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Rhodium(III) complexes with the tripod tetra- 
dentate ligand tris(2diphenylphosphinoethyl)amine, 
np3, of formula [RhCl,(np,)J Y (Y = Cl, PF,, BPh4), 
have been prepared and characterized. One of the 
coordinated chlorine atoms in these compounds may 
be replaced by a molecule of acetonittile. The 
hydrido complex [RhHCl(Cynp3)JBPh4*(CH3)2C0 
has been obtained by reaction of rhodium trichloride 
hydrate with the tripod ligand tris(2-dicyclohexyl- 
phosphinoethyl)amine, Cjmp3, bearing bulky substi- 
tuents on the phosphorus atoms. All of the above 
complexes are assigned six-coordinated structures, 
mainly on the basis of their ‘Hand 31P n.m.r. spectra. 
The crystal structure of the hydrido complex has 
been determined by X-ray diffraction analysis. The 
np3 derivatives are easily reduced to give five-coordi- 
nate rhodium(I) complexes with formulae [RhH- 
(np3 M and WWvdI. 

Introduction 

The tripod tetradentate ligand tris(2-diphenyl- 
phosphinoethyl)amine, np3, has been found to 
stabilize first-row transition metal complexes with 
a wide range of interesting features [l] . The coordi- 
nation geometry of these complexes is determined 
in part by the tripod ligand, which generally spans 
four coordination positions about the metal atom, 
but it is also influenced by the nature and number 
of the other ligands [2], as well as by the nature 
of the metal ion [3,4] . 

Recently it has been found that the ‘cone angle’ 
[S] at the terminal phosphorus atoms plays an impor- 
tant role in determining the coordinating properties 
of tripod ligands. The reduction of such ‘cone angle’ 
going from np, to the ligand tris(2-dimethylphos- 
phinoethyl)amine, Menp3, which has the same inner 
skeleton as np3, allows the stabilization of poly- 
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nuclear species in which the ligand shares its donor 
atoms among two or three metal atoms [6]. On the 
other hand, the increase in the ‘cone angle’ at the 
phosphorus atoms in the ligand tris(2-dicyclohexyl- 
phosphinoethyl)amine, Cynp3, producing a higher 
strain about the metal site, may result in detach- 
ment of a donor atom (P or N) and a consequent 
decrease in the coordination number with respect 
to the np3 derivatives [7] . 

The behaviour of these ligands with platinum 
group metals has been poorly investigated, although 
many complexes of these metals with polydentate 
phosphines have been found to possess interesting 
properties in the activation of several reactions [ 81. 

Here we report on the synthesis and charactcr- 
ization of Rh(II1) and Rh(I) complexes with the 
tripod tetradentate ligands np, and Cynp,. A com- 
plete X-ray analysis has been carried out on the 
hydrido complex [RhHC1(Cynp3)] BPha*(CH3)2- 
co. 

Experimental 

All solvents were reagent grade and were used 
without further purification. The ligands tris(2- 
diphenylphosphinoethyl)amine, np3 [9] , and tris- 
(2-dicyclohexylphosphinoethyl)amine, Cynp3 [lo] , 
were prepared as already described. Rhodium tri- 
chloride hydrate and silver hexafluorophosphate were 
purchased from the Strem Chemicals Inc. and Fluka 
AC, respectively. 

Physical Measurements 
Conductivities, infrared spectra and X-ray powder 

diagrams were obtained as previously described [ Ill. 
‘H (at 80 MHz) and 31P (at 32.19 MHz) n.m.r. 
spectra were measured on a Varian CFT 20 spectro- 
meter equipped with proton noise decoupling and 
deuterium lock. ‘H chemical shifts are quoted to 
tetramethylsilane, TMS = 0.0 ppm. 31P chemical 
shifts are down-field relative to H3P04 at 0.0 ppm. 
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TABLE I. Analytical and Physical Data for the Complexes. 

