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Abstract 

TWO major products of the photoreaction between Rh&CO),, and bis_(diphenylphosphinoethane) 
(dppe) were isolated and characterized as Rh,(CO),,(CL,,tZ-Ph2P(CH,),PPh2) with pz-bridging 
bidentate dppe and Rh,(CO)l,(ql-Ph,P(CH,),P(0)Ph,) where one P atom of dppe is terminally 
coordinated, the other being oxidized and thus non-coordinated. Substitution of the labile acetonitrile 
ligand in Rh,(CO),,NCMe by dppe yields IRh6(CO)&(~2,~1 : $-Ph,P(CH,),PPh,) with dppe 
bridging two Rh, cores. The structures of Rh6(C0),,(~,,11’-Ph2P(CH,),PPh,) and Rh6(COIIsPPh, 
have been determined by single-crystal X-ray diffraction studies. 

Solution struciures of Rh,(C0),4(CL2,sZ-Ph,P(CH2)2PPhZ), Rh,(CO),sPPh,, Rh,(CO),,(v’- 
Ph,P(CH,),P(O)Ph,) and {Rh,(CO)&j& : ~‘-Ph,P(CH2),PPh,) have been established by IR, 
and 13C and 3’P NMR spectroscopy. 

Introduction 

Diphosphine ligands Ph,P(CH,),PPh, (n = 1, dppm; IZ = 2, dppe; II = 4, dppb) 
react under thermal conditions with the cluster RhJCO),, affording substituted 
derivatives Rh,(CO),,_,,(Ph,P(CH,),PPh,),, where x = 1, 2 or 3 for dppm 111 
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and x = 2 or 3 for dppb [2]. In those clusters diphosphines occupy bridge positions 
on “Rh6” octahedra. An unusual mode of diphosphine coordination was proposed 
for cluster Rh,(CO)Jq’-dppe) [2] where only one phosphorus atom is bound to 
rhodium. The other one is connected to oxygen atom of the (c~s-C0) group. This 
assumption was based only on chemical analysis and the considerable low-field 
shift of the (cl,-CO) group in the 13C NMR spectrum of this compound. 

In our previous paper 131 we elaborated two effective and selective methods of 
Rh,(CO),, activation in substitution reactions: photoexcitation in the lowest band 
of the cluster electronic spectrum and replacement of one terminal CO group by a 
labile acetonitrile ligand. In the present communication we report the results of 
these routes on application to the synthesis of Rh&CO),, diphosphine derivatives, 
and the crystal and solution structures of the products obtained. 

Experimental 

Rh,(CO),, (I) was obtained by refluxing for 5 h a hexane solution of Rh,(CO),,, 
which was synthesized according to the literature procedure [4]. Rh,(CO),,NCMe 
(II) and Rh,(CO),,PPh3 (III) were prepared as described previously [3]. Corre- 
sponding ‘3CO-labelled products were obtained from RhJCO),, (20% enriched). 
All solvents were dried over appropriate reagents and distilled prior to use. 
Products were separated in air by cohnnn chromatography on silica (Silpearl). r3C 
and 31P NMR spectra were recorded on a Bruker AM-500 instrument with 
Cr(acac), as a relaxation agent. IR spectra were measured on a Specord M80 
spectrophotometer. Photolysis was carried out using a 500 W Hg lamp (DRT-500). 

Photoreaction of I with dppe 
A solution of I (180 mg; 0.17 mmol) and dppe (210 mg; 0.52 mm00 in 

chloroform (200 cm31 was irradiated in a Pyrex valve (Ai, > 300 nm) with vigorous 
stirring. Reaction was monitored by IR spectroscopy, and after complete conver- 
sion of the starting cluster I (disappearance of v(CO) 2076 cm-‘) the solution was 
concentrated by rotary evaporation, diluted with hexane and transferred to a silica 
column (4 x 8 cm). Chromatography using hexane/chloroform (l/l) as an eluant 
gave three bands, in the order of elution: (1) a light-brown band containing 
unreacted Rh,(CO),,; (2) a dark-brown band, Rh,(CO),,(~,,~2-Ph2P(CH2)2PPh2) 
(IV) (112 mg, 47%); and (3) a band indicating a trace amount of an unidentified 
product. Subsequent elution with methyl ethyl ketone/chloroform (l/10) gave a 
grey-brown wide band of Rh,(CO),,(rl’-Ph,P(CH,),P(O)Ph,) (V) (85 mg; 35%). 

