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Abstract 

P. Manuel 

The reactions between [Rh,(COMe),(CO),I,#- and tertiary phosphines, and PPh(OMe),, have been studied by 
13C and 31P NMR spectroscopy. The stereochemistry of the products was determined using i3C enrichment. 
Reaction intermediates containing both one and two phosphorus ligands were identified. When Ph2P(CH,),PPh, 
(n=l, 2) is used, carbon monoxide is lost to yield the five-coordinate compound, 
[Rh(COMe)I,{Ph,P(CH,P(CHJ~PPh,ll; the X-ray structure was determined when it = 1. The reaction of these 
five-coordinate compounds with other ligands was also investigated. 

Introduction 

Continuing our investigation of the chemistry of 
[Rh,(COMe),(CO),I,]‘- [l], we have studied its re- 
actions with a selection of phosphorus compounds, in 
order to extend our studies of its reactions with pyridine, 
carbon monoxide and methanol [2]. Phosphorus com- 
pounds have the advantage of being able to use 31P 
NMR spectroscopy to monitor the reactions and cou- 
pling between 31P and other nuclei to define the ster- 
eochemistry of the products. 

There have been no earlier reports of similar studies, 
but a number of related acetyl rhodium(II1) complexes 
with tertiary phosphines have been reported previously 
[3]. These have generally been formed by the oxidative 
addition of RCOCl to a Rh’ species, such as 
[RhCl(PPh,),], or Me1 to a Rh’(C0) species, such as 
[RhCl(CO)(PR,),], followed by migration of the methyl 
group to the carbonyl. The structures of a number of 
these species have been determined. They are generally 
square pyramidal [3a, 3c, 3e, 311, with the acyl in the 
axial site, although six-coordinate species, 
[Rh(COMe)(CO)(NC,H,)I,1- [2], [Rh,Cl,(COMe),- 
(PMe,Ph),]+ [4] and [Rh,(CO),(COMe)J,]‘- [S] have 
also been characterised by X-ray crystallography. 

Experimental 

The NMR spectra were recorded on JEOL PFT- 
100, Bruker WP80-SY and Bruker WH 400 instruments. 
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IR spectra were recorded on a Perkin-Elmer 257 spec- 
trometer. 

[Rh,(CO),Cl,] and [AsPh,],[Rh,(COMe),(CO),I,]Z- 
were prepared according to literature methods [6, 71. 
90% Enriched 13C0 was purchased from Amersham 
International, and the preparation of the 13C enriched 
compounds has been previously reported [2]. 

Tetraphenylarsonium fac-acetylcarbonyl- 
(dimethy~heny~hosphine)triiodorhodium(III), 
[AsPhJ[Rh(COMe)I,(CO)(PMe$h)] 

Dimethylphenylphosphine (15.6 ~1, 0.11 mmol) in 
dichloromethane (1 ml) was added dropwise to a solution 
of [AsPh,],[Rh,(COMe),I,(CO),] (100 mg, 0.06 mmol) 
in dichloromethane (2 ml) at -80 “C with a slow 
passage of pre-cooled dinitrogen gas to mix the solutions. 
The solution was then allowed to warm to room tem- 
perature over c. 1 h. Sufficient diethyl ether was then 
added (c. 1 ml) to the solution to just cause a cloudiness. 
Crystallization at -20 “C yielded very dark maroon 
microcrystals of [AsPh,][Rh(COMe)I,(CO)(PMe,Ph)] 
(31 mg, 0.03 mmol, 25%) which were collected by 
filtration and dried in vacua, m.p. 124-127 “C, decom- 
position. Anal. Found: C, 38.75; H, 3.21; I, 35.47. Calc.: 
C, 38.96; H, 3.15; I, 35.34%. IR: ~(CO)=2068 cm-‘, 
Y(COMe) 1671 crn- ‘. ‘H NMR spectrum in CD2C12: 
S 3.00 (s, COMe), S 2.46,2.16 ((d, PMe,, 2.T(31P-‘H) = 12 
Hz)* 

