in Table 1. The 
IR spectra show the expected ligand bands. The con- 
ductivity values in acetone, corresponding to non-elec- 
trolytes for LL---GAA and GILA, suggest dinuclear 
structures with bridging LL ligands [Rh2(COD)2CIz(tX- 
LL)], whereas when LL = GCH the rather high con- 
ductivity value indicates a degree of ionic dissociation 
as in [Rh(COD)(LL)]+[Rh(COD)C12] -. In methanol 
solution the three compounds behave as 1:1 elec- 
trolytes, corresponding to the ionic formulation. 

The 1n NMR spectra of these complexes in CDC13 
indicate equilibrium between each form, shifted to the 
dinuclear compound at low temperatures (Table 2). 
[{Rh2(COD)2C12}(GAA)] at room temperature shows 
two resonances due to the imine protons, at 10.15 and 
8.58 ppm respectively. The low field resonance indi- 
cates or-N, cr-N' bridging of the diimine [2,4,5], while 
the higher field resonance corresponds to a or, cr'-N, N' 
chelate bonding in a cationic species. Different signals 
for the N substituents and the olefinic protons in both 
compounds are also observed. On cooling, the intensity 
of the signals due to the ionic compound decreases and 
by -40°C only the resonances due to [Rh2(COD) 2- 
C12](~-GAA) are observed. [{Rh2(COD)2C12}(GCH)] 

behaves similarly but shows a greater tendency to the 
ionic form, consistent with the conductivity data. At 
room temperature, equilibrium is reached much more 
rapidly, the imine proton resonances are broad, and 
the olefinic protons show a strong signal at 4.17 ppm 
together with some other broad and weak resonances. 
On cooling, signals of the dinuclear and the ionic 
compounds are observed and by -60°C [{Rhz(COD) 2- 
C12}(tx-GCH)] is the main species although a small 
amount of the ionic compound is still observed. Com- 
parison of these results with those obtained for di- 
imines derived from biacetyl [17] confirms the higher 
tendency of unsubstituted RN=C(H)C(H)=NR to be- 
have as ~-N, cr-N' bridges [4]. When comparing these 
results and those reported previously with R--- 
isopropyl [2] or C6H4OMe-4 [5] we observe that the 
tendency to dinuclear formation in solution is highest 
for the compound containing GAA. After mixing 
equimolar amounts of [{Rh2(COD)2C12}(LL)] and LL, 
the 1H NMR spectra obtained at room temperature 
show the presence of starting material and uncombined 
LL only, although on lowering the temperature a higher 
proportion of the cationic species [Rh(COD)(LL)] ÷ is 
observed. These cationic species can be obtained easily 
by reaction of [{Rh(COD)CI} 2] and LL (1:2 stoichio- 
metric ratio) followed by addition of bulky anions (Ta- 
ble 1). These compounds behave as 1 : 1 electrolytes in 
acetone or methanol solution. Their 1H NMR spectra 
show the imino hydrogen resonance at a slightly lower 
field than the uncombined LL and only one signal for 
the olefinic protons (Table 2). The spectra remain 
unaltered on cooling to -60°C. All these data indicate 
mononuclear cationic species. 

Table 1 
Analytical and physical data for the complexes 

Compound Anal. Found (Calc.) (%) 

C H N 

A M v(C=N) v(M-CI) 
(O, -1 cm 2 mo1-1) (cm i) (cm-1) 