Preparation of {Rh,(CO),,},(c~~,q’:q’-Ph,P(CH,),PPh,) (VZ) 
A solution of dppe (37 mg; 0.092 mmol) in chloroform (3 cm31 was added 

dropwise with vigorous stirring to a freshly prepared solution of II (100 mg; 0.094 
mmol) in chloroform (5 cm3). The reaction mixture was stirred for an additional 10 
min, diluted with hexane (30 cm31 and transferred to a silica column (2.5 X 6 cm). 
Chromatography with hexane/chloroform (3/2) gave the following bands in order 
of elution: (1) a trace amount of I; and (2) a dark-brown band of VI, 115 mg, 90%. 
Analytical data and some spectral characteristics of the compounds obtained 
(IV-VI) are summarized in Table 1. 
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Crystal structure determinatiqn 
Single crystals of IV suitable for an X-ray study were grown by slow diffusion of 

heptane in a chloroform solution of IV. Single crystals of III were grown by slow 
evaporation of solvent from a pentane solution of III at 2°C. X-ray single crystal 
diffraction experiments for III and IV were carried out with an automated 
four-circle diffractometer, Siemens P3/PC (graphite-monochromated MO-K, radi- 
ation). All calculations were performed using the SHELXTL PLUS program package. 

For III the X-ray diffraction experiment was performed at 158 K. Crystal data: 
C,,H,,O$Rh,, monoclinic, space 

1 
roup P2,/c, a 9.648(2), b 22.532(5), c 

16.986(4) A, p 92.70(2)“, I/ 368901 3, Z = 4, dcalc, 2.34 g cme3, Z.L(MO-K,) 27 
cm-‘. Intensities of 4167 independent reflections were measured by the 8/28 scan 
technique (28 < 50”), of which 3409 reflections with Z > 2&Z) were used in the 
calculations. The structure was solved by direct methods. Least-squares refinement 
of all non-hydrogen (anisotropic approximation) and hydrogen (isotropic approxi- 
mation) atoms converged at R = 0.037 (R, = 0.036). The weighting scheme w = 
l/[(~*(Fj + O.OOOlF,*] was used, its goodness of fit being 1.56. 

For IV the X-ray diffraction experiment was performed at room temperature. 
Crystal data: C,,H,O,P,Rh,, orthorhombic, space group Pna2,, a 18.525(6), b 
11.481(2), c 21.055(5) A, V 4478(4) A3, Z = 4, dcalc. 2.09 g cmw3, Z.L(MO-K,) 23 
cm-‘. Intensities of 2788 independent reflections were measured by the 8/28 scan 
technique (28 < 54”), of which 2451 reflections with I> 2&Z) were used in the 
calculations. The structure was solved by direct methods. All Rh, P, 0 atoms and 
carbon atoms of dppe were refined in the anisotropic approximation; other carbon 
atoms were treated isotropically because of the low number of reflections mea- 
sured. Least-squares refinement (a total of 489 refined parameters) converged at 
R = 0.037 (R, = 0.036). Refinement of both enantiomorphic models gave essen- 
tially the same discrepancy factors, owing to pseudo-symmetric arrangement of 
rhodium and phosphorus atoms. Hydrogen atoms were not located. The weighting 
scheme w = l/[(+*(F) + O.OOOlF~l was used, its goodness of fit being 1.33. 

The atomic coordinates for III and IV are listed in Tables 2 and 3. 

Results and discussion 

The photochemical reaction between Rh,(CO),, and a three-fold excess of 
dppe in chloroform may be presented by Scheme 1. 

The formation of the Rh,(CO),,($-dppe) intermediate in the proposed reac- 
tion sequence is usual for the coordination of any bidentate ligand. We could not 
isolate the highly reactive intermediate Rh,(CO),,($-dppe), which can give rise to 
complex IV with the coordinated second phosphorus atom of dppe (in the absence 
of oxygen), or to compound V with the latter atom oxidized (in the presence of O,, 
even in trace amounts). It should be noted also that we cannot completely rule out 
the possibility of phosphorus atom oxidation in the course of reaction mixture 
separation on silica; the ligand coordination promotes oxidation in any case. 

