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$-CSH,NiPBu,CH(CN)2 (1) readily undergoes ethyl- or phenyl-isothiocyanate 
insertion, producing the stable products q5-CsHsNiPBu3SC(NRH) = C(CN)2 (IIIa; 
R = C2H5, IIIb; R = C6H,). $-C5H5NiPPh3CH(CN)2 (II) reacts with RNCS (R = 
C*H5 and C,H,) t.o undergo two types of insertion reaction; with C2H5NCS, q’- 
C5H5NiPPh3SC[N(C2H5)H] = C(CN)* (IVa) is obtained, with &H,NCS, on the 
other hand, qS-C5H,NiPPh3SC(=NC6115)CH(CN)+ (IVb) is produced. 

IIIa and IIIb react with PBu3 to give ionic complexes [$-C!,H,Ni(PBu,),r[SC- 
(N&H,H)=C(CN),]- (Va) and [$-CSH5Ni(PBu3)2]’ [SC(=NC,H,)CH(CN)J -(Vb), 
respectively. 

Introduction 

The insertion reactions of CS1 or RNCS into transition metal-carbon bonds 
have received much attention [l]. Although many insertion reactions of CS2 have 
been reported, only a few cases of RNCS insertions are known [2]. Recently we 
have investigated the reactivity of compounds of the type ~J~-C,H,N~PBU,X. It 
bas been shown that qS-C,HsNiPBu,SR compounds readily undergo CS, insertion 

to produce the stable compound $-C5H,NiPBu,SC(S)SR [3] and that q’-C5H5- 
NiPBuJSC2& also undergoes C,H,NCS insertion to give vs-C,H,NiPBu,[SC(=NC,- 
H5)SCzH5 [4$ This paper describes the insertion reactions of RNCS (R = C*H, and 
C6Hs) with $-C5H5NiPR;CH(CN)2 (R’ = Bu and Ph), and some properties of the 
compounds thus obtained. 

f For part XIV sec ref. 8. 
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A large.-numbér of phosphine-stabilized’~.~yclopentadienyl&ys ar$‘-a&ls. .- .. 
have beéKp&pared by the reaction of a n-cyclopentadienylnickel halide with -. 
G*gnard or ~rgano’&l&m reagctits [ 51. 

~-cyclopentadienylt-butylphosphmenickel malononitrile; n-C$IiNiPBu3Y 
~WCN), 01, and 7r-cyclopentadienyltriphenylphosphineni~kel malononitiile, 
qs-C5H5NïPPh3CH(CN)2 (II), mere obtained fr6m reactions of $-C5H5Ni@Bu3Cl 
and $-C5H,NiPPh3Cl wïth-sodium tialononitrilé, respectively, in-excelle& yield. 

Reactions of RNCS with 1 and II 
After standing for 24 h at room.temperature,-a mixture of an excess of C6HS- 

NCS and 1 in benzene gave reddish-brown crystals which had the molecular for- 
mula q5-CgH5NiPBu3CH(CN)&H5NCS_ Based on its IR and NMR spectra, the 
product was formulated as: 

q 
Ni 

/\ 
Bu,P S-C-CtCN), 

NH 

f 
ce5 (IEb) 

The IR spectrum of IIIb showed absorption bands at 3210 fv(NH)] and 2180 
cm-’ [v(C = N)]. The ‘H NMR peaks of IIIb in CDC13 appeared at T 8.3-9.2 
(PBu,, 27H), 4.71 ($-CsH5, s, 5H), 2.5-2.9 (aromatic, 5H) and 1.82 ppm (NH, 
broad, IH). IIIb was aIso obtained by reaction between $-&H,NiPBu&l and 
NaSC(NH&H,)=C(CN), [6-J_ 

A stiïlar reaction of II with C,H,NCS gave red crystals which had the mole- 
cular formula VS-CSH,NiPPh&H(CN)&HsNCS (IVb). Surprisingly, the IR spec- 
trum of IVb showed no v(NH), and the ‘H NMR spectrum showed no peak due 
to an NH proton but a singlet at r 8.44 ppm due.to the CH proton of CH(CN)*. 
in addition- to the peaks which are-assigned to the phenyl and $-CSH5 protons. 
Thus we formulated IVb as shown below: 

p:. 

Ph PiNi\S-C-CHKNl 
3 

II- * 

i 

CG% .(EZb) _- 

: . . .: .- 
, -. 

-. .~ : 



i::‘--j.IVb v&.&o.ob&ed by reaction of $-C&H,NiPPh&i and NaS-C(NHC,H& 
*-:&C(cNj*Y_...; ;._ ..-; 
-. 

C2H5NCS allso-inserted into the nickel-carbon bond of I and II to afford q5- 
C5H5NiPI&i3S~(NHC,H5)=C(CN), .(IIIa) and n5-C,H,NiPPh,SC(NHC,Hs)=C(CN)t 

:. @Va), re$e.&ivélyt The properties and elemental analysis data of compouqds 
-IIIa, IIIb and IVa, IVb are given in Table 1. In Table 2 the IR and NMR data are 
listed. 

