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SUMMARY

PART 1 - Hexaisocyaniderheni sal

The reaction of Relz with p-tolylisocyanide at 150° and with
ethylisocyanide at room iemperature gives the triiodide of the
hexaisocyaniderhenium(I) cations[?e(RNC)é]+. Both the alifatic and
aromatic derivatives are stable, diamagnetic substances, from which
other salts as the iodide, the perchlorate, etc. have been prepared.
PART 11 - Isooyanide derivatives of Iridium(])

From the reaction of Ir(CO0)2(p-toluidine)(Cl) with
p-tolylisocyanide (RNC) the cations Ex{CO)(RNC)é]+ and[}r(RNC){1+
were obtained in solution and isolated as salts with bromide,
perchlorate and iodide anions, These salts are stable crystglline,
diamagnetic substance, of intense blue color, soluble in pOl;r
solvents.

Jgdocarbonyliridium derivatives

The reaction of IrIs and Irls alone, and in mixture with KI,
with carbon monoxide at high pressure gave the following products:
1) [Ir(co)s1g); 2) [Ir(co)els)2; 3) [Ira(cO)als): 4) [Ix(co)elz);

5) @r(colar]: 6) k[1r'M (co)a13): 7) k[1r' M (co)1d): 8) k[T T(c0)o14]
9) KErIH(CO)Iﬂ and 10) KoIrIsjall except 4) and 5) previously
unknown. The conditions of formation and the separation of these

compounds are given and their possible structure is discussed.



PART I - STUDIES_ON_RHENIUM COORDINATION COMPOUNDS

Summa of e T% ical 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

of ReI, ReII. ReIII

, with carbon monoxide and triphenylphosphine (PR3).
The reaction of ReCls with PR3 gave Re{PR3)Cls, which on treating
with carbon monoxide under pressure yielded Re(PR3)2(C0)3Cl. The
reduction of HReO4 in the presence of PR3 and HBr or HI gave respecti
vely Re(PR3)2Bry and Re(PR3)2I>. Under carbonylation the former yield
ed Re(PR3)2(CO)2Br and Re(PR3)2(CO)3Br, the latter Re(PR3)2(CO)I.

The reduction of HReO4 and PR3 with hydrazinium chloride gave
Re(PR3)2Clo, while in the presence of an excess of hydrochloric acid
gave Re(PRg&Flg. The analogous Re(TPR3)2X3 (X=Br,I) were obtained

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

In the Technical Note n. 4, we described compounds of ReI.ReII.

and ReIII with carbon monoxide, p-tolylisocyanide (BNC), triphenyls=
phosphine (PR3), and triarylphosphites P(OR)3. The reaction of
Re{PR3)2(C0)2X ( X=Cl,Br) with p-tolylisocyanide gave the compounds
Re(PR3)2(BNC)(CO)X and Re(PR3)2(RNC)2(CO)X. The carbonylation of

Re(PR3)2X2 at low temperature gave Re(PR3)2(C0)X2 (X=Cl,Br). On




treating with p-tolylisocyanide in the cold, ReX3 gave Re(RNC)X3
(X=C1,1), while Re(PR3)2I2 gave [Re(PR3)2(ENC)I|I. The fonic structure
of this compound was proved by conducﬁvity measurements as weil as

by various exchange reactions. Finally, the compounds Re[?(OR)%]aIa
were obtained from KoRel¢ and triarylphosphites.

The above results were published in papers (") (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-N=CiZ®R-N3Ci ) and explains why
isocyanides form with many transition metals, such as for instance
‘ Cr,Mo,¥ 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




is, for instance, the case of manganese, cobalt and rhodium, which
form the following compounds with carbon monoxide and isocyanides:
(CO) sMn-Mn(CO)s; (CO)3Co(CO)2Co(CO)3; (Co)3Rh(CO)2Rh(CO)3;
[_Mn(RNC]g"'(S): E:o(nnc)_s_]*("); [Rh(RNC)ﬂ*W). 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 formﬂ;;nds 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 often
unpredictable way. In the VI A subgroup, chromium, molybdenum and
tungsten form hexacarbonyls the stability of which are not very
different, wﬁile 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 onlf 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-




-valent isocyanide derivative.

