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Hydrogen cyamde appears as a versatile reagent rn the chemistry of the 
coordmatlon compounds, behavmg either as an oxldlsmg or a coordmatmg 
reagent. 

All the HCN complexes hitherto reported are thought to contam mtrogen-bonded 
HCN and no example of coordmatlon of HCN through the CzN triple bond has been 
reported. 

When HCN behaves as an oxrdlsmg agent, the reactlon leads to the breakmg off of the 
HCN molecule, to the oxldatlon of the metal and to the formatlon of hydride com- 

plexes* 
We reported recently’ that N?(CN)(DPB’) 1 s and NII<CN)(DPB)~ s (HCN) were 

found to be Intermediates m the oxldatlon of Nl(DPB)* to Nl(CN),(DPB) by HCN 
dissolved m benzene (DPB = 1,4-bls(dlphenylphosphmo)butane). In order to 
mvestlgate further the nature of the NI-HCN bond, we have studled reactlons between 
HCN and some NlIt complexes_ The reaction products contam HCN as a hgand and 
apparently no oxidation of the metal takes place. 

The selected substrates were the square planar complex 

frans-NI(CN)~(PP~~)~ [PPr3 tn(rt-propyl)phosphme] , the pentacoordmate specles3 
Nl,(CN),(DPP), (DPP = 1,3-ba(dlphenylphosphmo)propane) and a solution of 
#-arts- [Nl(CN),(DPB)] Z m benzene contammg free dlphosphme. In the DPP complex 
two dlphosphmes act as chelating hgands, and one bridges the two nickel atoms3, 
wlule, under the experunental condltlons employed, a benzene solution of 

[Nl(CN)z (DPB)] 2 contains this complex m equlhbrtum with a pentacoordmate 

compound contammg the molety3 Nl(CN), (DPB)z . 
The choice of these complexes was governed by their close srmdarlty to 

Nl(CN)(DPB), s. their known physlcal and chemical propertles and thetr resistance to 

oxldatlon. 
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H. CXPERIhlCNTAL SLCTION 

The reactlons were carried out at 20-22”C, m closed vessels under air. The com- 

plexes [NI(CN), (DPB)] 2, Nl(CN)* (DPP) I 5 and Nl(CN), (PP r3 ) 2 

methods3*4. 

were prepared by pubhshed 

DCN was prepared from DC1 and dry HCN m Dz 0. HCN (Montedlson) was purified 

by room temperature dlstliiatlon under reduced pressure and degassmg with argon. 

Benzene (C. Erba) was purified and dried by standard methods. A glass syringe eqmpped 

with a fdtermg attachment was used to obtam perfectly clear solutions for IR analysis 

even from reaction mixtures where a preclpltate was present 

The actlon of HCN on NIP (DPB) was studied by addmg 0 3 mmole complex, 

0.15 mmole DPB (to mcrease the concentration of Nll’ m solution) and ca 4 mmole 

HCN to 5 ml benzene 

The reactlon of NIP (DPP)I_I with HCN was carried out by mlxmg 0 3 m mole 

complex and 3 mmole HCN m 5 ml benzene A sign&cant Increase of solubihty was 

m~medlately observed About 50 ml ethyl ether was added three hours after the 

addltlon of HCN and the resulting red preclpltate was filtered off and washed Immediately 

with small portlons of ether (total SO ml). The mother liquor appeared practically 

colourless. 

The reaction of Nl(CN), (PPr,)l with HCN was followed mamly by IR spectroscopy 

Solutions contammg 0.1 M complex and vanable molar ratios of HCN/Nl” from 1 to 10 

were normally used. The general reaction pattern does not change appreciably m this 

molar ratio range 

A solution 0 8 x 10V2 M m Nlll and ca 15 x lo-* ill in HCN was found suitable 

for the simultaneous IR and visible analysis. The concentrdtlon of the HCN solutions 

used was determmed by means of their IR spectra and a calibration graph. 

IR spectra were recorded on a Perkm Elmer 257 spectrophotometer and vlslble 

absorption on an Optlca CF4R NMR spectra were recorded on a Perkm Elmer R12 

spectrometer (temp. 37OC). 

