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Summary

The synthesis and reactions of Rh' carbonyl complexes of the type.
[RhChel(CO)>]7 and RhChelCOX (Chel = Bipy, Phen; X = Cl, Br, I) are
described. Coordinative, oxidative-addition, and substitution reactions are com-
pared with those of the corresponding Ir! derivatives. :

- Introduction

: It is well known that bidentate chelating systems of the type represented
* by 2,2'-bipyridine and 1,10-phenanthroline can give stable isostructural com-
" plexes, [M(Chel); ]"*, in which the metals are in different oxidation states [1].
 Similar behaviour has also been observed for the complexes [Co(Bipy).-
© (CH3),]1ClO4 [2], Co(Chel); CONO and Fe(Chel), (NO); [3], (Chel = Bipy or
P but not for [Co(DPE),H,]ClO, [2]. Recently Saito et al. [4] pointed
. out that in [M(Chel);]"* complexes the stretching frequencies of the M—N
. bond are little influenced by varying the formal oxidation state, unless the
- electronic configuration changes from t;, to a t3 . These results were ex-
.- plained assuming that g-bonding becomes weaker and w-bondmg stronger as the
formal oxidation state is lowered, so that the overall M—N bond strength is
approximately constant. -

Bidentate (or polydentate) chelatmg systems with delocalized ground
. state as supporting ligands in o- or ﬂ-organometalhc complexes should allow the

‘.. study of the reactivity of coordmated organic groups in series of 1sostructural

complexes with the metals in different oxidation states. At present numerous

- organometallic complexes with 0-M—C bond are known (e.g. with Ti!V 5],

- Cri't [6,7], Fe' [8], Co'f [3,8], Co™ [3,9], Ni!l (8], Pd" [101), but
" m-organometallic complexes have been little mvestlgated [11,123..
In this paper we descnbe the synthesxs and reactions of rhodmm(I) com~_
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) plexes of the type [Rh(Chel)(1—~L)]PFs and [Rh(Chel)(CO),}PFg* [Chel =
Bipy or Phen; L—L = cis,cis-1,5-cyclooctadiene = COD or bicyclof2.2.1] hepta-
- 2,5-diene = NBD] e

Results

Reactions of carbonyl derivatives with unsaturated molecules

In a previous paper [13] we reported the synthesis of the[Rh'Bipy-
(CO); 1CI0,; complex. A more detailed study of the reaction between
[Rh(Chel)COD]PF¢ and carbon monoxide has shown that these complexes
take up three ligand moles for each mole of complex, to give the pentacoordi-
nated tricarbonyl derivatives [Rh(Chel)(CO);1PFg (I). Their IR spectra in
methy! cyanide show two bands at 2101 and 2040 cm™? (previously attributed
at dicarbonyl derivatives on the basis of other data in the literature [11] ), which
disappear when nitrogen is bubbled through the solutions, while two new in-
tense bands become evident at 2012 and 1976 cm™!. Resaturation with carbon
monoxide restores the original spectra. The cycle can be repeated many times.

Similarly, visible spectra of the solutions saturated with carbon monoxide
are characterized by a maximum (397 nm, Chel = Bipy), which is shifted
towards higher wavelengths, with a simultaneous increasing of intensity, by
sweeping the solutions with nitrogen. Regeneration of starting products is
quantitative on resaturating the solutions with carbon monoxide.

This behaviour, which is due to an equilibrium between the tri- and dicar-
bonyl derivatives, is not observed in the solvents previously used for the syn-
thesis of the carbonyl derivatives (methanol [13] or ethanol [11]).

In the presence of COD all the carbon monoxide can be easily expelled
from the solutions of complexes (I) and the complexes [Rh(Chel)COD]PFg are
reformed. This process is alse reversible.

The above reactions are collected together in Eqn. 1.

[Rh(Chel)(CO) 1 fi‘;:‘——‘i‘x [R(Chel)(CO),8]* 22 222 [Rh(Chel) COD ]*+ 2CO
1)

In accord with this, the derivatives [Rh(Chel)(L—-L)] P¥; were isolated from the
reaction between the tricarbonyl derivatives and L—L (L—L = NBD or
1,3,5,7 - cyclooctatetraene = COT).

