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Abstract 

Reaction of the trans square-planar complexes of nickel truns-[Ni(R)C1(PMe,)2] 
with an excess of CNBu’ (2 4 equiv.) gives the chelated polyimino compounds 
[Ni(C(=NBu’)C(=NBu’)C(R)=NBu’)Cl(CNBu’)] (R = CH,, I; R = CH,SiMe,, II; 
R = CH,C,H,-o-Me, III). Analogous complexes are formed for R = CH,CMe, and 
CH,CMe,Ph but could not be separated from other insertion products. The 
formation of the metallacyclic compounds I-III proceeds step-wise, as demon- 
strated by a study of the reaction of trans-[Ni(CH,)Cl(PMe,),1 with various 
proportions of CNBu’ (from 1 to 4 equiv.) which revealed the formation of 
non-cyclic mono-, bis-, and tris-insertion products. The crystal structure of the 
o-methylbenzyl derivative III has been determined by X-ray crystallography. Com- 
plex III isariclinic, space group Pi, with cell dimensions a 11.094(3), b 11.660(3), c 
25.020(5) A, (Y 77.65(3), p 94.65(3), y 90.04(2)“, V 3150.1 A’ and Z = 4. There are 
two independent molecules per asymmetric unit, each exhibiting distorted square- 
planar geometry round the nickel atoms. The o-methylbenzyl group gives rise to 
considerable steric interactions, and there is a restriction of rotation around the 
CH,-C(6) bond in this complex. 

Introduction 

The isocyanide ligand is isoelectronic with carbon monoxide and can undergo 
insertion into transition metal-carbon bonds yielding iminoacyl linkages, 
M-C(NR’)R. As inserting molecules, isocyanides are more versatile than CO, since 
in addition to vl- and y2-iminoacyl structures [l], a variety of polyimino-type 
products can be obtained [2-61. 

We recently reported that the reactions of alkyl complexes of nickel(II), trans- 

]Ni(R)Cl(PMe,) 2 I, with 1 equiv. of CNBu’ afford both $- and y2-iminoacyl 
complexes [7]. In the presence of an excess of the isocyanide, products derived from 
successive insertions into the Ni-C bond of the alkyls are formed. These are the 
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subject of this contribution, and include bis- and tris-insertion products, the latter 
I 

being formulated as [Ni(C(=NBu’)C(=NBu’)C(R)=NBu’)Cl(CNBu’)] and contain- 
ing a five-membered NiC,N metallacyclic unit. The crystal structure of one such 
compound (R = CH&H,-o-Me, III) is reported. 

Results and discussion 

Reaction of tram-(Ni(R)CI(PMe,),J with an excess sf CNBu’ ( L 4 equic;.); crvstal 

Und molecular structure of III 

The formation of polyimino-nickel complexes of type A, by insertion of iso- 

R’ 

(A) 

cyanides, CNR’, into Ni-R bonds was first reported by Otsuka et al. for the 
reaction of methyl iodide or alkyl chloroformates with isocyanide complexes of Ni” 
[2]. Analogous complexes of palladium have also been reported [3,6], and related 
iron species, containing metallacyclic units derived from isocyanide insertion into 
Fe-C bonds, are also known [4,5]. Two examples of the latter, a cyclic carbene 
species [4] and a I-aza-3-ferracyclobutane ring species [5] have been structurally 
characterized, but to our knowledge there have been no structural investigations on 
polyimino chelate structures of type A, despite some interesting NMR features 
displayed by these compounds [Z] that suggest restricted rotation of the alkyl group, 
R, due to either steric hindrance or non-planarity of the NiC,N metallacyclic unit 
or both. 

During previous studies of the formation of mono-insertion products, [Ni(Tt- 
C(NBu’)R)Cl(PMe,),] [7], it became evident that the use of two or more equivalents 
of CNBu’ in some instances led to tris-insertion products of structure A. With the 
aim of structurally characterizing one of these derivatives, the reaction of the alkyls 
rrans-[Ni(R)Cl(PMe3),] (R = Me, CH,SiMe,, CH,C,H,-o-Me. CH,CMe,. 
CH,CMe,Ph) with an excess of CNBu’ (4 equiv.) has been investigated. 

When the above alkyls are stirred with an excess of CNBut in diethyl ether as 
solvent variable amounts of an insoluble yellow powder precipitate out of the 
solution. This material exhibits very broad IR bands and possibly consists of 
metal-free polymeric isocyanide species, although other alternative explanations 
have been suggested [S]. In addition, red solutions are obtained from which pure 
products can be isolated by crystallization for R = Me (I). CH,SiMe, (II). and 

CH,C,H,-o-Me (III). Compounds I-III are red, and very soluble in common 

organic solvents, and can be formulated as “ Ni(R)Cl(CNBu’ f4” on the basis of 

analytical data. ‘iP NMR studies show the reaction occurs with complete loss of 

PMel, since only the characteristic high-field NMR resonance at ca. -63 ppm due 

to free PMe, is observed after the reaction mixture has been stirred for about 1 h. 

