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Transition-metal complexes of cyclopentadienylphosphines 
XIV. Reduction reactions of various derivatives of the chelate fragment 

[{~5:+C,H,(CH,) ,PPh,}M”‘]2+, M = Rh, Ir 

Inja Lee, Raqoise Dahan, Andr6 Maisonnat *, Ren6 Poilbhc 

Abstract 

Iodide abstraction by silver salts from the compkxes [{~s:~‘-C,H,(CH,),PPh,JM12]. (1. M = Rh: 2. M = b). yields products whose 
stmctures are dependent on the coordinating ability of the anion originally asuriated wilh silver. Silver tri&mmacetase gave fully 
chpwerized dirubstituted derivatives of the rype [(115:?‘-~iHX~~2)2~ph2JM(~~~~~)~~ (3, M = Rh; 4. M = W. in wbkh the 
trifluoroacetate anions are bound in a monodentate fashion. Silver hextiuomphospher gave a dinuckar dicaticmic compound 
I((15:g’-CsHJ(CH2),PR,lRh( P-IW,IPF&. 5. m which the metal atoms are bridged by iodide. Complex 3 crystallizes in the uiclinic 
space Sroup Pi wirh two molecules in the unit cell, with (I = 8.3oMK’I)A. b= 18.289(2).& c=7.9724(8)& a=94.17%8Y. 
0 = 106.477(8)0, y = 93.964(7Y and V = I lS3.2(2).$. Le.151 squares refinement leti to conventional R values .%F_b) = 0.04t and 
Rw = 0.042 for 3361 reflections having I > 30(I). Camdex 5 crvstallizer in the mowclinic soace _FGUP P2,/c with two mkcules of 
5 and two mokcuies of xeene in rhe unit cell. the dime&s of which are u = l3,83~(l)x hi 13.&l).& c= 14.362(1)~, 
B = 104.73( I )” and V = 2576,2(5)i’. Lear, s(1”wes retinemen, leads 10 conventional R v;llues R( F_) = 0.034 an,, Rw = O&t0 for 2246 
&lections having I > Zrr(l). &xidngly, tie treatment of the his-trifluommto complexes 3 &t 4 with lithium tietbylhydmborate 
yields quantitatively the ethylene metal(I) derivatives [(~S:~‘-C,H,(CH,),PPhl)M(CZHln, (9. M = Rhz I@, M = II), whereas wstabk 
polyhydride derivadves result fmm the reaction of the diiodo complex 1 with lbhium uiethylhydmberate. and fmm the reaction of the 
bis-uifluomacetato complex 3 <i:h sodium retmhydmbomte. The chemical or ekcmxhemical zeduction of complex 5 dais to tbe 
s&&d rhcdium(Ili) species. ((~‘:~‘-C5H,~CH,~,PPh,lRhI~THF~~PF,l. 6. together with a dinuckar rhcdium(lI) specie% [(($:w’- 
C,H,(CH,),PPhl}Rhl12]. 1. The promnotion of 7 with tetmfluorohoric acid affords the momxationic dineclear ccmpkx [((li5:s’- 
C,H,(CH,)IPPh,)Rhl),l~i~RF,l, 8. in which the added p-ron bridges the rhodium atoms. 

1. Intr”duction 

The reasons for interest in substituted cyelopentadi- 
enyl metal compounds [I] are demonstrated by their 
ability to act “s catalysts in numerous processes (hydra- 
genation and asymmetric hydrogenation [2], cross-co”- 
pling reactions [3]. Ziegler-Natm polymetizatio” [4]) as 
well as material precursors (see for example Ref. [5D. 
Cyclopentadienyl ligands bearing a fmtctionalized side 
chain were designed and used to synthesize new mono 

Tpcadin_c awhor. Fax: (C33) 5 61 55 30 03: e-mail: 
maisonarOlcc-taulou~.fr. 

or dimetal complexes. For example. we and others, have 
used cyclopentadi~yldi~henylphosphine [6], in which 
the Cp and FTh, timctio”s are directly lied, to yield 
home+ [7,8] and heten- 191 dinxtallic species in which 
the hetercditit”ctiw;ll ligands act as a bridging unit of 
the “Eta1 centers. I” contrast. dw i”trodttcti0” of a 
‘spacer group between the two fo”ctiO”S allows the 
formation of a chelated fkg”wtlt whose stability rela- 
tive to the parent cyclopentadieoyl compwnds contain- 
ing tertiary phosphines is possibly increased. Nttmem~s 
papers have dealt with the prepatation of chekte com- 
rkxes “sine modified Co lkands in which the addi- 
banal fttnc~oonality - &osihi”e [7,10-131 diphos- 
phine and diarsine 1131 tine [4.14-211. amide [22k 
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imide [u], alkoxide [24], or alkenyl [25] - is separated 
from the cyclopentadienyl or tetramethylcyclopentadi- 
enyl group by an alkyl or alkylsilyl chain. 

Recently, we reported the synthesis and sttuctural 
pm&es of new chelated metal01 and tnetal(lll) 
rhodium and iridium complexes with fcyclopentadieny- 
lethylldipbenylphosphine 1261. Among these complexes, 
the diiodo species [{~S:~l-C,H,(CH,),PPh~)~~~ (I. 
M = Rh; 2, M = Ir), appeared as suitable precursors for 
the synthesis, by halide abstraction, of derivatives in 
which the cationic fragment [(ns:n’- 
C,H,(CH,)2PPh,)MlL+ forms monometallic or 
biitallic bridged complexes depending on the nature 
of the anionic ligand. We report now the behavior of 
these derivatives towards hydrides and in electrochemi- 
cal experiments. 

2. Bxperlmental seetimt 

All reactions and manipulations were routineIy per- 
formed under diniuogen or argon in Schlenk-type glass- 
ware. A11 solvents were appropriately purified before 
use by distillation Born sodium-benzophenone or CaHa. 

Microattrdyses were performed by the ‘Set-vice de 
Micmanalyse’ du Laboratoire de Chimie de Coordina- 
tion. DC1 and/or EI mass spectra were recorded on a 
Nermag RIO-10 instrument. ‘H NMR spectra were 
obtained at 200.13MHz on Btuker AC 200 FT, or at 
250.1 MHz on Bruker AM 250 FT spectrometers. “P 
NMR spectra were recorded at 32.4MHz on Bruker AC 
80 FT, at SLOlMHz on Btuker AC 200 FT. or at 
101.22MHa on Bruker AM 250 FT spectrotneters. 
Chemical shifts were referenced to external H,PO~. 

2.2. Preparation of compounds 

The starting materials [(n 5:B ‘- 
C,H,(CHzf,PPh,)Rh121, 1, and [Ir,‘:B’- 
C,H,(CH,)2PPh2)Ir12]. 2, were prepared according to 
published procedures 1261. 

