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Iydrido-complexes of transition-metals., Part 1. Hydrido-complexes

of Bhodium(I) and Cobalt(I).

By A, Sacco and R._Uso

: U LAry The preparation and Dronerules of' complex salts

k of rhodium(I), of formula E?h(CzH:t‘{;fPhgl 2)2)% (X = c1,

é Cl0s, BPha), are described. From these a very stable

f hydrido-complex of rhodium(I}; of formula Eth(CgH4€?Phéja)é
E is vrepared by reduction with lithium alumindwn hydride

é and with sodium boronydride. The product of reaction

E ) potween ( ‘oBr;(CgH4{?Phg}g)g and sodiuwm borohydride,

% - sreviongly aosceribedc ns 2 dirivabsive of cobalt(0), is

shown o be a hydrido-conwisy of covalt(l), of formula

e [& ofi(¢ oH "- ’hg} 2]) feis foruula is proved by the

E diamagnetisa of the compound, by its infrared spectrum

§ and by its reaction with carbon tetrachloride to give

E chloroform. ‘fhe dipcle moments, of the order of > « 4 D,
% suggest a non~-ortogonal structure for these hydrido-

% complexes of rhodium and cobalt. —
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A number of stable hydrido-complexes of transition-metals, of gene=
ral formula [MHxKyL;], where X is an anionic ligand and T is a tertiary

phosphine or arsine, have been prepared in these last years.(1) Among

the metals of the cobalt group, many very stable derivatives of

(3) are known. The only hydrido-

iridium (2) and only a few of rhodium
complex of cobalt, stabilised by a tertiary phosphine, is the compound
.[boH(C2H4§PPh2}2)é], which has been recently prepared (together with
the corresponding deuteride) in these laboratories (4) by reduction

of CoBrg(CgH4iPPhg}2)2 with lithium aluminium hydride (and deuteride

resp.) in tetrahydrofuran.

In this paper we describe the preparation and properties of some

complex salts of rhodium(I) of formula {Rh(DPE)é]X (DPE = 1,2=-bis(di=

phenylphosphino)ethane; X = Cl, €104, BPha), the preparation and

properties of a new very stable hydrido-complex of rhodium(I), of

Y
S m

formula [RhH(DPE)é}, and we prove that the product of the reaction
(5)

between CoBra2(DPE)2 and sodiuwm borohydride, previously described

7
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as a derivative of cobalt(0), actually is a hydrido-complex of cobalt(I),

F ke

K of formula EQOH(DPE)é]-

54 . The ccmpound [Bh(DPE)é]Cl is easily prepared from [Rh(co)gci}g and
f the d*phosphine in benzene., It is a stable, yellow, orystalline

;: substance, soluble in polar organic solvents, in which it is ionised,
r:
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insolutle in hydrocarbonss. The corresponding perchlorate and tetraphenyl=
borate are readily obtained by exchange in alcoholic solutions

Preparation of Hydrido~complexes. T vdrido-complex of rhodium(I)

is obtained by reduction of [Rh(BPJ)g]Cl with lithiuwm alupiniun
hydride in tetrahydrofuran or with sodium borohydride in ethanol. It
is an orange, crystalline compound, rather soluble in benzene, insoluble
in alcohols and light petroleum. It shows a considerable thermal
stability (m.p. 2400; decomp. 280°), but it is rapidly oxidised by
air,

The deuteride is obtained in a similar way with lithium aluminium

deuteride in tetrahydrofuran, and it can be recrystallized by adding

ethanol to its benzene solution without undergoing any detectable

exchange,

The hydrido-complex of cobalt(I), prepared by reduction of CqBrg(DPE)g
with sodium borohydride either in absolute or in agquecus etiianol; is
exactly alike, both before and af'ter recrystallisavion from benzene-
ethanol and from dimethylformamide, to the compound obtained by

reduction with lithium aluminium hyaride’*).

Infrared Absorption Spectra. The infrared spectrum of the hydrido-
complex of rhodium(I) shows a strong sharp band at 1902 cmf‘, due to

the metal-hydrogen stretching vibration; the spectrum of the corresponding




deuterido~-derivative shows a sharp strong band at 1465 em ! (ratio
of hydride to deuteride stretching frequencies equal to 1.39). ioreover,
. the gpectrum of the hydrido-comniex shows a band ot &.o cu. | which

does not appear in the snectrum of the deuterido-conilex, and which

we tentatively assign to the bending mode é(Lh—H).

