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SUMMARY

PART I - Hexaisocyaniderhenium(I) salt

The reaction of ReI3 with p-tolylisocyanide at 1500 and with

ethylisocyanide at room [emperature gives the triiodide of the

hexaisocyaniderhenium(I) cations (e(RC)6j+. Both the alifatic and

aromatic derivatives are stable, diamagnetic substances, from which

other salts as the iodide, the perchlorate, etc. have been prepared.

PART II - Isoovanide derivatives of IridiumII)

From the reaction of Ir(CO)2(p-toluidinel(Cl) with

p-tolylisocyanide (RNC) the cations [Ir(CO)(NC)3] and [Ir(RNC)4] +

were obtained in solution and isolated as salts with bromide,

perchlorate and iodide anions. These salts are stable crystalline,

diamagnetic substance, of intense blue color, soluble in polar

solvents.

Indocarbonliridium derivatives

The reaction of IrI3 and IrI4 alone, and in mixture with KI,

with carbon monoxide at high pressure gave the following products:

1)[Ir(C0)313]; 2) [r(CO)213] 2; 3) r2(C0)3I6]; 4) [Ir(CO)2ID.

5) [Ir(CO)3fl]; 6) K[Ir"'tCO)2I3] ; 7) KIr"',(CO)I4] ; 8) Kf7Ir"'iC0)2I4]

9) Kr III (C0)I51 and 10) K2IrI55all except 4) and 5) previously

unknown. The conditions of formation and the separation of these

compounds are given and their possible structure is discussed.
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PART I - STUDIES ON RHENIUM COORDINATION COMPOUNDS

Summary of the Thnical Notes n. 2 and n. 4

In the first technical note concerning the study of the coordin-

ation compounds of rhenium, we described several coordination compounds

I II III
of Re , Re II Re , with carbon monoxide and triphenyiphosphine (PR3).

The reaction of ReCl3 with PR3 gave Re(PR3)C13 , which on treating

with carbon monoxide under pressure yielded Re(PR3)2(CO)3Cl. The

reduction of HRe0 4 in the presence of PR 3 and HBr or HI gave respecti

vely Re(PR3)2Br2 and Re(PR3) 21 2. Under carbonylation the former yield

ed Re(PR3)2(CO)2 Br and Re(PR3)2(CO)3Br, the latter Re(PR3)2(CO)I.

The reduction of HRe04 and PR3 with hydrazinixm chloride gave

Re(PR3) 2C12 , while in the presence of an excess of hydrochloric acid

gave ReIPR3)C1 3 . The analogous Re(PR 3 )2X 3 (X=Br,I) were obtained

from Re(PR3 )2X2 by oxidation with the corresponding halogen.

I IIn the Technical Note n. 4, we described compounds of Re ,Re

and Re I I with carbon monoxide, p-tolylisocyanide (RNC), triphenyl-

phosphine (PR3), and triarylphosphites PFOR)3. The reaction of

Re(PR3)2(CO) 2X ( X-Cl,Br) with p-tolylisocyanide gave the compounds

ReIPR3)2(RNC)(CO)X and Re(PR3)2(RNC)2(CO)X. The carbonylation of

Re(PR3)2X2 at low temperature gave Re(PR3)2(CO)X2 (X-Cl,Br). On
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treating with p-tolylisocyanide in the cold, ReX3 gave Re(RNC)X3

IX-CiI), while Re(PR3)212 gave e(PR3)2(BNC)I]I. The ionic structure

of this compound was proved by condu4vity measurements as well as

by various exchange reactions. Finally, the compounds Re [P(OR)3] 3I3

were obtained from K2ReI 6 and triarylphosphites.

The above results were published in papers (1) (2) (3) (4).

HEXAISOCYANIDERHENIUM(I) SALTS

Organic isocyanides are among the very few stable compounds

containing a "divalent carbon" atom, Their structural analogy with

carbon monoxide is evident ( R-NCCR-NCi ) and explains why

isocyanides form with many transition metals, such as for instance

Cr,Mo,W and Ni, coordination compounds strictly analogous to the

corresponding carbonyls.

It must be noted, however, that it is only when the metal has

an even number of electrons, and forms a monomeric carbonyl, that this

perfect analogy seems possible. In other cases, when the metal has

an odd number of electons and forms dimeric carbonyls, often with

bridging carbonyl groups and always with metal to metal bonds, the

corresponding isocyanide derivative cannot be obtained, and instead

the polyisocyanide-metal(I) cations become exceedingly stable. This
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is, for instance, the case of manganese, cobalt and rhodium, which

form the following compounds with carbon monoxide and isocyanides:

(CO)5Mn-Mn(CO)5; (CO)3CO(CO) 2Co(CO) 3; (CO)3Rh(CO)2Rh(CO)3;

LMn(RNC)6J+(5); [Co(RNC)j1+(6). [RI1(RNC)4] +(7). This different

behavior might be due to the larger size of organic isocyanides with

respect to carbon monoxide, which would hinder the formation of

metal to metal bonds, or to the fact that isocyanides are not able

to act as bidentate ligands in bridge-formation. Besides, the tend-

ency of isocyanides to form [bonds is lower than that of carbon mon-

oxide and therefore isocyanides are less apt to stabilize the zero-

-valent oxidation states of the transition metals.