22.1. [l~5:r)‘-C,H,ICH, JJ PPh,lRh(CF,COO),l, 3 
To a white suspension of silver trifluomacetate 

(92 mg, 0.42 mm00 in dichlommethane (5 ml) was added 
at room tentpemture a red-bmwn solution of 1 ( 135 mg. 
0.21 mm011 in dichloromethane (5 ml). The color of the 
solution turned quickly from red-brown to orange. After 
3Omin stirring, the solution was filtered and the volume 
reduced under vacuum to 5 ml. Pentane (1 ml) was then 
added to precipitate 3 as au orange solid (102mg; 
O.lbmmol; 76%). Anal. Calcd. for C H F 0 PRhz C, 2s I”64 
45.57; H, 2.99. Found: C, 45.22; H. 3.21. 

2.2.2. iIns:n’-C, HJCH, Jz PPh,lir(CF,COO), 1, 4 
To a suspension of silver trifluoroacetate (74mg; 

0.33 tnmol) in dichloromethane (IOmll was added a 
red-brown solution of 2 (12Omg; 0.16 tmnoll in 
dichlommethane (Sm?!. The mixture was stirred for 
30min affording slowly a brown-yellow solution and a 
white precipitate. The solution was filtered and the 
solvent removed under vacuum.The residue recrystal- 
lized from tohtene-pentane to give a brown-orange 
solid (86mg; 0.12 mmol; 75%). Anal. Calcd. for 
C,,H,,F&O~P: C. 39.72; H, 2.61. Found. C, 39.79; H, 
2.58. 

2.2.3. 11/n5:_rl’-C, H,(CH, )s PPh, jRh(p-I)& I[PF, II, 5 
To a suspension of silver hexafluomphosphate 

(54mg; 0.2lmmol) in dichlommetbane (15mll was 
added dropwise a red solution of 1 (126.6 mg; 
0.2Ommoll in dichlorometbane (5 ml). The mixture was 
stirred for 30 mitt affording a brown-yellow solution and 
a white precipitate. The solution was filtered and the 
solvent removed under vacuum to give a light brown 
solid (108mg; 0.083mmol; 83%). Anal. Calcd. for 
C,,H,,F,,I,P$ha: C, 35.00; H, 2.78. Found: C, 34.66; 
H, 2.92. 

Using similar experimental conditions the treatment 
of 1 with AgBFd yielded the tetrafluorobo~~te salt as 
red-brown crystals in similar yield. Anal. Calcd. for 
C,,H,,B,FsI,P,Rb,: C, 35.39; H, 2.97. Found: C, 
35.2% H, 2.94. 

2.2.4. I({$:$-C, HJCH, )I PPh,lRhI(THF~jlIPF,l. 
6, and iiI$:q’-C,H,(CH,),& PPh,lRbli,i, 7 

2.2.4.1. Method A: reduction of [((q5:q’- 
C, HJCH, & PPh,lRh; p-1)1, IIPF, Iz, 5 by lithium tri- 
ethylhydroborate. Two equivalents of LiBHEt, (1OOml 
of a 1 .O M solution in THF) were added to a solution of 
compound 5 (65.2mg: 0.05mmol) in THF (1Omlf at 
- 78°C and then stirred for 2 h at room temperature. 
The solution turned progressively fmm red-bmwn to 
green. The solvent was removed on a vacuum line to 
give a green residue. The ” P(’ H) NMR in acetone-d, 
of this green solid indicated the presence of two differ- 
ent compounds (noted 6 and 7) in almost equal quanti- 
ties. On “‘PI’Hl NMR spectrum, the compound 6 ex- 
hibits a doublet centered at 656Oppm (‘Jr_aa = 
179.0Hzl and a septuplet centered at - 138.80ppm for 
the hexafluorophosphate anion (‘Jr-r = 708 Hz), while 
the compound 7 exhibits a single doublet centered at 
38.6Oppm (‘Jr-ah = 167.8 Hz) (Table 1). Compound 7 
was first extracted from the green residue by dissolution 
in a toluene-pentane (50/501 mixture. Evaporation of 
the solvents gave an analytically pure compound 7 as a 
pale green solid (17.7Jmg. 35% yield based on 
rhodium). Anal. Calcd. for C H I P Rh,: C, 45.00, 3% 96 2 2 
H, 3.58. Found: C, 45.01; H, 3.72. Mass spectra 



Table I 
3lPl'H) NMR dam of the isolated ((cyclopentadienyle~yl)diphenyl~~hi~~~~ and iridium com~kxu 

SO'P&?pm) '&ah (Hz) 