The molecular structure of IV was confirmed by a single-crystal X-ray diffrac- 
tion study. The X-ray structure of III was also determined for comparison. 

Roth 86-electron octahedral clusters (Figs. 1, 2) may be regarded as derivatives 
of Rh&CO),, with one (III) or two (IV) terminal CO groups substituted by 
phosphorus atoms. Of the remaining CO ligands four (both in III and IV) are 



Table 2 

Atomic coordinates (X 104, for H X 103) in the structure of III 

Atom x Y 2 Atom x Y Z 

46670) 2780(l) 64350) C(14) 8780(11) 321 l(4) 7115(6) Rh(l) 
Rh(2) 
Rh(3) 
Rh(4) 
Rh(5) 

Rh(6) 
P(1) 

o(1) 

O(2) 
o(3) 
O(4) 

O(5) 
o(6) 

o(7) 
O(8) 
O(9) 
000) 
001) 
002) 

O(13) 
004) 
o(15) 

c(l) 
C(2) 
C(3) 
C(4) 

c(5) 
CX6) 
C(7) 
C(8) 
c(9) 
CtlO) 
C(11) 
C(12) 

c(13) 

7492iij 2885(l) 
6793(l) 29970) 

49000) 38780) 

56020) 37660) 
7618(l) 39940) 

3964(3) 17730) 

1749(8) 3093(3) 

8724(9) 1655(4) 

9356(S) 3087(4) 

7531(9) 17%(3) 
752ti8) 3478(4) 

1877(9) 4255(4) 

5357(9) 4523(4) 
2810(9) 4191(4) 

7167(g) 42944) 

9687(9) 4519(4) 

865X9) 4715(4) 

5492(7) 2548(3) 
3858(7) 2775(3) 

99347) 3133(3) 

5534(7) 5031(3) 
285102) 2949(4) 
8186(11) 209Ow 
864902) 3021(5) 
72250 1) 2230(5) 
721001) 3304(4) 
297403) 4101(5) 
515802) 4273(5) 

384003) 4010(5) 
657902) 4084(4) 
8928(13) 4338(5) 
824401) 4462(5) 
565000) 2768(5) 

454301) 2926(4) 

6102G 
7619(l) 

71920) 
56430) 

68000) 
6415(2) 

5913(4) 
626X5) 

47345) 

8296(5) 
9263(4) 

7066(5) 
8741(5) 
4%2(5) 

429x5) 
5687(5) 
8221(5) 
4710(4) 

8170(4) 
7350(4) 

6322(4) 
6103(5) 

6200(6) 
5244(7) 
7995(6) 
8658(6) 
7095(7) 
8173(6) 

5186(6) 
4791(7) 

6097(7) 
7693(7) 

5330(6) 

7690(5) 

C(15) 
c(21) 

cx22) 
C(23) 
C(24) 

c(2S 
U26) 

ct31) 
C(32) 
C(33) 

c(34) 
c(35) 

C(36) 
C(41) 
c(42) 

C(43) 
cw 
C(45) 

c(46) 
H(22) 

HW 
H(24) 
HW 

H(26) 
H(32) 
H(33) 
HW 

H(35) 
H(36) 
H(42) 
H(43) 
HGW 
H(45) 

H(46) 

575400) 
5312Ul) 

570603) 
6763(12) 

7451(13) 

705002) 
599801) 
2857(10) 

185ti12) 
91303) 

94703) 
193202) 

286703) 
2794(11) 

260003) 
1696(13) 

102903) 
120904) 
207205) 

539(10) 
710(10) 

807(11) 
765(11) 
567(11) 

186UO) 

2aUl) 
3203) 

185(11) 
338(13) 
32402) 
165(12) 

3901) 

79(9) 
219(11) 

4533(4) 
1210(4) 

971(5) 

546(5) 

372(6) 

59x51 
1016(5) 
1569(4) 

1958(5) 
1816(5) 
1261(5) 

85N5) 
1005(5) 
1552(4) 