The stabilities of both the pure carbonyls and the isocyanide

derivatives of the transition metals vary in an irregular and oft6n

unpredictable way. In the VI A subgroup, chromium, molybdenum and

tungsten form hexacarbonyls the stability of which are not very

different, while the ease of preparation decreases enourmously from

tungsten to chromium. A similar trend is observed in the Re-Mn

subgroup. In the triad Ni,Pd,Pt, nickel is the only one to give a

pure carbonyl. The stability of the hexaisocyanide derivatives

decreases instead with increasing atomic weight along the VI A

subgroup (8), while Mn does not form any zerovalent isocyanide

derivative at all. In the Ni, Pd, Pt series, only Ni gives zero-
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-valent isocyanide derivative.

It seemed therefore wihwhile to extend our previous research,

on isocyanide-complexe to the metals of the second and third

transition series, still not investigated. On the basis of the

above considerations it could be expected that rhenium would form

reasonable stable derivatives in the oxidation state +1, similar

to those of MnI previously prepared in our Institute( 5). Attempt

to obtain isocyanide-complexes of rhenium(I) by reaction of stable

phosphine-derivatives of the ReII and isocyanide had in fact given

soml ositive results (Technical Note N. 4, page 11 ), but the

experimental conditions, were rather difficult and not easily

riproducible. More satisfactory results were obtained when ReI3 was

used as starting meterial,

The first product of the reaction betweeni ReI3 and isocyanide

in acetone solution fs an addition compound of formula Re(RNC)13.

This., on further treatment with pure isocyanide at 1500, under=

goes a hexothermal reaction, yielding Re(RNC)613 together with a

small amount of ReLRNCtI, which can be separated by fractional

crystallization. The compound Re(RNC)6I2 has to be considered

a triiodide of a ReI complex cation, and not an iodide of a
III

hexacoordinated Re In fact its electrical conductivity indicates

a uni.-univalent electrolyte, and the compound is diamagnetic as
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expected for a RhI hexacoordinated cation. All known Re" I

hexacoordinated compounds have instead magnetic moment in agreement

with the value predicted by the Kotani theory for a octahedral Re
III

( generally 1.6-2.2 = B.M.)( 9).

Moreover, by exchange reaction with Na[B(C6H5)4] the compound yields

the salt LRe(RNCL-i[B(C6H5)43, which is also obtained by exchange

from the iodide Re(RNC)61. The iodide Re(RNC)61, which is formed in

small yields in the reaction of ReI3 and RNC, is best prepared by

reduction of the triiodide with NaBH 4 in ethanol, From the iodide,

a number of other salts, namely the nitrate, perchlorate and

tetraphenylborate, were prepared by exchange reactions. All these

salts are yell crystallized substances, soluble in polar solvents

(the aliphatic derivatives being more soluble than the aromatic),

stable to air both in the solid state and in solution. In nitro=

benzene they have molar conductivity of about 27 ohm- cm2 in 10-3

molar solution at 300, as expected for uni-univalent complex salts.

The cation [Re(RNC) 6] + must be considered to have a perfect

octahedral structure. In it, the central atom reaches its maximum

coordination number and the E.A.N. of the next inert gas radon.
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EXPERIMENTAL: RHENIUM COMPOUNDS

Hexakis(ethylisocvanide)rhenium(I) triiodide., One gramme of ReI3

was treated with 0.75 g of ethyl~cyanide. A reaction took place, with

evolution of heat. The solid mass thus obtained was extracted with

hot benzene and filtered. On cooling, the solution separated a

dark-brown crystalline product, m.p, 2060.

(Found Re,20.2; 1,41.0; N,9.4; C,24.6; H,3.45%. C18H 3oN6I3Re

requires Re,20.8; 1,42.4, N,9.4; C,24.1; H,3,3%).

Hexakis(D-tolylisocyanide)rhenium(I) triiodide, One gramme of ReI3

was treated with 1.5 g of p-tolylisocyanide (97-98%), and the

mixture heated at 1500. The reacted mass was extracted with boiling

ethanol and filtered. The ethanol solution gave on cooling brown

needles, m.p. 1700. (Found; Re,15,0; 1,29.0; N,6.5; C,45.2;H,3.4%.

C48H4 2N6I3Re requires Re,14.7, 1,30.0; N,6.6, C,45.4; H,3.3%).

Hexakis(D-tolvlisocyaniderhenium(I) iodide. One gramme of

FRe(RNC)6]I3 was treated with a solution of 0.07 g of NaBH 4 in 20

ml of ethanol, On standing the color of the solution turned pale

yellow and after a few minutes yellow needles separated, m.p.2380

(Found: Re,17.9; 1,12.7; N,8.1% C48H42N6IRe requires Re,18.3;

1,12.5; N,8.3%).
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HexakieD-tolylisocvanidelrhenium(I) Derchlorate. One gramme of

Re(RNC)6] I was warmed with a solution of NaClO4 (0.1 g) in ethanol

(10 ml). On cooling yellow crystals separated, m.p. 2410.