[(rls:?'~,~,(~~1),~Ph2)RhI,l.ia 54.58(d) c 146.7 
[(95:~~-~,~,(~~,),~Ph2)lrl,l,2 1 15.52k) 
~~~~:~~~,~~~~~,~,pph,)RMc~,co0),1.3= 6657(d) 149.7 
[(r15:rl'C,HXCH,),PPh,)Ir(CF,C00),1,4' 39.4cm 
[~h':~'-C,H,tCH,),W~)RM~I))rIPF61~.5 b 69.10(d) 142.6 
I(II~:~~'-c,H,(cH,),P~~~)R~~(c,H,OIAPF,I~~ 65.600 179.0 
[((~~:~'-c.H_frH_~~p~~~Rhrl.l 7 h 

I--f.--- 
w6nm _ _... .-, l67R ._..- 

W:s'-c, _ 
‘,‘.-..‘,.-.., l,. 

.H,(CH,),PPh,lRhll,(~-HIIBF,I.Sd 129.7 
I[rlS:8'-~,~,(~~,j,PPh;)Rh(~;H,)l,9 c _ 

3 I .M(d) 
69.39(d) 213.6 

ltrl':r)'-~,~,(~H,)~PPh,)lr(c,~,)~ 10' 26.97(s) 

; In CH,CI,-C,D,. 
In acetone-d,. 

; In&D,. 
In CD&. 

’ (n) for sin@,(d) for doublet. 

WI/NH,) m/e 508 for [M/Z+H+] and 525 for 
[M/2 + NH:]. Compound 6 was then e&acted from 
the remaining residue with 5 ml of acetooe. This led to a 
deep green solution ftom which compound 6 precipi- 
tated as a green solid after addition of 1 ml of pentant? 
and cooling at -20°C (28.8mg. 40% yield based on 
rhodium). Anal. Cakd. for C,H,,F,IOP,Rh: C, 38.15; 
H, 3.62. Found: C, 38.28: H, 3.59. 

2.2.4.2. Method B: reduction of [IIq’:q’- 
C,I-I,tCHJ, PPh,lRh(p-Ill,lIPF,l,. 5 by zinc. An ex- 
cess of zinc powder (20 mg) was added to a red-brown 
solution of 5 (65.2 mg; 0.05 mmol) in THP (1Oml). The 
mixture was stirred at room temperature for IOh, af- 
fording a green solution. The solution was filtered and 
the solvent was removed giving, as above, a green 
residue. Complexes 6 and 7 were extracted from this 
residue as described above and were obtained in similar 
yields. 

2.2.5. Illq’:q’-C, ii,tCHJ, PPh, IRhll, I, 7: re&ction 
of tilq’:q’-C,H,(CH,),PPh,~RhllTHF)~liPF,l, 6, by 
lithium triethylhydmborate 

One equivalent of LiBHEt, WOml of a I.OM solu- 
tion in THF) was added to a green solution of com- 
pound 6 (72Amg; O.lmmol) in THP at -78°C and 
then stirred at room tempemture. After 12 h, tbc solvent 
was removed under vacuum to give a green solid from 
which a single compound was extracted by acetone and 
clearly identified to be compound 7 by “P NMR. 

&k equivalent of tetmtluombotic acid (7ml of 
HBF,-O(C,H,),, 85%) was added to a solution of 
compouud 7 (50.7 mg; 0.0s mm00 in toluene (lOm0 at 
-78°C and then stirred at mom tcmpcmtum. Pmgres 
sively a violet precipitate appeared. AAer 2 h of stirring, 

the precipitate was cokcted, washed with diethyl *her 
(2 X 2 ml) and dried under vacuum (49.6 mg: 
0.045 mmol: 90%). Anal. Calcd. for 
C,,H,,BF,I,P,Rh,: C, 41.41: H,3.38. Found: C,41.1)6: 
H, 3.62. 

2.2.7. Reaction of l/q’:q’-C, II&XI& PPh,lMtCFS- 
COO), I, 3 M = Rh. 4 M = Ir. with lithium m.ethylhy- 
dmbomte: fomtion of [(q*:q’-C, HJCH, & PPhJ 
M~C~H,~~.9M=Rh,lOM=lr 

To a soltiou of complex 3 (60.6mg: 0.1 mmol) in 
THF(l0ml)wasaddeddmpwiseat -78”Ctwoeqok 
aleuts of LiBHEt, (0.2 ml of a 1.0 M solution in THF). 
The solution turned immediatily red-omoge. The tem- 
perature was raised to mom temperature am! tk soiveet 
was removed under vacuum to give a yellow crude 
material which was soluble in common organic WI- 
vents. “p(‘H) NMR spectmm of this material ia C,D, 
indicated the presence of only oue new 
characterized by a doublet centered at 69.39 
doublet spacing of 213.6H.x. Compound 9 was tba 

obtaimd in pure form as orange-yellow crystals upcat 
cooling to -20°C a pentane solution of the aude 
material (20.4tng; 50%). Anal. Calcd. for C,,H,PRhz 
C. 61.78; H, 5.43. Foundz C, 61.62; H, 5.50. 

using similar experimeatal conditions, rhe nearmeet 
of 2 with L.iBHEt, afforded the aua@ous ethylene 
derivative 18, as shown by “P(‘H) NMR. Yellow 
crystals of 1@ were obtaked from a die&y1 ether solu- 
tion. Anal. Cakd. for C,,H,,PIr: C, 50.69; H. 4.46. 
Fwnd: C, 52.02; H, 4.59. 

2.3. EIecuochemind studies 

EIeCtIWhemical measurementswerecartiedoutwith 
a home-made potent&tat usin8 interfacing 
with a PC compatible microcomputer. Positive 
(scanmtegmaterthan IVs-‘)ortheintemtptmetbod 



ban rate less than I V s- ’ ) was used to compensate for 
IR drop. Elecbochemical experiments were performed 
in an airtight three-electrode cell connected to a vac- 
uum/argon line. The cell was degassed and tilled ac- 
cording fo standard vacuum techniques. The reference 
electie consisted of an SCE separated from the solu- 
tion by a bridge compamnent filled with the same 
solvent and supporting electrolyte solution as used in 
tbe ccl:. The counter elect&e was a Pt wim spiral of 
ca. 8cm length and OSmm diameter. The working 
electrode was a lOOnun diameter Pt disk, and the 
rotating disk electrode (RDE) was a 2 mm diameter Pt 
disk (Tacussel EDI). With the above reference and 
bridge system, l? = 0.54V was obtained for 2 mM 

fenwene solutions. 

Crystal data for [{q s:?J ‘- 

C,HXCH,)ZPPh,}RMCF,C00)21, 3. and [{I$:$- 
C,H,(CH,)?PPh,lRh(~-I)JZl[PF,l 20CMeZ. 5’. are 
summarized in Table 2. 

Reflection data were measured at 20°C with an 
Enraf-Nonius CAD-4 diffractometer in the w-20 scan 

Table 3 
Fractional atomic cwrdirmtes and wxropic or equivalem isotropic 
tempenture factors (a? x 100) for 3 

Atom .r ? Ku / fL a 
Rh 0.62277(S) 0.21076(2) 0.55796(S) 3.6Oi2) 
P 0.3984(2) 0.26554(7) 0.3996(Z) 
Oil) 
M2) 
o(3) 
M4) 
F(I) 
M?) 
F(3) 
F(4) 

0.29.‘)13(2) 
0.385Oi2) 

0.673X4) 
0.7197(6) 
0.4674(5) 
0.5467(6) 
0.7843(7) 

F(5) 
F(6) 
C(I) 

0.6243(7) 
0.8689(S) 
0.2374(5) 
0.19016) 
0.3503(6) 
0.4819(7) 
0.5674(7) 
0.6789(7) 