[Rh2(COD)2Clz(GCH)] 49.93(50.51) 6.52(6.78) 3.94(3.93) 53 a; 97 b 1600(m) 301(w) 
[Rha(COD)2C12(GAA)] 51.88(51.86) 5.87(5.89) 7.18(7.11) 12 a; 63 b 1594(S) 324(W) 
[Rh2(COD)2C12(GHA)] 47.55(49.14) 4.66(4.95) 3.83(3.82) 9 a; 60 b 1600(S) 350(W) 
[Rh(CODXGCH)[PF 6] 43.86(45.89) 6.21(6.30) 4.54(4.86) 91 a; 70 b 1618(W) - 
[Rh(COD)(GAA)[PF 6] 47.34(48.01) 5.25(5.27) 8.52(8.61) 71 a; 54 b 1591(S) - 
[Rh(CI)(NBD)(GCH)] 55.87(55.94) 6.64(7.15) 5.68(6.21) 12 a; 20 b 1640(W) 318(W) 
[Rh(C1)(NBD)(GAA)] 55.65(57.21) 5.56(5.76) 10.34(10.67) 16 a; 30 b 1596(S) 323(W) 
[Rh(C1)(NBD)(GHA)] 52.49(53.58) 4.55(4.28) 5.50(5.95) 15 a; 73 b 1605(S) 317(m) 
[Rh(NBDXGCH)][PF6] 44.36(45.01) 6.19(5.76) 4.75(5.00) 113 a; 63 b 1640(w) - 
[Rh(NBD)(GAA)][PF6] 47.55(47.33) 4.22(4.77) 8.37(8.83) 111 a; 87 b 1598(w) - 
[Rh(NBD)(GHA)[BF4I 48.04(48.31) 3.84(3.86) 5.22(5.73) 90 a; 23 b 1605(s) - 
IRh(SnCI3)(COD)(GCH)] 39.64(40.25) 4.98(5.53) 4.39(4.27) 58 a; 96 b 1633(m) 300(m); 284(m) 
[Rh(SnCI3)(NBD)(GCH)] 38.89(39.38) 4.67(5.04) 4.13(4.37) 30 a; 90 b 1647(W) 306(m); 293(m) 
[Rh(SnC13)(COD)(GAA)I 42.65(42.75) 4.70(4.69) 7.43(7.67) 31 a; 50 b 1602(S) 305(m), 291(m) 
[Rh(SnCI3)(NBD)(GAA)] 42.79(42.03) 4.18(4.23) 7.59(7.84) 10 a; 57 b 1597(S, broad) 296(m), 280(m) 
[Rh(SnC13)(CODXGHA)] 40.27(39.07) 3.41(3.58) 3.70(4.14) 21 a; 47 b 1591(m) 313(m) 
[Rh(SnCI3XNBD)(GHA)] 38.13(38.20) 3.01(3.05) 3.91(4.24) 12 a; 100 b 1587(m) 307(S), 295(m) 

a Conductivity measurements were carried out in approximately 2.5 × 10 -4 in acetone solutions. 
b Conductivity measurements were carried out in approximately 2.5 × 10 -4 methanol solutions. 



M. Bikrani et al. /Journal of Organometallic Chemistry 489 (1995) 93-99 95 

When diolefin = NBD, only complexes formulated 
as pentacoordinate [Rh(C1)(NBD)(LL)] are obtained 
(Table 1). These compounds are non-conducting in 
acetone, although the conductivity is enhanced in 
methanol solution. The 1H NMR spectra (Table 2) 
show only one resonance for the imino hydrogen, at a 
slightly lower field compared with the uncombined LL, 
one resonance for the olefinic protons, and one reso- 
nance for the methyne protons of the norbornadiene. 
These spectra remain unaltered on cooling to -60°C, 
indicating equilibration of these protons which could 
be a ligand dissociation process. Although chlorine 
dissociation cannot be excluded, opening of the chelate 
ring seems most likely in this case. When recording the 
1H NMR spectra of [{Rh(NBD)CI}2]: LL = 1 : 1 mix- 
tures in CDCI 3 (Fig. 1) the olefinic region appears 
broad and unresolved, indicating an interchange of 
NBD between the pentacoordinated [Rh(CI)(NBD)- 
(LL)] and the starting material [{Rh(NBD)CI}2]. On 
cooling, the rate of exchange is reduced and signals 
corresponding to both compounds are observed, to- 
gether with low intensity resonances that can be as- 
cribed to a dinuclear compound [{Rh(NBD)CI}2Qz-LL)]. 

This could be responsible for the NBD interchange, by 
opening the chelate ring. After adding bulky anions 
A -  to the solutions of these pentacoordinated com- 
pounds, cationic [Rh(NBD)(LL)]+A compounds can be 
obtained (Tables 1 and 2). 