1904(5) 
1713(6) 

1192(6) 

842(6) 
1023(6) 

ill(4) 

37(4) 
5(5) 

40(5) 
12X5) 

2345) 
212(5) 
117(5) 

39(5) 
70(5) 

224(5) 
200(5) 
llo(4) 

40(4) 
86(5) 

6416(6) 

6407(6) 
5702(7) 

5680(7) 
637x8) 
7091(7) 

7099(6) 
7219(5) 

7455(6) 

7990(6) 
8332(7) 
81236) 

7575(7) 
5561(6) 

4900(6) 
427N7) 

4331(7) 
4991(8) 

5608(S) 
522(6) 

515(6) 

642(6) 
765(6) 
765(6) 

721(6) 
811(6) 

869(7) 
837(6) 

744(7) 

488(7) 
385(7) 
393(6) 

512(5) 

601(6) 

193 

y,-bridging. Bond geometry in III and IV is similar (Table 4) and strongly 
resembling Rh,(CO),, [S] and its phosphine and phosphite derivatives studied 
earlier [6-81. 

Local mirror symmetry of the cluster core of III (m plane passing through the 
Rh(l), Rh(6), C(14), C(15) and P(1) atoms) is violated by phosphine phenyl rings. 
The C(2)0(2) carbonyl group closely contacts with the CX21) * - - C(26) ring 
(C(2) - * * C(21) 3.44, C(2) * - - C(22) 3.55, O(2) - - * C(24) 3.15, O(2) - - * C(23) 3.26, 
O(2) * . * C(25) 3.24 A), while its locally symmetrical equivalent c(4)0(4) has no 
such shortened contacts. Probably this difference is responsible for the non-equiv- 
alence of the 13C NMR signals of these CO groups (see below). 

In the structure of IV, the positions of heavy atoms (Rh and P) and CO groups 
correspond to a higher crystallographic symmetry (space group Pram with the 
cluster in a special position on the 1)1 plane) than the positions of the other atoms 
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Table 3 

Atomic coordinates (X 104) in the structure of IV 

Atom x Y .? Atom x Y .? 

Rh(l) 54850) 6930) 9681(2) CC1 1) 6876(13) - 2572125) 8201(12) 
Rh(2) 

RM3) 
Rh(4) 
Rh(5) 
Rh(6) 
P(l) 
P(2) 
o(1) 
o(3) 

oisj 
003 
o(7) 
O(8) 
o(9) 
o(10) 
001) 
o(12) 
a131 
004) 
o(15) 
c(1) 
c(3) 
co 
a51 
c(6) 
c(7) 
c(8) 
c(9) 
alo) 

5585(l) 
6788(l) 

60090) 
48250) 
60960) 
5525(3) 

5791(3) 

460301) 
4722ill) 
767X7) 

8206(8) 
5271(12) 
722M12) 
3761(11) 

384Oul) 
550602) 
7308(12) 
4111(S) 

-8) 
6992(8) 

5269(7) 
49250 1) 
5077(11) 
7324(9) 

768402) 
553X13) 
678X14) 
4129(13) 
421202) 
5719(12) 

7780) 
1940) 

- lSss(2) 
- 10290) 
- 1508t2) 

2653(S) 
2725(4) 
23105) 
53506) 

239402) 
- 114603) 
- 2476(17) 
- 3264(23) 
- 1721(23) 
- 1502(22) 
- 2025(17) 
- 331 l(20) 

1409t9) 
16403) 
349(14) 

- 3616t8) 
42207) 
63108) 

1609c15) 
- 66807) 

- 210403) 
- 261205) 
- 1420(20) 
- 1355(19) 
- 1877(20) 

8351(2) 

9067(2) 
9647(2) 
8941(2) 

8340(2) 
9956(3) 
8129(3) 

10838(9) 
7147(8) 
9135(9) 
9073(18) 

10847(9) 

983705) 
996700) 
7826(10) 

7024C9) 
8189(15) 

8966(9) 
10540(7) 

7602(8) 
892000) 

10392(10) 
7572(10) 
9118(9) 
9104(12) 

10391(12) 
975002) 
9578(13) 