(Found: Re,18.3; N,8.5; C1,3.7%. C48H420 4ClRe requires Re,18.9;

N,8.5; Cl,3.6%).

Hexakis(p-tolylisocyanide)rhenium(I) tetraphenylborate One gramme

of [Re(RNC) 6] 13 was treated with a solution of Na[B(C 6H5 )4 (0.25 g)

in ethanol (10 ml), and the mixture warmed to boiling. On cooling,

yellow needles separated, m.p. 2150. . (Found: Re,16.0; N,6.9; C,70.1;

H,4.9%, C7 2H62BN6Re requires Re154,4; N,6.95; C 71.6,; H,5.1%).

HexakiskD-tolylisocyanide)rhenium(I) nitrate, One gramme of

FRe(RNC)6]I was treated with a solution of.AgN0 3 (0.15 g) in ethanol

(10 ml) After filtering off AgI, the solution was concentrated

under reduced pressure and a crystalline precipitate was obtained;

yellow needles, m~p. 2060. (Foundt. Re,19,O.; N,10.2; C 60.0; H,4.3%

C48H4203N7 Re requires Re,19.6; N, 10,3; C,60.7; H,4.4%).
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PART II - STUDIES ON IRIDIUM COMPOUNDS

Summary of Technical note n, 1. 3 and 5.

In the Technical Note n. 1, Section I, we described the reaction

of K2IrBr6 with carbon monoxide at high pressure and temperature,

which yielded as the main product K2[Ir2(CO)4Br5j. The mode of

formation and the structure of the complex anion LIr2(CO)4Br5 -2

were investigated by mean of various reactions. The cleavage of

K21 r2(C0)4Br5 with acids gave a number of other carbonylanions,

namely EIrI(CO)2Brj - , [IrII(CO)Br3 - , [r2I(CO)4Br3]- , all isolat=

ed as tetraphenylarsonium salts. In the Section II of the same

technical note, we described the carbonylation of K2IrCl 6 to give

K2 FIr 2(CO)4Cl5j a salt strictly analogous to the bromo-derivative

described in Section I) and in the Section III we reported the results

obtained by treating with amines the salts K2[r2(CO)4X51 (XaCl,Br).

This reaction gave, among others, the intresting compounds Ir(CO)2AmX

(Am-isopropylamine and p-toluidine). The results of these researches

were published in papers (1o) and (11).

In the Technical Note n. 3 we described the reaction of

K[Ir(CO)2I4] with triphenylphosphine PR3, triphenylphosphites

P(OR)3, triphenylarsines (AsR3), p-toluidine (T) and -dodipyridile

(Dip). The following compounds were obtained, in which the oxidation
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state of iridium depends on the-rbonding character of the ligands:

Ir ICO)21PR3)2I, Ir IItCO)PR3)212, IrI (CO)2T2I2, IrII (CO)2(Dip)I2 ,

Ir I I I P (OR)3] 213, IrIII (CO)2(AsR3)2I 3 and Ir III(CO)(AsR3 I3.

In the Technical Note N. 5 we described the reaction of

K [Ir(CO)I5] with ammonia and primary amines, to give complex anions

of the type [Ir(CO)LI4]- (L=NH 3 ,RNH2 ) and non-ionic compounds of

formula Ir III(CO)L213 and Ir I(CO)L3I2 .respectively. This work

published in paper (12).

In this final Report, Part II, we describe the isocyanide-

-iridium(I) salts (Section I) and a new series of iodocarbonyl

compounds of iridium (SectionII).

SECTION I

ISOCYANIDE DERIVATIVES OF IRIDIUM(I)

In Part I of this final Report we mentioned that the elements

which form pure dimeric carbonyls do not seem able to give zero-

valent isocyanide derivatives, but form instead cationic complexes

corresponding to the oxidation state +1. Accordingly, rhenium

gives the hexaisocyaniderhenium(I) salts described in Part I,

Another element which gives polymeric pure carbonyls is iridium.

Of this element, no isocyanide-compounds had been reported so far,

while the above considerations let foresee at least the existence
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of onetable isocyanideiridiumlI complex cation. It seemed

therefore worthwhile to investigate the isocyanide-compounds of

iridiumN and here we report the results obtained.

We tried at first the reaction between iridium(III) halides

IrX3 (X=Cl,Br.I) and isocyanide, with the idea of obtaining addition

products of IrIII to be reduced in a following stage to Ir Icompounds.

This type of reaction, which had proved successful in the case of

the lighter omologues of iridium, i.e. cobalt and rhodium, failed

completely in the case of iridium. Actually IrIII halides do not

seem to form with isocyanides addition compounds of any reasonable

stability, as shown-by the fact that mild-reducing agents are

without effect on the reaction mixture while strong reducing agents

cause separation of metallic iridium. (If addition products of

Ir and isocyanides were formed, they ought to be easily reduced

to IrI compounds, owing to the high affinity of isocyanides with

metals in low oxidation state).

It was therefore necessary to use as starting material one of

the compounds of univalent iridium. Of those, Ir(CO)3Br reacted

only very slowly with isocyanides, while Ir(CO)2TCl(T-p-toluidine)

reacted very easily and neatly. The fact that we found a new method

for the preparation of the Ir(CO)2TC1, easier than that described

in our Report N.1, pag. 33, made this compounds a very convenient

12



starting material.