hf Di Vaira, M. Peruzzini, F. Zanobini and P. Stoppiani 

Compound hla % Calcd % Found 

(cm’/ohm mol) 
C H N C H N 

[RhCla (nps)lClb 70 58.5 4.9 1.6 58.4 5.0 1.7 

WhClz(nps)lPFeC 85 51.9 4.4 1.4 5 1.8 4.6 1.4 

[RfG(m)l BPhad 55 69.1 5.5 1.2 68.9 5.7 1.2 

Ph~CH3C~)ClGwdl (PF6)2 
e 

140 47.1 4.0 2.5 47.2 4.1 2.7 

[RhHCl(Cynps)]BPh4*(CHs)rCO 
f 

54 68.7 8.8 1.2 68.6 8.9 1.3 

[RhWvdlg 63.7 5.3 1.8 63.7 5.5 1.9 

[~H(wdl 66.6 5.7 1.8 66.3 5.8 1.6 

aMolar conductance of ea. 10d3 solution in nitroethane at 20 “C. bCalcd: Cl, 12.3; P, 10.8. Found: Cl, 12.1; P, 10.5. 

‘Calcd: P, 12.7. Found: P, 12.5. dCalcd: Cl, 6.2; P, 8.1. Found: Cl, 5.9; P, 8.1. ‘?alcd: Cl, 3.2; P, 13.8. Found: Cl, 3.1; 

P, 13.6. ‘CaIcd: Cl, 2.9;P,7.7. Found: Cl, 3.O;P, 7.9. ‘Calcd: Cl, 4.5. Found: Cl, 4.3. 

TABLE II. “P{‘H} NMR Spectral Data for Rh(II1) Complexes. 

Compound Solvent Chemical shifts, J, Hz 

P, pb 

Coord. them. 
shift, Ab 

21(Pa-Pb) ~ 
Al’, Apb 

[RhCla(np 3)l Cl CD2Cl 29.8 21.2 116 91 22 48.8 40.8 

PhCh(wdlPF6 CD2Cl 29.2 21.1 116 91 22 48.8 40.7 

[RhCb(npdl BPh4 CD3CN 29.1 21.2 116 91 22 48.6 40.8 

[Rh(CHsCN)Cl(nps)l (PF6)2 CD3CN 33.4 19.8 117 89 23 51.9 38.9 
[RhHC1(Cynp3)]BPh4.(CH3)2CO (CD3)2CO 16.1 33.7 82 98 19 23.3 40.9 

a31P chemical shifts are relative to 85% HsP04. Positive chemical shifts are downfield. bA = 6P,,,,d - GPfree ligand. 

Changes in chemical shifts on coordination are 
reported in ppm relative to the corresponding phos- 
phorus in the free ligand. 

Preparation of Compounds 
The complexes were prepared under a protective 

nitrogen atmosphere; however, none of the rhodium- 
(III) complexes showed any signs of instability 
towards air. Typical preparations are illustrated 
below. Analytical data (Table I) are in good agree- 
ment with the proposed formulae; n.m.r. data are 
reported in Table II. 

The solid ligand (1 mmol) was added to a rhodium 
trichloride hydrate (Rh 1 mmol) solution in ethanol 
(100 ml) and the resulting mixture was refluxed for 
4 hours. After cooling, the reaction mixture was 
filtered and the yellow solution was concentrated 
until crystallization occurred. The yellow crystals of 
the complex were filtered off and dried in vacua. 

The complex was recrystallized from dichloro- 
methane and ethanol (Yield 60%). 

fRhC12fnpsIJ I’, (Y=BPk, PF61 
The reaction between the ligand and rhodium 

trichloride hydrate was carried out by the above 
procedure. The complexes were obtained by adding 
to the resulting yellow solution NaBPh4 or [Bu4N]- 
PF6 (1 mmol) in ethanol (20 ml). 