Reaction of [{Rh(diolefin)Cl}2]: LL = 1 : 2 mixtures 
with SnCI 2 leads to pentacoordinated [Rh(SnCl3)(di- 
olefin)(LL)] (Table 1). Their IR spectra show bands 
due to LL coordinated through the imine nitrogens 
and u(Sn-C1), indicative that the SnC13 group is 
bonded to rhodium [19]. Some of the conductivity 
values in acetone solution are rather high for non-elec- 
trolytes and suggest a certain degree of ionic dissocia- 
tion, enhanced in methanol solution. This process is 
confirmed by variable-temperature NMR measure- 
ments of the GCH and GAA compounds (Table 2). 
The GHA compounds are very slightly soluble in com- 
mon organic solvents and no spectra could be obtained 
at low temperatures. The chemical shifts for the imino 
hydrogen resonance in these complexes indicates or, ~r'- 
N, N' chelate bonding. At room temperature the 1H 
NMR spectra show only one resonance for all olefinic 
protons and only one resonance for the methyne pro- 

Table 2 
Selected NMR data 

Compound Tempera- (solvent) ~ (ppm), 1H NMR 

ture (°C) H-C=N C6H 4 CH 3 HC= HC~ 

a ~ (ppm), 
n~Sn NMR 

[Rh2(COD)2CI2(GAA)] 20 (CDCI 3) 10.15 b 
8.58 C(br) 

- 4 0  (CDC13) 10.17 b 

[Rh2(COD)zCI2(GCH)] 20 (CDC13) 9.71(br) b 
8.57(br) c 

- 6 0  (CDC13) 9.70 b 

8.6 C(weak) 
[Rh(COD)(GAA){PF6I 20 (CDC13) 8.33(s) 
[Rh(CODXGCH)[PF6 ] 20 (CDC13 ) 8.13(s) 
[Rh(C1)(NBD)(GAA)] 20 (CDC13) 8.12(s) 
[Rh(C1XNBD)(GCH)] 20 (CDCI 3) 8.15(s) 
[Rh(CIXNBD)(GHA)] 20 (CD3OD) 8.24(s) 
[Rh(NBD)(GAA)][PF6] 20 (CDCI 3 ) 7.62(s) 
[Rh(NBDXGCH)][PF6 ] 20 (CDC13 ) 8.13(s) 
[Rh(SnCI3XCOD)(GCH)] 20 (CD2C12) 8.08(s) 

- 7 0  (CD2CI z) 8.07(s) 

[Rh(SnCI3)(NBD)(GCH)] 20 (CDCI 3) 7.94(d) 
- 60 (CDCI 3) 8.03(s) 

[Rh(SnCI3XNBD)(GAA)] 20 (CDzC12) 8.08(d) 
- 80 (CD2C12) 7.83(s) 

[Rh(SnC13)(CODXGHA)] 20 (acetone-d 6) 8.36(s) 
[Rh(SnCI3XNBDXGHA)] 20 (acetone-d 6) 8.36(s) 

(8.16(d); 6.76(d)) b [3.09] b 
(7.72(br); 6.76(br)) c [3.04] c 
(8.25(d); 6.76(d)) b [3.12] b 

7.34(d); 6.70(d) 3.04 

7.39(d); 6.63(d) 2.97(s) 

7.31(d); 6.80(d) 
7.20(d); 6.47(d) 2.95(s) 

(4.73; 4.18; 3.60; 3.50) b 
4.18 c.d 

(4.76; 4.65; 4.17; 
3.50; 3.43) b 
(4.64(br); 3.58(br)) b 
4.17 c,d 
(4.60; 4.56; 4.16; 4.10; 
3.93; 3.69; 3.48) b 
(4.25) C(weak); (4.16) d 
4.09 
4.34(s) 
3.47 
3.73 
3.41 
3.59 
3.71 
4.30 
4.63; 3.80 

3.77 
3.95; 3.67 

7.17(d); 6.78(d) 3.10(s) 3.60 
7.04(d); 6.65(d) 2.98(s) 3.57; 3.41 

7.30(d); 6.93(d) 
7.20(d); 6.92(d) 

4.00 
3.51 

3.47 
3.68 
3.47 
3.59 
3.68 

214 
229 
(J = 447 Hz) 

3.64 223 
3.89; 226 
3.51 (J = 691 Hz) 
3.60 
3.57; 
3.26 

3.51 

a From acetone : acetone-d 6 : 1 
b [Rh 2(COD)2CI2(Ix_LL)]. 
c [Rh(CODXLL)] +. 
d [Rh(COD)CI2]-" 