8246tll) 
751302) 

cy12) 4658(9) 

cx13) 6496u2) 
c(14) 662501) 
c(15) 5432(9) 
c(16) 547601) 
cx17) 6065(9) 
CX21) 630601) 
C(22) 67W12) 

C(23) 7352(12) 

c(24) 742203) 

CGS) 692905) 
c(26) 636602) 
c(31) 473702) 
c(32) 4851(13) 
c(33) 4247(13) 

CW 3588(12) 
cc351 3458(13) 
C(36) 4056(11) 
cx41) 499701) 
CX42) 514203) 
cx43) 4554(13) 

cw 3844t13) 
C(45) 3735(11) 
CX46) 4314(11) 

Ct51) 650402) 
c(52) 7121(14) 
a531 766103) 

cc541 757606) 
c(55) 692905) 
CX56) 640105) 

960&j 9005&j 

72(m) 10061(11) 
18308) 8034(10) 

-2618(15) 895203) 
373505) 9294(8) 
366804) 8793(7) 
308108) 10443(10) 

400408) 102%(10) 
4251(20) 1072501) 
3685(21) 11287(12) 
2812X29) 11443(10) 
2476(21) 11038(10) 
3262(18) 10407(8) 
4243(21) 10790(10) 
4773(19) llOW13) 
4414(m) 1094Ull) 
3416(19) 1054x91 
2811(17) 10280(10) 
353407) 7825(8) 

466809) 7581(12) 
5332(19) 7405(12) 
4917(20) 7454(12) 
3853(20) 766600) 
3152(19) 783701) 

298802) 754900) 
3570(u)) 769CNll) 
3684t24) 7198(16) 
3196(22) 663004) 
2619(23) 646201) 
2545(24) 692902) 

in the molecule. The dppe ligand has a chiral conformation, reducing the symmetry 
to the observed Pna2,. The Rh(l)PWXl6)C(17)P2)Rh(2) chelate ring adopts a 

Rh,(CO),, 

hv 
I 

-co 

U2h,(CO),,~ 

1 
+ dppe 

Rh,(C0),5(+dppe) 

yLxL& 
Rh,(CO),,(~2 ,rl*-Ph2P(CH2),PPh2) Rh,(C0),,(771-Ph2P(CH2)2P(0)Ph2) 

(IV) (VI 

Scheme 1. 
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C(24) y 
C(251 ” T’ PV-IC, 

Fig. 1. Molecular structures of III in crystals (hydrogen atoms are omitted). 

twist conformation, the Rh(l), Rh(21, P(1) and P(2) atoms being coplanar within 
+0.06 A, and C(l6) and C(l7) being displaced out of their plane by 0.40 8, and 
-0.57 A (i.e. in opposite directions). 

Phosphorus atoms of dppe in IV substitute two cis carbonyl ligands of the 
neighbouring rhodium atoms. A similar type of Ph,PCH,PPh, (dppm) coordina- 
tion was observed in Rh,(CO)&,-CO), (dppml, [71 and Rh&CO),0(~&O)4 
(dppm), studied by X-ray powder diffraction [81. It should be noted that IV has the 
same spectral characteristics (IR v(CO), 13C NMR chemical shifts) as those given 
in ref. 2 for Rh,(CO),,(q’-dppe). Hence, the latter compound is assumed to be 
identical with IV, and the coordination pattern proposed for dppe in ref. 2, with 
one phosphorus atom bound to rhodium and another interacting with a p,-carbonyl 
ligand, should be eliminated. 

The average Rh-Rh bond distances in III (2.77404) A) and IV (2.779(26) A) 
are essentially the same as in the parent Rh,(CO),, cluster (2.776(l) A) [51, though 
the individual values vary significantly. In III the RhWRh(2) and Rh(l)-Rh(3) 
bonds, cti to the PPh, ligand, are the longest (2.820 and 2.847 A), while the third 
bond of the same face, Rh(2)-Rh(3), is the shortest (2.706 A). Similar distortions 
of a Rh, octahedron were observed in Rh,(CO)s(C1,-CO),[P(OPh),l, [51 and 
attributed to ligand-ligand repulsion. In IV the Rh-Rh distance variations are less 
systematic. 