It.is interesting to find that the mode of insertion of RNCS into q5-&H,NiPRj- 
CH(CN), is dependent on R and R’, but it is not clear why such differences esist. 

Reaction of IIIa and IIIb with PBu, 
Many complexes of the type [$-C5H5Ni(PBu3)2]X (X = anion) have been ob- 

tained- from reactions between n5-C5H5NiPBu3X and PBu3 [ 71, SO we investigated 
the reaction of IIIa and IIIb with PBu3. 

A CH2C12 solution of IIIb was treated with an equimolar amount of PBu,, and 
an instantaneous reaction occurred, the green compound Vb was formed in ex- 
cellent yield. The IR and NMR spectra (Table 2) indicated that Vb cari be formu- 
lated as shown below: 
- 

Bu F/Ni\ 
3 . FBu3 

(Pb) 

t 

In contra& with the above result, the product obtained from a similar reaction 
of IIIa with PBu3 was formulated based on IR and NMR data (Table 2). 

- - 

Ni 

/\ 
Bu3F FE3u3 

f 

S -C=C(CN l2 

I 
NH 

I 
f2H5 

(Pa ) 

Experhnental 

NaSC(NHC6H5)=C(CN)2 was prepared by the method described in the litera- 
ture [6]_ IR spktra were recorded on a JASCO-IR-G spectrometer. Proton NMR 
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-spec/ I&re &rdtid on a JEOE-JNM-4H 100NMR spectrometer with TMS as 
the intemal standard. 

; .. 

R&ackon.of $-&H&iPBu,Cl with NaCH(CN), 
When 0.26 g (3 mmol) of NaCH(CN)2 was added to a 20 ml of ether solution 

of $-C~H5NiPBu3C1 (0.36 g, 1 mmol) at room temperature, the color of the so- 

lution changed from red to green-brown. After 3 h stirring, the solvent was re- 
moved and the residue was crystallized from ether/n-hexane to give 0.33 g (84% 
yield) of 1: m-p. 79.5~~80°C; NMR r 5.04 (s, $-CsH5) and 8.6-9.4 ppm [PBu3- 
+ CH(CN),] (measured in CD&). Anal. Found: C, 60.9; H, 8.6; N, 7.1. C1-,,H33F 
NzNiP calcd.: C, 61.4; H, 8.4; N, 7.2%. 

Reaction of vs-C,HJViPPh,Cl with NaCH(CN), 
NaCH(CN)2 (0.26 g, 3 mmol) was added to a solution of 0.42 g (1 mmol) of 

q5-CsH5NiPPh&1 in 20 ml of benzene, the mixture was then stirred for 3 h at 
room temperature. The solvent was removed under vacuum and the residue 
crystallized from benzene/n-hexane to give 0.32 g (70% yield) of II.: m.p. 
147.5-1485°C; NMR r 4.78 (s, $-CSHs), 2.2-2.8 (PPh3) and 9.10 ppm [d,CH- 
(CN),, J(P-CH) 12.2 Hz] (measured in CDC4). Anal. Found: C, 68.9; H, 4.5: 
N, 6.1. CZ6HZ1N2NiP calcd.: C, 69.2; H, 4.8; N, 6.2%. 

Reaction of I with C,J&NCS 
A solution containmg I(0.39 g, 1 mmol) and &HsNCS (5 g, 40 mmol) in 20 

ml benzene was stirred at room temperature for 24 h. The solution was evapo- 
rated to dryness and the residue was crystallized from CH2Clz/n-hexane to give 
0.47 g (90% yield) of IIIb. Using the same procedure IIIa was obtained in 80% 
yield. 

Reaction of II with C&NCS 
&H,NCS (40 mmol) was added to a solution of 0.45 g (1 mmol) of II in 20 

ml of benzene, the mixture was then stirred at room temperature for 24 h. The 
solvent was removed under vacuum and the residue crystallized from CH2C12/n- 
hexane to give 0.49 g (85% yield) of IVb. Using the same procedure IVa was ob- 
tained in 80% yield. 

Reaction of $-C5HJViPB.u&l with NaSC(NHC&Ts)=C(CN), 
A mixture of $-CsHsNiPBu3C1 (0.36 g, 1 mmol) and NaSC(NHC,H,)=C(CN), 

(0.66 g, 3 mmol) in 20 ml benzene was stirred at room temperature for 3 h. The 
solution was evaporated to dryness under vacuum and the residue crystallized 
from benzene/n-hexane to give 0.37 g (70% yield) of IIIb. Using the same proce- 
dure IVb was obtained in 85% yield. 

Reaction of IIIb with PBu, 
When 0.20 g (1 mmol) of PBu3 was added to a solution of IIIb (0.53 g, 1 mmol) 

in 20 ml CH2C12, the color of the solution immediately changed from brown-red 
to green. The solution was evaporated to dryness under vacuum and the residue 
crystallized from CH,Cl,/ether to afford Vb (0.65 g, 90% yield). Using the same 
procedure Va was obtained in 90% yield. 
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