On treating with isocyanide in the molar, ratio 1.3, Ir(CO) 2TCl

gives compounds of composition corresponding to IIr(CO)(RNC)3I.

These are dark-green substances, soluble in polar solvents, and have

a salt-like structure as shown by their conductivity in nitrobenzene,

and by the fact that chlorine is immediately replaced by the

perchlorate ion. With an excess of isocyanide, IrICO)2TCl gives

instead the tetraisocyanideiridium(I) chloride [Ir(RNC)4] Cl. This

is a substance with an extremely intense deep-blue colour, and so

soluble that it cannot be isolated in a pure state, From it, the

corresponding bromide, iodide and perchlorate, were prepared by

exchange reactions. These are well crystallized diamagnetic

substances, all very intensely coloured, the behavior of which

corresp~ds to that of uni-univalent electrolites.

The cation [IrIRNC)47 + may be attributed the square planar

configuration which, according to the valence-bond theory, corresponds

to the dsp2 hybrid orbitals. Iridium(I) is in fact isoelectronic

with palladium(II), for which such a structure has been undoubtely

proved, Besides, the crystal field theory, considering the fact that

isocyanides are among the ligands which create a"strong field"

also leads indipendently to the same conclusion,

It is interesting to compare the isocyanide complex compounds

13



of the series Co1 , RhI, IrI . Cobalt(I) gives the extremely stable,

coordinatively saturated Co(RNC)5] '. Rhodium(I) gives the

tetracoordinated [RdRNC)4] ' which, though unable to bind another

molecule of isocyanide, shows its coordinative insaturation, due

to the vacant 5pz orbital, in its tendency to form stable addition

products with polar solvents. Finally, the tetracoordinated

Ir(RNC)4+ does not show any unsaturated character. The fact that

the tendency to reach coordinative saturation diminishes with
the

increasing atomic weight is quite general in series of isoelectronic

complex cations, and has been related (13) to the increasing

electronegativity of the metal ions, which as a consequence

require a lower number of ligands to attain electroieutrality.

14



ESPERIMENTAL - IRIDIUM C0OMPOUNDS - SECTION I

Preparation of Ir(CO2(?p-toluidine)Cl1

In the Technical Note n. 1, Section II, we described the reaction

of K2IrCl6 with carbon monoxide at high pressure. Under the same

experimental conditions, Na2IrCl6 gave a salt-like substance

containing carbon monoxide, chlorine, sodium and iridium in the

oxidation state +1. This substance, which we did not isolate in

the pure state- on treatment with p-toluidine at 60-700 gave with

very good yield Ir(CO)2TC1 (Tpp-toluidine). The experimental

.details are the following; 8 g of NaIrC16 were introduced into

an open glass tube, drawn to a capillary size at both end, and

the tube placed in an inoxidable steel pressure vessel containing

copper filings to act as chlorine acceptor. The autoclave was

filled with dry carbon monoxide at 200 atm., heated at 2000 for

three hours, and then allowed to cool very slowly while mantain=

ing the carbon monoxide high pressure. A brick-red shiny mass was

obtained, containing as the main product a not completely identified

chlorocarbonyliridiate(I) (probably NaEr(CO)2Cl2j or Na2IIr(CO)2Cl3

or a mixture of both), together with Na3IrCl 3 , Ir(CO)3C1 and

NaCl. The crude mixture was finely powdered and warmed for 30' at

15



60-700 with 1.5 g of p-toluidine (T) in benzene solution. The

solution thus obtained was filtered; on cooling the crystalline

Ir(CO)2TC1, m.p. 1660, separated in a pure state. Yields 2.5 g.

(Found: Ir,48;2; CO,14.6; Cl8o8; N,3.7%. Calculated for

C9H902NClIr: Ir,49.2; CO,14.3; C1,9.1; N,3.6%).

Preiaration of Ir(CO)(D-CHnCAH&NCI Cl.

The compound Ir(CO)2TCl was dissolved in methylene chloride and

treated in the cold with pure (97%) p-tolylisocyanide (Ir/RNC ratio=

= 1/3). A brisk evolution of gas (CO) took place. The dark green

solution thus obtained was carefully diluted with hexane- a dark

green crystalline powder separated, which was filtered and washed

with hexane. The compound could not be recrystallized. The

compound has m.p. 2500, . is diamagnetic and shows A =24 ohm-1 cm2

in 10-4 molar nitrobenzene'solution at 200.

(Found; Ir,'30.64 C,48.1; H,4.0, N,17.19 C1,5.8%. C25H2jON3ClIr

requires Ir.31.8; C,49.5; H.;3.5; N,6.9, C1,6.1%).

Preparations of the LIr(p.CH2C6HaNC X salts (X=Br.IC104

The compound Ir(CO)2TCl was dissolved in methanol and treated with

pure p-tolylisocyanide (Ir/RNC ratio = 1/5). The mixture was

refluxed for an hour and than taken to a small volume under

reduced pressure. On treating with water, the residue gave a

deep-blue solution mixed with oily drops (p-toluidine and the excess

16



of isocyanide). Theaqueous layer was separated and repeatedly

extracted with benzene; the dissolved benzene was then removed by

bubbling nitrogen through the solution. Finally on addition of

NaBr, NaI and NaC104, the solution separated the corresponding

salts.