:1. 
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tons of norbornadiene. On cooling, these signals disap- 
pear and split into two signals, each thus giving two 
resonances for the olefinic protons of 1,5-cyclo- 
octadiene or norbornadiene and also two resonances 
for the methyne protons of norbornadiene, but the 
signals due to the imino protons remain sharp. The 
119Sn NMR spectra of [Rh(SnC13)(diolefin)(GCH)] in 
acetone solution at room temperature (Table 2) show 
only broad singlets, at lower fields relative to SnMe 4, 
indicating SnC13 groups. On cooling, these singlets 
resolve into doublets owing to the coordination of 
SnC13 to rhodium and the values of chemical shifts 
and coupling constants are similar to those of analo- 
gous compounds containing diimines derived from bi- 
acetyl [17]. As expected, 1J(Rh-Sn) is higher for the 
compound containing NBD [20]. 

The crystal structure of [Rh(SnC13)(NBD)(GCH)] 
was determined. Final atomic parameters are listed in 
Table 3. The crystal contains discrete well-separated 
molecules per asymmetric unit. Table 4 contains se- 
lected bond distances and angles. Fig. 2 shows an 
ORTEe view of the molecule with the numbering 
schemes. The coordination around the rhodium atom 
is best described as distorted square pyramidal with the 
equatorial positions occupied by C(1122) and C(4455) 
(C(1122) and C(4455) being the centres of the C(1)=C(2) 
and C(4)=C(5) bonds respectively) and by the nitrogen 
atoms of the diimine with the SnC13 in the axial 
position. The best least-squares plane for N(1)N(2)- 

Table 3 
Atomic coordinates for [Rh(SnCI3)(NBD)(GCH) ] 

Atom x y z Ueq 
( ~ 2 )  

Rh 0.52011(10) - 0.10344(10) 0.63859(4) 326(3) 
Sn 0.29276(9) 0.05114(9) 0.64220(4) 419(3) 
CI(1) 0.10212(40) -0.02792(43) 0.69158(16) 702(15) 
C1(2) 0.31741(46) 0.27765(40) 0.67721(19) 773(17) 
C1(3) 0.15359(48) 0.11776(55) 0.56861(18) 902(19) 
N(1) 0.5271(10) -0.1448(11) 0.7126(3) 414(36) 
N(2) 0.3999(11) -0.2860(10) 0.6422(4) 440(37) 
C(1) 0.7355(13) - 0.0234(15) 0.6395(5) 504(49) 
C(2) 0.6364(14) 0.0850(14) 0.6316(5) 494(47) 
C(3) 0.6153(14) 0.1000(16) 0.5755(5) 565(51) 
C(4) 0.5373(15) - 0.0344(16) 0.5633(5) 543(51) 
C(5) 0.6354(15) -0.1391(17) 0.5719(5) 586(57) 
C(6) 0.7745(14) - 0.0716(16) 0.5876(5) 545(51) 
C(7) 0.7675(15) 0.0638(19) 0.5590(6) 707(62) 
C(8) 0.4554(15) -0.2518(14) 0.7264(6) 534(51) 
C(9) 0.3844(14) - 0.3270(13) 0.6870(5) 463(46) 
C(10) 0.5953(13) - 0.0570(14) 0.7520(4) 408(41) 
C(ll) 0.7045(19) -0.1348(19) 0.7844(7) 923(77) 
C(12) 0.7792(21) -0.0437(20) 0.8237(8) 1112(88) 
C(13) 0.6769(24) 0.0316(20) 0.8532(7) 970(85) 
C(14) 0.5693(19) 0.1076(19) 0.8212(7) 806(72) 
C(15) 0.4916(17) 0.0162(17) 0.7826(5) 663(61) 
C(16) 0.3207(15) - 0.3669(15) 0.6034(5) 563(53) 
C(17) 0.4096(17) -0.4603(17) 0.5754(6) 670(61) 
C(18) 0.3289(22) -0.5386(20) 0.5351(7) 917(80) 
C(19) 0.2314(27) -0.4542(28) 0.5045(7) 1273(11) 
C(20) 0.1393(19) -0.3605(20) 0.5325(7) 875(76) 
C(21) 0.2212(19) -0.2796(19) 0.5721(6) 812(71) 

T h e r m a l  p a r a m e t e r s  a s  U~q = t • • 10 4. 3 ~.i~jUijai aj aia j )< 

d 
T = - 40°C  

J . 