It seemed therefore wdthwhile to extend our previous research,
on isocyanide-complexef 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(s). Attemp(s
to obtain isocyanide-complexes of rhenium(I) by reaction of stable

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

4
H

som7ﬁositive results (Technical Note N. 4, page 11 ), but the
exéerimental conditions, were rather difficult and not easily
riproducible, More satisfactory results were obtained when Rel; was
used as starting metprial.

The first product of the reaction between Rel; and isocyanide
in acetone solution i's an addition compound of formula Re(RNC)I3.
This, on further treatment with pure isocyanide at 150°, under=
goes a hexothermal reaction, yielding Re(RNC)¢I3 together with a
small amount of Re(RNCLI, which can be separated by fractional
crystallization. The compound Re(RNC)¢I» has to be considered
a triiodide of a ReI complex cation, and not an iodide of a

I11

hexacoordinated Re In fact its electrical conductivity indicates

a uni-univalent electrolyte, and the compound is diamagnetic as




expected for a RhI hexacoordinated cation. All known ReIII

hexacoordinated compoundé have instead magnetic moment in agreement
with the value predicted by the Kotani theory for a octahedral ReIII
( generally 1.6-~2.2 = B.M.)(°).

Moreover, by exchange reaction with Na[ﬁ(06H5){} the compound yields
the salt (:Re(RNC);J [B(Ceﬂs)-a, which is also obtained by exchange
from the iodide Re(RNC)g¢I. The iodide Re(RNC)¢I, which is formed in
small yields in the reaction of RelIz and RNC, is best prepared by
reduction of the triiodide with NaBHs 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 veli'crystallized substances, soluble in polar solvents
(;he 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 lem? in 10”

3
molar solution at 30°, as expected for uni-univalent complex salts,.
The cation {ée(RNC);)+ 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.




EXPERIMENTAL: RHENI{UM COMPOUNDS
Hexakis(ethylisocyanjde)rhenium(I} triiodide, One gramme of Rels
was treated with 0.75 g of ethylﬁ;anide. 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. 206°.

{Found: Re,20.2; I,41.0; N,9.4; C,24.6; H,3.45%. CigH3oNeI3Re

requires Re,20.8; I1,42.4; N,9.4, C,24.1; H,3.3%).

Eexakis!p—;olxlisocxanideIrheniumlI! triiodide. One gramme of Relg3
was treated with 1.5 g of p-tolylisocyanide (97-98%), and the
mixture heated at 150°. The reacted mass was extracted with boiling
ethanol and filtered. The ethanol solution gave on cooling brown
needles, m.p. 170°. (Found; Re,15.0; I,29.0; N,6.5; C,45.2;H,3.4%.

CsgH42NgIsRe requires Re,14.7; I1,30.0; N,6.6, C,45.4; H,3.3%).

exakis|{p-tolylisocyanide)rhenium{]) iodide. One gramme of
[Re(RNC){)I3 was treated with a solution of 0.07 g of NaBHs 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.238°
(Found: Re,17.9; I,12.7; N,8.1% CsgHsoN¢IRe requires Re,18.3;

1,12.5; N,8.3%).




Hexakis(p-tolylisocyanide)rhenium(I) perchlorate. One gramme of
YRe(RNCla I was warmed with a solution of NaCl04 (0.1 g) in ethanol
(10 ml). On cooling yellow crystals separated, m.p. 241°.

(Found: Re,18.3; N,8.5; C1,3.7%. CagHs204ClRe requires Re,18.9;

N,8.5; C1,3.6%).