The ainfrared spectrum of tne hydridc-complex of cobalt(I) shows a
band of medium intensity at 18&a cm ', accribable, by comvarison with

£ AN

the spectrum of the corresponding deuteride‘4', to the Litretching
mog > 3? {Lgu-rid,
The increass in M- stretcohing freguencies, found going from cobvalt
to rhoGiwm, is in asreament with the increasie of ¥-H bond strehgth
. &enerally observed in sassing from the light to the heavy elements.
Reacirons. The nvAricu- - “lar of rhodium(1) reacts at room tempe=
rature with carbon tetraciloriue azccording to:-
[RhH(DPE)g] ¥ 00l = [lin(DPE)g]Cl + CHC1s
and with perchloric acid, in aqueous ethanol, giving off hydrogen
according to the equation:
(mu(pez)2] « Helos = [Hn(DPE)2]C104 + Ho
By treating the hydride with hydrogen chloride in the same conditions,
it still reacts giving ofi' nydrogen in a molar ratio hydrogen to complex

of 1 tc 1, but the product of’ the reaction contains two atoms of
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chlorine per atom of rhodium and behaves as a uni-univalent electro=
lyte. This compound is diamagnetic and shows in the infrared spectrum
a weak band in the region of the metal-hydrogen stretching vibdbrations,
i.e. at 2110 cm'. The same compound is also obtained by treating
[Bh(DPE)é]Cl with hydrogen chloride in ethanol under nitrogen, and
therefore we consider it as a hydrido=complexz of trivalent rhodium,
formed as f'ollows:

Y_‘ﬁhH(DPE)g] + HOL = [;m(nm){] C1 + Ho

[Rn(DPE)g]m + HOl = (RNHC1(DPE)2]Cl
Though further studies will be undertaken to prove this formulation,
this is supported by the analogous addition of hydrogen chloride to

the iridiuwm(I) complexes, according to:

(zroa(co)(wene)z) + He1 = [IrHe1,(00)(PPn3)s) (6)
[1rH2 (CO) (PPR3 )a) 01 (7)
and to the vplatinum(II) oomplex(s) of formula [?tHCl(PEta)é] to give

[Ptﬁg Cla (PE3) 2] .

[zxs(c0) (PPR3)s)  + HOL

The hydrido-complex of cobalt(I) does not give off nydre.en by
action of hydrogen chloride or perchloric acid, though reacting
giving products stlll under study. With carbon tetrachloride i}

gives chlorofform and not yet identified cobalt derivatives.
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Yipole moments and tructure. The bydrido-complex of rredium{l) in

benzene solution has a moment of 4.35 2, assuming PA= 0, or 4.03 I,
assuming PA= 0.20 PE’ The hydrido-complex of cobalt(I) has a moment
of 3.50 D (PA= 0) or 3.08 D (PA= 0..°0 PS). .

The vaiues of the dipole moments (4.2 - 4.9 L) determined by Chatt(1\
for the hydrido-ccuplexes cf the type trans-|PtHCL(FR3}2) and trans-
{?HCl(CQHd{PEtQ}Q)é] (in which ¥ = TFe, Ru, 0Os) indicate that the
metal=-hydrogen bond moment is certainly less than 2 D, and, owing to
the increased negative character of the trans-halogen wunder the influence
of the hydride lisand, probably much less than 2 2, Therefcre, we can
excluds for the hydride-complexes of rhodium(I) énd cobalt(I) a tetra=
gonal structure with the four thosphorous atoms on the same plane of
the metal. The values of the dipole moments I thece hydrido-complexes
rather suggest a dostorted tetraledral arrangement o~f the phosphorous
atoms surrounding the -entral meta” atom, with the Liydrogen atom
situated along a trigonal axis. This type of structure, similar fo
that prposzed for the ¢ .valt tetracarbonyl hydriﬁe(g), would account
for the asserted isomorrhism of Chatt's compound(S), now shown to be
a nydrido-derivative, witl the tetrazoordinated complexes of nickel(0)
and nalladium(Q) with t.- same dionosphine,

The compounds here de.cribed revreszent the first example of very
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stable hydrido-ccmplexcs with a non-ortogonal configuration and with
the metal in the oxidation state +1.