(RhCl(CHs CN)(np, )/ (PF6 12 
Solid AgPP6 (2 mmol) was added to [RhC12- 

(np3)]C1 (1 mmol) dissolved in acetonitrile (30 
ml). The resulting mixture was stirred vigorously for 
two hours at 50 “C and then filtered. The solution 
was concentrated until crystallization occurred. 

IRhJWCLnpsMB& 
The hydride complex was prepared by the same 

procedure described for [RhC12(np3)] BPh4, using 
Cynp, instead of np,. 
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To the [ RhCl,(npa)] Cl complex (1 mmol) dissolv- 
ed in methylene chloride (20 ml) was added sodium 
tetrahydroborate (1 mmol) dissolved in ethanol (20 
ml). The resulting solution was heated at cu. 40 “C 
until the color changed to red-brown; brown crystals 
of the complex were obtained by concentration. 
The precipitate was filtered, washed with ethanol, 
water, ethanol, light petroleum, and dried. 

lRWllw3 )J 
Sodium tetrahydroborate (1 mmol) dissolved in 

ethanol (20 ml) was added to [RhClz(np3)] Cl (0.5 
mmol) in acetone (40 ml). The resulting solution was 
heated until formation of brown crystals occurred. 
The precipitate was filtered, washed with ethanol, 
water, ethanol, light petroleum and dried. 

Crystal and Intensity Data 
Intensity data for [RhHCl(Cynpa)] BPh4*(CHak- 

CO were recorded on a Philips PW 1100 automated 
diffractometer using graphite-monochromated MoKa 
radiation, and a crystal of dimensions ca. 0.25 X 
0.20 X 0.15 mm. Unit cell dimensions were deter- 
mined from the angular measurements of 24 strong 
reflections with 20 < 20 < 30”. Intensity data were 
collected in the range 5 < 20 < 46” by the e-28 
scan technique, with a symmetric scan range of 0.80 
+ 0.30 tan0 and a scan speed of 4.0”/min in 28. 
Background counts were measured at each end of 
the scan for a time equal to half the scan time. The 
intensities of three reflections well separated in 
reciprocal space were monitored periodically through- 
out data collection and showed only random varia- 
tions (ca. 1%) from the mean values. Corrections for 
Lorentz and polarization effects were applied. Out of 
the 9728 intensities measured, 5399 independent 
observations having I > 3u(Z) were used in the 
solution and refinement of the structure. 

Chlorohydridotris(2dicyclohexylphosphinoethyl)- 
aminerhodium(III) Tetraphenylborate-Acetone, 
lRhKl(Cynp3 IlBPh4Wk )$O, 
CG6HWBCINP3Rh.C3H60, M = 1206.7, mono- 

clinic, a = 18.555(7), b = 24.725(9), c = 14.251(6) 
A, fl = 92.40’, V = 6532.2 A3, Z = 4, D, = 1.227 g 
cmW3, h(MoKa) = 0.7 1069 A, ~(MoKcr) = 4.10 cm-‘, 
space group P2 r/n. 

Sohttion and Refinement of the Structure 
The structure was solved by heavy atom proce- 

dures and refined by blocked-cascaded least squares 
with blocks of ca. 270 parameters. In the least 
squares refmement the function minimized was 
Ew( IF, I- IF,l)’ with weights w = l/$(F,). Atoms 
heavier than carbon in the cation were assigned aniso- 
tropic temperature factors. All of the other non- 
hydrogen atoms in the structure were assigned iso- 

tropic thermal parameters. Hydrogen atoms, except 
for the hydride ion bound to rhodium, were introd- 
uced in calculated positions (C-H = 1.00 A), each 
with a temperature factor ca. 20% larger than that 
of the respective carbon atom. Refmement converged 
to the conventional R value of 0.068 (R, = 0.070). 
Discrepancy indices are defined as follows: R = 
zllF,,-1F ll/ClF,l, 
CWIF~~*)~~. 