T = + 2O*IC J l .  

, ,  ' ' '  ' ' ' ' I  ' ' '  ' ' ' ' ' ' I ' '  
I 0  9 8 

d 

5 4 

Fig. 1. Variable-temperature tH NMR spectra of [(Rh(NBD)CI}2]: 
GCH =1:1 mixtures in CDC13: *, [{Rh(NBD)CI}2]; 0, [Rh(CI)- 
(NBD)(GCH)]; d, [{Rha(NBD)2C12}(tx-GCH)]. 

C(1122)C(4455) shows a maximum deviation of 0.02(1) 
• ~ for C(1122) with the Rh atom at 0.325(1) ,~ above 
this plane. This plane forms dihedral angles of 85.2(3) ° 
with the N(2)C(l122)RhSn plane, 171.4(4) ° with the 
N(1)C(8)C(9)N(2) plane and 99.4(5) ° with the C(1)C(2)- 
C(4)C(5) plane. The Rh-C( l122)  and Rh-C(4455) dis- 
tances of 2.03(1) and 2.05(1) ,~ respectively are equal 
within experimental error, confirming equivalent posi- 
tions. This compound contains asymmetric R h - N  dis- 
tances (Rh-N(1),  2.03(1) ,~; Rh-N(2),  2.10(1) ,~), as 
has also been observed in other pentacoordinated com- 
pounds containing diimines [21]. This asymmetry may 
be due to a slight difference in the disposition of the 
cyclohexyl groups. Both of them adopt the expected 
chair conformation with C(13) only 0.03(2) A above the 
N(1)N(2)C(l122)C(4455) plane, while C(19) lies 0.16(3) 
,~ above this plane and closer to the rhodium atom. 
The angles and bond lengths involving the SnCly frag- 
ment are as expected [22]. 

3. Experimental details 

The preparation of the metal complexes was carried 
out at room temperature under dinitrogen by standard 
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Table 4 
Selected bond distances (,~) and angles (°) with estimated standard 
deviations in parentheses for [Rh(SnC13)(NBD)(GCH)] 

Bond distances 
Rh-Sn 2.610(1) C(3)-C(7) 1.56(2) 
Rh-N(1) 2.03(1) C(4)-C(5) 1.38(2) 
Rh-N(2) 2.10(1) C(5)-C(6) 1.50(2) 
Rh-C(1) 2.16(1) C(6)-C(7) 1.52(2) 
Rh-C(2) 2.14(1) C(8)-C(9) 1.42(2) 
Rh-C(4) 2.15(1) C(10)-C(ll) 1.51(2) 
Rh-C(5) 2.18(1) C(10)-C(15) 1.49(2) 
Sn-CI(1) 2.41(4) C(11)-C(12) 1.52(3) 
Sn-CI(2) 2.39(4) C(12)-C(13) 1.47(3) 
Sn-CI(3) 2.40(5) C(13)-C(14) 1.49(3) 
N(1)-C(8) 1.30(2) C(14)-C(15) 1.52(2) 
N(1)-C(10) 1.48(2) C(16)-C(17) 1.47(2) 
N(2)-C(9) 1.29(2) C(16)-C(21) 1.49(2) 
N(2)-C(16) 1.47(2) C(17)-C(18) 1.45(3) 
C(1)-C(2) 1.41(2) C(18)-C(19) 1.50(2) 
C(1)-C(6) 1.54(2) C(19)-C(20) 1.49(3) 
C(2)-C(3) 1.52(2) C(20)-C(21) 1.50(3) 
C(3)-C(4) 1.52(2) 
Rh-C(1122) 2.03(1) 
Rh-C(4455) 2.05(1) 