As shown by spectroscopic variations in the visible region, complexes (I)
in methyl cyanide also react with activated olefins such as acrylonitrile (AN),
fumaronitrile (FUN) and tetracyanoethylene (TCNE), the rate increasing in the
order AN < FUN <€ TCNE. On addition of TCNE to solutions of the tricar-
bony! derivatives, the colour changes immediately from brown to yellow, and
evolution of carbon monoxide is evident. The IR spectra of the yellow solu-
tions show that coordmated carbon monoxide is no longer present. Elemental
analyses are m agreement with the formulae [Rh(Chel)L] PFg (II) (L FUN

* The con'espond.mg perch.lorate complexes were prepared, but were not further investigated owing
_to occasxonal explosions.
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TCNE), which can be regarded as tricoordinated species unless cyanoolefins act
as bidentate ligands. IR spectra in the solid state show two bands in the 2250-
© 2150 cm™? region, ascribable to the coordinated olefins. The complexes with
FUN, but not those with TCNE, react readily with carbon monoxide to give
back the starting tricarbonyl compounds, and with COD and NBD to gwe the
[Rh(Chel)(L—L)1PFg complexes.

The complexes (II), which are very soluble in methyl cyanide owing to
" solvation, react with Chel in excess to give the corresponding [Rh-
(Chel), L1PF, derivatives. The latter complexes can also be prepared by direct
action of olefins (AN, FUN, TCNE and MA = maleic anhydride) on the tricar-
bonylderivatives, in the presence of an excess of Chel.

. Reactions of carbonyl derivatives with X

Complexes (I) react under nitrogen in methyl cyanide or acetone with a
slight excess of lithium halides to give orange solutions, containing Rh(Chel)
{CO)X species(IIl). The visible spectra of solutions of the isolated complexes in
. methyl cyanide are characterized by a maximum at about 470 nm, slightly
" sensitive to the nature of the halogen. The IR spectra show an only band in the
CO stretching region, at about 1980 cm™!, which moves towards higher fre-
quencies going from iodide to chloride (Table 1).

Complexes (II1) react reversibly in methyl cyanide with carbon monoxide
to give the corresponding pentacoordinated adducts in equilibrium with com-
plexes (I). These adducts are characterized by a group of bands in 1900 - 1800
em™1 region {14]. On the other hand, if the reaction with carbon monoxide is
carried out in the presence of halides, Chel is displaced and the known com-
plexes {Rh(CO),X,]1  are formed. In the IR spectra the band at 1980 cm™?*
disappears, and two new bands, whose frequencies decrease slightly from
chloride to iodide, appear at about 2060 and 1990 em™!*. The reaction is
reversible, as can be seen by sweeping the solutions with nitrogen, but be-
comes irreversible on addition of HCIO,, owing to the protonation of the Bipy
[16].

The observed reactions are shown in Egn. 2.

[RR(COLX,T
Chel t+ X~
-CO -
{Rh Chel (CO),1" ..:_——-C_%: [RnChel(CO),]" RhChel(CO),X (2)
+CO ‘—CO

Rh Chet (CO)X

Complexes (III) react also with the activated olefins AN, FUN, TCNE, and
“also with acetylene to give the correspondmg pentacoordinated adducts, some

* The complex, [Rh(CO)gClg] made by James and Ng’s method [15a), shows two barnds at the
same fregquencies in methyl cyanide. Furthermore addition of triphenylphosphine to the solution
of our chloride derivative gives the known complex Rh(PPh3), COCI [15b] in high vield.
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of which were isolated. All these complexes show a single CO stretching, which
_ moves towards higher frequencies on going from acetylene to AN and FUN,

and from iodide to chloride (Table 1). With the FUN and AN adducts, rever-
- sible dissociation of the coordinated olefin occurs. Complexes (III) also react
- with cyclooctene and cyclohexene, but these reactions were not investigated in
- detail. Complexes (III) also react, but irreversibly, with molecular oxygen. The
CO band disappears, and we cannot exclude the possibility that carbonato
complexes [17] are formed.