-Ir(p-CH3C6H4NC)4 Br: m.p. 2 2600 with decomposition.

(Found: Ir,24 3; Br,10.8; C,49.7; H,3.7; N,7.7%. C32H2BN4BrIr

requires Ir,26.1; Br,9.8; C.51.8; H,3.7; N,7.6%.)

UIr(P-CH3CH4NC)1 I m.p.? 2600 with decomposition

0Found: Ir,24.2J I,16.7; C,48.9; H,3o8; N,7.0%. C3 2H28N4IIr requires

Ir,24.5; 1,16.1; C,48.8; H,3.6; N,7,1%).

Ir(P-CH3C6H4NC}4 C10 4 : m.p.2'2600 (with decomposition)

(Found; Ir,24.5; C1;4.55; C,50.9; H,4.0; N.7.6%,.

C3 2H2 804N4 CIIr requires Ir,25.4; C1,4.7; C,50-6; H,3 7;N,7.40).

Molar conducibility in nitrobenzene at 200 in 2.10 molar solution

=27.0 ohm- I cm2 m -,

7cm mole.
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SECTION II

IODOCARBONYLIRIDIUM DERIVATIVES

by Luciana Naldini

In this Section we shall describe the carbonylation of iridium(III)

and iridium6IV) iodides, both alone and as a mixture with alkali

iodides, which led to the isolation of the new iodocarbonyliridiumllll)

compounds:

LIrCO)3131., [Ir(CO)2I3]2, LIr2(CO)316]'

and of the iodocarbonyliridiate.s:

IrII(CO)2I3 7., [Ir",'(CO)I 4] r"(O) 4j-Ir" (CO)I~~

The only iodocarbonyliridium compounds previously known- were

FIr(CO) 2 _1 and [I(O3],prepared in very small yields by

Hieber (jby treating 1r13.H20 with carbon monoxide at room

pre ssure and at 1500. In the course of the present research, we

also obtained the salts of a new iodoiridiate(III) anion of formula

Lr 5f.
These results show that the formation of low-valent carbonyl-

-derivatives of iridium. is more difficult from IrI3 than from IrCl3

and IrBr3, These .latter give in fact, under the above experimental

conditions, L, r(CO)2X2] and [Ir(CO)3X] (X=ClBr), and: with longer
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reaction times, the pure carbonyl Ir(CO)4 and Ir(CO)3. According to

Hieber (') the reduction which usually accompanies the carbonylation

reaction occurs because the formation of COC12 and COBr2 makes the

elimination of the alogens easy. In our opinion, the formation of

COC1 2 and COBr2, though obviously favouring the removal of chlorine

and - to a lesser extent - of bromine, has only a minor influence

on the course of the reaction. The determing factor seems instead

to be, as we already pointed out (1) the stabilization of the low

valent states of iridium by coordination of the 17 bonding carbon

monoxide molecules, or conversely, the destabilization of the

halogen of iridium bonds by. effect of this coordination The

destabilization effect decreases from chlorine to iodine, probably

because of the different electronegativities of the halogens. This

view is supported by the fact that the salts K? Ir2(CO) 4 Cl5 1 in
L -

which iridium has the average oxidation number 1.5 are remarkably

resistent to oxidation while K2[Ir(CO)415, which can be obtained

in solution from the former by exchange with KI is easily

oxidized (15).

atarbonylation of iridium triiodide

The carbonylation of IrI3 with CO at high pressure at differ=

ent temperature gives the compounds-

!Ir(CO)313 (I); tIr(CO)21 32 (II'; L r26(C0316 (III),
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besides the previously known [Ir(CO)212I and LIr(CO)311

When IrI3 is treated for 18 hours with dry carbon monoxide, at

1000 and 250 atm. initial pressure and the system is then allowed

to cool slowly, the final product is I, which can be considered to

be the primary product of the carbonylation process. I is rather

instable and even in the solid state it loses carbon monoxide to

give compound II. When the carbonylation is carkied out as above,

but with a rapid final cooling, a mixture of IoII and III is obtained.

At higher temperature, Hieber's compounds LIr(CO)2I2 and LIr(CO)3 I]

are formed. though in rather low yields, together with lIr(CO)3I1.

No formation of the pure carbonyl Ir(CO)3 is observed below 3000'.