C(2) 
C(3) 

0. I622(2) 
0.0503(2) 
a.477 I(2) 
0.4088(3) 
0.392X3) 
0.1314(2) 
0.0370(3) 
0.0361(3) 
0.3023(3) 
0.24ON4) 
O.2049(3) 

0.8198(7) 
0.8&l(7) 
0.7880(S) 

C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
a IO) 
alI) 

0.773Oi4j 
0.6193(5) 
0.6956(5) 
0.7054(S) 
0.9034(6) 
O.SSw(7) 
,.O423(7) 
0.8442(6) 
0.669%7) 
0.9251(7) 
0.2315(7) 
0.1634(7) 
0.3151(7) 
0.4473(7) 
0.5668(S) 
0.5172(S) 
0.3626(R) 
0.7533(7) 
O.9174(9) 
0.7292(5) 
0.794X8) 

0.2410(3) 
0. ,888(4) 
0. I233(3) 
0.1319(3) 
0.3576(3) 

0.6556(7) 
0.712Oi6) 
0.7464(9) 
0.462M5) 
0.3125(8) 

C(l2) 
C(l3) 
C(l4) 
C(l5) 
C(l6) 

0.4095(3) 
0.1025(2) 
0.076Gi3) 

0.2151(4) 
0.083 l(4) 
-0.056%4) 
-O.O648(4) 

O.O672(41 
C(17) 
C(l8) 
C(l9) 

0.2037(l) 
0.233MI) 
0.1879(l) 
0.1123(l) 
0.0823fl) 

0.2071(4) 
0.3136(5) 
0.26615(5) 
0.1867(5) 
0.1639(5) 

C(20) 
C(21) 
C(22) 

0.128Ml) 
0.3363(2) 
U.3182(2) 
0.3695(2) 
0.4389(2) 
0.457M2) 

U.2756(5) 
0.1590(5) 
0.0564(5) 
0.0705(5) 
0.1872(5) 
0.2897(S) 
0.508M4) 
0.6527(4) 
O.7372(4) 
0.6771(4) 
0.5324(4) 

3.X2(7) 
4.4(2) 
6.4(3) 
5.4(2) 

lOsN4) 
I ,.2(4) 
12.9(4) 
13.3(5) 
8.6(3) 
! 1.4(4) 
13X4) 
5.50) 
.5.X(4) 
%x3) 
.x1(3) 
6.14) 
6.1(4) 
5.40) 
4.50) 
6.4(4) 
2.6(2) 
5.4(3) 
4.3(l). 
5.1(l) 
5.4(l). 
5X(2) 
5.8(l) ’ 
4.8(l) ’ 
4.1(l). 
5.0(l) 
5.8(2) . 
6.0(2) . 
6.7(2) . 
5.7(l). C(23) 0.2908(5) 0.4057(2) 0.4479t4) 

* U_ ib equal to l/3 of the onhogon;llized U,, tensor. Asterisks 
denote isotropic 0 ~&es. 

T&k 2 
Crystal dara for I[nJ:?‘-C~H,fCH,),PPh,)Rh(CF,COO),]. 3 and 
t((II’:rI’-C,H,(CH,),PPh,JRM p-I%,IIPF,I,~2OCMe,. 5’ 

3 5’ 

mode using graphite-monochromatized MO Ka radia- 
tion (A = 0.71073 A). A least squares fit of 25 reflec- 
tions was used to obtain the final lattice parameters and 
the orientation nlauix. Data were reduced in the usual 
way with the MolEN package 1271. There was no 
significant variation of standards for 3 and a slight 
linear decay (7.0%) for 5’. of which data were corrected 
[27]. An empirical absorption correction [28] was ap 
plied on the basis of 9 scans. The structares were 
determined by direct methods, using the SHELXS-86 
program [291 Retinemenrs were carried oaf with the 
SHELX-76 program [301 using full-matrix least squares 
techniques minimizing the function &v(llF, - IFJ)‘. 
Atomic scattering factors (f’J”) were taken from the 
literature [311. 

2.5.1. ,~~‘:T)‘-C,H,(CH,?, PPh2/Rh(CF,COO?,1, 3 
Orange plates were obtained at room temperature by 

slow diffusion of pentane into a dichloromethane solu- 

Fomwla C2,H,,F,0,PRh C,,H,,F,:I,O?P,Rh, 
FW 6W.26 1420.4 

ttic!inic 
Pi (no. 2) 
8.3OMx7) 
18.289(2) 
7.9724(S) 
94.178(8) 
106.477(S) 
93.964(7) 
1153.2(2) 

monocbnic 
P2, ,c (no. 14) 
13.838(I) 
13.403(l) 
14.362(l) 

104.73(1? 

2576.2W 
2 
604 
I.747 

2 

1384 
1.831 

0.71073 
8.71 
0.834-0.999 

50 

0.71073 
19.7 
“.934-0.999 

bin-mar) 

zemax fdee) 
No. of refl& mead. 4067. all unique 3574. all unique 
obwrvn. criterion 6.’ > 3d FA #Y:’ > 2d.c) 
No. of c&d. rtlnr. 
RW.,)” 
Rr ’ 

3561 2546 ” 
0.04 I 0.034 
O.lW? OSMO 



Fig. I. Perspective representation of the biskifluomacaatd complex 
3. 

tion of 3. Phcnyl ring: were refined as isoaopic rigid 
groups (C-C = 1.395 A). All other non-H atoms were 
refined anisoaopically. All H atoms were observed but 
introduced in calculations in idealized geometry (C-H 
= 0.97 A) with temperature factors kept fixed to 0.06~*. 
The refocment converged to R = 0.041 attd Rw = 0.042 
with a maximum shift/esd of 0.01 I (U,, of F(1) atom) 
on the final cycle with 3361 observations and 232 
variable parameters. A tit of S= 1.26 was obtained 
with u$t weights. The maximum residual peak was 
0.55eA-” near an F atom. Table 3 lists the atomic 
positions for the non-hydrogen atoms. An ORTEP plot 
[32] of 3 is shown in Fig. I. 

2.5.2. Ill~S:~'-C,H,tCH,),PPh,IR~~L-l)l,llPF,~, 
2OCMe,. 5' 

Orange-red pamllepipeds were obtained at mom tern- 
pcratmc by slow evaporation l&n a saturated acetone- 
pentanc (l/4) solution of 5. Phenyl rings_were Mined 
as isotropic rigid groups (C-C = 1.395 A). All other 
non-H atoms were refined anisotropically, including the 
found solvent molecule (i.e. acetone) atoms. All H 
atom: were mtmduced in idealized geometry (C-H = 
0.97 A) with general isotropic temperature factors kept 
fixed to 0.07 A’ for phenyl H atoms, to 0.13A2 for 
solvent methyl H atoms and to 0.06% for the other H 
atoms. The refinement converged to R= 0.034 and 
Rw = 0.040 with a maximum shift/esd of 0.11 I W, of 
C(2s) atom) on the final cycle with 2246 observations 
and 217 variable parameters. A tit of S = I.172 for the 
data using the weighting scheme w = [S”iF,) + 
O.t.W09F~]~’ was obtained. The maximum residual peak 
was 0.62eA-’ on aa F atom. Table 4 gives the atomic 
positions for the non-hydrogen atoms. Aa ORTEP plot 
[32] of 5’ is shown in Fig. 2. 

temperature fanon (R x loo) for s . 

Atom L Y L Q/U, a 
I 0.4575%3) 0.4059%3) 057426x3) 45413) 
Rh 0.46646f3) 0.4104if3) 0.38910(3) 3xX3) 
P(I) 
c(l) 
c(2) 
c(3) 
c(4) 
C(S) 
C(6) 
C(7) 
C(8) 
C(9) 
alo) 
all) 
C(12) 
C(l3) 
C(l4) 
c(B) 
c(l6) 
Cl17) 
ala 
C(l9) 
P(2) 
F(I) 
F(2) 
A3J 
P(3) 
U4) 

0.30640) 
0.2986t5) 
0342X5) 
0.4342(4) 
0.457cw 
0.5563(4) 
0.5973(5) 
0.5203(4) 
0.207%3) 
0.1 lOl(3) 
0.0321(3) 
0.051%3) 
0.1496(3) 
0.2276f3) 
0.264%3) 
0.2264x3) 
0.1994t3) 
0.2109(3) 
0.2491(3) 