Complexes (III) react with methyl iodide to give the corresponding oz-
ganometallic derivatives RhChel(CO)CH;(X)I. Their IR spectra in methyl
cyanide show a band at about 2070 cm™*, whose frequency changes on varying
the halide in the same direction as with the tetra and pentacoordinated deriva-
tives (Table 1). The intensity of the CO stretching bands decreases with time,
with a rate increasing in the order Phen > Bipy and Cl > Br > 1. At the same
time (Chel = Bipy and X = Br) a new band appears at about 1700 cm™?1,
very probably due to an acyl group formed by methyl migration to the car-
bonyl group.

The NMR spectra of the complexes RhBipy(CO)CH; (X)I in deuterated
DMF show resonances corresponding to a methyl group o-bonded to rhodium,
as indicated by the observation of *H—' %3 Rh coupling of the order of 2.0 Hz
{18]. When X =1, there is a doublet centred at about 7 8.5; when X = Br or C},
two partially overlapped doublets of comparable intensity are present at about
7 8.45 and 8.4, respectively. In addition, all the compounds show a much
smaller doublet at about 8 7, which after 48 ™ has significantly increased at the
expense of the lowest one in the case of chloro and bromo derivatives. Tenta-
tively, we assume for these products the structures (A), (B) + (C).

CH3 CHs _ CHg
( >rnZ ( Rh\ /Rh\ X
N7 T X N N7 T

I X
(A) (2) ©)

This is in agreement with the experimental evidence: (a), the presence
~ of a single CO stretching frequency, (b), the migration of methyl to the car-
bonyl group; (c), the presence of two doublets, very near to each other, when
- X# L

: The higher field doublets are attributed to the structure (A), with the
. iodide trans to the methyl group, while the doublets at 8 7 are attributed to the
" _dissociation of the halide in the trans position in structure (B), and consequent
. formation of species (C). Conductivity measurements confirm the formation of
-~ ionic complexes.

- Conclusions

N The reported results show that in general the behaviour of Bipy and Phen
. derivatives is similar, but Bipy, which can exist in a trans-conformation, disso-
- cilates more easily, and can thus be monodentate, sometimes assuming the
* function of a bridging ligand between two metal atoms. For example, while the

(continued on p, 126}
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reaction between Bipy and [Rh(CO),Cl; ] in methyl cyanide gives the com-
plex RhBipyCOCI, the reaction between Bipy and [Rh(CO),Cl,]~ in benzene
affords the binuclear species [ Rh(CO), Cl] ,Bipy [14].

From the data shown in Table 1, it-can be seen that, as expected, the CO
stretching frequencies are shifted towards higher values and are more and more
dependent on the nature of the ligand on going from tetra- to penta- to hexa-
coordinated structures. Furthermore a comparison between trans-Rh-
(PPh3 ), (CO)X [19] and Rh(Chel)(CO)X shows that the v(CO) frequencies
move in the opposite direction, but are slightly influenced either by the nature
or the position of the halide, while the differences in v(CO) in RhChel(CO}Cl
and RhDPE(CO)CIl are in agreement with the larger ¢rans-influence of phos-
phorus in comparison with nitrogen.

Coordinative and oxidative addition reactions occur less easily for the
[Rh!(Chel)L,]* than for the corresponding iridium(I) complexes [20], and are
favoured as L, changes from COD to CO, i.e. with the increasing o-donor and
decreasing m-acceptor power of the ligand. For example, carbon monoxide gives
a very unstable [Rh(Chel)(COD)CO]l" adduct and reacts reversibly with
[RhBipy(CO)2 1", while the [Ir(Chel)COD] " complex takes up carbon monoxide
reversibly and [Ir(Chel)(CO),1" does so irreversibly [20]. Furthermore the
[Ir(Chel)(CO)21*" complex, but not the corresponding rhodium derivative,
reacts with molecular hydrogen. As for the exchange reactions with un-
saturated substrates, the rhodium(I) complexes react more easily than the cor-
responding iridium(I) derivatives. This may be due to the fact that in penta-
coordinated complexes the Ir—olefin and Ir—CO bonds are more stable than
those in the rhodium compounds: (e.g. [Rh(Chel)(CO)31", »(CO) 2101 - 2040
cm™ 1, [Ir(Chel)(CO); 1", »(CO) 2089 - 2023 cm™1). Because of the higher
instability of the rhodium(I) pentacoordinated adducts, formation of the bond
between the metal and the entering ligand should occur at the expense of
weakening the preexisting bond, as shown by the fact that in this type of
complexes, the entering ligands usually displace the coordinated ligands of
similar nature [13].