Compound II is extremely stable, both in the solid state and

in solution of organic solvents, where it is dimeric. In ethan.ol

solution containing hydroiodic acid, compound II splits up to give

an iodocarbonyliridiate anion of formula rr(CO)2I4]-, which can

be isolated as the tetraphenylarsonium (tpa) salt. The structure

of I is very likely a distorted octahedron with the carbonyl groups

in "cis" position. This assignmentis based on the consideration that

in the polycarbonyl-compounds the carbon monoxide groups tend to

occup " cis" position whenever possible. The I.R. spectrum of the

compound in nujol (2178,2114, 2079 sh. cm- 1 ) does not disagree with

the above formulation.
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A "cis" structure of the type:

c ,/ I I o' 0I

oc I I CO
may be assigned to compound II, on the basis of its I.R. spectrum

(2123 and 2087 cm-1 in nujol). Moreover the cleavage reactions with

iodide ions give a mononuclear compound in which the carbonyl groups

occupy "cis" position:

~r2(CO)4I6] + 2KI---->2KEr(C)2I4j

(I.E. of KLIr(CO)2I] : 2118 and 2066 cm-  in nujol)

However it is not possible to decide which of the possible "cis"

structures has to be assigned to the compound.

Compound III a very stable substance soluble without

decomposition in organic solvents, is also dimeric and its formula

may be either of the following:

I . i,0 i I
0C - [,- . OC-* Ir - -  ," C

,,, '-I \ ! /

b) Carbonylation of the mixture..rI3+KI

The potassium chloro and bromo-iridiates(III) K21IrX 6 (X=ClBr),

when treated with carbon monoxide at 180-2800 and 100-200 atm., form

as the main product the salts K2[Ir2(CO)2X5j which represent an

intermediate step in the reduction of K2IrX6 to Ir(CO)3. In fact on
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rrolonging the reaction times, the yields of K2LIr2(CO)2X5Jdecrease,

while that of Ir(CO)3 increase. The carbonylatton of a mixture of

IrI3 and KI at 200 atm. and 2500, gives instead two products, namely

K[Ir(CO)2I3] (IV) and K[ir(CO)I4] IV), which remain unalterated even

on very prolonged treatment with carbon monoxide. The salt IV is the

only iodocarbonyliridiates so far isolated, in which the oxidation

state of iridium is lower than +3. It is probably formed by the

action of KI an the rather labile divalent iodocarbonyl [Ir(CO)2I2],

which in turn is formed by thermal dissociation of I at 2000; The

reaction sequence leading to IV may therefore be written:

LIr(CO) 3]- [ Lr (C)212Ia+ 1I2 + Co
LIr(CO2'I+ KI ------ K[Ir(CO)I']

The .salt IV is a crystalline substance, soluble in diethylether,

acetone, alcohol, nitrobenzene-and.insoluble in benzene.

In nitrobenzene it behaves as a uni-univalent.electrolyte". On

exchange with tetraphenylarsonium iodide, the analogous tpa-salt

is obtained. The I.1. spectrum of the anion EIr(COJ2I3] 1 . shows

two intense absorption bands (2136 and 2092 cm- in nujol mull),

thus indicating that the carbon monoxide molecules are in "cis"

position to each other The above experimental evidence is compatible

either with a mononuclear formula containing a five-covalent

iridium(II) atom; or with a dimeric formula containing six-covalent
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iridium atoms, and it does not seem possible at the present stage of

the research. to make a definitive assignment. When the carbonylation

of the mixture IrI3 and KI is carried out at somewhat higher

temperature, the salt V is obtained. V is a very stable crystalline

substance, soluble in acetone and alcohol, insoluble in benzene and

dietylether. I. acetone it behaves as a uni-univalent electrolyte.

On exchange with tetraphenylarsonium iodide it give the correspond=

ing tpa-salt. The I.R. spectra of the [Ir(CO)I] -.anion shows one

sharp band at 2051 cm- 1 (in nujol). Again, it is not possible to

decide, from the experimental data, the actual structure of the

anion.

c) Carbonylation of the mixture IrI4 - KI

*The carbonylation under high pressure of the mixture IrI4-KI

gives, depending on the experimental conditions (temperature and

IrI4/KI ratio) either or both the salts K[Ir(CO),I 4] (VI) and

K2[Ir(CO)I5] (VII). At about 2000 and with a 1/1 iridium to

potassium ratio the salt VI is formed in almost quantitative yields.

It is a crystalline substance. soluble in water containing hydroiodic

acid, in dietylether, acetone alcohol and easily recrystalizable

from these solvents. The corresponding tpa-salt can be prepared by

exchange with tpaI. Above 2500 under pressure of carbon monoxide,

VI decomposed into a mixture of VII and Ir(CO)313]. according to
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the reaction-

2K[Ir(CO12I-4]- K2 r(COI5] + [Ir(COhI3]

so that the carbonylation of IrI4+KI, when carried out at about

2500, gives:

IrI4 + 2KI CO 1 K2[Ir(CO)15] +'112

The best yields of VII are obtained at 2500; when the reaction

mixture corrsponds to a Ir/K ratio of 1/2.

Finally, in the temperature range 300-3500, the stable product

of the carbonylation is a previously unknown pure iodoiridiate(IIl)

of formula K2LIrI5] (VIII), soluble in water, insoluble in organic

solvents. This cannot be obtained from IrI3 and KI in aqueous

solut-ion nor is it formed by heating a solid misture of the two

reagents, unless carbon monoxide is present. It is instead easily

formed by refluxing for a long time VII in diluted.h4ydriodic acid.