5. RESULTS AND DISCUSSION 

The complex tram- [Nl(CN), (DPB)] 2, m the presence of dlp&phme, shows some 

tendency to react with HCN. Thus, when HCN is added to a benzene suspension of the 

complex, the IR spectrum of the supernatant solution displays a very weak shoulder 

and weak bands at 2 115 and 2100 cm-‘, attributable respectively to the CN stretching 

frequencies of the square planar complex and to the pentacoordmate moiety 

NI(CN)~(DPB)~. Near to the band at 2085 cm-’ attributable to free HCN, a weak but 

we!1 defined shoulder appears at ca. 2075 cm-’ Filtration of the suspension enables 

the complex [Nl(CN),(DPB)] 2 to be recovered unchanged m high yield 

A band at 2065 cm- 1 has been previously assigned’ to the V(CzN) of HCN coordmated 

to the complex Ni(CN)(DPB),_s and this suggests that either [Nl(CN)Z(DPB)] 2 or 
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the moiety NI(CN)~(DPB), forms an unstable product contammg HCN and that the 
weak shoulder observed at ca 2075 cm- 1 can be attributed to the coordmated HCN. 
* On the other hand, the pentacoordmate complex Ni(CN), (DPP),_, shows a very 

pronounced tendency to react with HCN When HCN 1s added to a red suspension 

of ths complex in benzene, the IR spectrum of the solution shows the followmg 
pattern of bands a medrum mtenslty band at 2100 cm-’ (V(?N of the reactmg 
complex), a band at 208.5 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 erher to the benzene suspension, a crystalhne product IS 
obtained whose colour, visible and IR spectra m methylene chloride are practically 
ldenttcal wtth those of the starting compound. In contrast, the IR spectrum in 

NUJO~ displays, near to a strong band at 2 1 Cl0 cm-’ (wluch 1s comcldent with the 
vC=N of the complex NI(CN), (DPP) 1 S a sharp medium-mtenslty band at ) 
2065 cm-’ . When the solid sample IS left for some hours m the atmosphere at 
room temperature, the band loses mtenslty and gradually disappears. 

The results reported so far suggest that these complexes are able to interact with 

HCN m mlid condlttons to give unstable reactlon products, m which an IR band 
at 2075-2065 cm-’ suggests that HCN IS coordinated to the metal. 

The crude reactlon product obtained from the reaction of NIP (DPP),., with 
HCN was not a convenient sample for a physlco-chemical analysis of the mteractlon 
of HCN and NII1. because both the substrate and the reaction product are sparmgly 
soluble m the common organic solvents, and the absorption due to the “C-H of the 

coordinated HCN would be masked by the strong band due to the C-H stretching 

of the aromatic rings of the dlphosphme. 
We have found the complex trans-NI(CN),(PP~~)~ , I, to be a more convenient sub- 

strate. This compound IS perfectly stable m solution and very soluble m the common 
solvents. Its IR spectra m Nqol and m benzene solution display a sm@e sharp, strong 

band, due to the asymmetrlc CN stretching vlbratlon, at 2105 and 2115 cm-’ 
respectively_ The visible spectrum shows d single band at 340 nm 

When a 0 1 M benzene solution of I 1s made 0.1 M m HCN, the IR spectrum of the 
solution changes mstantaneously and remams unaltered for at least three days This 
behavlour is illustrated m Fig. l_ The band at 2115 cm-’ does not change appreciably 

either m position or mtenslty, the 2085 cm-’ bdnd due to unreacted HCN appears 

decreased in intensity, and d medmm to strong bdnd appears at 2070 cm-’ , as well as a 
weak shoulder at ca 2120 cm- ’ . The change m the intensity of the bands caused by 
HCN reveals that about 30% of the HCN has reacted with the Nllt complex. 

When the solution 1s pumped off under vacuum, I 1s recovered unchanged When 

tlus reaction IS followed by IR and vlstbIe spectra, tt IS found that no appreciable 
varlatlon m posltlon and intensity of the band at 340 nm parallels the changes 
observed m the IR spectrum. 

When the reaction IS followed m C6D6, it 1s observed that, while the band at 

3220 cm-’ , due to the C-H stretching of free HCN, decreases m mtenslty, d new 
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Fig 1 IR spectrum of a benzene solutron contammp 

0.1 Mand HCNt,t_, 0.1 JM Cell thickness 0.45 mm. 
(a) Nl(CN),(PPr,),, 0.1 M;(b) NI(CNIz(PPr3)2tot, 

band, apparently due to the reactlon product, appears at ca. 3050 cm-’ (Fig. 2). 