Hexakis(p-tolylisocyanide)rhenium(I) tetraphenylborate. One gramme
of [?e{RNC)ﬂ I3 was treated with a solution of N&[B(CéHS)é] (0.25 g)
in ethanol (10 ml), and the mixture warmed to boiling. On cooling,
yellow needles separated, m.p. 215°. (Found: Re,16.0: N,6.9; C,70.1;

H,4.9%, C72He2BNgRe requires Re.15,4; N,6.95; C 71.6; H,5.1%).

Hexggis&n-tolylisocyanide!rhenium!11 nitrate, One gramme of
EBe(RNC)é]I was ;;éated with a solution of:AgNO3'(O.15 g) in ethanol
(10 mld After filtering off Agl, the solution-wasvcdncentrated
undef.reduced pressure and a crystalliﬁe precipitate was obtained;
yellow needles, m.p. 2065. (Found: Re,19.0; N,10,2; C 60.0; H,4.3%

C4gHa203N+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 KoIrBrg with carbon monoxide at high pressure and temperature,
which yielded as the main product Kg[Irg(CO)4Br£]. The mode of
formation and the structure of the complex anion [?rg(CO)4Br§]_2
were investigated by mean of various reactions. The cleavage of
Kzfirg(CO)4B;ﬂ with acids gave a number of other carbonylanions,
namely [IrI(CO)gBra-, [IrII(CO)Braj-, [IrgI(CO)4Br3]—, all isolat=
ed as tetraphenylarsonium salts. In the Section II of the same
technical note, we described the carbonylation of KpIrCle to give
Kg[irg(C0)4C1§) 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 Kg[}rg(CO)4X§] (X=Cl1,Br).
This reaction gave, among others, the iné%esting compounds Ir(CO)oAmX
(Am=isopropylamine and p-toluidine). The results of these researches
were published in papers ('°) and ('7).

In the Technical Note n. 3 we described the reaction of
K[;r(CO)QIé] with triphenylphosphine PR3, triphenylphosphites
P(OR)3, triphenmlarsines (AsR3), p-toluidine (T) and oo dipyridile

(Dip). The following compounds were obtained, in which the oxidation

10




state of iridium depends on theiibonding character of the ligands:
1r1(Co)2(PR3)2I, Ir1(CO)(PRs)212, 1r!T(C0)2To1z, 1x!T(cCO)2(D1p) Iz,
1111 [P(0R) 3] 215, 1r'1T(CO)2(AsRa) 215 and 1xTT(CO) (AsRslTs.

In the Technical Note N. 5 we described the reaction of
K Er(CO)Ii} with ammonia and primary amines, to give complex anions
of the type [Ir(CO)LIa]- (L=NH3,BNH>) and non-~ionic compounds of
II(

formula Irii1(CO)LrIs and IriI(CO)L3I» . respectively. This work

published in paper ('2).
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

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

11




of onektahle isocyanideiridium(I) complex cation. It seemed
therefore worthwhile to investigate the isocyanide-compounds of
iridium, 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 reduceq in a following stage to IrIcompounds.
This type of reaction, which had proved successful in the case of
the lighter omologues of iridipm, i.e. cobalt and rhodium, failed
completely in the case of iridium. Actually IrIII halides do not
seem to form with isocyanides addition compbunds of any reasonable
stability, as shown.by the~fact that mild reducing agenis are
without effect on the.reaction ﬁixtdre)while strong reducing agents
cause sepafation of metallic iridium. (If additioﬁ products of

I-rIII

and isocyanideé were formed, they‘ought to be easily reduced
to IrI compounds, pwing to the  high affinity.of isocyanides with
metals in low oxidation state].