Acetyl{bis(diphenylphosphino)methane)diiodorhodium- 
(III), [Rh(COMe)12(Ph&H$Ph2)] 

[AsPh,]2[Rh2(COMe),I,(CO)2] (0.32 g, 0.17 mmol) 
in dichloromethane (4.6 ml) was added to bis-diphenyl- 
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NMR spectrum shows that the 135 Hz coupling is to 
the 13COMe signal at S 230.40 and the 10 Hz coupling 
is to the 13C0 signal at 6 179.72, see Fig. 1. It is well 
established that for Rh(III), truns coupling constants 
are large, while cis coupling constants are small [8]. 
This clearly establishes that the PMe,Ph group is truns 
to the acyl group, structure 2. A close examination of 
Fig. 1 shows that the 31P coupling pattern is not centro- 
symmetric as might be expected. The loss of symmetry 
arises from a two-bond secondary isotope effect from 
the 30% of the molecules containing a “COMe group 
not having the same chemical shift as the molecules 
containing the 13COMe group. This effect is only de- 
tected for the tram group. The cis “CO group produces 
a signal in the middle of the 13C0 coupled doublet. 

The second low temperature species can be similarly 
identified, see Fig. 2. The 31P NMR signal at 6 -43.63 
is further coupled to two 13C nuclei to give 
2J(31P-13C)=112.5 and 9 Hz, while the signal at a(31P) 
- 17.12 shows coupling 2J(31P, 13C)= 155 and 7 Hz. 
These couplings are also shown in the 13C NMR spec- 
trum showing that the PMe,Ph at a(31P) -43.63 is 
fauns to COMe while that at S(31P) - 17.12 is truns to 
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Fig. 1. Partial 100.62 MHz 13C and 162.0 MHz ‘rP NMR spectra 
of mer-[Rh(‘3COMe)(13CO)(PMeZPh)13]- in CDzClz at -80 “C. 
(a) 13C0 NMR signal, (b) 13COMe NMR signal, (c) 3’P NMR 
signal. 
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Fig. 2. Partial 100.62 MHz r3C and 162.0 MHz 31P NMR spectra 
of [Rh(‘3COMe)(‘3CO)(PMe,Ph)J,] in CD& at -80 “C. (a) 
r3C0 NMR signal, (b) r3COMe NMR signal, (c) and (d) 3’P 
NMR signal. There are additional signals due to other compounds, 
see text. 

CO, structure 3. The remaining data are summarised 
in Table 2. 

The species formed at - 10 “C shows additional 
coupling to two 13C nuclei with zJ(31P, 13C) = 167 and 
6 Hz, with the large coupling being shown by the 13C0 
signal in the 13C NMR spectrum. The broadness of 
the signal at 10 “C indicates that a dynamic process 
is occurring. This could be PMe,Ph dissociation, but 
it is more likely to be I- dissociation, due to the large 
truns influence of the COMe group. On this basis, this 
species, is believed to be the six-coordinate species, 4, 
with the PMe,Ph fruns to CO. 

Little additional coupling is observed for the two 
species formed at room temperature. The species with 
8(31P) 5.06 shows no additional coupling. Hence the 
PMe,Ph is truns to I, suggesting a mer ligand arrange- 
ment, 5. The species at 6(31P) -10.84 shows coupling 
to one 13C with 2J(31P-13C)= 10 Hz, while in the 13C 
NMR spectrum, a carbonyl group is a triplet with 
2J(31P-13C) = 9 Hz. It is therefore postulated that this 
compound contains fruns-(PMe2Ph), (6). This stereo- 
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TABLE 2. 13C and 31P NMR data for the products of the reaction of [Rh(“COMe)I,(‘“CO)],“- with PMe,Ph in CD,Cl, 

Species Temperature 13C NMR data “P NMR data 
(“C) 

Fppm) 
‘J (RhC) cis-J(CRhP) tranr-J(CRhP) 6 nc/,3c ‘J(RhP) ‘J(PRhP) 