The IR spectra of I-III show a strong absorption centred at ca. 2170 cm-‘. 
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attributed to a terminal isocyanide ligand, together with several medium intensity 
bands in the range 1670-1600 cm-‘. The position of the latter bands indicate that 
the remaining CNBu’ groups have been involved in an insertion process that 
generates C=NBu’ groups. 

The ‘H NMR spectra of compounds I-III show resonances corresponding to the 
alkyl and the isocyanide groups. In II and III, the methylene protons are diastereo- 
topic, and give rise to AB quartets. As previously pointed out, this may be due to 
restricted rotation of the alkyl group or to substantial deviation from planarity, or 
to both effects. No useful information about the structural detail of the molecules of 
I-III can however be obtained from these data, but the t3C NMR spectra are much 
more informative and are fully in accord with the formulation of these compounds 
depicted in eq 1. Thus, in addition to signals corresponding to the methyl and 

R’ 
I 

tram-[Ni(R)C1(PMe3),] + 4CNBu’ - 

NR’ 

(I: R=Me, 

II: R = CH,SiMe,, 

III: R = CH&H,-o-Me) 
(I) 

quaternary carbons of the t-butyl groups (Table 2) three low-field singlets centred 
at ca_ 190, 180 and 155 ppm are observed. The two signals at 190 and 180 ppm can 
be assigned to the carbon atoms CA and CB, respectively (see eq. l), on the basis of 
previous work on iminoacyl complexes of nickel [7], and also in the light of data 
discussed below for the bis- and t&-insertion PMe,-containing products, while the 
signal at 155 ppm is due to the third metallacyclic carbon atom, Cc. No signal 
assignable to the nickel-bound carbon of the coordinated isocyanide ligand, 
NiCNBu’, was observed possibly owing to unfavourable relaxation properties. 
Compound I (R = Me) was previously prepared by the reaction of [Ni(CNBu’),] 
with methyl chloroformate [2]. 

Because of the intrinsic interest of the structural parameters of the metallacyclic 
NiC,N unit, and also to examine the possibility of restricted rotation of the alkyl 
group R due to steric hindrance, an X-ray crystal structure determination of the 
o-xylyl derivative III was undertaken. An ORTEP illustration of [Ni(C(=NBu’)C- 
(=NBu’)C(R)=NBu’)Cl(CNBu’)], showing the atom numbering scheme is pre- 
sented in Fig. 1. Tables 3 and 4 * show relevant crystal data and selected 
interatomic bond distances and angles. Details of the structure determination are 
given in the Experimental Section. The formally Ni” ion is in a distorted square- 
planar environment, with the terminal isocyanide and chloride ligands occupying 
mutually cis positions and a carbon and a nitrogen atom of the polyimino group in 
the remaining coordination sites. The nickel centre and the four atoms directly 
bonded to it are essentially in a planar distribution, although there is a small 
distortion toward square-pyramidal coordination manifested by the positioning of 

* In Tables 1 and 2 are listed the analytical and NMR spectral data for compounds I-V and in Table 5, 
the atomic coordinates for compound III. 
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Fig. 1. OKTEP diagram of complex III. The hydrogen atoms are omitted 

the Nil’ . IOII slightly above the coordination plane (+ 0.11 A), probably to relieve 
some steric strain. The carbon atoms of the metallacyclic unit that are not directly 
bonded to nickel, C(9) and C(12), show considerable deviation from planarity, these 
deviations being of opposite sigp to that of the nickel centre already alluded to and 
amounting - 1.25 and - 0.98 A, respectively. On the other hand the atoms N(l0) 
and C( 13), directly bonded to C(9) and C(12), respectively, are also on the same side 
of the mean-square plane (i.e. opposite to the nickel centre). It is therefore evident 
that the coordination plane is not a plane of symmetry. A close inspection of the 
structure of 111 reveals considerable restriction to rotation of the o-xylyl group 
because of strong steric interactions with the Bu’ groups bonded to N(l0) and 
N(2O). These steric interactions are minimized through an angle of 80.4” between 
the Ph ring and the C(9)C(12)N(20) plane. The Ni-C(6) bond length of 1.91( 1) ;\ 

appears normal, and comparable to the Ni-C distance found in the dialkyl 
[Ni(CH,SiMe,),(py),] [9]. Similarly, the Ni-N(20) separation of 1.962(9) .A is in 
the range found for other complexes of Ni” containing N-donor ligands. 