Bond angles" 
C(4)-Rh-C(5) 3 7 . 1 ( 5 )  N(1)-Rh-N(2) 77.1(4) 
C(2)-Rh-C(5) 7 7 . 4 ( 5 )  Sn-Rh-C(5) 124.5(4) 
C(2)-Rh-C(4) 6 5 . 6 ( 5 )  Sn-Rh-C(4) 87.9(4) 
C(1)-Rh-C(5) 6 3 . 8 ( 5 )  Sn-Rh-C(2) 86.4(4) 
C(1)-Rh-C(4) 7 7 . 3 ( 5 )  Sn-Rh-C(1) 124.1(4) 
C(1)-Rh-C(2) 3 8 . 3 ( 5 )  Sn-Rh-N(2) 92.1(3) 
N(2)-Rh-C(5) 1 0 1 . 4 ( 5 )  Sn-Rh-N(1) 93.3(3) 
N(2)-Rh-C(4) 1 1 1 . 9 ( 5 )  Rh-Sn-CI(3) 122.1(1) 
N(2)-Rh-C(2) 1 7 7 . 2 ( 5 )  Rh-Sn-CI(2) 118.6(1) 
N(2)-Rh-C(1) 1 4 3 . 5 ( 5 )  Rh-Sn-CI(1) 118.2(1) 
N(1)-Rh-C(5) 1 4 2 . 2 ( 5 )  CI(2)-Sn-CI(3) 96.7(2) 
N(1)-Rh-C(4) 1 7 0 . 9 ( 5 )  CI(1)-Sn-CI(3) 99.0(2) 
N(1)-Rh-C(2) 1 0 5 . 4 ( 5 )  CI(1)-Sn-CI(2) 97.5(2) 
N(1)-Rh-C(1) 94.7(4) 

Schlenk techniques. [{Rh(COD)CI} 2] [23], [{Rh(NBD)- 
C1}2] [24] and a-diimines [25] were prepared as previ- 
ously reported. 

Microanalysis was carried out with a Perkin-Elmer  
240C microanalyser. Conductivities were measured in 
acetone or methanol solution with a Metrohm E 518 
conductimeter. IR spectra were recorded with a 
Perk in-Elmer  598 spectrophotometer  in the range 
4000-200 cm-  1 or with a Nicolet Fourier transform IR 
740 instrument in the range 4000-50 cm-~ using Nujol 
mulls between polyethylene sheets or KBr pellets. 
NMR spectra were recorded with an XL-300 Varian 
spectrometer, ~H (tetramethylsilane internal standard) 
spectra were measured from CDC13, CD3OD, CD2C12 
or acetone-d 6 solutions at variable temperature in 5 
mm tubes. 1198n (SnMe 4 external standard) spectra 
were measured from acetone : acetone-d 6 = 1 : 1 solu- 
tions at variable temperature in 10 mm tubes. 

3.1. Preparation of [Rh2(COD)2CI2(LL)] 

To a CH2CI 2 solution ( L L - G C H  or GAA) or 
MeOH suspension ( L L - G H A )  of [{Rh(COD)CI} 2] 
(0.06 mmol) was added an equimolar amount (0.06 
mmol) of the corresponding LL upon which solutions 
or a suspension (LL - GHA) were obtained. Addition 
of hexane gave precipitates that were filtered off, 
washed with reaction solvent and vacuum dried (yield, 
54-64%). 

3.2. Preparation of [Rh(CI)(NBD)(LL)] 

To a CH2C12 solution (LL-- -GCH or GAA) or 
acetone suspension (LL - GHA) of [Rh(NBD)C1] 2 (0.06 
mmol) was added 2 equivalents (0.12 mmol) of the 
corresponding LL upon which dark solutions or a sus- 
pension (LL - GHA) were formed. Addition of hexane 
gave dark precipitates. The compounds obtained were 
filtered off, washed with reaction solvent and vacuum 
dried (yield, 43-69%). 

3.3. Preparation of [Rh(SnCl~)(diolefin)(LL)] ( L L -  
GCH or GAA) 

,,,1~:~,~ C6 ~ C12 
e7~ Cl Cll~/~ 

[ 7 £ 1 8  "rg%  

" N _  
620 % ~  CL3 ( ~  eL1 

Fig. 2. View of [Rh(SnCla)(CvHsXC14N2H24)] showing the number- 
ing scheme. 