R, = (Cw(1F&F,1)*/ 
The position of the hydride ligand 

could not be unambiguously identified, although 
positive residual density (0.2 e /i-“) was confirmed 
by weighted difference-Fourier maps in the region 
where the hydride ligand was expected. The final 
AF Fourier showed no significant features (maxi- 
mum peak height ca. 0.5 eA3). The atomic scat- 
tering factors were taken from Ref. [ 121 and anomal- 
ous dispersion terms for the metal atom were includ- 
ed in F, [13]. All calculations were carried out with 
the programs listed in Ref. [14] . Fractional coordi- 
nates and temperature factors of the non-hydrogen 
atoms are listed in Table III. Important bond dis- 
tances and angles within the cation appear in Table 
IV. A table of observed and calculated structure 
factors may be obtained from the authors on 
request. 

Results and Discussion 

The reaction of rhodium trichloride hydrate 
with the ligand np, in ethanol affords the com- 
plex [RhC12(np3)] Cl. The complexes [RhC12- 
(npa)]Y, Y = BPh4, PF6, are obtained by adding 
sodium tetraphenylborate or tetrabutylammonium 
hexafluorophosphate to a solution of [RhC12- 
(np3)]C1. The complexes, which are scarcely soluble 
in common organic solvents, behave as 1: 1 electro- 
lytes (Table I). 

The 31P {‘H} n.m.r. spectra of the complexes (Table 
II) are not affected by the nature of the anion (Cl, 
BPh4, PF6) and exhibit a typical AB2X pattern. 
This pattern and the steric requirements of the 
tetradentate ligand allow us to assign the coordina- 
tion geometry of the complex in solution as octa- 
hedral (I). In analogy with the structure of the 
[CoC12(np3)]+ cation in the solid state [2], the tripod 
ligand may be assumed to span two adjacent faces 
of the octahedron and the chlorine atoms to coordi- 
nate in a cis position with respect to each other. 

(1) 



TABLE 111. Positional Parameters and Temperature Factors for [RhHC1(Cynp3)]BPh4*(CH3)2C0.a’b 

Atom da Ylb z/c &I u22 u33 ui2 u13 u23 

Rh 0.18352(4) O.i9539(3) 0.11688(S) 0.0324(4) 0.0237(4) 0.0254(4) -0.00?5(4) -0.0041(3) 0.0024(4) 
Cl 0.2805(l) 0.2571(l) 0.1329(2) 0.042(l) 0.033(l) 0.046(l) -0.014(l) -0.003(l) 0,004(l) 
PI 0.1417(l) 0.2LlS(l) 0.2671(2) 0*040(1) 0.031(l) 0.027(l) -0*009(l) -o.o04(r) 0.002(l) 
P2 0,2407(l) 0.1419(l) 0.0084(2) 0.037(l) 0.027(l) 0.033(l) -0.004(l) -0.003(l) -0.003(l) 
P3 0.1072(l) 0.2573(l) O.O234(2f 0.037(l) 0.031fl) 0.031(l) -O.O~(l~ -0.0~4(1) 0.002(~) 
N 0.0960(4) 0.1396(3) 0.1024(S) 0.027(4) 0.027(4) 0.030(4) -0.001(3) -0.002(3) -0.002(3) 

Atom xla Ylb z/c ur 112 Atom x/a Y/b ZIG u, a2 

Cl 
c-2 
c3 
C4 
CS 
C6 
Cl1 
Cl2 
Cl3 
Cl4 
Cl5 
Cl6 
c21 
c22 
C23 
C24 
c2s 
C26 
c31 
C32 
c33 
C34 
c3s 
C36 
c41 
C42 
C43 
c44 
c45 
C46 
c51 
CS2 