It was therefore necessary to use as sparting material one of
:the compounds of univalent.iridium. 0f those, Ir(CO)a3Br reacted
only very slowlg with isocyanides, while Ir(CO)>TCl(T=p~toluidine)
reacted very easily and neatly. The fact that we found a new method

for the preparation of the Ir{(C0)2TCl, 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(C0).TCl
gives compounds of composition corresponding to Er(CO)(RNC)%Cl.
These are dark-green suhstance% 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
perchloraté ion, With an excess of isocyanide, Ir{CO0)2TCl gives
instead the tetraisocyanideiridium(I) chloride EIr(RNC)é]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 ver& inpensely cbioured, the behavior of which
corresppds to that of uni-univalent electrolites. |

The cation [irlRNC)%]+ may be attributed the square planar
configuration wﬁichv 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 theorg 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 CoI. RhI. IrI. Cobalt(I) gives the extremely stable,

coordinatively saturated @o(RNC)é]+. Rhodium(I) gives the
tetracoordinated [?h(RNC)£]+ which, though unable to bind another
molecule of isocyanide, shows its coordinative insaturation, due

to the vacant 5P, orbital, in its tendency to form stable addition
products with polar solvents. Finally, the tetracoordinated
{}r(RNC){]+ does not show any unsaturated character. The fact that
the tendency to reach coordinative saturation diminishes with ;
increasing atomic weight 1is quite general intzzries of isoelectronic
complex cations, and has been related ('3) to the increasing

electronegativiﬁy of the metel ions, which as a consequence

require a lower number of ligands to attain electroneutrality.

14




ESPERIMENTAL - IRIDIUM COMPOUNDS_ - SECTION_ I

EEESEETREEDESER SRS T TTEE=IE==

Preparation of Izigolgip-goluidinelCI‘

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

of KoIrClg with carbon monoxide at high pressure. Under the same
experimental conditions, NapIrClg gave a salt-like substance
contaiging carbon monoxide, chlorine, sodium and iridium in the
oxidation staté +1. This substance, which we did not isolate in

the pure state; on treafmqnt with p-toluidine at 60-70° gave with
very good yield Ir(C0)2TCl (Tep-toluidine). The experimental
"details are the following; 8 g of NaIrCle were introduced into

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

.the tube placed in an inoxidable steel pressure vessel containing
copper filingg to act as chlorine acceptor. The autoclave was

filled with dry carbon monoxide at 200 atm., heated at 200° 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 Na[Ir(CO)gClg_‘ or Na; [Ir(CO)gCl_;;:
or a mixture of both), together with Na3IrCli, Ir(CO)3Cl and

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

15




60-70° with 1.5 g of p-toluidine (T) in benzene solution. The
solution thus obtained was filtered; on cooling the crystalline
Ir{C0)2TCl, m.p. 166°, separated in a pure state. Yields 2.5 g.
(Found: Ir,48;2; CO,14.6; C1.8.8; N.3.7%. Calculated for

C9H9O0oNC1ITr: Ir,49.2; C0,14.3; C1,9.1; N,3.6%).

Preparation of [Ir{CO -CHACsH4NC)| C1

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 sép&rated, which wég filtered and washed
with hexane. Thé compound could not be recrystéllized. fhe

compound h;s m;p, 250°¢ is diamagnetic and showsj) =24 ohmnlcm2

in 10-4 molar nitrobenzene ‘solution at 20°,

(Found; Ir,30.6, C,48.1; H,4.0; N,17.1, Cl,5.8%. Cé5Hg1ON3C11r

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

Preparations of the;{ir(DJCHaC6H4NCl§IX salts (X=Br,I,C104)

The compound Ir(CO);TCl 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). Th%aqueous 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, Nal and NaClOs, the solution separated the corresponding
salts.

[ Ir(p-CH3C6HaNC)a Br: m.p.->260° with decomposition,

(Found: Ir,24.3; Br,10.8; C,49.7; H,3.7; N,7.7%. C32H28N4BriIr
requires Ir 26.1; Br,9.8; C€.51,.8; H,3.7; N,7.6%.)
[Ir(p-CHsC(,}L;NC)ﬁI m.p.> 260° with decomposition

oFound: Ir,24.2:1,16.7; C,48.9; H,3.8; N,7.0%. C32H>gN4IIr requires
Ir,24.5; 1,16.1; C,48.8; H,3.6; N,7.1%).