It seems therefore likely that VIII is formed from VII through loss
-2

of carbon monoxide. For the anion Iri5 either a pentacoordinated

mononuclear or a hexacoordinated dinuclear structure is possible,

the dinuclear being the more likely on account of the fact that the

haloiridiates tend to reach coordinative saturation through

polymeration.
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EXPERIMENTAL

Preparation of iridium tetraiodide

An aqueous solution of KI (0.04 moles)was added to a

concentrate hot solution of K2IrCl6 (0.01 moles) and refluxed

for one hour The solid product was filtered off and washed with

water containing a few drops of HN03, and then dried for two

hours in vacuo at 1000.

Anal- Found: Ir,27.15: I 71 9; IrI4 requires: Ir,27 44; I,72.55V,.

Preparation of iridium triiodide

On treating IrI4 at 2100 in hydrogen stream, for two hours,

Iris -,-as obtained in quantitative yields.

Anal: Found: Ir,33.0; 1,66 9%; IrI3 requires Ir,33.52; I,66.47 .

Carbonylation reactions

In the following experiments a stainless stell pressure vessel

with a capacity of about 100 ml was used. The reactants were placed

into a test tube having diameter of 10 mm and the lengh of 150 mm.

and introduced in a copper tube
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Preparation of triiodotricarbonvliridium(III)

IrI3 finelly ground was placed into the pressure vessel

pumping carbon monoxide up to a pressure of 250 atm. The pressure

vessel was then kept at 1000 for 18 hours and then the temperature

was slowly lowered When opening the pressure vessel a dark-red

crystalline sublimate (A) was observed at the top of the test tube

and a brown red product (B) at the bottom Both (A) and (B) were

analysed and resulted corresponding to !Ir(CO)331].

Anal Found: A - CO 13.05. Ir,28 9; 1.58 03%; B - CO 12 77;Ir 29 3;

I 57.48%; 'Ir(CO)3137 requires: CO.12,78, Ir 29.23. I 57.96%

Preparation of hexaiodotetracarbonyliridium(III)

IrI3 was reacted in the pressure vessel ith carbon monoxide

under the same conditions of the previous experiment After 18 hours

heating the pressure vessel was rapidly cooled with cold water.

When opening a dark-red crystalline sublimate identified as

Ir(CO)313 was observed at the top of the test tube while in the

bottom was collected a product (C) This on treating with hexane and

benzene gave an insoluble product (D) and a solution from which

brown-red crystals (E) separated an evaporation. E was analysed and

resulted' to Le Ir(CO)2I31'

Anal Found: CO 8 72, Ir 30 85: I 60 3% IIr(CO)213]2 requires:

CO 8 90:Ir 30.56; 1,60 52%. Molecular weight crioscopic in 1 1%

dibromoethane solution'1197 ( calcd.1258.6).
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Preparation of hexaiodotricarbonvliridium(III)

The insoluble product D of the previous experiment was

recrystallized from dry ethyl ether + chloroform and obtained as

dark-red crystals corresponding to the formula 1r2(CO)3I6j.

Anal.Found: CO,679: Ir.30.87; 1,62,6%; LIr2(CO)316 requires:

CO,6.83; Ir,31.26; 161,90%.

Preparation of potassium triiododicarbonyliridiate(II)

IrI3 (0 01 moles) and KI (0.01 moles) were placed into the

pressure vessel with carbon monoxide at 200 atm. The temperature

was manained at 2500 for 24 hours, The crude product was washed

first with benzene in order to separate the non ionic iodocarbonyl=

iridium derivatives, and then treated with dry ethyl ether. The

solid product (F) was filtered off The solution after evaporation

yielded orange crystals which resulted to be K Ir(CO)213,

Anal Found: CO7 97; Ir,28.35, 1,55 75% K!Ir(CO)213' requires:

CO 8 38, Ir 28.78; I 56,98%.

Molar conductivity in nitrobenzene at 300 =32 1; ,; 500=29.42,

'' -1 -21
2o0=27.81- - cm mole

Molar conductivity in acetone at 300. /L =154 2, A 500=131.6;
(- -1 2 -1

200=119.8" (- cm mole -
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Preparation of tetraphenylarsonium triiodocarbonvliridiate(II)

A solution of tetraphenylarsonium iodide in absolute ethanol

was added to a solution of KCIr(CO)2I3] also in ethanol. Light red

crystals m.p 284 0 ,sepaxated immediately, corresponding to

EAB(C6H5)4] [Ir(CO)2I3].

Anal.Found: CO,5.46; C,30.81; H,1,83; Ir,18.27; 1,36.92%;

C24H2oAsIrI3 (CO)2 requires! CO,5.53; C,30.84; H,1.99; Ir,18.99;

I 37.6%,

Molar conductivity in nitrobenzene at 300: /I,=26 5; /1 500=23.75;

I 200 = 22 I _-1 cm2mole
- 1

Preparation of potassium tetra odocarbonyliridiate(III)

The solid product (F) was dissolved in acetone and filtered.

The solution by evaporation in vacuo, yielded dark-red crystals

corresponding to KIIr(CO)14].