0.0677(5) 
0*0593(S) 
0,1197(S) 
0.166SfSf 
0.0352(S) 
0.0232(S) 
O.l08S(5) 
0.1711(5) 
0.1441(6) 
0.1037(6) 
0.0413(6) 
0.0691(6) 
0.2001(5) 
0.1938(6) 
0.2413(6) 
0.3176(6) 
0.3258(6) 
0.2799(S) 
0.3168(5) 
0.2925(8) 
0.3620(g) 
0.4186~9~ 
0.4371(8) 
0.3713(6) 
0.2701(S) 
0.2845(6) 
0.3046(6) 
0.3695(6) 
0.3581(6) 
0.3375(5) 
0.1052(S) 
0.1671(6) 

0.1237(4) 
0.1701(4) 
0.0871(4) 
0.0956(4) 
0.1614(4) 
0.2231(4) 
0.2770(4) 
0.3169(4) 
0.3715(4) 
0.3653(S) 
0.3257(4) 
0.2705(4) 
0.1844(4) 
0.1234(4) 
0.1058(S) 
0.1214(S) 
0.1809(4) 
0.1994(S) 
O.lOOl(4) 
0.0521(6) 
0.0169(7) 
0.0487(6) 
0.0970(6) 
0.1310(S) 
0.1645(4) 
0.1163(4) 
0.137565) 
0.1761(S) 
0.2225(4) 
0.2007(4) 
0.2563(4) 
0.2889(4) 

0.1969(6) 
0.2640(?) 
0.0582(6) 

-O.O238(7f 
0.0403(6) 
0.0487(6) 
0.3162(6) 
0.3305(7) 
0,36S2(8~ 
0.4547(8) 
0.4412(8) 
0.4064(7) 
0.3656(7) 
0.3793(8) 
0.463319) 
0*4591(9) 
0.4425(8) 
0.3552(7) 
0.0543(7) 
o.lo9s(ll~ 
0.1410(13) 
0.1932(11) 
0.1453(11) 
0.1 lSO(8) 

-0.1075(6) 
-0.1744(7) 
-0.2718(8) 
-0.2630(8) 
-0.1960(7) 
-0.0994(7) 
-0.1081(6) 
-0.1485(7) 

0.040(2) 
0.039(2) 

0.039(2) 
0.04 l(2) 
0.037(2) 
0.035(2) 
0.036(2) 
0.047(3) 
O.OSS(3) 
0.063(3) 
0.057(3) 
0.048(3) 
0.042(2) 
0.058(3) 
0.079(4) 
0.071(4) 
0.06463) 
0.053(3) 
0.046(3) 
0.103(S) 
0.129(6) 
0.11 l(5) 
0.102(5) 
0.067(3) 
0.038(2) 
O.OS6(3) 
0.05913) 
0.068(3) 
0.057(3) 
0.047(3) 
0.04X(2) 
0.055 (3) 

C61 
C62 
C63 
C64 
C6S 
C66 
c71 
C72 
c73 
c74 
c7s 
C76 
C81 
C82 
C83 
C84 
C&S 
C86 
c91 
C92 
C93 
c94 
C9S 
C96 
Cl01 
Cl02 
Cl03 
Cl04 
c105 
Cl06 
B 
0 

0.0932(S) 

O.lS 13(6) 
0.1437(6) 
0.0695(6) 
0.0114(6) 
0,0190(6) 
0.8895(5) 
0.9583(S) 
0.9907(6~ 
0.9540(6) 
0.8872(6) 
0.8521(6) 
0.8549(S) 
0.8564(S) 
0.8490(6) 
0.8414(6) 
0.8417(6f 
0.8490(S) 
0,89$1(S) 
0.9536(5) 
0.9940(6) 
0.97SO~6) 
0.9193(6) 
0.8781(S) 
0.7656(S) 
0.7122(6) 
0.6383(7) 
0.6187(7) 
0.6709(6) 
0.7439(S) 
0.8515(6) 
0.3158(6) 

0.3276(4) 
0.3676(4) 
0.4211(4) 
O&%48(4) 
0.4047(4) 
0.3517(4) 
0.0807(4) 
0.0660(4) 
0.0928(5~ 
0.1359(5) 
0.1507(5) 
0.1234(4) 
0.0899(4) 
0.1471(4) 
0.1802(4) 
0.1579(4) 
0.1017(4) 
O-0684(4) 

