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Hydrogen cyanide appears as a versatile reagent in the chemistry of the
coordination compounds, behaving either as an oxidising or a coordinating
reagent.

All the HCN complexes hitherto reported are thought to contamn nitrogen-bonded
HCN and no example of coordination of HCN through the C=N triple bond has been
reported.

When HCN behaves as an oxidising agent, the reaction leads to the breaking off of the
HCN molecule, to the oxidation of the metal and to the formation of hydride com-
plexes’

We reported recently? that Ni!(CN)(DPB); s and Nif{CN)(DPB), s (HCN) were
found to be intermediates 1n the oxidation of Ni(DPB), to Ni(CN), (DPB) by HCN
dissolved 1n benzene (DPB = | 4-bis(diphenylphosphino)butane). In order to
investigate further the nature of the Ni—HCN bond, we have studied reactions between
HCN and some Nill complexes. The reaction products contain HCN as a higand and
apparently no oxidation of the metal takes place.

The selected substrates were the square planar complex
trans-Ni(CN), (PPr3), [PPr; tri(n-propyl)phosphine] , the pentacoordinate species’

Ni, (CN),(DPP); (DPP = 1,3-bis(diphenylphosphino)propane) and a solution of
trans-[N1i(CN), (DPB)] , 1n benzene containing free diphosphine. In the DPP complex
two diphosphines act as chelating ligands, and one bridges the two nickel atoms®,
while, under the experimental conditions employed, a benzene solution of
[Ni(CN),(DPB)] , contains this complex 1n equilibrium with a pentacoordinate
compound containing the moiety® Ni(CN), (DPB),.

The choice of these complexes was governed by their close similanty to
Ni(CN)(DPB), s . their known physical and chemical properties and their resistance to
oxidation.
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A. CXPERIMENTAL SECTION

The reactions were carried out at 20—22°C, in closed vessels under air. The com-
plexes [Ni(CN),(DPB)] ., Ni(CN).(DPP), s and Ni(CN), (PPr3), were prepared by published
methods®4.

DCN was prepared from DCl and dry HCN 1n D, O. HCN (Montedison) was punfied
by room temperature distillation under reduced pressure and degassing with argon.
Benzene (C. Erba) was purified and dried by standard methods. A glass syringe equipped
with a filtering attachment was used to obtain perfectly clear solutions for IR analysis
even from reaction mixtures where a precipitate was present

The action of HCN on Ni(CN), (DPB) was studied by adding 0 3 mmole complex,
0.15 mmole DPB (to increase the concentration of Nill in solution) and ca 4 mmole
HCN to 5 ml benzene

The reaction of Ni(CN), (DPP); s with HCN was carried out by mixing 0 3 m mole
coriplex and 3 mmole HCN 1n 5 ml benzene A significant increase of solubility was
mmediately observed About 50 ml ethyl ether was added three hours after the
addition of HCN and the resulting red precipitate was filtered off and washed immediately
with small portions of ether (tofal 30 ml), The mother hquor appeared practically
colourless.

The reaction of Ni(CN); (PPr3), with HCN was followed mainly by IR spectroscopy
Solutions containing 0.1 M complex and variable molar ratios of HCN/Ni!! from 1 1o 10
were normally used. The general reaction pattern does not change appreciably in this
molar ratio range

Asolution 08 x 1072 Min Nill and ca 15 x 1072 M 1n HCN was found suitable
for the simultaneous IR and visible analysis. The concentration of the HCN solutions
used was determined by means of their IR spectra and a calibration graph.

IR spectra were recorded on a Perkin Elmer 257 spectrophotometer and visible
absorption on an Optica CF4R NMR spectra were recorded on a Perkin Elmer R12
spectrometer (temp. 37°C).