Anal Found: CO,3 61; Ir,24 92; 1.66.1'. KEjr(CO)I4jrequires-

CO 3 65; Ir 25 06: 1.66 18%

Molar conductivity in acetone at 300. /= 197; / 500=161 2;

/ 200=140.3. I-cm2mole

hreparation of tetraphenylarsonium tetraiodocarbonyliridiate(III)

A solution of tetraphenylarsonium iodide in absolute ethanol

was added to an ethanol solution of KLjr(CO)414 The red crystals

which separated were identified as LAs(C6H5)JEIr(CO)I4 m p.2730 .
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Anal. Found: CO,205 1,44.8; Ir, 16,98; C,26.91; H,1,86%.

C2 4H2oAsIrI4CO requires: CO,2.52; I,45.68; Ir*17.3; C,27.01;H,1.81%.

Molar conductivity in nitrobenzene at 300 : A -26.35; A 500-23.6;

/\ 2 oo22.0 --lcm2ml-1.

Preparation of potassium tetraiododicarbonyliridiate(III)

IrI4 (0.01 moles) and KI (0.01 moles) were placed into the

pressure vessel with carbon monoxide at the initial pressure of

200 atm. The temperature was maintained at 1200 for 12 hours,

The crude product was washed first with benzene in order to separate

the non ionic iodocarbonyliridium derivatives and then dissolved in

dry ethyl ether. The filtered solution was evaporated in vacuo and

yielded red crystals very soluble in ether, acetone alcohol and

in dilute hydroiodic acid solution. The product resulted to be

KIr(CO)2I4'1,

Anal. Found- C0,7.4; Ir,24.3, K,4.92; I 63.7%, K r(CO)21 4] requires

C017 05; Ir 24 18; K,4.91; L.63.8%.

Molar conductivity in acetone at 300. '1 =148; /4 500=130;

4 200=119 5a-lcm2mole- 1 .

Preparation of tetraphenlarsonium tetraiododicarbonyliridiate(III)

A solution of tetraphenylarsonium iodide in methanol was added

to a solution of K Ir(C0)2I3 The red crystals which separated

m.p.2100. resulted to be [As(C6Hs)4][Ir(CO)21 4].
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Anal. Found: CO3.73; 135.0, As,4.96%. C24H2oAsIr(CO)21 4 requires:

CO,3.,81; 1,34.58; As,5.10%.

Molar conductivity in nitrobenzene at 300: /1 =32.65; /1 50C= 28.7;

i\ 200-25.4. cm2 mole-'

Preparation of potassium pentaiodocarbonvliridiate(III)

IrI4 (0.01 moles) and KI (0.02 moles) was placed into the

pressure vessel with carbon monoxide at the initial pressure of

200 atm. The temperature was maintained at 2400 for 12 hours.

The crude product, washed with benzene as above then with ethyl

ether in order to separate a very small quantity of K Ir(CO)24.

was finally dissolved in acetone. The filtered acetone solution.

evaporated in vacuo, yielded dark-red crystals that resulted to

be K2I r (CO)15].

Anal. Found- CO,3.2; Ir,20.2; 168.0; K,8.6%. K-[Ir(CO)I_ requires:

C0,3.0: Ir 20.6; I 68.0 K,8.37%

Molar conductivity in acetone at 300. / =276; / 5 0 = 223;

" 200=200 ,.Llcm.mole-1

Preparation of tetraDhenylarsonium pentaiodocarbonyliridiateAIII)

A methanol solution of tetraphenylarsonium iodide, added to a

methanol solution of K2LIr(CO)I5( gave after a few minutes

brown-red crystals m.p. 3080(dec,), which resulted to be

s (C6H514j 2 [Ir (CO 115].
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Anal. Found: CO,1 78; 1,40.0; As,9.3%. C4 8H4OAs2IrCOI 5 requires:

CO.1.72, 1,39.13, As.9.23%.

Molar conductivity in nitrobenzene at 300: /1r=64; 1 500=53.4:

A 200-47.3 -Icm2mle-I

Preparation of potassium pentaiodoiridiate(III)

When the reaction of IrI4+KI and carbon monoxide was carried

out above 3000 a new red crystals product was obtained which

resulted to be K2IrI5. The same compound could also be obtained

by refluxing K[Ir(CO)214] and K2LIr(CO)I]5 with a solution of HI

for many hours. K2IrI5, insoluble in organic solvents, could be

recrystalized from water

Anal. Found: K,8.4; Ir 22.0, 1,69.2%. K,IrI5 requires: K,8.63;

Ir,21.24; 1,70.1%.
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INFRARED SPECTRA IN THE CARBONYL REGION OF THE

I ODOCARBONYLIRIDIUM COMPOUNDS

COMPOUND C-O stretches cm-1

[r(CO)3I3] 2178 w 2114 2079 sh

Ir(CO)213] 2123 2087

Frr2 (CO)3I6  2118 2074

K FIr(CO)2 1 2136 2092

7As(C 6H5 )4] FIr(CO) 213] 2100 2070

K [Ir(CO)I4] 2051

LAS(dc6H5)4] [Ir(CO)I 4] 2041

K,[Ir(.Co)214] 2118 2066

[As( C6'H5.'4] rIr(CO)214] 2109 2074

K2  r(0)I5s 2032

[AS(C6H)4]2 [Ir(CO1 5] 2008
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