-0.0076(4) 
-0.0103(4) 
-O.OSPS(4) 
-0.1034(4) 
-0.1020(4) 
-0.0542(4) 

0.0389(4) 
O.o4S1(4) 

0.0325(5) 
O.O14S(S) 
0.0086(S) 
0.0212(4) 
0.0506(4) 
0.4871(4) 

0.0673(6) 
0.0427(7) 
0.09.52(8) 
0.0797(8) 
0.1016(8) 
0.0460(8) 
0.34 19(6) 
0.3796(7) 
0.46~3(8) 
0.4984(8) 
0.4662(8) 
0.3865(7) 
0.1545(6) 
0.1621(7) 
0.0806(7) 

--0.0082(7) 
-0.0173(8) 

0.062X7) 
0.2324(6) 
0.1749(7) 
0.1668(7) 
0.21?8(8) 
0.2749(8) 
0.2832(7) 
0.2652(6) 
0.1931(8) 
0.2084(9) 
0.2969(g) 
0.3676(8) 
0.3524(7) 
0.2471(8) 
0.2610(8) 

0.039(2) 

O.OSl(3) 
0.059(3) 
0.059(3) 
0.064(3) 
0.059(3) 
0.041(2) 
0.048(3) 
0.059(3) 
0.065 (3) 
0.064(3) 
O.OSS(3) 
0.039(2) 
O&+6(3) $ 

0.056(3) $ 

O-056(3) 2 
0.060(3) 3:’ 

O.OSl(3) % 
0.041(2) 
0.047(3) 

2 

0.057(3) 
2 
,N. 

0.059(3) p. 

0.060(3) .?I 

0.045(2) 2 
0.040(2) 
0.060(3) 

H 
%’ 

0.07 8(4) E;’ 
0.075(4) % 
0.069(3) ?J 

O.OS3(3) !? 
0.040(3) % 
0.X24(4) ;5 

2. 
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TABLE IV. Selected Bond Distances (A) and Angles (‘). 

Rh-Cl 
Rh-Pl 
Rh-P2 
Rh-P3 
Rh-N 
Pl-c2 
Pl-Cl1 
Pl -c21 
P2 -C4 

Cl-Rh-N 
Pl -RI-P2 
Pl -Rh-P3 
P2-RI-P3 
Cl-R&P1 
Cl-la-p;! 
Cl-Rh-P3 
N-Rh-Pl 
N-Rh-P2 
N-Rh-P3 
Rh-Pl -C2 
Rh-Pl-Cl1 
Rh-Pl -c21 
c2-Pl-Cl1 
c2-Pl-c21 
Cll-Pl-c21 
Rh-P2-C4 

2.364(2) 
2.341(2) 
2.324(3) 
2.442(2) 
2.134(7) 
1.84(l) 
1.88(l) 
1.86(l) 
1.84(l) 

1799(l) 
152.0(l) 
100.7(l) 
105.3(l) 
94.7(l) 
93.7(l) 
94.0(l) 
85.3(2) 
86.2(2) 
86.0(2) 

101.0(3) 
127.9(3) 
115.1(3) 
101.7(4) 
105.9(4) 
102.7(4) 
99.4(3) 

P2-C31 
P2-C41 
P3 -C6 
P3-c51 
P3-C61 
N-Cl 

N-C3 
N-C5 

Rh-P2-C31 
Rh-P2-C41 

C4-P2-C31 
C4 -P2-C4 1 
C31-P2-C41 

Rh-P3 -C6 
RI-P3-c51 
Rl-P3-C61 
C6-P3-C51 
C6-P3-C61 
C5 1 -P3 -C6 1 
Rh-N-Cl 
Rh-N-C3 
RI-N-C5 
Cl -N-C3 
Cl -N-C5 
C3-N-C5 