[Ir(p-CH306H4NC)4 Cl04: m.p..>260° (with decomposition)

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

C32H2804N4ClIr requires Ir,25.4; C1,4.7, C,50.6; H,3 7;N.7.4¥).
Molar conducibility in nitrobenzene at 20° in 2.10—4 molar sélution

[1 = 27.0 ohm—lcm2 molg?

17




SECTION II

10DOCARBONYLIRIDI

DERIVATIVE

ntn

by Luciana Naldini

In this Section we shall describe the carbonylation of iridium(III)
and iridium§IV) iodides, both alone and as a mixture with alkali
iodides, which led to the isolation of the new iodocarbonyliridium{III)
éompounds:

[Ir(co)313J [1r(c0)15]2. [Irg(comé]

and of the 1odocarbonylir1d1ates

(co)zl%_,_;[ P co)1a]) ™ [1r 1 (o) 214, |1 IIi(CO)Isj—_

The bnl? ;oddcarbonyliridium compounds previously known were
E?r(CO)gIg]_and [ir(CO)3I]u prepared in very small yields by
Hieber (Wﬁ by treating IrI3.H>0 with carbon monoxide at room
préssure and at 150°. In the course of the present research, wé
also obtained the salts of a new iodoiridiate(III) anion of formula
Prlér-.

These results show that the formation of low-valent carbonyl-
~derivatives of iridium is more difficult from IrI3 than from IrCls
and IrBr;. Tpese .latter give in fact, under the above experimental

conditions. [Ir(CO)ngJ and [Ir(CO)3X] (X=Cl1,Br), and, with longer
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reaction times, the pure carbonyl Ir(CO)s and Ir(CO0)3. According to
Hieber 04) the reduction which usually acc;mpanies the carbonylation
reaction occurs because the formation of COCl; and COBr, makes the
elimination of the alogens easy. In our opinion, the formation of
COCl, and COBry. though obvigusly 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 ('%, the stabilization of the low
valent states of iridium by coordination of the 77 bonding carbon
monoxide molecules, or. conversely, the destabilization of the
halogen of iridiﬁm bonds by effect of this coordination The
destabilization effect ﬁecreases from chlofine tﬁ'iodipe, probably
because of the.different.eiectroneéativities.of the ﬁalogens. This
view is supportéd by the fact that the salts Kpiirg(co)40151 in
which iridium has the average oxidation number 1.5 are remarkably
resistent to oxidation while Kp[lr(CO)4I%)< which can be obtained
in solution from the former by exchange with KI,.is easily

oxidized ('°).

alCarbonylation of iridium triiodide
The carbonylation of IrIs with CO at high pressure at differ=

ent temperature gives the compounds:

E]_Ir(CO)aIaJ (1); [1r(co)zIs]o (11): [Ire(cO)ale] (I1I).
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besides the previously known [ir(CO)gIg] and [?r(cojat]\

When Irl; is treated for 18 hours with dry carbon monoxide, at
100° 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 cartied out as above,
but with a rapid final cooling, a mixture of I.II and III is obtained.
At higher temperature, Hieber's compounds [ﬁr(CO)gIé} and [}r(CO)3¥]
are forﬁed._though in rather low yields. together with [?r(CO)aIﬂ.
'No formation of the pure carbonyl Ir(CO)3 is observed below 300°,

CompoundZII is extremely stable, both in the solid state and
in-soiution'of orgénic solvents, where it ié dimeric. In ethanol
solution containing hydroiodic acid. compound II gpiits up to give
an iodocarhonyliridiaté anion of formula.[;r(cq)glé]_, which can
be isolated as the tetraphenylarsonium (tpa) salt. The structure
of I is very likely a distorted octahedron with the carbonyl groups

n

in "cis" position. This assignment is based on the consideration that

in the polycarbonyl-compounds the carbon monoxide groups tend to

occupy " cis" position whenever possible. The I.R. spectrum of the
compound in nujol (2178.2114, 2079 sh. cm-l) does not disagree with

the above formulation.
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A "cis" structure of the type:
oCc I 1 1 <o