Nuclear MNagnetic Resonance. The spectra of the hydrido-complexes,

carried out in deuterated benzene witl. the Varian 4310 C apparatus,

did not show any bend assignable to the proton resonance of the
hydridic hydrogen, probably for one cr nore o2 the following reasons:
poor solubility of the compoundc in beunzene; inadequate sensitivity

of the apparatus; splitting of the hydrogen band in a number of very
weak bands, owing to the interaction of the proton with the phosphorous
nucleii of spin 1/2. The very .harp bands shown by the Ce¢Hs and CHp
groups of the ligand confirm the diamagnetism of these compowrds,

indipendently determined by Gouy’.. method.

T Simien ooy e e S . e e e
L W s g e i s Sy s

The diphosphine (CH2.PPhs)o was prepared as described by Chatt and

Hart(10)

. The hydrido-complexec were manipulated in an atmosphere of
dry nitrogen, and their m.p.s were determined in evacuated tubes. The
infrared spectra were obtained in Nujol with the Perkin-Elmer 237

spectrometer,

ri—@l?-bis(diphenylnhosphino)ethanq'rhodium(I) ctloride [Rh(CgHaiPIhg}g)é
Cl. A solution of the diphosphine (2.1 g&., 2 mols) in benzene (20 ¢.0.}

was added to a solution of [Bh(CO)zCi}z (0.7 8., 1 mol) in benzene.




The resulting yellow precipitate was collected, washed with warm
benzene and dried. The compound is diamnagnetic, soluble in chloroforn,
methylene chloride, methanol, etvhanol and acctone, insoluble in

benzene and lirsut weiroleum, m,p. 215° (Pound: C, 66.70; H, 5..19;

Cl, 3.80; Cs2HsgCLlPaRh requives €, 66.77; H, 5.17; Cl, 3.797}. .olar

conductivity 1072 . in nitrobenzene ab 28°: )‘m: 24,0 mnos.

Di- _§_' 1 2=bis(dirhenylphiosphino) ethane} rhodivm(I} perchlorate
[1113(021!4{2&112}2)5] Cl0a. & solution of the chloride described above,
in ethienol, vas treated with an cthanolic zolution of sodium percinlo-
rate. The resulting golden-y. 1l w nrecipitate was collected, wahed

with etanol and dried., m.p. .8<° (Found: C, 61.75; H, 4.74; CL, -.&X:

Us9He gCl0a2eth requires U, 62.49; i, 4.084; €1, 3.557). ..olar conducti

vity 107° *1 in nitobenzene af 250: )gm-- 21,6 nues,

jid= § 1, °=bis(divhenyln .o vinodetaeact rhodiuw (L) tetraphenylbesate

[Rh(CgHa{I'”hg}g)2]13?114, was similaerly prepared from the chloride and
sodium tetraphenylborate., Light yellow powder, m.p. <46°. (Found: C, 75.3;

H, 5.76; C76HesBP4Rn requires C, 74.38; H, 5.620). ..olar conductivity

10~2 M in nitrobenzene at 25°: )\m= 15,7 mhos.

Hydridodi- §1 L =bis(dinhenylrho ;nhino)ethane} rhodium(I) [RhH(CgHaf l’fhg} 2 )2]

-

a) A solution of [Rh(DPE)g] cl (2,0 8., 1 mol) in ethanol (40 c.c.) was

treated with a solution of sodium borohydride (0.24 g., 3 mols) in
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¢thanol (30 c.c.) under nitrogen. The reculting oranse crystalline
trecipitate wa. filtered, dried and crystallised from benzene by
adcing ethanol., Liamagnetic orange plates, m.p. 242°, decomp. 280°%,
soluble in henzene, insoluble in ethanol, methanol, light petroleum.
(Pound: C, 69,25; H. 5.62; P, 14.1; Cs2He9PaRh requires C, 69.33;

H, 5.48; P, 13.75%).

b, A solution of [Rh(DPE)é]Cl (1.0 g., 1 mol) in tetrahydrofuran (30
c.c.) was treated with an excess of lithiurm aluminium hydride in
tetrahydrofuran uvnder nitrogen. The criginal yellow solution rapidly
becanie orange and cthanol was tuen lowly added until effervescence
c.ased, The solvent was removed at 6 mm and from the benzene-coluble
portion of the recidue the orange complex wa. vrecipitated with

ethanol, The compound was identified by its infared spectrum.