As mentioned above, the reactions of the complexes trclns-[Ni( R)Cl(PMe,)2] 
(R = CH,CMe,, CHJMe,Ph) with an excess of CNBu’ were also examined. but 

we were unable to isolate pure products. NMR studies however, show that com- 

pounds analogous to I-III are formed. mixed with other species resulting from 
subsequent insertion of CNBu’ into the Ni-C bond of the initi.al product. 

Sequential insertion of CNBu’ into the Ni----C bond of tmns-(Ni(C~f_I,)CI(PMe,~,J 

In independent and parallel work, Bochmann and co-workers have reported [8] 
the isolation of the bis-insertion product, [N~(C(=NB~‘)C(=NBU’)CH,)CI(PM~,)~], 
(IV), according to the reaction sequence of Scheme 1. The poly-insertion cyclic 
product I, was not however observed. In order to gain further information on the 
reaction leading to the metallacyclic products I-III, we made a detailed study of the 
reaction of the methyl complex rruns-[Ni(CH3)C1(PMel),] with various molar 
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Table 3 

Summary of crystal data for compound III 

Empirical formula 
Color 

Space group 
Cell dimens 

n, A 

b, ..k 

c, A 

a, deg 
P, deg 
Y. deg 
Z 

v, K 
D calcd, g cm- 3 

wavelength, A 
temp., OC 
mol. wt. 
linear abs. coeff., cm-3 
28 range, deg 
unique data 
data with I 2 3u( I) 

R(F) 
R,.,(F) 

C,,ClH,,N,Ni 
Red 

Pi 

11.094( 3) 

11.660(3) 

25.020(5) 
77.65(3) 
94.65(3) 
90.04(2) 
4 

3150.1 
1.12 

0.71069 
20 
531.2 
7.21 
50 
9230 
4089 
0.061 
0.071 

proportions of CNBu’ (from 1 to 4 equiv.). We recently reported [7], as have 
others [8], that the addition of 1 equiv. of CNBut to a solution of the above alkyl 
affords the _rl’-iminoacyl [Ni( TJ’-C(NBU’)CH,)CI(PM~,)~], as shown in eq. 2. In the 

trans-[Ni(CH,)Cl(PMe,),] + CNBu’ - 

rrans-[Ni( d-C(NBu’)CH,)Cl(PMe,),] (2) 

presence of another equivalent of CNBu’, the bis-insertion product IV (Scheme 1) is 
obtained. Compound IV is a red species that can be isolated by fractional crystalli- 
zation of the product mixture. Its most notable spectroscopic feature is the ap- 
pearance of the nickel-bound carbon resonance as a triplet at 197 ppm (2J(PC) 25 
Hz) in the 13C NMR spectrum. This is in accord with the proposed truns distribu- 
tion of the PMe, ligands, which is firmly established by the presence of a virtually- 
coupled triplet in the ‘H NMR spectrum of IV. The other imino carbon atom in IV 
gives rise to a singlet at somewhat higher field (171 ppm). 

Complex IV, the initial product of the reaction mixture, is always accompanied 
by variable amounts of the tris-insertion product, V, formed in a process competi- 

PMe, 

PMe, 

I 
PMe, 
I CH3 

CHq 

Cl-Ni-CH, CNBul Cl-Ni-Cg CI-Ni-C’ CNBu: 
C=NBu’ 

I I NBu’ 1 \NBu’ 
PMe, PMe, PMe, 

(IV) 

Scheme 1 
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Table 4 

Bond distances and angles for compound III <’ 
-ll___--~_ll_ 

A B 
----- --.._ 

A B 

Bmrld c$istunce.c ii) 
Ni( 1 )-O(12) 

Ni( 1 )-C(3) 

Ni( 1 )-C(6) 

Ni( 1 )--N(20) 

C(3)--N(4) 

N(4)PZX.S) 

C(5)-C(5ll 

r(sb-C(52t 

C(5)-C(53) 

C:(6)-N(7) 

C(6)-C(9) 

N(7)-C(8) 

C(X)-C(XI) 

~~(~)-e(~2) 

C(X)-C(83) 

C(9)-N(10) 

Bond ung.43 { “) 
C( 12)-Ni(l )-C’(3) 

C(l2)--Ni(l)-C(6) 
C( I ~)-Ni(l)-N(2~~ 
C’(3bNiclkC(6) 
C(3)-Ni(1 )-N(20) 

C(hbNi(l)-N(20) 

pi-C(~)-N(4) 

C(3)-NW-C(S) 
N(4)-C(S)-C (w.) 

c--C(5)-c (av.) 

Ni(I)-C(6)-N(7) 

M(l)-C(6)-C(9) 

N(7)-C(6f-C(9) 

C(h)-N(7)-C(8) 

N<7)-C(8)-C (av.) 