0.2757(3) 
0 
r?o473w 
n.0778u 
0.0689(4) 
D.S 
0.4754(S) 
0.4539(6) 
U.6016(5) 
0.824545) 
0.8456t7J 
0.9403t9) 
0.7788X9) 

0.4614w 
0.4482m 
0.34726) 
0.3220(4) 
0254545) 
0269e4) 
0.3475w 
0.3802t4) 
0.3828(33 
O.aJla(3) 
0.341.%3) 
0.262(3) 
0.24310) 
0.3034(3) 
0.5855(2) 
0.6031(2) 
O.W2) 
0.7796(2) 
0.7610(2) 
0.6614(2) 
05 
0.4aw43 
0.5632w 
0.49SHS) 
05 
0.54m5) 
0.397%) 
0.46W6) 
0.46%6) 
0.5397[8) 
05995x9) 
0.5667f9) 

0.324% 1) 
0.1959w 
0.1856(4) 
0.2599t4) 
0.3389(4) 
0.3914(4) 
0.3452(4) 
0.2637(4) 
0.3430(3) 
0.2903(3) 
03026t3) 
0367613) 
0.420X3) 
O.‘l@3Of3) 
0.344N3) 
0.4238(33 
O&37(3) 
0.3841(3) 
0.304a3) 
6.2847(3) 
0 
0.05w4) 
0.0708x4) 
- 0.0692(4) 

0 
0.(3927(4) 
0.0147(5) 
O.u613(5) 
o38O8w 
0341M7) 
03885x9) 
0.2386(S) 

4.090 
5.M4) 
5.644) 
3%3) 
5$x4) 
4.6t41 
4.814) 
3.4f3) 

4.30,. 
5.KZ) ’ 

z%; : 
S.M2) . 
5.0(Z) . 
4.50). 
4.%2) ’ 
5x2) * 
J-x2). 
Szt2) . 
5X2) ’ 

5.4(Z) 
10.8(4) 
na5) 
12445) 
5.8(Z) 
11.9(4) 
14.6(6) 
15X6) 
10.1w 
88(7) 
MI) 
IllJ 



3. Results amI discussion 

The addition of two equivalents of silver hifluoroac- 
etate to the diiodo species I(q s:B ‘- 
C,H,(CH,)?PPhr)Rh121, 1, or [(1)‘:1)‘- 
C, H,(CH,), Pph,)klz], 2, readily and quantitatively 
yi&is q&e stable neuhal disobstituted monometal 
products [(~5:1)‘-C,H,(CHz)zPPh,)Rh(CqCOO),l. 3, 
or [[gS:g’-C,H,(CH,)2PPh,)l~CF,C00),l, 4. In these 
compou&, as established by NMR and X-ray expeti- 
me”t5 (vide i&a), the tritluomacetate anions act as 
monodentate ligands (Scheme Ii. 

In these reactions, the substitution of both iodide 
ligands is observed eve” when small amounts of the 
silver salt &ss than the 2/I stoichiometty) were added 
to 1 or 2. Typically. a solution containing equivalent 
amaunts of 1 and silver hifluoroacetate exhibits three 
signals on the “‘P(‘Hj NMR spectrum (in C,D,- 
CHZCII): hvo doublets of equal intensity at 54.58 ppm 
(‘Jp_ah = i46.7Hz) and at 66.57ppm (‘&_a,, = 
149.7Hz) for the starting material 1 and the disubsti- 
Nted product 4 respectively and a third doublet at 
62.47ppm (‘Jp_nh = 148.OHz) attributed to a monosub- 
StiNted intemwdiate. These three sigxt&s are in the 
intensity ratios 40/40/20 respectively. The addition of 
growing quantities of silver ttifluomacetate on the mix- 
rure is accompvlied by a decreasing of the signals 
corresponding to 1 and to the monosubstituted intemw 
diate and by a concomitant increasing of the @al 
corresponding to 4. For the ratio [l]/[CF,(COO)l= 
l/1.5, the signal intensity ratios become 19/23/63, 
whereas for a ratio of l/2, the NMR spectrum indicates 
only the presence of the disubstituted product 4. 

These observations are consistent with a two-step 
substitution process in which the first iodide substitution 
corresponds to a slow rate-determining process followed 
by a facile second iodide substitution. This indicates a 
noticeable labilizing effect of the hifluomacetate group 
on the remaining iodide ligand. 

In contrast with this, the addition of one equivalent 
of silver hexafluorophosphate to 1 yields readily and 

Table 5 
Selected bond lengths (A) and angles (dep) with esds in parentheses 
for 3 

R&o(l) 2.103(3) Rh-P 2.27% I ) 
R&o(3) 2.108(4) Rh-cp I .X08(7) 
a 1 +x2) 1.530(9) CWc(3) 1.514(8) 
CWC(4) 1.417(7) Rh-C(3) 2.114(6) 
cw-C(5) 1.424(9) Rh-C(4) 2.127w 
CWC(6) 1.36%8) Rh-C(5) 2.236(7) 
C(6)-C(7) 1.427(8) Rh-C(6) 2.243(7) 
CWC(3) 1.430(8) Rh-C(7) 2.133(h) 
P-C(I) 1.823(7) 
P-C(l2) 1.822(3; P-c(I%) I .797(4) 

P-Rh-O(t) 92.91(9) P-Rh-Cp Il6.8(2) 
P-Rh-O(3) 89.3(l) Ooi-Ri-cp 128.6(Z) 
O(I)-Rh-O(3) 81.20) O(3)-Rh-Cp 135.5(2) 
CWCWc(3) I lO.5(5) P-C(I)-C(2) 10xX4) 
C(7)-C(3)-c(4) 106.5(5) CWCU-cm 107.9(5) 
C(4)-C(5)-c(6) 109.3(5) tX-‘%-C(7) 108.W) 
C(6)-C(7)-c(3) 108.2(J) 
C(ZbCWc(7) 127.4(4) C(Z)-W-C(4) 125.9(5) 
Rh-P-C(l) 101.3(Z) C(I)-P-C(I2) 104.2(2) 
Rh-P-C(l2) 115.9(l) C(I)-P-C(I8) I IG.7tZJ 
Rh-P-C(l8) 119.2(l) C(IZ)-PAXI IM.MZ) 

Cp is the ceoiroid of the C(3K(4kX5K(6)c(7) ring. 

quantitatively a product clearly identified as a dimetal 
dicationic species [((q’:rl’-C,H,(CH,)?PPh2)Rh( /J- 
I)l~l[PP~l~. 5. 

3. I. tvlolecular sfrucrures of the monometallic Ilq’:r)‘- 
C,5 H.,fCH2),PPh,IRh (CF,COO)21. 3, and of the dinu- 
clear [111,5:q’-C, HJtCHz & PPh,IRh(~-1~1211PF,l,. 5, 
COi?Zplt?XeS 

The molecular stmcture of 3 is depicted in Fig. I and 
selected bond distances and angles are given in Table 5. 
This monomeric sttucture is very similar to that ob- 
served for the diiodo complex 1 [261. The intramolec- 
ular coordination of the diphenylphosphino group to the 
rhodium atom amounts to the formation of a six-mem- 
bered metallacyclic fragment. Similar geometries has 
been show” by the X-ray investigations of [(dial- 
kylphosphinokyclopentadienyl]ruthenium [IO] and [(di- 
alkylphosphino)-2,3t5-tetra”x?thylcyclope”tadie”yl~o- 
halt (II] derivatives as well as by [(dialkylandno) 
cyclopentadie”yl]manganese [ 141 and molybdenum 
[15,16] and the [(dialkylamino)_2,3.4,5-tetramethy- 
cyclopentadienyl]cobalt [IS], rhodium and iridium [191 
derivatives. 

The two carboxylate groups are clearly monodentate 
with the non-bonded oxygen atoms lying app~mximalely 
3.2A ftom the metal, WI-O(~) = 3.199(4)A and Rh- 
O(4) = 3.2Sti5) A,. 

The overall geometry of the metallacyclic fragment 
may be discussed in terms of the (Rh,P,Cp) plane. 
(where Cp is the centroid of the cyclopentadienyl ring). 