(ppm) isotope shift 

2 -80 179.72” 62 
230.40b 15 

3 -80 179.87” 50 
227.84b 17 

4 -80 182.88” 52 
222.05b 20 

5 20 177.44” 70 
225.72b 24 

6 20 179.548 66 
215.80b 18 

10 -38.99 0.016 69 
135 

9 155 -43.63’ 0.016 64 30 
6 113 - 17.12” 0.028 100 

168 -16.11 0.025 104 
6 

5.06 124 

9(t) - 10.84 84 

“Carbonyl. bAcetyl. ‘trans to acetyl. dtrans to carbonyl. 

chemistry was confirmed by carrying out the reaction 
using a 1:l mixture of PMe,Ph and PEt,. Among the 
species formed in addition to those formed when only 
PMe,Ph or PEt, are used, is a species with 6 -15.11 
and 7.60, with 2J(31P, 31P) =486 Hz, confirming the 
mutually tram arrangement of the tertiary phosphine. 
These reactions are summarized in Scheme 1. Attempts 
to isolate the final product failed, probably due to the 
slow loss of acetyl iodide, following the analogous 
reaction postulated by Forster [7] for the dicarbonyl 
analogue. Once again, it is not known if the I- tram 
to acetyl is coordinated. 

These results establish a tram influence order 
MeCO > PMe,Ph > CO > I, and permit the identification 
of other related compounds based on 1J(103Rh-31P) 
data. This is a rather unusual frans influence order. 
Usually, CO is a stronger tram influence ligand than 
a tertiary phosphine. This order probably is attributable 
to the reluctance of rhodium(II1) to r-bond to carbon 
monoxide. The observation of a broad 31P NMR signal 
for 4 at - 10 “C can be attributed to intermolecular 

COMe 

[FWCOMe)(CO)131, 2--J=-+ 
-80 “C 

1 

5 6 4 

Scheme 1. The reaction sequence for the reaction of 
[Rh2(COMe)2(CO),I,]2- with a phosphorus ligand. 

iodide or tertiary phosphine exchange, with AG+=c. 
12 kcal mol-l. 

The reaction with PMePh, follows a very similar 
course, Table 3, with the exception that 3, L= PMePh,, 
gives a very broad signal due to the PMePh, tram to 
CO, and is not sharp until - 120 “C. This facile in- 
termolecular ligand exchange is analogous to that ob- 
served for 4, L=PMe,Ph, but with the process made 
more facile by the greater inter-ligand repulsions re- 
sulting from the larger PMePh, group as judged by the 
Tolman cone angle [6]. On further cooling to - 140 
“C, the signal broadens again, and this behaviour is 
attributed to restricted rotation about the Rh-COMe 
bond, analogous to that already reported for 
[Rh(COMe)(CO),I,]- [4], but could be due to restricted 
rotation about the Rh-P bond, analogous to that re- 
ported for trans-MCl(CO)(PBu’,R), [9] (M = Rh, Ir) 
and [Pt(~3-~H,){P(cyclohexyl)3}2] + [lo]. 

Reaction with PEt,, PEtPh, and PPh(OMe), follows 
a very similar course to that reported above for PMe,Ph 
and the results are collected in Table 3. The major 
exception is that species 3 was not detected when 
L= PEtPh, or PPh(OMe),. In the case of L=PEtPh,, 
the reason is probably steric. PPh(OMe), is a much 
smaller ligand, so the reason is presumably electronic. 