NN
¢ I
NN
oc T 1 1 Co
may be assigned to compound II, on the basis of its I.R. spectrum
(2123 and 2087 cm.l in nujol). Moreover the cleavage reactions with
iodide ions give a mononuclear compounq in which the carbonyl groups
occupy "cis" position:
Erz(CO“,IeJ + 2KI —azxﬁr(colgxg
(I.R. of K[Ir(CO)2Ia]: 2118 and 2066 em™' 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

decomnosition in organic solvents, is also dimeric and its formula

may be either of the following:

| ) N
LN < T L/ N\

OC - Il' [:" OC.—’ Ir,g_l__ I'. 4__C(~‘
NN N ooy
D A Ge 1 1 ¢

G
b! Carbonylation of the mixture Ir]a+KI '

The potassium chloro and bromo-iridiates(III) K:IrXe (X=Cl Br),
when treated with carbon monoxide at 180-280° and 100-200 atm.., form
as the main product the salts Kinrg(CO)QXé] which represent an

intermediate step in the reduction of K>IrXe to Ir(CO0)3. In fact on
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nrolonging the reaction times, the yields of Kg[%rQ(CO)QXé]decrease,
while that of Ir(CO)3 increase. The carbonylation of a mixture of
IrIs and KI at 200 atm. and 250°, gives instead two products, namely
K[?r(co)glé] (IV) and K[?r(CO)I{] (V), 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 [?r(CO)QI{}‘
which in turn is formed by thermal dissociation of I at 200°. The
reaction sequence leading to IV may therefore be written: |
[Ir(co)sls] —> [Tr(Co)o1s)+ 312 + .éo. -
[Ir(co)zlg_’[ + KI \) K[Ir(co)1s] -
"The-salt IV is a crystalline éubstanqé, séluble in diethylether,'
qéetonet alcoh&lz ﬁitrabenzene'and,insdléhle'in ﬁenzene.
In ni£robén2ene it behaves as a uni—ﬁnivalentfelectrolytéi On
exchange with tetraphepylarsoniﬁm iodide. the analdgous tpa-salt
is ohtainea..The I.R. spectrum of the anion [}r(CO)gI:]-l. sho@s
two ;ntense absorption bands (2136 and 2092 em lin 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




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 [}r(CO)Ié]--anion shows one
sharp band at 2051 em™ ! (in nujol). Again, it is not possible to
decide, from the experimental data, the actual structure of the

anion,

c) Carbonylation of the mixture IrIs ~ KI

"The carbonylation under high pressure of the mixture IrI4-KI
'gives..depending on the experimental conditions (temperature and
Ir1a/KI tatio) either or both the salts K[Ir(C0)-Is| (VI) and
Kg[lr(CO)Iil (VII). At about 200° 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 tpal. Above 250°. under pressure of carbon monoxide,

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

le'}r(co)guj——) KQEr(CO)IgJ + [Ir(colalgﬂ
so that the carbonylation of IrI4+KI, when carried out at about
250°, gives:

Irls + 2KI — S0 5 Ko [Ir(consj + 11,
The best yields of VII are obtainedﬂat 250°; when the reaction
mixture cor;%ponds to a Ir/K ratio of 1/2.