the mea” plane of the carbon atoms of the cyclopentadi- 
enyl ring, and the Rh-Cp and Rh-P vectors. 



The differences in the Rh-P distances between the 
trivalent complexes 1 and 3, as shown in Tahte 6, 
reflect the difference of electron donor abilities of the 
iodide and the trifluoroacetate ligands, the shortest Rh-P 
distance being observed in the case of the hardest 
anionic ligand. Moreover, the Rh-Cp distance in 3 is 
panicularly short and underlines again the great affkity 
of the cyclopentadienyl group for the hardest acidic 
center in these types of compound. 

As generally observed, the cyclopentadienyl ring is 
slightly distorted from the corresponding least-square 
plane (C(3),C(4),C(5).C(6),C(7)), the maximum dk- 
tance between the0 carbon atoms aad the mean plane 
being of 0.018(6) A. The rhodium atom is not centered 
exactly below the cyclopentadienyl ring, but slightly 
shifted towards C(3) so that the distances from the 
rhodium atom to C(3), C(4) and C(7) are shorter than 
the distances to the other two carbon atoms of the 
cyclopentadienyl. 

The dihedral angle between the mean plane of the 
caiaon atoms of the cyclopentadienyl ring and the 
(Rh,P,Cp) plane is 90.4W. As already noticed in simi- 
lar cases [10,11,18,19,26], the C(3)-C(2)-C(I)-P side 
chain deviates from planarity (torsion angle of 
-47.0(V), tbe carbon atoms of the etbeoe bridge C(1) 
and C(2) being out of the (Rb,PCp) plane, on the same 
side, whereas both phenyl rings attached to the pbos- 
pboms are disposed on each side of this pbue, as shown 
in Fig. 3. From these observations, complex 3 is ex- 
pected to be cbiral and the two enantiomers are effec- 
tively present in the centrosymmetrical unit cell. 

The equivalence of cyclopentadienyl protons, which 
appear on the ‘H NMR spectrum as two ill-resolved 
multiplets, and the equivalence of protons of each meth- 
ylene group, which appear as a doublet of triplets 
(Table 7). even at low temperature. contrast with the 
crystal structure described above and indicate a very 
fast fluxional process on the NMR time scale. This 
process can be described as an oscillation of the PhlP 
fragment around the Rb-P axis with inversion of the 
Rb-P-CH,-CH&,H, ring. and oscillation of the 
cyclopentadienyl ring around the Rh-Cp axis. 

Complex 5 was recrystallized from pentane-acetone. 
This leads to crystals of 5’ containing complex 5 to- 
gether with acetone in a l/2 ratio. The cationic part of 
5’ is shown in Fig. 2 and selected bond distances and 

Fig. 3. View of complex 3 along the Kp.Rh.P) pi% showii the 
deviation from plans&y of thc P-C(IbC(Z)_c(3) side chain. 

angles are given in Table 8. It consists of a centmsym- 
metrical dinuclear structure containing two rhodium 
atoms bridged by two iodide=., each metal atom being 
chelated by a (cyclopen~ecyletl~i~~~~- 
phiae. An intermetal separation of 3. @A pre- 
cludes a normal metal-metal bond. 

The centmsymmewical properties demand the copI+ 
narity of Rh, Rh’, I and I’ atoms. Tbe dihedral angle 
between 07h,Rh’J,I’) and (Rb,PW,Cp) planes and be- 
tween (Rh,FW,Cp) aad the mean plane of rbe carbon 
atoms of tbe cyclopentadienyl ring are 90.737P and 
88.3G!)” respectively. 

As in tbe case of complex 3. the c(3l-C(2)_C(li- 
P(1) side chain in S deviates from planarity. with a 
torsion angle of -42.N7P. and a similar fb~xiona! 
process in solution, incbxiing osciUation of the PPb, 
fragment around the Rb-P axis aad inversioa of the 
Rb-P-CH2-CH&,H, ring, is again required to ex- 
plain the apparent symmetry revealed hy tbe ‘H NMR 
data (Table 7). 

In o&t to investigate further tbe chemical potential& 
ties of the metallacyclic fragment. 
[(c,H,XCH~),PP~~M~V, we planned to ~phsii 

polybydride derivatives starting from the trivaient metai 

’ From Ref. [261. 



species 1-4 by treatmcnt with hydrobomte salts. Differ. as a hydtiding agent to yield the hypothetical 
ent behaviors were observed, depending on the hydrob- diiridium (11) corn pound [((q 5:q ‘- 
orates and on the complexes l-4. CSH,(CH,),PPh&t /L-H-H)),]. 

It was first observed that the bis(uifluoroacetato) 
iridium complex 4 in THF reacts with two equivalents 
of sodium tetmhydtubotate to yield a non-isolated hy- 
drido derivative. This thermally sensitive product was 
only characterized by ‘H NMR which revealed: in the 
high field region. a triplet centexxd I - 8.89 ppm k;b il 
zJH_p coupling constant of 13.3 Hz; in the cyclopenta- 
dienyl region. four moltiplets of equal intensity centered 
at 5.52. 5.12, 5.02 and 4.75ppm; in the methylene 
region, four multiplets at 2.90. 2.65, 1.85 and 1.70ppm. 
These data are consistent with a dim&a stmchtre in 
which two equivalent bridging hydrides would be cou- 
pled to two equivalent phosphorus nuclei. According to 
that and in agreement with the stoichiometric condi- 
tions, the tehabydrobomte would act as a reducing and 

It ws also observed that the diiodo rhodium com- 
plex 1 reacts with two equivalents of LiBHEt, to yield a 
non-isolated thermally sensitive hydride derivative. The 
“‘P(‘H) NMR spectrum of this compound exhibits a 
doublet at 48.36ppm il.!,_,,, = 162.7 Hz). The ‘H NMR 
specttum exhibit<. in the high-field region, a I :4f?4:1 
quintet centered at - 16.43 ppm which may be ana- 
lyzed, in a first-order approximation. as an accidentally 