To a CH2C12 solution of [{Rh(diolefin)C1} 2] (0.06 
mmol) was added 2 equivalents (0.12 mmol) of the 
corresponding LL. Addition of a methanol solution of 
SnC12 (0.12 mmol) led, after removal of CH2C12, to the 
precipitation of dark compounds. The solids obtained 
were filtered off, washed with MeOH and vacuum 
dried (yield, 65-88%). 

3. 4. Preparation of [Rh (SnCI~) (COD) (GHA)] 

To a CH2C12 solution of [(Rh(COD)C1} 2] (0.06 
mmol) was added 2 equivalents of G H A  and SnCI 2 
(0.12 mmol) in methanol. Removal of CH2C12 led to a 
dark solid that was filtered off, washed with MeOH 
and vacuum dried (yield, 59%). 
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3. 5. Prepa ration of [Rh (Sn CI s) (NBD) (GIIA)] 3.8. Crystal structure determination 

To a CH2CI 2 solution of [{Rh(NBD)C1} 2] (0.06 
mmol) was added 2 equivalents of GHA and SnC12 
(0.12 mmol) in methanol. Removal of CH2C12 and 
MeOH gave a brown residue that was recrystallized 
from CHzClz-hexane (yield, 90%). 

3.6. Preparation of [Rh(diolefin)(LL)][PF 6] (LL =- 
GCH or GAA) 

To a CHzC1 z solution of [{Rh(diolefin)C1} 2] (0.06 
mmol) was added 2 equivalents of the corresponding 
LL and of NH4PF 6 (0.12 mmol). After filtration of the 
NH4C1 formed an addition of hexane to the clear 
solution thus obtained, dark solids precipitated. These 
were filtered off, washed with hexane and vacuum 
dried (yield, 43-82%). 

3.7. Preparation of [Rh(NBD)(GHA)]BF 4 

To an acetone solution of [{Rh(NBD)C1} 2] (0.06 
mmol) was added 2 equivalents of AgBF 4 (0.12 mmol). 
After 30 min the AgC1 formed was filtered off and the 
filtrate dropped into an acetone solution containing 
GHA (0.12 mmol). Addition of hexane gave a brown 
precipitate that was filtered off,  washed with hexane 
and vacuum dried (yield, 80%). 

Table 5 
Crystal and refinement data for [Rh(SnC13)(NBD)(GCH)] 

Formula RhSnCI3N2C21H 32 
M r 640.45 
Crystal system Monoclinic 
Space group P 2 1 / n  
a (,~) 9.383(3) 

b (,~) 9.669(2) 

c (,&) 26.967(5) 
/3 (°) 93.24(2) 

V (,~3) 2443(1) 
Z 4 
F(000) 1272 
Pcalc (g cm-3) 1.74 
Temperature (K) 294 
/z (cm -1) 20.3 
Crystal dimensions (mm) 0.2 × 0.15 x 0.15 
Diffractometer Enraf-Nonius CAD4 
Radiation Graphitemonochromated 

Mo Ka (A = 0.71069 ]k) 
Scan technique O / 2 0  
0(°) 1 < 0 < 2 5  
Data collected ( -  11,0,0) to (11,11,32) 
Number of unique data 4566 
Number of unique data (I) _> 2~r(I) 2678 
Standard reflections 3 /64 reflections 
Rim (%) 2.7 
R F (%) 4.9 
RwF (%) 5.9 
Average shift /error 0.063 

Crystal data and details of the procedure are given 
in Table 5. The crystals are deep-blue prisms. The cell 
dimensions were refined by least-squares fitting of the 
0 values of 25 reflections. The intensities were cor- 
rected for Lorentz and polarization effects. Scattering 
factors for neutral atoms and anomalous dispersion 
corrections for Rh, Sn, P and C1 were taken from the 
International Tables for X-Ray Crystallography [26]. The 
structure was solved by Patterson and Fourier meth- 
ods. An empirical absorption correction [27] was ap- 
plied at the end of the isotropic refinement. The maxi- 
mum and minimum absorption correction factors were 
1.398 and 0.721 respectively. 

Final mixed refinement employed fixed isotropic 
factors and coordinates for H atoms led to R = 4.9. 
The final difference synthesis show no significant elec- 
tron density. No trend in AF versus F o or (sin 0)/A 
was observed. Most of the calculations were carried 
out with the X-RAY 80 system [28]. 