In general, the rhodium(I) complexes with Bipy or Phen undergo coordi-
native addition reactions more easily than analogous complexes containing
other bidentate chelating systems. Thus, whereas the [Rh(Chel)(CO), 1" deriva-
tives take up carbon monoxide reversibly, the complexes Rh(Acac)(CO), [21]
and Rh(Sal=NR)(CO), [{22] do not react. The behaviour of Rh(DPE)COCI or
Rh(TDPME)COC! [17] in this respect, is likewise in contrast with that of
Rh(Chel)COCL.

The difference in behaviour between Chel and DPE is explained in terms of
the stronger m-acceptor capacity of DPE, as observed in complexes M(CO),4 L,
(M = Cr, Mo, W) [1], while in the case of Acac and Sal=NR it can be related
either to the higher electronegativity of oxygen in comparison with nitrogen or
to the degree of m-bonding, which is larger in hexa-atomic than in penta-atomic
chelate rings.

Experimenial

Unless otherwise specified, preparations were performed at room tempera-
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- ture under nitrogen, using deaerated solvents. Analytical data are collected in
Table 2. ’

[Rh(Phen)CODJ]PFg (1)

Phen (0.59 g; 3 mmoles) were added to a suspension of 0.49 g (1 mmole)
 of [Rh(COD)CL], in methanol (50 ml). After 15 min the red solution was filtered
and treated dropwise with concentrated aqueous solution of NH,PFs. Recrys-
~ tallization was from hot methanol.

[Rh(Phen)COD] B(Ph), (2)
(2) was prepared as above, using B(Ph)4 as precipitating agent, and recrys-
 tallization from acetone/water.

Rh(Phen)(L—L)I L—L = COD (3)or NBD (9)

Solid Nal (0.1 g) was added to 1 mmole of (1) or (8) dissolved in methyl
cyanide (25 ml). The crystalline compounds were filtered off and thoroughly
" washed with water..(3) gives a violet solution in dichloromethane.

Rh(Bipy)(COD)I (4)
(4) was obtained from [Rh(Bipy)COD]PFg [13], by the above procedure.

[Rh(Chel)NBD] X Chel = Bipy, Phen, X— = CIO, PFg (6) —(8)

[Rh(Chel)(CO); 1X (1 mmole) suspended in methanol was treated with an
excess of NBD (2ml), and the mixture was kept for 1h with nitrogen
bubbling through. The crystals were filtered off and throughly washed with
ether.

[Rh(Bipy(CO); ] PF4(10)

(a). [Rh(Bipy)COD]1PFy [13] (0.51g; 1 mmole) were suspended in
methanol (25 ml). The vessel was evacuated and refilled with carbon monoxide.
The starting product disappeared slowly, and a new microcrystalline solid was
formed; this was separated and washed repeatedly with methanol.

. (). [Rh(Bipy)COD]PF¢ (0.51 g; 1 mmole) were dissolved in methyl
" cyanide (20 ml). The vessel was evacuated and refilled with carbon monoxide.
After 15 min the product was precipitated by addition of ether (10 ml),
~ filtered off, and washed with methanol.

 [Rh(Phen)(CO)4] PFg (11)
Passage of carbon monoxide through a suspension of 0.53 g (1 mmole) of
. (1) in methyl cyanide (30 ml) gave a red-brown solution. The crystalline com-
- pound, precipitated by ether addition, was filtered off and washed with ether.