degenerated triplet of triplets due to hydride protons 
coupled to two equivalent rhodium nuclei and to two 
equivalent phosphorus nuclei and with ‘J, _Rh = *J,_, 
= 24.6 Hz: in the cyclopentadienyl region. four multi- 
plets centered at 5.85, 5.33, 4.72 and 4.52ppm; in the 
methylene region, complexed multi-line patterns in the 
range 1.5-3ppm due to non-equivalent and mutually 

Table 7 
‘H NMR data of the is&&d (tcyclapentadienyletyi~iphenylphosphine) rhcdium and iridium complexes 

S HKp) (ppm) S H(CHZ ) (ppm) I,, (Hz) ‘JHH (Hz) Others (SH tppm), I (Hz)) 

1” 5.3%m.ZH) 2.6Ndt.ZH) 10.2 6.6 
4.8Hm.Zk) 1. I Xdtm) 32.7 
6.04tm,?H) 
5.57(m.ZH) 

5.7Ob.2H) 
5.3Okn.2H) 

5.91(m.lH) 
5.2Nm.2H) 

6.O%m.SH) 

5.95(m.lH) 
5.83fm.IH) 
5.35(m.lH) 
3.Mm.lH) 

6.1 Itm.ZH) 
5.65(m.?H) 
S.Olbx.?H) 
4.44(m.2H) 

5.87(m.2H) 
S.Mm.2H) 

3.NXdt.2H) 9.8 
2.1 I(dt.2H) 28.1 

2.6Mdt.W) 
1.62(d1.2H) 

II.2 
34.1 

10.3 
29.2 

3.%(dtAH) 10.6 
2.3tidt4H) 36.6 

3.68(m.lH) 
2.55cm.lH) 
?.IMm.lH) 
1.32(m.lH) 

2.97(m.2H) 
2.64(m.2H) 
2.0Nm.2H) 
i.kNm.ZH) 

2.8Xdl.ZH) 
2Mdt2H) 

6.9 

7.2 

7.0 

7.1 

SHthydride) 2J”P ‘4,Rh 
- 12.89tn.lH) I I il 22.8 

SH(C,H,) 
6.8 2.4Mm.ZH) 

1.12(m.2H) 

5.53tm.2H) 2.9ltdl.2H) 9.5 6.9 2.70(m,2H) 
5.13(m.2H1 I .77(dl.ZH) 27.5 1.541m.2H) 



Table 8 
Selected bond lengrbs (.k and angler (dell with erdr in parrnrhexr 
for S 

Rh Rli 3.908MR) I I -3x 
Rh-l 2.6940(b) Rh-K I ) 2.278(Z) 
Rh-I’ 2.6758(b) Rh-Cp I .837(b) 
C( I )-C(2) l.505W C(Z)-C(3) 1.476x8) 
co-C(4) 1.42X8) Rh-C(3) 2.151(5) 
C(4)-C(5) 1.404w Rh-C(4) Z.?M(b) 
‘.X-C(6) 1.43Ot93 Rh-C(S) 2.255(b) 
C(bi-C;;) 
co-C(3) 

I.43M7) Rh-C(6) 
1.414(S) RhLC(7) 

2.22917) 
2.155(6) 

KII-C(I) I .827(6) 
K I )-C(X) I .797(4) P(I)-C(IJ) 1.810(4) 

Rb-I-Rh’ 93.4Ml) 
I-Rh-I’ 86.b’XI) I’-Rh-P(I) 95.5N4) 
I-Rh-P(I) 97.28(43 I’-Rh-Cp 125.0(2) 
I-Rh-Cp 129.0(2) KI)_Rh-Cp I IS.B?) 
a I )-cw-C(3) I l5.W) K I )-C( / )-C(2) 105.3(4) 
c(7)-‘.X-C(4) 107.8(4) C(3)_C(4)-C(5) IO9.0(5) 
CtJ)-C(5)-C(6) 107.8(5) CG-C(6)-C(7) 107.M5) 
Ct6)-C(7)_C(3) 107.8(5) 
CU-c(3)-C(7) ll7.7W CC!-C(3)_C(4) 134X6) 
Rh-KI )-C(I) lcQ.7(2) a I )-K I )_cw 104.0(2) 
Rh-K I )-C(8) 117.3(l) C(I)-P(I)-Ccl41 lOS.l(?) 
Rh-P(I)-‘X14) l22.W C(B)-KI)LC(IJ) lU3.lW 

I is the symmemy opmtion I - x. I - .y. I - :. Cp i\ the cenrmid of 
dx Ct3)ct4x1(5x3(b)c(7) ring. 

coupled protons. As above, these data suggest a 
dirhodium(I1) stmciure containing bridging hydride lig- 
ands. 

Contrasting with this behavior, the treatment of the 
bis(trifluoroacetato) complexes 3 and 4 with two equiv- 
alents of lithium trietbylhydrobarate under similar ex- 
perimental conditions leads to the reduction products 9 
and 10 respectively. As indicated by a JP_sL value of 
2 13.6 Hz (Table I). the product 9 was expected to be a 
rhodium(l) species. Then, it was unambiguously identi- 
tied as the already known ethylene complex [{q’:q’- 
C,H,(CH,)2PPhZlRh(C,H,)1, 9, (Scheme 2 and Ta- 
bles 1 and 7) by usual analytical methods and by 
comparison of its spectroscopic properties with those of 
an authentic sample [261. [I$:$-C,H,(CH-& 
PPh,)IfiC2H,)]. 10, was obt:ined similarly by treat- 
ment of 4 with LiBHEt, in THF. 

In these reactions, the source of ethylene is not yet 
clearly understood. The literature provides few interest- 
ing precedents. The fiat one concerns the behavior of 
[Rhl?(PPh,)(ll’-CsMe,)] towards o-di-Grignard 

reagents. reported by Diversi et al. [33l An ethylene- 
rhodium complex was one of the products obtained 
when diethyl ether was used as solvent and it was 
shown by deuterium-labeling experiments that this sol- 
vent was the source of ethylene. Thus, it should be 
considered that tbe reaction of 3 with LiBHEt, in THF 
follows a similar pathway, i.e. that THF reacts with 
LiBHEt, to yield ethylene. This hypothes 
the hydrobmate acts as a reductant to red 
into ethylene and rbedium(III) complex 3 into a 
rhodium(II) complex. This is not inconsistent with the 
stoichiometric cot&ions of our experiments, i.e. 
[LiBHEt,]/[3] = 2. Nevertheless, if it is known that 
strong reductants like BuLi are easily able to reduce 
TIIF to yield ethylene, to our knowledge this is not the 
case of LiBHEt,. A second pWedeM co~cents 
observations reported by Thaler and Caulton [34] on 
reaction of [RhCKC, H,Xhiphosl] with tetmetbylboratg 
to yield [RhH(C, H,Xtripbosll. In thk reaction, labeling 
experiment. demonstrated that the ethylene ligand in the. 
final product was derived from tetraetbyIb-xate and not 
from the ethylene initially present in the starting mate- 
rial. But this involves only Rh(I) complexes, in the 
starting material. in the ethyl-ethylene intermediate. 
and in the tinal product as well whereas, in our case, the 
final ethylene product is the result of a reductive pm- 
cess. 

This behavior of complexes 3 and 4 towards lithium 
triethylhydroburate draws attention to a specia role of 
the acetate ligand in the formation of the ethylene 
complexes and calls for timher experimeots. 

3.3. Reduction of complex 5 

A cationic monometal species containing THE 
[(rlS:rl’-C,H,(CH2)2PPhl)RhHTHF)HPFsb 6, and a 
dinuclear neutral species, [{(r, 5:q ‘- 
C,H,KH,)2PPh#hI)J, 7, were obtairned in almost 
2: I relative amounts upon treatment of complex 5 witb 
two equivalents of lithium hietbylhydwborate. or with 
an excess of zinc powder. 

The asymmetic SWUCNR of the cm@ex 6. due to 