Touteridodi—;1,?-bis(diphenylphosphino)ethane1rhodium(l), was

similar.y prepared in tetranydrofuran from ”Rh(DPE}5101 and. lithium
aluninium deuteride,

-~

Hydridodi~}1,2~bis(dipheny1:hoqnhino)ethane)cobalt(I; fboH(32H4{P‘h2“2)2'
[y J ~ o H

=

was preyared from dibromodi—{1,--bis(diphenylphosuhino)ethane}cobalt

and sodium borchydride both in absolute ethanol, as the correzponding

(5)

rhodium-derivative, ené, according Chatt , in 2:1 ethanol-water
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solution, Diamagnetic red plates, m.p. 237-40°, decomp. 280°, (7ound:

- . ~— — Pt - = N e et~

~0 )

!

C, 72.8; H, 5.86; P, 14.5; CspH49C0Ps requires C, 72.90; H, 5.77; P, 14.46%)q

Reactions of the Hydrido-complexes. (1) Reaction with verchloric

acid. The hydrido-complex of rhodium (0.1374 g.) was trated in an
evacuated apparatus with a solution (5 c.c.) of 1 I perchloric acid
in ethanol(80%)-water, and the evolved gas ( 4,00 c.c. at 20° 2hd 750
mn) collected. Ilolar ratio, hydrogen to complex, equal to I.06. The
solid residue, filtered off, washed with ethénol and dried, wac
identified as di—{1,2—bis(dipheny1phosphino)ethane}rhodium(I) perchlo=
rate by its infrared spectrum, m.p. and analysis. (Pound: Cl, 3.72%).

(2) Reaction with hydrogen chloride. The hydrido-complex of rhodium

(0.1312 g.), treated, as described above, with a 1 i7 soxution (5 c.c.)
of hydrogen chloride in ethancl(80%)-water, gave off nydrogen (3.60
c.c. at 20° and 750 mm) in a mclar ratio hydrosgen to complex of 0.997.
Another sample of the hydrido-complex (2.0 &.), sushended in ethanol

( 15 c.c.), was treated with the 1 M solution (10 c.c.) of hydrosen
chloride in aquecus ethancl wmder nitrogen. After the effervescence
ceased, the solvent was removed under vacuum and the residue recrystal=
lized from benzene, yielding a light yellow cry-.talline compound, m.p.
180-29, soluble in organic polar solvents, rather soluble in benzene,

diamagnetic, (Found: C, 61.15; H, 5.26; Cl, 7.14; CsaHa¢CloP4sRh requires

{
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o5ty Hy 5.08; C1, T.5.3). olar conductivity 107° ¥ in nitro=

benzene at 25°: A}m‘ 17,8 mios,

Iy

{"} Reaction with carbon tetrachloride. The hydrido-complexes of

r.odium and c¢f cobalt (0.1 g.) were treated with carbon tetrachloride
(0,25 c.G.) under nitrogen. after a few minuies, the solvent was
distilled under vacuum, colliecting it in a dry-ice trap, and its infrared
.mectrim recorded using 0.I rmm cells and pure carbon tetracihloride as
~ofeorence. The presence of the chloroform in the solvent was proved

by the bands at 1217 and 668 em '

)

"~aetion of QL:ilLﬁ-bin(diphenylnhosnhino\ethane}rhodium(l) chloride
[

with hydrogen chloride. A solution of th(DPﬁ)g]?l (.0 .) in ethanol
{0 c.c,) was treated as under (:) with a 1 .. solution of hydrogen
chloride in aqueous ethanol (10 c.c.). .fter removal of the solvent

under vacuum and recrystallication of the residue from benzene, the lisht
yellow product was identified by its infrared opectrum, m.p., conducii=
vity in nitrobenzene ()\mf 17.G6 mhos), diamagnetism and analy.is ( found:
Y 67.33 Hy 5.18; €1, 6.977) as the same coapouna a:® obtained under ().
By treatment with codium tetraphenylborate in etnanolic solution, it ;ave
a light yellow precipitate, m.p. 224°, slightly soluble in ethanol.

(Pound: €, 71.5; I, 5.65; Cl, 2.75; C7¢He9BCLlP4Rh requires C, 72.64;

T o oy R o I O
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H, 5.61; Cl, 2,82%).

Detennination of Divole lloments., These were deter ined o dcucribd

previously' ' 1) and are listed in the Table.
w2 Aé AV qc ﬁ 'PT PE f\(D\) /'“20(})>

RUH(DPE)2  0.01192 0,03305 -0.0049 2,77 -0.41 666.5 274 4,35 4,01

o

[1{e
‘oo

0.00952 0.01954 - 0,0044 2,05 =0.46 506.8 274 3,50
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