13C NMR (Fig. 3) and 31P (Table 1) spectroscopic data of IV are consistent with 
local C, symmetry of the Rh&,-CO),@) framework CE- dppe). Phosphorus 
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O(101 

o(6) 

Fig. 2. Molecular structures of IV in crystals (hydrogen atoms are omitted). 

atoms of dppe are equivalent and display one doublet signal in the 31P{1H} 
spectrum. In the low field pattern of the 13C(1H) spectrum there are three 
distorted quartets of the relative intensity 1: 2 : 1, corresponding to four p3-C0 
groups of which two are equivalent owing to the mirror plane passing through the 
Rh(3) and Rh(5) atoms and the centers of the RhWRh(2) and Rh(4)-Rh(6) 
bonds (Fig. 2). 

The ideal spectrum of the terminal CO ligands in IV should display four 
doublet signals of double intensity and two doublets of single intensity correspond- 
ing to C, symmetry observed in the crystal. However, the experimental spectrum 
(high-field part of Fig. 3) reveals nine doublets of which only one has double 
intensity. This spectral pattern corresponds to the lower symmetry of the t-CO 
arrangement in solution, and may be due to the considerable influence of the 
reduced symmetry of coordinated dppe (see the crystal structure of IV) on NMR 
signals of terminal CO groups. 

NMR investigation of the complexes III, V and VI has shown that all of these 
compounds are fluxional in solution at ambient temperatures. Variable tempera- 
ture 13C{iH} NMR spectra of Rh,(CO),,PPh, are given in Fig. 4. At or below 
-55°C the spectrum of a stereochemically rigid system was observed. It is readily 
observed that the solution structure, determined on the basis of the limiting low 
temperature 13C{lH} NMR spectrum, is very similar to the solid state one. The 
ideal symmetry of the Rh,(COjlSL structural unit is C, and its 13C NMR spectrum 
should display three low-field resonances of p3-C0 groups (2/1/l) of complex 



197 

Table 4 

Bond lengths (A) in molecules III and IV 

III Iv III IV 

Rh(l)-Rh(2) 

Rh(l)-Rh(3) 

RhWRh(4) 
Rh(l)-Rh(5) 

RhW-P(1) 

RhW-C(l) 
RhWC(12) 
RhWCt13) 
Rh(2)-Rh(3) 
Rh(2)-Rh(5) 
Rh(2)-Rh(6) 

Rh(2)-P(2) 

Rh(2kCX2) 
Rh(2WX3) 
Rh(2)-C(12) 
Rh(2)-C(14) 

Rh(3)-Rh(4) 
Rh(3)-Rh(6) 

Rh(3kCt4) 

Rh(3KX5) 
Rh(3)-Ct13) 
Rh(3)-C(14) 
Rh(4)-Rh(5) 

2.820(l) 
2.847(l) 
2.791(l) 
2.770(l) 

2.368(3) 
1.85(l) 
2.14(l) 

2.166(9) 
2.706(l) 
2.783(l) 

2.7680) 

1.92(l) 

1.90(l) 
2.17(l) 
2.20(l) 

2.7700) 
2.7780) 
1.880) 
1.92(l) 
2.19(l) 
2.19(l) 

2.7580) 

2.808(6) 
2.797(3) 
2.794(2) 
2.798(4) 

2.326(6) 
1.85(2) 
2.11(2) 
2.16(2) 

2.774(4) 
2.798(3) 
2.790(2) 
2.316(5) 

1.90(2) 
2.21(2) 
2.15(2) 
2.786(3) 
2.794(4) 

1.91(2) 
1.93(2) 
2.17(2) 
2.20(2) 

2.725(4) 

Rh(4)-Rh(6) 

Rh(4)-C(6) 
Rh(4)-a7) 
Rh(4)-(X13) 

Rh(4kCX15) 
Rh(5)-Rh(6) 

Rh(5)-C(8) 
Rh(5kCX9) 
Rh(5)-C(12) 

Rh(5)-al5) 
RM6XXlO) 
Rh(6)-all) 
Rh(6)-C(14) 

Rh(6)-a15) 

PWc(l6) 
P(l)-a211 
Pwa31) 
Pwa41) 
Pt2kal7) 