4. Supplementary material 

Thermal parameters, hydrogen parameters and 
structural factors can be obtained from the authors on 
request, and have been deposited at the Cambridge 
Crystallographic Data Centre. 

Acknowledgments 

Partial financial support by the Universidad del Pals 
Vasco, and the Diputaci6n Foral de Guipuzcoa is 
gratefully acknowledged. 

References 

[1] G. van Koten and K. Vrieze, Adv. Organomet. Chem., 21 (1982) 
151. 

[2] H. tom Dieck and J. Claus, J. Organomet. Chem., 246 (1983) 
301. 

[3] H. van der Poel, G. van Koten and K. Vrieze, J. Organomet. 
Chem., 135 (1977) C63. 

[4l H. van der Poel, G. van Koten and K. Vrieze, Inorg. Chim. 
Acta, 51 (1981) 253. 

[5] B. Crociani, F. di Bianca, M. Faci and T. Boschi, Inorg. Chim. 
Acta, 145 (1988) 253. 

[6] G. Clauti, G. Zassinovich and G. Mestroni, Inorg. Chim. Acta, 
112 (1986) 103. 

[7] V. Garcla, M.A. Garralda and L. Ibarlucea, Transition Met. 
Chem., 10 (1985) 288. 

[8] E. Delgado-Laita and E. S~nchez-Mufioyerro, Polyhedron, 3 
(1984) 799. 

[9] J. Kopf, J. Klaus and H. tom Dieck, Cryst. Struct. Commun., 9 
(1980) 783. 



M. Bikrani et at/Journal of Organometallic Chemistry 489 (1995) 93-99 99 

[10] H. van der Poel, G. van Koten and K. Vrieze, lnorg. Chim. 
Acta, 51 (1981) 241. 

[11] M. Iglesias, C. del Pino and J.L. Nieto, Inorg. Chim. Acta, 119 
(1986) 7. 

[12] A.J. Deeming, I.P. Rothwell, M.B. Hursthouse and K.M.A. 
Malik, J. Chem. Soc., Dalton Trans., (1979) 1899. 

[13] M. Brockman, H. tom Dieck and J. Klaus, J. Organomet. Chem., 
301 (1986) 209. 

[14] M. Onishi and I. Kakuzo, lnorg. Chim. Acta, 179 (1991) 155. 
[15] G. Zassinovich and G. Mestroni, Chem. Reu., 92 (1992) 1051. 
[16] M. Brockman, H. tom Dieck and I. Kleinw~ichter, J. Organomet. 

Chem., 309 (1986) 345. 
[17] L. Fidalgo, M.A. Garralda, R. Hern~.ndez and L. Ibarlucea, 

Inorg. Chim. Acta, 207 (1993) 121. 
[18] M.S. Holt, W.L. Wilson and J.H. Nelson, Chem. Ree., 89 (1989) 

11. 
[19] R.J.H. Clark, L. Maresca and P.J. Smith, J. Chem. Soc., (1970) 

2687. 

[20] M. Kretschmer, P.S. Pregosin and H. Ruegger, J. Organomet. 
Chem., 241 (1983) 87. 

[21] H. van der Poel, G. van Koten, K. Vrieze, M. Kokkes and C.H. 
Stam, J. Organomet. Chem., 175 (1979) C21. 

[22] S.G. Bolt, J.C. Machell, M.P. Mingos and M.T. Watson, J. 
Chem. Soc., Dalton Trans., (1991)859. 

[23] J. Chatt, and L.M. Venanzi, J. Chem. Soc., (1957) 4735. 
[24] E.W. Abel, M.A. Bennett and G. Wilkinson, J. Chem. Soc. A, 

(1959) 3178. 
[25] H. Bock and H. tom Dieck, Chem. Ber., 100 (1967) 228. 
[26] International Tables for X-ray Crystallography, Vol. IV, Kynoch, 

Birmingham, 1974, pp. 72-98. 
[27] N. Walker and D. Stuart, Acta Crystallogr., Sect. A, 39 (1983) 

158. 
[28] J.M. Stewart, The XRAY 80 System, Computer Science Center, 

University of Maryland, College Park, 1985. 