When DCN IS reacted with I m C6 D6 (molar ratlo ca. 1.1) a band at 2500 cm- ’ 

appears (“c-D of free DCN at 2590 cm- ’ ) and, at lower wave numbers, a band 
appears at 1860 cm-’ (VCSN of free DCN at 19 10 cm-‘) (Ftg. 3) 

3503 3M0 2500 

WAVENUMEERS tam-‘, 

Fig. 2. -, [HCN] = 0.1 M, -- - - -, [NI(CN)~<PP~& I tot_ = 0 1 M, [HCN] tot = 0 1 M, - - - - -t 

[WCNI2(PPr3)~] = 0.1 M Sokent C6D6, cell thickness = 0 45 mm 
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Fig. 3. IR spectrum of a C6D6 solutlon contammg F, DCN cs 0 1 M, - - - - -, [ NI(CN)z(PPrs)z] tot_ 
0 1 bT, DCNt,-,t. 0 1 M Cell thickness 0.45 mm. 

Combmatlon 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 

VC-H (VC-D) and YCEN of HCN and DCN coordmated to the metal to give a 
molecular adduct, whose nmples’ formula can be written as Nl(CN), (PPr3)2 (HCN) 

The appearance of the weak shoulder at 2120 cm-’ (Fig. 1) can be explamed 
by the coordmatlon of HCN to the square unit truns-N1(CN)z(PPr3), , which forces 

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

A fairly large number of examples of the coordmatlon of mtrlles and, to a lesser 

extent, of HCN m metal complexes 1s known. in a large majority of cases, the CzN 
stretching frequency of the coordinated nitriles increases upon coordmatlon through 
the nitrogen atom’ and this fact 1s accompamed by a marked mcrease m the band 
intenslty6 

When HCN forms molecular adducts with typical Lewis acids or wtth metal com- 

plexes, the ~CZN mcreases ‘a8 but m one case it remains constant’ and m another , 

case it decreases”. The C-H stretching frequency normally decreases’-’ The 

varlatlons of the Q--_-N upon coordmatlon of HCN through the nitrogen atom have 
been dlscussed ;n terms of combmatlon of electronic and mechamcal effects’. 

We beheve that rhe IR data reported m this paper are sufficient to demonstrate 

that a molecular adduct IS formed between HCN and I and we think that the 
decrease of the VC=N observed In this mvestigation is consistent with coordmatlon 
through the mtrogen atom. 

Coord them Rev, 8 (1972) 
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However, the occurrence’ of couphng between the C=N and C-H stretchmg 
vrbratrons m HCN, together with the exrstence of electronic effects on the CN bond 

upon coordmatron6y7, makes It difficult to determine their mdlvldual contrrbutlons 
to the net varlatron of the YCrN of coordinated HCN Moreover, the apparent mcrease 
of the Intensity of the band assigned to vC=N of coordmated HCN IS m agreement with 

observatrons on N-bonded nitriles Finally. coordmation through the triple bond 
C=N does not seem likely to occur, because a more pronounced decrease of the EN 

stretchng 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 varlatlon of the single 

hydrogen resonance band observed m solutions, m wluch the concentration of I IS constant 

and that of HCN changes, are reported in Table 1 The 6 value (vs. TMS) Increases, m ab- 

TABLE I 

Dependence ofxhe hydrogen resonant= band on the ratlo [HCN] tot./[N1rl] tot_, III the system a 
N?H/HCN _-_- 

NlII HCN 6 (vs. TMS) 
(mmole) (mmole) _ _~__ __ _ _-_-_---._- 

A = WCNI tot. 

PIIl tot 

0.25 2.5 -3.4 10 
0.25 0 75 -3 6 3 
0 25 0 25 -4 2 1 

2.5 -2.5 
0 25 -16 

a Temp. = 37O C, vol. = OS5 ml, solvent CgD6. 

solute value, wtth decrease of the ratio (total moles HCN)/(total moles Nl*I) These results 

may be accounted for on the basis of an equlllbrlurn of the type 

NI(CN)2(PPr3)2 + HCN e Ni(CN)* (PPr3)2 (HCN) 

and a rapid exchange between free and coordmated HCN. Moreover, the type of dependence 

of the single resonance band on the relative concentratldn of the reagents leaves little doubt 

of the fact that the resonance band of the hydrogen atom of coordmated HCN appears at 
6 values more negatrve than those observed for free HCN at the same total concentration. 
This observation is in quahtatlve agreement with data reported by Guttemberger’ , who has 

prepared and characterlsed the complexes (CO), Me(Ns-H)(Me=Cr,Mo) 
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