Finally, in the temperature range 300-350°, the stable product.
of the carbonylation is a previously unknown pure iodoiridiate(III)
of formula Kg[?rlé]' (VIII), soluble in water, insoluble in organic
solvents. This cannot be obtained from IrIg and KI in aqueous
solution. nor is it.fbrmed hy.heating a so}{d misture of the two
reagents, unleés‘carﬁdn monoxide is present. %t is inspegd easily"
formed by.fefluxing for a long'time ViI-in diluted.hydriodig acid.
It seems therefore iikeiy that VIII'is_formed from VII through loss
of carbon monoxide. For the anion IrI5-2 either a pentécoordinated
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 KoIrClg (0.01 moles) and refluxed
for one hour The solid product was filtered off and washed with
water containing a few drops of HNO3, and then dried for two
hours in vacuo at 100°,

Anal* Found: Ir.27.15: I 71 9% ; Irls requires: Ir,27 44; I,72.55%,

Preparation of iridium triiodide
On treating IrI4 at 210° in hydrogen stream, for two hours,
Irl; vas obtained in quantitative vields.

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

Carbonyvlation 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 iodo (1) di

IrI; 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 100° 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
analvsed and resulted corresponding to (ir(CO)3Iq].
Anal Found: A - CO 13.05, Ir.28 9; I1.58 03%; B - CO 12 77;1Ir 29 3;

1.57.48%; fir(co)glgj requires: C0.12 78 Ir 29.23, I 57.96%

Preparation of hexaiodote;racarhonyliridium!III!

IrIs was reacted in the pressure vessel with 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{C0)3I3 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

resultes tou Le Ir(CO)pIiip

Anal Found: CO 8 72, Ir 30 85; I 60 3% [ir(CO)gIé]g requires:

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

dibromoethane solution:1197 ( calcd.1258.6}.
26




Preparation of hexaiodotrjcarbonvlirjdiumi{JI

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 [?rg(CO)aIeJ.
Anal Found: C0.6.79: Ir 30.87; I,62.6%; [Ir2(C0)sls| requires:

CO 6.83; Ir,31.26; I,61.90%.

Preparation of potassjium iododicarbonyliridia

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 250° 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)glg.
Anal Found: CO,7 97; Ir 28.35, I,55 75% K{Ir(COJ>I3] requires:
CO 8 38, Ir 28.78; 1.56.98%.
Molar conductivity in nitrobenzene at 30° 1 =32 1; .i 500=29.42,
A goo=27.81:\1'1cm2mole_1,
Molar conductivity in acetone at 300./1,f154 2, A 500=131,6;

/| 200=119.8.§L-1cm2mole_1.
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Pr ation o r odocarbo irid 1

A splution of tetraphenylarsonium iodide in absolute ethanol
was added to a solution of K[Ir(CO)gI;;J also in ethanol. Light red
crystals m.,p 284° separated immediately, corresponding to
[As(Ceﬂsla:l [Ir(CO)zlsj,
Anal.Found: C0.5.46; C,30.81; H,1.83; Ir,18.27; 1,36,92%;
C24H20As8ITI3(CO0)2 requires: CO0,5.53; C,30.84;, H,1.99; Ir,18.99;
I 37 6%.

Molar conductivity in nitrobenzene at 30°: /]N=26 S5; /] 500=23.795;

/] 200=22 1 (27 en?more™!

Preparation of potassium Letra'iodocarbonyliridiateLIII_)

The solid product (F) was dissolvéd in acetone and filtered.
The solution by' evaporation in vacuo, yielded dark-red crystals
cor.r‘e'sponding to K[Ir(CO)L;] . |
Anal Found: C0.3 61; Ir 24 92; I 66 1%. K[Ir(CO)I‘;jrequireé'.
CO 3 65; Ir 25 06: I 66 18%. |
Molar conductivity in acetone at 30°. /L‘,=197:/] 500=161 2

/\ 200=140.3 _‘:1“1cm2mole-1 .

Preparation of tetraphenylarsonjum tetraiodocarbonyliridiate(JII)

A solution of tetraphenylarsonium iodide in absolute ethanol
was added to an ethanol solution of K[Ir(CO)L;], The red crystals

which separated were identified as [Rs(cﬁns)ﬂ [Ir(CO)Io, m p.273°
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Anal. Found: C0,2.5; I,44.8; Ir, 16.98; C,26.91; H,1.86%.
C24H20A8IrI4CO requires: C0,2.52; 1,45.68; Ir 17.3; C,27.01;H,1.81%.
Molar conductivity in nitrobenzene at 30° :'dc.'26'35‘ A 500=23.6;

/\ 200422.0 L) en2mote™?.