B. RESULTS AND DISCUSSION

The complex trans-[Ni(CN), (DPB)] , , in the presence of dipiicsphine, shows some
tendency to react with HCN. Thus, when HCN 1s added to a benzene suspension of the
complex, the IR spectrum of the supernatant solution displays a very weak shoulder
and weak bands at 2115 and 2100 cm™ !, attributable respectively to the CN stretching
frequencies of the square planar complex and to the pentacoordinate moiety
Ni(CN), (DPB), . Near to the band at 2085 cm™ ! attributable to free HCN, a weak but
well defined shoulder appears at ca. 2075 cm™! Filtration of the suspension enables
the complex [N1(CN).(DPB)], to be recovered unchanged in high yield

A band at 2065 crri™ ! has been previously assigned? to the vic=n) of HCN coordated
to the complex Ni(CN)(DPB), s and this suggests that either [N1(CN), (DPB)] , or
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the moiety Ni{CN), (DPB)., forms an unstable product contamning HCN and that the
weak shoulder observed at ca 2075 cm™! can be attnibuted to the coordinated HCN.
" On the other hand, the pentacoordnate complex Ni(CN), (DPP), s shows a very
pronounced tendency to react with HCN When HCN 1s added to a red suspension

of this complex 1n benzene, the IR spectrum of the solution shows the following
pattern of bands a medium intensity band at 2100 cm™! (vc=y of the reacting
complex), a band at 2085 cm™! (free HCN) and a weak, but wel! defined, band at
2065 cm™ ' This pattern is stable for at least 60 h.

On addition of ethyl ether to the benzene suspension, a crystalhine product 1s
obtained whose colour, visible and IR spectra 1n methylene chioride are practically
identical with those of the starting compound. In contrast, the IR spectrum in
Nujol displays, near to a strong band at 2100 cm™! (which 1s comncident with the
ve=N of the complex Ni(CN), (DPP), ;) a sharp medwm-intensity band at
2065 cm™ ' . When the solid sample 1s left for some hours 1n the atmosphere at
room temperature, the band loses intensity and gradually disappears.

The results reported so far suggest that these complexes are able to interact with
HCN 1n miid conditions to give unstable reaction products, in which an IR band
at 2075—2065 cm™ ! suggests that HCN 1s coordinated to the metal.

The crude reaction product obtained from the reaction of Ni(CN), (DPP), 5 with
HCN was not a convemient sample for a physico-chemical analysis of the interaction
of HCN and Nill, because both the substrate and the reaction product are sparingly
soluble 1n the common organic solvents, and the absorption due to the v-_ of the
coordinated HCN would be masked by the strong band due to the C—H stretching
of the aromatic rings of the diphosphine.

We have found the complex trans-Ni(CN), (PPr3),, I, to be a more convenient sub-
strate. This compound 1s perfectly stable in soiution and very soluble in the common
solvents. Its IR spectra in Nujol and in benzene solution display a singie sharp, strong
band, due to the asymmetric CN stretching vibration, at 2105 and 2115 cm™!
respectively. The visible spectrum shows a single band at 340 nm

When a 0 1 M benzene solution of I 1s made 0.1 M in HCN, the IR spectrum of the
solution changes instantaneously and remains unaltered for at least three days This
behaviour 1s 1llustrated m Fig. 1. The band at 2115 cm™! does not change appreciably
erther 1n position or intensity, the 2085 cm™' band due to unreacted HCN appears
decreased 1n intensity, and a medium to strong band appears at 2070 cm™! ,as well as a
weak shoulder at ca 2120 cm™!. The change 1n the mtensity of the bands caused by
HCN reveals that about 30% of the HCN has reacted with the Ni!! complex.

When the solution is pumped off under vacuum, I 1s recovered unchanged When
thus reaction 1s followed by IR and vistble spectra, 1t 1s found that no appreciable
variation mn position and 1ntensity of the band at 340 nm parallels the changes
observed n the IR spectrum.

When the reaction 1s followed in C¢Dg, 1t 15 observed that, while the band at
3220 cm™!, due to the C—H stretching of free HCN, decreases in intensity, 4 new
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Fig 1 IR spectrum of a benzene solution contarmmng (a) Nl(CN)z(PPr3)2, 0.1 M; (b) N (CN),(PPr3)z 0t »
0.1 M and HCNyq , 0.1 M. Cell thickness 0.45 mm.

band, apparently due to the reaction product, appears at ca. 3050 ¢! (Fig. 2).
When DCN 1s reacted with I 1 Cg Dg (molar ratio ca. 1.1) a band at 2500 cm™ !
appears (c_p of free DCN at 2590 cm™ ') and, at lower wave numbers, a band
appears at 1860 cm™ (vc=N of free DCN at 1910 cm™!) (Fig. 3)
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Fiz. 2. ——, [HCN] = 0.1 M, —~— —— , [NKCN)2 (PPra)z ] o, =0 1 M, [HCNItot =01 M, — — — — — ,

[N(CN}2(PPr3);] = 0.1 M Solvent C¢Dg, cell thickness = 0 45 mm
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Fig. 3. IR spectrum of a C¢Dg solution contaiming
01 M, DCNigt, 0 1 M Cell thickness 0.45 mm.