the presence of two different termimd ligands, was 
confirmed by the non-equivalence of the four Cyclopes 

tadienyl protons and the non-equivalence of the four 
methylene protons of the etbeue bridge. as revealed by 
the ’ H NhlR data (Table 7). 

In the absence of crystals suitable for X-ray analysis, 
the structure of 7 was deduced from analytical and 
NMR data. From analytical data. compound 7 appears 
as a rho&u&I) species. This observation, which was 
confirmed by electnxbemistry (vi& infra), together with 
magnetic properties. strongly sugge~ a dinuclear WW- 
ture with a metal-metal bond. Electmn-countiag im- 
plies that the iodides necessarily occupy terminal posi- 



tions, one on each metal. The symmetrical anan ement 
r; of the phosphorus atoms is confirmed by the . P(‘H) 

NMR spectrum which exhibits a single doublet, cen- 
tered at 38.6Oppm. The ‘H INXR spectrum exhibits 
nowequivalent cyclopentadienyl protons and non-equiv- 
alent metbylene promos, consistent with a molecular 
suucmre having a hva-fold 2x1s or a center of symme- 
try. Such a molecular structure may accommodate 
~cyclopentadienylethyhyl)diphenylphosphine acting either 
as chelating or bridging ligands. Scheme 3 shows these 
two posstbthhes in the hypothesis of a two-fold axis 
mtolecular structwe. The possibility that the cyclopenta- 
dienylphosphine ligands in 7 and in the related proto- 
nated compound 8 (vide i&a) are bridging can be 
questioned on the ground of the “P chemical shifts -- 
a difference of ca. 20ppm being observed between the 
complexes known to be chelated and the complexes 7 
md 8 (TabLe 1). This suggestion is also consistent with 
our previous obsep:sdons on the chelated [($:r)‘- 
C,H,(CH,),PPh2)Rh(CO)] and on the bridged [[{p- 
93:rl’-C,H,(CH,),PPhZ)Rh(CO)]~] complexes [26]. 

The pmposed metal-metal bond of complex 7 must 
act as a basic site, and this was confirmed by a protona- 
tion experiment. The protonation of 7 yields a red salt 
for which the ‘H NMR spectrum revealed a bridging 
proton betteen rhodium atoms. In the high-field region. 
the ‘H NMR spectrum r::hibi:s a 1:2:3:1:3:2:1 septet 
which may be analyzed, in a first-order approximation. 
as an accidentally degenerated triplet of triplets due to a 
proton coupled to two equivalent timdium nuclei and to 
two eqqoivalent phosphorus nuclei (‘JH_nh = 2 x’J,., 
= 22.SHz) (Table 7). This indicates that the symmetry 
of 7 is retained in G and suggests that the added proton 
is lwdted on the element of symmetry. The protonation 
is a rewtsihle process and the starting material 7 was 
readil> rewvered from acetone solution of 8. 

The starting material 5 can be recovered from 6 after 
elimination of coordinated THF in refluxing to:uene 
solu!ion of 6 (Scheme 4). and complex 6 can be quanli- 
tatively reduced to 7 but only after a prolonged treat- 
ment uitb one equivalent of lithium triethylbydroborate 
&c&me 5). 

A key pint concerns the formation of 6. Formally 
this complex can be considered as a simple product of 
soivolysis of 5 by THF. In fact, we checked that it was 
noi p.Jrsible m get this complex just upon warming THF Scheme 5. 

Scheme 4. 

solution of 5 and its formation from 5 was clearly the 
consequence of a reduction process. 

For this reason, we undertook an electrochemical 
study of complex 5 including cyclic voltammetry, 
coulometry and preparative electrolysis. A typical 
voltammogram at 0.1 Vs-’ for the reduction of com- 
plex 5 in CH,Cl,-Bu,NBF, (I M) at a P&disk elec- 
trode is given in supplementary material. The first 
cathodic scan shows two successive irreversible reduc- 
tion peaks P, and Pz with cathodic peak potentials E,, 
and E= at -0.29V and - 1.11 V respectively. 

Bulk electrolysis controlted-potential coulometry ex- 
periments carried out at -0.7OV gave a green solution 
and an n,pp value (faradays per mole of reactant con- 
sumed) of unity. No ESR signal was observed fmm the 
resulting green solution. whereas the “P{‘H) NMR 
spectrum in acetone exhibits two doublets of equal 
intensity at 65.60 and 386Oppm, indicating clearly the 
conversion of the starting material 5 into 6 and 7. As 
expected, the vohammogram of the green solution ex- 
hibits only one peak at - 1. I1 V. 

The chemical or electrochemical formation of com- 
plexes 6 and 7 is therefore the consequence of an 



irreversible one-electron reduction which corresponds to 
the reduction peak P, of the voltammogram. The addi- 
tion of a single electron to complex 5 leads to a 37e- 
derivative which is expected m yield, upon cleavage of 
iodo bridges. the hypothetical 16 and 17e- fragments 
shown on Scheme 5. Complex 6 must result, then, from 
the coordination of a solvent molecule to the 16e- 
fragment, whereas I must result from the dimerization 
of the 17e- fragment. As previously mentioned, the 
solvated rhodium(lll) cation 6 is chemically reduced to 
yield 7. (vide supra); electmchemically, this reduction ts 
observed at the potential P2. 

4. Supplementary mpterial available 

Listings of H atom parameters, anisotropic thermal 
parameters, all bond distances and angles, and least- 
square planes and deviations therefrom (IO pages). 
Voltammogmm for the reduction of complex 5 (1 page). 
Ordering information is given on any current masthead 
page. 
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