1.85(l) 
1.85(l) 
1.82(l) 
1.87(l) 
1.87(l) 
1.52(l) 
1.52(l) 
1.50(l) 

116.5(3) 
125.6(3) 
107.1(4) 
102.2(4) 
103.6(4) 

94.7(3) 
121.7(3) 
119.1(3) 
102.2(4) 
103.5(4) 
1 lOA(4) 
111.8(5) 
111.1(5) 
112.0(5) 
105.4(6) 
109.6(6) 
106.6(6) 

The values of the J(P,-Rh), J(Pb-Rh), and 
J(P,-Pi,) coupling constants, of 116, 91, and 22 Hz 
respectively, are in the range found for mer Rh(II1) 
neutral complexes with monodentate phosphines 
[15] . The coupling constant with Rh of the P atom 
tram to Cl is larger than that of the P atoms lying 
trans to each other. The P, resonance is more de- 
shielded with respect to the P,, resonance as found 
for rhodium(M) complexes formed by monoden- 
tate phosphines. The coordination chemical shifts 
of both P, and P,, phosphorus atoms (Table II), are 
higher than the downfield shifts on coordination 
reported for the octahedral mer RhCl,(PEtPh,), 
[15] , which has similar cone angles at the phos- 
phorus atoms as the present compounds. Such dif- 
ferences in the coordination chemical shifts cannot 
be accounted for solely by the ionic nature of the 
[RhCls(nps)]Y complexes. They are better ratio- 
nalized by allowing for ring contributions [16] in 
the case of the present compounds, where the phos- 
phorus atoms are involved in five-membered chelate 
rings. It should be noted that similar values of the 
coordination chemical shifts have been found for 
other rhodium(II1) cationic complexes with the 
bidentate ‘mixed’ ligands R2P(CHz)*NR;, having the 
same donor atoms and similar geometric require- 
ments to those of the chains of the np, ligand. On 
the other hand, the R2P(CH2)sNR; ligands, forming 
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shown in Fig. 1. The rhodium atom is coordinated 
by the nitrogen and the three phosphorus atoms of 
the Cynp, ligand, by the chlorine atom, which lies 
tram to nitrogen, and by the hydride ligand. The 
arrangement of the non-hydrogen atoms is dis- 
torted square pyramidal with appreciable axial elon- 
gation @h-P, = 2.442(2) A, VS. Rl-Pr = 2.341(2) 
A and Rl-P, = 2.324(3) A). Although the position 
of the hydride was not clearly detectable from AF 
Fourier maps (see experimental part) there is enough 
space to accomodate such ligand in tram position to 
Pa. Moreover, the presence of hydride is unambig- 
uously indicated by the spectral and magnetic proper- 
ties of the compound, which are typical of a six 
coordinated d6 low spin chromophore. The proposed 
coordination geometry is also consistent with the 
previous observation that ligands with n-acceptor 
properties are more favourably accommodated tram 
to hydrogen than are ligands with o-donor proper- 
ties, due to the competition of the latter with the 
hydride for u-bonding orbitals [ 191 . 

The proton noise decoupled 31P n.m.r. spectrum 
of the complex (Table II), which does not vary 
between -50 and +50 “C, shows a typical ABzX 
pattern. A significant feature of the spectrum is the 
coordination chemical shift of the phosphorus atom 
tram to the hydride ligand which is smaller than the 
downfield shift of the two phosphorus atoms cis 
to the hydride. The ‘H n.m.r. spectrum of the 
complex exhibits two quartets, with intensity ratio 
1: 1, centered at 9.956. Each quartet originates from 
the coupling of the hydride ligand with the two 
equivalent phosphorus atoms and with rhodium (J- 
(H-P) = J(H-Rh) = 12 Hz); the coincidence of these 
coupling constants to give pseudomultiplets has been 
stated previously for other rhodium complexes [20]. 
The doubled quartet originates from the coupling of 
hydrogen with the trans phosphorus atom (J(H-P) = 
182 Hz). Such coupling is known to be larger than 
the J(H-PC,,) one. The present value is even larger 
than those reported before [21]. The stabilization 
of the hydrido complex [RhHCl(Cynpa)] BPh4 when 
the Cynp3 ligand is employed may be attributed to 
the steric hindrance of the substituent groups on the 
phosphorus atoms, which prevents coordination by 
ligands larger than hydride. Effects of such crowding 
have been evidentiated for iron(H), cobalt(H), and 
nickel(H) complexes with the Cynp, ligand, where 
one of the polyphosphine donor atoms may be 
uncoordinated [7]. Formation of the hydride with 
no detachment of donor atoms in the present case 
may be due to the stability of the low-spin d6 confi- 
guration in a six-coordinate environment. 