,DCNca 01 M, ———~——, [ N (CN)2(PPr3)21101.

Combination of the data obtained in benzene and deuterated benzene, by
employing both HCN and DCN, suggests that the bands at ca. 3050 and 2070 cm™!
(for HCN) and at 2500 and 1860 cm™? (for DCN) can be attributed to the
ve_uyWe_p)and yeo=y of HCN and DCN coordinated to the metal to give a
molecular adduct, whose simples! formula can be wnitten as Ni(CN), (PPr3),; (HCN)

The appearance of the weak shoulder at 2120 cm™! (Fig. 1) can be explained
by the coordination of HCN to the square unit trans-Ni(CN), (PPr3), , which forces

a symmetric motion n the reacting complex (the symmetric stretch) to become IR
active m the reaction product.

A fairly large number of examples of the coordination of nitriles and, to a lesser
extent, of HCN n metal complexes 1s known. In a large majority of cases, the C=N
stretching frequency of the coordinated nitnles increases upon coordination through
the nitrogen atom® and this fact 1s accompanied by a marked increase in the band
intensity®

When HCN forms molecular adducts with typical Lewis acids or with metal com-
plexes, the vc=N mcreases”8, but 1n one case 1t remains constant® and 1n another
case 1t decreases'®. The C—H stretching frequency normally decreases’~® The
variations of the vc=n upon coordiration of HCN through the nitrogen atom have
been discussed in terms of combination of electronic and mechamical effects’.

We behieve that the IR data reported 1n this paper are sufficient to demonstrate
that a molecular adduct 1s formed between HCN and I and we think that the

decrease of the ve=y observed 1n this investigation 1s consistent with coordination
through the nitrogen atom.

Coord Chem Rev ,8(1972)
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However, the occurrence’ of couphing between the C=N and C—H stretching
vibrations 1n HCN, together with the existence of electronic effects on the CN bond
upon coordmation®:7 , makes it difficult to determine their individual contnbutions
to the net vanation of the vc=n of coordinated HCN Moreover, the apparent increase
of the mntensity of the band assigned to yc=N of coordinated HCN 1s 1n agreement with
observations on N-boaded nitriles®  Finally. coordination through the triple bond
C=N does not seem likely to occur, because a more pronounced decrease of the C=N
stretching frequency would be expected™!.

Some NMR results confirm the formation of an adduct between I and HCN and could
possibly shed more light on the type of HCN—metal interaction The vanation of the single
hydrogen resonance band observed m solutions, in which the concentration of I 1s constant
and that of HCN changes, are reported in Table 1 The § value (vs. TMS) increases, 1n ab-

TABLEI

Dependence of the hydrogen resonance band on the ratio [HCN] tot./[Nlnl tot.» in the system @
Nefl/HCN

Nt HCN 8 (vs. TMS) _ (HCNTtor,
(mmole) (mmole) (Nall) ¢
0.25 2.5 -34 10
0.25 075 -36 3
025§ 025 -4 2 1

2.5 -3.5

025 ~-16

2 Temp. = 37° C, vol. = 0.5 ml, solvent CgDg.

solute value, with decrease of the ratio (total moles HCN)/(total moles Nil!) These results
may be accounted for on the basis of an equilibrium of the type

Ni(CN),(PPr;y), + HCN — Ni(CN), (PPr;), (HCN)

and a rapid excnange between free and coordinated HCN. Moreover, the type of dependence
of the single resonance band on the relative concentration of the reagents leaves httle doubt
of the fact that the resonance band of the hydrogen atom of coordinated HCN appears at

6 values more negative than those observed for free HCN at the same total concentration.
This observation is in qualitative agreement with data reported by Guttemberger® , who has
prepared and characterised the complexes (CO)s Me(N=C—H)(Me=Cr,Mo)
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