The reaction between [Rh,(COMe),I,(C0),]2- and 
Ph,PCH,PPh, proceeds rather differently. At -70 “C, 
the expected compound 2, L= monodentate 
Ph2PCH,PPh,, is formed. It might be expected that 3 
would be formed easily with a chelating ligand, but it 
is not formed until the solution is warmed to - 10 “C. 
At room temperature, a new species is formed, with 
a 31P chemical shift of - 25.65, 1J(103Rh-31P) = 120 Hz. 
When the reaction is monitored by 13C and 31P NMR 
spectroscopy, using 13C enriched starting complex, then 
the additional information on the new species is ob- 
tained, see Table 3. Of particular interest is that on 
warming to room temperature, no coordinated carbonyl 
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TABLE 3. 31P NMR spectra of the products of the reaction of tertiary phosphines and PPh(OMe), with [Rh,(COMe),(CO)J,]2- 
in CD& 

Species Ligand Temperature 31P NMR data 
(“C) Fp pm) 

1J(103Rh,3’P) ?q31P,SIP ) 
OIZ) (W 

2 PMezPh -80 - 38.99 69 
2 PMePh, -80 - 34.75 66 
2 PEt, -80 - 27.39 69 
2 PEtPhz -70 -20.60 64 
2 PPh2CH&H,PPh2 -70 - 24.00” 63 28 

- 15.06b 28 
8 PPh2CH2CH2PPh2 -70 - 18.45 64 
2 PPh(OMe)z -70 126.56 95 
3 PMe,Ph -80 -43.63’ 64 30 

- 17.1Zd 100 30 
3 PMePhz -80 - 37.84’ 59 34 

-1ld 
3 PEt, -80 -31.28’ 61 31 

0.35d 99 31 
3 PPh2CH2CH,PPh2 -10 5.76’ 63 18 

11.94d 101 18 
4 PMezPh -70 - 16.11 104 
4 PMePhz -10 -5.24 111 
4 PEt, 0 0.81 108 
4 PEtPhz -20 9.02 110 
4 PPh(OMe)* 10 120.86 124 
5 PMe,Ph 25 5.06 124 
5 PMePh, 20 8.16 131 
5 PEt, 25 28.19 124 
5 PEtPhz 35 22.25 131 
5 PPh(OMe)z 25 136.50 187 
6 PMe,Ph 25 - 10.84 84 
6 PMePhz -10 -0.02 87 
6 PEt3 0 2.84 82 
6 PEtPh, -10 13.26 86 
6 PPh(OMe)* -50 125.19 112 
6 PMe,Ph” 0 -15.11 82 486 

PEt3’ 0 7.60 85 486 
7 PPh,CHzPPh2 25 -25.65 120 
7 PPh,CHzCHzPPh2 25 70.14 139 

Yoordinated. bUncoordinated. ‘trans to COMe. dtram to CO. ‘Mixed ligand complex. 

signal is observed, and a singlet at 6 184.0 due to free 
CO appears. This compound was isolated from the 
solution and the crystal structure determined as 7. 

The structure of [Rh(COMe)I,(dppm)] is given in 
Fig. 3, and shows the molecule as a distorted square 
base pyramid with an apical acetyl group and k-basal 
iodides. The apical acetyl group is expected in view of 
its high truns inlluence. Selected bond lengths and 
angles are given in Table 4. The Rh-C(O)Me and 
Rh-P bond lengths and Rh-C-0 bond angle are com- 
parable with those published, see Table 5. 

It is evident from C(2)-Rh(l)-I(l)= 106” and 
C(2)-Rh(l)-I(2) = 103”, compared with C(2)-Rh(l)- 
P(1) = 87” and C(2)-Rh(l)-P(2) = 88”, that the acetyl 
group is inclined from the true apical position such 
that it is further away from the iodide ligands. This is 

probably a steric effect. Figure 3 shows the orientation 
of the acetyl group with respect to the basal plane. 
The torsion angle of 45.9” clearly shows that the position 
of the acetyl group is such that steric interactions are 
minimised. 