The WGhdl+ cation when treated with 
sodium tetrahydroborate yields different products 
depending on the reaction conditions. When it is 
dissolved in acetone and is reacted with an excess 
of sodium tetrahydroborate a compound of formula 

Fig. 1. Structure of the [RhHCl(Cynp3)]+ cation. 

six-membered chelate rings, exhibit smaller coordina- 
tion chemical shifts [ 171 . 

The addition of two equivalents of silver hexa- 
fluorophosphate to the acetonitrile solution of 
[RhCl,(npa)] Cl gives the dicationic complex with 
formula [Rh(CHjCN)Cl(np3)](PF6)2. The conduc- 
tivity (Table I) is in accordance with the proposed 
formula. The CN stretching vibrations of the coordi- 
nated acetonitrile molecule (2138 and 2190 cm-‘) 
are in the range found for related solvate com- 
plexes [18], indicating that one chlorine atom in 
the parent compound has been replaced by a mole- 
cule of coordinating acetonitrile The second chlorine 
atom in the coordination sphere cannot be removed 
even by refluxing the complex in acetonitrile with 
a large excess of silver hexafluorophosphate. The 
31P{1H} n.m.r. spectrum of the above complex in 
acetonitrile solution (Table II) shows a typical 
ABzX pattern: the overall coordination geometry 
should therefore be similar to that of the [RhC12- 

(w)l+ cation. The P, resonance for this dicationic 
complex is downfield shifted from that of the cor- 
responding P atom in the monocationic [RhC12- 
(npa)] Y complexes, whereas the Pu resonance is 
slightly upfield shifted (Table 11). 

The reaction of rhodium trichloride hydrate with 
the ligand Cynp, yields by addition of sodium tetra- 
phenylborate the compound [RhHCl(Cynpa)] PBh4. 
(CH3)2C0. A band at 2008 cm-’ in the I.R. spectrum 
of the compound is assigned’as the Rl-H stretching 
vibration. The structure of the compound has been 
investigated by X-ray diffraction methods in order 
to obtain precise information on the coordination 
geometry and on the possible role of steric effects in 
stabilizing such hydride. 

The structure consists of [RhHCl(Cynpa)]+ 
cations, of tetraphenylborate anions and of solvate 
acetone molecules. A view of the complex cation is 
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[RhH(nps)] is obtained. The Rh-H stretching vibra- 
tion is located at 1925 cm-‘. On the other hand, by 
reacting the parent compound in methylene chloride 
with sodium tetrahydroborate, a compound of 
formula [RhCl(np,)] is obtained. Due to the poor 
solubility of both Rh(1) complexes it was not pos- 
sible to obtain information on the stereochemistry of 
the compounds in solution. 

The X-ray powder diagrams clearly show that the 
two compounds are isomorphous to the correspond- 
ing cobalt derivatives [CoH(np,)] and [CoCl(nps)] , 
which have been found to have trigonal pyramidal 
geometry with the nitrogen and the hydrogen (or 
chlorine) atoms in the axial positions [22] . The same 
geometry is therefore assigned to the rhodium deriva- 
tives in the solid state. 
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