H2)-a41) 
H2ka51) 
al6kal7) 

Average 
C-O (terminal) 

c-o (p,) 

2.748(l) 

1.920) 
1.890) 
2.340) 
2.17(l) 

2.7480) 
1.920) 

1.90(l) 
2.31(l) 

2.170) 
1.94(l) 
1.92(l) 
2.14(l) 

2.24(l) 

1.820) 

1.830) 
1.860) 

2.757(6) 
1.89(3) 
1.87(3) 
2.28(2) 

2.16(2) 
2.729(3) 
1.91(3) 

1.89(2) 
2.31(2) 
2.14(2) 
1.92(3) 

1.91(3) 
2.27(2) 
2.19(2) 

1.87(2) 

l&u21 
1.88(2) 

1.84(2) 
1.85(2) 

1.82(2) 
1.52(3) 

1.13(l) 1.13(2) 
1.16(3) 1.xX2) 

structure (ddd, dt, dt), five doublets of terminal COs of double intensity and one 
dd resonance corresponding to a terminal CO group coordinated to a rhodium 
atom bound to a phosphine ligand. The latter CO is coupled not only with lo3Rh 
but also with the 31q of the adjacent phosphine. 

Limiting low-temperature 13C{lH) NMR spectra of Rh,(CO),,PPh, and 

/ I I 

250.0 240.0 185.0 182.5 

PPM PPM 

Fig 3 13C(lH) spectrum of Rh,(C0),4(clz,q2-Ph,P(CH,),PPh,), CDCl,, 25°C. Mean values of the . . 
coupling constants are: J(Rh-C) 27 Hz for p3-C0 and J(Rh-0 68 Hz for t-CO. 
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PPH PPM 

I * 8 ” I ’ 8 ” I I I I , , 
240 235 184 183 182 181 180 179 

PPU PPM 
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A 

- 55% 

I “‘I I ‘I ‘, I I I I I I I 

240 
PPH235 

184 183 I82 181 180 179 
PPH 

Fig. 4. Variable temperature ‘3C(1H) spectra of Rh,(CO),sPPh, in CDCI,. A schematic representation 
of the terminal CO signals is given in the upper part of the low-temperature spectrum. Mean values of 
the coupling constants are: /(Rh-C) 28 Hz for p3-CO, J(Rh-C) 68 Hz for t-CO and 2J(P-C> 13 Hz. 

Rh,(C0),,(77l-Ph,P(CH,),P(O)Ph,) (Figs. 4, 5) resemble each other and closely 
match the ideal spectral pattern described above. The complex signals of p&O 
groups (ddd, dt, dt) appear in experimental spectra as three distorted quartets 
(2/1/l) owing to the very similar values of the coupling constants (J(Rh-C)) 
corresponding to interaction with slightly inequivalent rhodium atoms. High-field 
patterns corresponding to the terminal carbonyl groups display dd resonances 
(signals “a” in Figs. 4 and 5) of single intensity, four doublets of double intensity 
(signals b, c, f and g) and two doublets of single intensity (d, e signals). The only 
deviation from the ideal spectra consists of splitting of one doublet of double 
intensity into two closely placed resonances (d and e). We believe that this 
deviation is connected with a slight distortion of the idealized structure caused by 
steric interaction between the phenyl rings of the diphosphine and the terminal 
CO group revealed in the solid state structure. The spectral evidence permits the 
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1. ” I ” ‘. I 

240 235 230 

PPM 

I 
1 

184 183 182 181 180 

PPM 

Fig. 5. ‘%Z(‘H} spectrum of Rh,(C0),s(17’-Ph,P(CH,),P(0)Ph2), CDCI,, -55°C. A schematic repre- 
sentation of the terminal CO signals is given in the upper part of the figure. Mean values of the 
coupling constants are J(Rh-C) 28 Hz for ps-CO, J(Rh-C) 68 Hz for t-CO and ‘J(P-C) 12 Hz. 

conclusion that Rh,(CO),,PPh, and Rh,(CO),,(~‘-Ph,P(CH,),P(O)Ph,) at tem- 
peratures below -55°C have the same CO arrangement of the “Rh6” framework 
as found for Rh,(CO),,PPhJ in the solid state. This means that dppe in V, as well 
as PPh, in III, is coordinated via only one phosphorus atom. 