The reaction between [Rhz(COMe),I,(CO),]“- and 
Ph,PCH,CH,PPh, follows a similar course to that of 
Ph2PCH,PPh2, but on the initial addition of ligand, 
two species are observed with 1J(103Rh-31P) = 63 or 64 
Hz. This coupling constant is characteristic of a tertiary 
phosphine truns to the acetyl group. The two resonances 
differ in that one shows a coupling of 28 Hz to a 
phosphorus at 6 - 15.06, i.e. with a chemical shift 
similar to that of the free ligand at 6 - 11.3. This 
species then is 2, L = monodentate Ph,PCH,CH,PPh,, 
and the other species is probably that with the ligand 
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Fig. 3. View of [Rh(COMe)(dppm)I& 

TABLE 4. Selected bond lengths and angles in 
[Rh(COMe)I,(dppm)] with e.s.d.s. in parentheses 

Bond lengths (A) Bond angles (“) 

Rh(l)-C(2) 2.00(2) I(l)-Rh(l)-P(2) 163.0(2) 
Rh(l)-I(1) 2.702(4) I(2)-Rh(l)-P(1) 165.0(2) 
Rh(l)-I(2) 2.694(4) I(l)-Rh(l)-I(2) 90.55(10) 
Rh(l)-P(1) 2.267(6) P(l)-Rh(l)-P(2) 73.3(2) 
Rh(l)-P(2) 2.262(7) C(2)-Rh(l)-I(1) 106.2(7) 
C(2)-O(1) 1.16(3) C(2)-Rh(l)-I(2) 103.1(7) 
C(2)-C(1) 1.51(3) C(2)-Rh(l)-P(1) 87.4(7) 
P(l)-C(3) 1.86(2) C(2)-Rh(l)-P(2) 87.5(7) 
P(2)-c(3) 1.83(2) O(l)-C(2)-Rh(1) 125(2) 
P(lW(4) 1.85(2) C( I)-C(2)-Rh(1) 109(2) 
P(l)-c(lO) 1.82(3) O(l)-C(2)-c(l) 126(2) 
P(2)_C(l6) 1.78(2) P(l)-c(3)-P(2) 94(l) 
P(2)-c(22) 1.78(2) 

bridging two metals, as in 8. On warming, the reaction 
follows the same course as that observed for when 
Ph,PCH,PPh, is used, and the data are collected in 
Table 3. The final product, [Rh(COMe)I,(dppe)] has 
been reported previously [12]. 

The formation of [Rh(COMe)I,{Ph,P(CHJ,PPhz}] 
(n=l, 2) with the elimination of CO was unexpected. 
It is known that acetylrhodium(II1) complexes tend to 
form square pyramidal complexes, with the acetyl group 
axial, but the loss of CO rather than iodide was sur- 
prising. The complex was observed in solution in the 
presence of CO. Consequently, the interaction between 
this five-coordinate complex and other ligands was 
investigated. As the preparation of the Ph,PCH,PPh, 

complex could be carried out more easily, it was this 
compound that was studied. 

Methyl isonitrile is very similar to carbon monoxide 
and was therefore tried as a ligand. Addition of MeNC 
at -80 “C in CD,Cl, caused the 31P NMR signal of 
the complex to move from S -25.65 to -33.97, and 
1J(103Rh-31P) decreased from 120 to 115 Hz. The product 
is then 9, L= MeNC. The NMR tube was then warmed 
to room temperature, and placed back in the probe at 
-80 “C. The spectrum had changed completely to an 
ARX spectrum, with signals at S -49.91, 
1J(103Rh-31P) = 92 Hz, 2J(31P-31P) = 60 Hz, and S - 27.07, 
1J(103Rh-31P)= 106 Hz. In view of the magnitude of 
both ‘J(lo3Rh, ), 31P neither end of the chelate is fauns 
to COMe, as in 10, L= MeNC. It is not known whether 
the iodide trans to acetyl is bound. The MeNC is not 
strongly bound, as all attempts to isolate the product 
have yielded the starting material, 
[Rh(COMe)I,(Ph,PCH,PPh,)l. 