" [Rh(Chel)FUN]X Chel=Bipy X~ =ClOy (13), PF; (13), Chel=Phen

X~ =PFg(14) : :
FUN (0.16 g; 2 mmoles) were added to 1 mmole of the corresponding

" - [Rh(Chel)(CO)31* complexes, suspended in methyl cyanide (40 ml). The ves-

- sel was evacuated and the mixture set aside overnight. The products were
- precipitated by ether from the yellow solutions, then separated and washed

_ with ether.
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[Rh(Chel)TCNE]PF Chel = Bipy (15), Phen (16) :

- ©. TCNE (0.2 g; 1.5 mmoles): were added to 1 mmole of (10) or (11), sus-
- pended in methyl cyanide (40 mi). After a few minutes a yellow-orange solution
was obtained, from whlch the complexes were prec1p1tated by ether addition.

~[Rh(Chel)2L]PF5 Chel szy, Phen; L. = AN (1 7)(19) FUN (18)(20) TCNE
(21), MA (22)

0.5 Mmoles of (10) or (11), suspended in methanol (30 ml) were treated
with a slight excess of Chel. After 10 min, 0.1 g L. were added and allowed to
react for 38 h. The solids were filtered off and washed with methanol.

Rh(Chel)COX Chel = Bipy, Phen; X~ =Cl™ (23) (25), Br— (24) (26), I~ (27)

0.5 Mmoles of (10) or (11) were dissolved in methyl cyanide (100 ml) or
acetone (70 ml). The solution was saturated with LiX and nitrogen was bub-
bled through for 3 h. The moist compounds are air sensitive.

[Rh(Bipy(C0),X] X~ =Cl~ (28), Br—(29), I—(30)

(10) (0.48 g; 1 mmole) was dissolved in methyl cyanide (20 ml) and car-
bon monoxide was bubbled through the solution. Saturation with LiX pre-
cipitated the corresponding complexes, which were isolated and washed with
water and ether.

The same products can be also prepared by treating RhChel(CO)X with
carbon monoxide in methyl cyanide.

Rh(Bipy)CO(FUN)Br (31)

FUN (0.16 g; 2 mmoles) were added to 0.41 g (1 mmole) of (29) sus-
pended in methyl cyanide (30 ml). The vessel was then evacuated to remove
the evolved carbon monoxide. After 12 h the new solid was filtered off and
washed with ether. Recrystallization was from acetone in the presence of FUN.

Rh(Phen)COCH=CHI (32)

(27) (0.22 g; 0.5 mmoles) were suspended in methyl cyanide (40 ml) and
the solution was saturated with acetylene. When the starting material had dis-
appeared' the new solid formed was filtered off and dried in vacuo.

Rh(CIzeI)COCH3XI Chel = Bipy, X~ =Cl™(83), Br (34), I (35) Chel = Phen,
X =I"(36)

1 Mmole of (10) or (11) was dissolved in methyl cyanide (40 ml) and
saturated with LiX, and nitrogen was bubbled through for 0.5 h. The solution
then turned slowly to yellow when 2 ml of methyl iodide was added. The iodo
.compounds precipitated spontaneously; water addition and evaporation to a
small velume under reduced pressure were necessary to give crystals of the
chloro and bromo complexes. The compounds were washed with water and
ether. Conductivity in DMF* of 0.001 M solutions: Rh(Bipy)COCH;Cl after
0.5h A = 182 mho'mol™!-cm?, after 48h A = 427 mho-mol™* -cm?
Rh(B:py)COCHa BrI after 0 5 hA= 15.9 mho-mol™ -1 cm , after. 48 h A =3T7. 7
mho mo] 1.cm?2.

* Typlcal conducthty for 1/1. electrolytes is 60—80 mho-mol™ -em? [23]
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Techniques

IR specfra were recorded with a Perkin - Elmer 225 spectrophotometer,
electronic spectra with a Perkin - Elmer 356 spectrophotometer and NMR
- spectra at 60 MHz with a Jeol JNM-C-60 HL spectrometer.
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