The 31 P{‘H) NMR spectrum of V contains two signals of equal intensity (Table 
1). The high-field doublet of doublets may be assigned to a phosphorus atom 
coordinated to rhodium. A typical 103Rh-31P coupling (see for example J(Rh-P) 
136 Hz in IV and 134 I-Ix in Rh,(CO)isPPhJ and chemical shift position confirm 
such an assignment. The lower value coupling is due to interaction with the second 
phosphorus atom of dppe. The signal of this atom has a considerable low-field shift 
(48 = 43 ppm) with respect to the phosphorus resonance in the free ligand 
( - 11.95 ppm). The low-field shift of such value, as well as the presence of the P=O 
frequency in the IR spectrum of V, testifies in favor of the oxidation of the 
“dangling” phosphorus atom and formation of phosphine oxides. All spectral data 
mentioned above are consistent with the structure of V presented below. 

Ph 

I Ph 

‘c, 
P 

’ ‘Ph 
Ftl 
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v. i 
I 8 I 8 I 8 r------I I I I I 

238 236 234 232 183 182 181 180 179 

PPM PPM 

Fig. 6. 13C(lH) spectrum of {Rh,(CO)Is),(~s,~l : O’-Ph,P(CH,),PPh,), CDCl,, -55°C. The upfield 
region of the spectrum was obtained with the use of a line narrowing procedure (resolution enhance- 
ment factors are LB = - 11.0, GB = 0.5). A schematic representation of the terminal CO signals is given 
in the upper part of the figure. Mean values of the coupling constants are: JfRh-C) 28 Hz for fi3-C0 
and J(Rh-C) 69 Hz for t-CO. 

The reaction of diphosphine with coordinatively unsaturated species {Rh,(CO),J 
generated from Rh,(CO),,NCMe gives the $-coordinated intermediate: 

Rh,( CO) iSNCMe - (Rh,(CO),,} +p”q Rh,(CO)i5(+i+) 

In the presence of a two-fold excess of Rh,(CO),,NCMe, the T1-intermediate is 
readily captured by {Rh,(CO),,), giving the double-linked cluster IRh&C0),5)2 
(j+,$ : +Ph2P(CHJ2PPh2): 

Rh,(CO)&+=) + {Rh,(CO)i5) -+ 

{Rh,(CO)&(~& : +W’WW,PPh,) 

(VI) 
Spectral and analytical characteristics of the product VI are given in Table 1. 
These data and the 13C{lH) NMR spectrum given in Fig. 6 are consistent with the 
following formulation of VI: 

Ph 

P 
,CH,,p/i,Rh,(CO),, 

Rh,(CO),,/ph’CH, 
P 
Ph 
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In fact, the 31P (‘H} NMR spectrum of VI displays only one signal, the position 
of this resonance (as well as the 103Rh-31P coupling constant) being very close to 
that of coordinated phosphorus in IV and V. Therefore, the two phosphorus atoms 
of dppe in this molecule are equivalent and coordinated in terminal positions of 
“Rh6” frameworks. 

According to the proposed structure, (Rh,(C0)i5PPh,CHz) units of VI are 
equivalent to each other and may be regarded as monosubstituted derivatives 
Rh,(CO),,L, structurally analyzed above. In fact, the IR spectral pattern of VI in 
the carbonyl region exactly corresponds to those of monosubstituted clusters V and 
III (Table 1). Moreover, the 13C{1H) NMR spectrum of {Rh,(CO),,l,(~r,$ : v’- 
Ph,P(CH,),PPh,) (Fig. 6) is very close to those of V and III. All these facts 
clearly show that dppe in VI links two Rh, cluster cores, the structure of the 
diphosphine-bound {Rh,(CO),,} unit in VI resembling that in monosubstituted 
derivatives V and III. 

Thus, the application of the previously proposed synthetic methods gave three 
modes of dppe coordination on the “Rh6” framework: (1) the well-known ~~,p~- 
derivative, (2) a double diphosphine linked cluster and (3) a cluster with #-bound 
diphosphine and an oxidized second P atom. 
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