When P(OMe), was used as the ligand, the reaction 
followed the same course, with 9, L = P(OMe),, having 
a 31P NMR spectrum with S - 36.97, 1J(‘03Rh-31P) = 117 
Hz, *J(=P, 31P) =33 Hz, due to Ph,PCH,PPh,, and 
S 101.47, ‘.7(‘03Rh, 31P)= 115 Hz, due to P(OMe),. 
At room temperature, 10, L= P(OMe),, is formed 
with signals at S - 62.23, 1J(103Rh-31P) = 86 Hz, 
*J(=P-=P) = 47 and 685 Hz, S - 23.66, 
1J(103Rh-31P) = 126 Hz, 2J(31P-31P) = 4 and 47 Hz, due 
to Ph2PCH2PPh2, and S 109.30, 1J(103Rh-31P) = 182 Hz, 
2J(31P-31P) = 4 and 684 Hz, due to P(OMe),. The large 
2J(31P-31P) clearly demonstrates that P(OMe), is trans 
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TABLE 5. Selected bond lengths and bond angles for some Rh’n-acyl compounds 

Rh-C(O)Me Rh-P Rh-C-0 P-RhC 

truns-[Rh(COCHH,CHzPh)Cl~(PPh3)21 [lo] 

rrans-[Rh(COEt)Cl,(PPh&] [11] 

2.00(2) 

1.93(7) 

1.953(10) 

[Rh(COEt)(maleonitriledithiolate)(PEt3)21 [Id] 1.971(5) 
[Rh(COPr”)(maleonitriledithiolate)(PEt&] [lb, c] 2.002(7) 

cir-[Rh(COPh)Cl,(dppp)] [le, 111 1.992(3) 

[Rh(COPh)(etio-1)] [lfj” 
[RhCl,(COMe)(PPhs)] [lo] 
[RhCl(COMe)(PMe,Ph)s] [la] 

1.963(7) 
1.93(7) 
1.971(5) 

[RhzCl,(COMe),(PMeaPh)~]+ [j] 

tRh~(C~)~(C~Me)J~lZ- [51 

1.995(5) 
2.010(5) 

2.062(23) 

2.267(6) 
2.262(7) 
2.36(2) 
2.36(2) 
2.320(3) 
2.311(3) 

2.349(5) 
2.346(5) 
2.290( 1) 
2.274( 1) 

2.388( 1) 
2.285( 1) 
2.384(l) 
2.278(l) 
2.296(1 j 
2.302(2) 
2.267(l) 

125(2) 87.47(7) 
87.5(7) 
91(3) 
95(3) 

126.3(8) 91.5(3) 
93.0(3) 

125.1(4) 92.09(22) 
92.31(21) 
89.15(10) 
91.26(9) 

125.5(4) 97.0(2) 
91.3(2) 
90.1(2) 

124.6(5) 86.0(2) 
125.1(4) 92.1(2) 

mis work. betio-l is 2,7,12,17-tetraethyl-3,8,13,18-tetramethyl-21~,23~-po~h~e. 

8 

O\\/; 
I\ Rh’P\ I 2 

.p/cH2 
I' 

L Ph2 

ON/; 1 I 
(+) 

*\ Rh’P\ ’ \ :cH 
L'IP 2 

(I) Ph2 

9 10 

to one of the Ph,PCH2PPh, phosphorus atoms. All 
attempts at isolating the product have yielded a mixture 
of starting material and product. 

When PMePh, was used, then the species 9 was not 
detected, but 10 L = PMePh,, was formed even at - 80 
“C, with signals at 6 - 46.89, 1J(‘03Rh-31P)=S7 Hz, 
2J(31P-31P) =54 and 413 Hz, S= - 32.89, 
1J(1mRh-31P)= 135 Hz, 2J(31P-31P) =54 Hz, due to 
Ph2PCH2PPh2, and 6 -2.55, 1J(103Rh-31P)= 105 Hz, 
2J(31P-31P)=413 Hz, due to PMePh,. 

The reaction with pyridine caused a change in both 
the 31P chemical shift to 6 -33.23, and ‘J(lmRh, 31P) 
to 123 Hz, consistent with structure 9, L=pyridine, 
but no isomerization to 10, was detected, and no product 
was isolated. 
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