" Preparation of potassium tetraiododicarbonyliridjiate(III

Irls (0.0 moles) and KI (0.01 moles) were placed into the
pressure vessel with carbon monoxide at the initiai pressure of
200 atm. The temperature was maintained at 120° 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
K[Ir(CO)2T4.
Anal. Found- C0,7.4; Ir,24.3; K,4.92; I 63.7% Kér(CO)gIz;] requires
CO. 7 05; Ir.24 18; K,4.91; 1.63.8%.
Molar conductivity in acetone at 30°, 4(_=148; /| 500=130;

/| 200=119 5 {0 lem?mole™?

Preparation of tetraphenylarsonium tetraiododjcarbonyliridia I
A solution of tetraphenylarsonium iodide in methanol was added
to 8 solution of K[IriCO)z{g The red crystals which separated

m.p.210°, resulted to be [As(c(,ns)g ':Ir(co)guj.
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Anal. Found: C0,3.73; I1.35.0, As,4.96%. Co4H20AsIT(CO)2I4 requires:
C0,3.81; 1,34.58; As,5.10%.

Molar conductivity in nitrobenzene at 30°: 4{0=32,65;‘ﬂ 50c=28,7;

'A 200:25.4.11_-1cm2m019-1.

Preparation of potassium pentaiodocarbonyliridiatell

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 240° for 12 hours.
The crude product, washed with benzene as above., then with ethyl
ether in order to separate a very small quantity of Ki}r(CO)gIé},
was finally dissolved in acetone. The filtered acetone solution.
evaporated in vacuo, yielded dark-red crystals that resulted to
be Kg[Ir(CO]Is:J.
Anal. Found: CO 3.2; Ir 20.2; I 68.0; K,8.6%. Kg[Ir(CO)I5:; requires:
€C0,3.0: Ir 20.6; I 68.0° K,8.37%
Molar conductivity in acetone at 30°- /L\9=276; 4 500=228;

/\ 200=200 ‘Q -lcmzmole.1 .

Preparation of tetraphenylarsonium pentaiodocarbonyliridiate(JIII)

A methanol solution of tetraphenylarsonium iodide, added to a
methanol solution of Kg[?r(CO)IS]\ gave after a few minutes

brown-red crystals m.p. 308°(dec.), which resulted to be

[}S(C6H5)tj2[?r(C0]I§]-
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Anal. Found: CO,1 78; 1,40 0; As.9.3%. Cs8H40As2IrCOIs requires:

C0.1.72, 1,39.13: As,9.23%.

Molar conductivity in nitrobenzene at 30°: /1C°=64; /| 500=53.4:

/\ 200=47.3 j?inlcm2mole~1

Preparation of potassium pentajodoiridiatel]l

When the reaction of IrI4+KI and carbon monoxide was carried
out above 300° a new red crystals product was obtained which
resulted to be KoIrls. The same compound could also be obtained

by refluxing K[?r(co)zli] and Kg[?r(co)lé] with a solution of HI

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

recrystalized from water

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

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

IODOCARBONYLIRIDIUM COMPOUNDS

COMPOUND C-0 stretches cm !
~ [{Ir(cols1s) 2178 w 2114 2079 sh
[Ir(CO)zIa] 2123 2087
[Ira(co)als 2118 2074
k[Ir(co)o1y 2136 2092
[4s(CeHs) 4] [Tr(C0)15) 2100 2070
K[Ir(C0)14] | 2051
[As(CeHs) 4] [Tr(CO)14] 2041
K,'[.I'r(-C(.)],QL;J 2118 2066
- (as(celis)a] [1r(co)214] 2109 2074
Ko [Ir(C0)1s5] 2032
[As(CeHs 4] 2 [1r(co)1s] 2008
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