C-C&-C (W.) 
C(6)-C(9)-N(l0) 

C(6)“-C(9)-C(12) 

2.260(4) 2.24314) 

1.X2(1) 1.81(l) 

1.92(l) 1.91(l) 

1.962(9) 1.955(9) 
1.16(l) 1.14(l) 

I .470(93 1.472(9) 

1.50(2) 1.38(3) 

1.51(Z) 1.49(4) 

1 SO(2) 1.57(4) 
1.26(1 j “1.23(l) 

1.47(l) 1.49(li 

1.x?(2) 1.47(l) 
1.49(33 1.4x 2) 

1.55(3) 1.5112) 

1.48(3) 1 Sl(3) 

1.26(l) 1.29( 1) 

86.814) 

17X1(4) 

98X(3) 

92.6(6) 

169.1(6) 

80.6(5] 

173(l) 

173(l) 

107(l) 

112(2) 

139(l) 

95(l) 

124tl) 
12-l(1) 

107(3) 

112(3) 
134(l) 

107(l) 

8X?(5) 
172.‘7(4) 
99.4(3) 

92.1(h) 

167.1(6) 

79.1(5) 

177(l) 

174(l) 

109(2) 

1 iO(4) 
139(l) 

96(l) 
123(l) 

129(l) 

109(X) 

1 OYi2) 

13S( !) 

105(l) 

f(Y)-C(12) 

N(X))-C(lI) 
c(11l-c(lII) 
C(llj--c-(112) 
c(ll)-t(113) 
C(12bC(13) 

c(lz)-r\;{zo) 

C(13t-C(14) 

(‘(14)-C(15) 

C(l4)-C(19) 

C(l5)-C{lhI 

f(16)-C(17) 
C(i7)-C(18) 

C~~~)--C(l9~ 

C(l9)--C(1911) 

1.50(2) 

1,49(l) 

1.53(2J 

1.53(2) 

1.53(2) 
1.51(I) 
1.29(2) 

1.52(l) 

1.37(2) 

I .42( 1 ) 
1.41(2) 

1X(3) 

1.36(3} 

L.%(2) 

1.49(2) 

N(IO)-C(9)-C(12) 119(l) 

C(9,bN(IO)-C(I 1) 124(1) 

N{~O)-~l~)-C(~v.~ 111(2) 
C--C(l I j-C’(av.) 108(2) 

C(9)-C(l2)-C(13) 115(l) 

C(9)-C(12)-N(20) 113(l) 

C(13)-C~l2}--N(20) 132(l) 

C(W-C(13)-C(H) 113tl) 

C(13)-c(14b-C~ls) 125(I) 

C(13)-C(14)-C~l4) 115(l) 

c’(lS)-C(I4)-C(.IY) 120(l) 

C(141;-C(15bC(16) 122[2) 

Cf151-C(16)--C(1?~ 117(2) 

C(16f-C{17fbC(18) 119(2) 

(‘(l7)-C(lxwx19) 125(2) 

C(~4)-~~{19~-C(l~) 116$‘) 

C(18)-C(19)-C(191) 120(2) 

C(14Mv9)--c(191) 125(2) 

1.52(2, 

1.49(l) 

1.55(Z) 

1.52(2) 

l.%(2) 

1.51(2) 

1.28(i) 

1.53(l) 

1.36(21 
1.42(t) 

1.42(l) 

1.35(2) 

1.35(23 
1.39(l) 

1.50(l) 

120(l) 

122(l) 

104(3) 

110(l) 

117(l) 

111(l) 

132(l) 

?‘t3(1) 

124(l) 

1150) 
121(l) 

121(l) 

117(Z) 

I23(2) 

122(2) 

116(l) 
121(l) 

123(l) 

I’ A and B: the two independent molecules of fll found in the crysta1 structure. 

tive with that leading to IV. Addition of 1 equiv. of CNBu’ to solutions of IV gives 
a mixture in which the tris-insertion compound V predominates (eq. 3). We have 

PM% 

I 

PM% 
CH? 

k=NBu’ 
’ “Ey’ Nl3u’ 

Cl-Ai--C’ 

\NBu’ 
-+ CNBu’ - 

)I--c< 

I 
Cl-Ni-C,, 

I 
CT-X, (3) 

NBu’ 
PM% PMe, 
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Table 5 

Atomic coordinates and U,, = (U,,U&,,)‘/3 for compound III 
Molecule A: atoms Ni(1) until C(213); molecule B: atoms Ni(2) until last. The serial numbers of atoms in 

molecule B are obtained by adding 20 to the corresponding atoms in molecule A (except for Ni). 

ATOM X Y z rl,so 

Ni(1) 

CI(2) 

C(3) 

N(4) 

C(5) 

C(51) 

C(52) 

C(53) 

C(6) 

N(7) 

C(8) 

C(81) 

C(82) 

C(83) 

C(9) 

N(l0) 

C(11) 
C(111) 

C(112) 

C(113) 

C(l2) 

C(l3) 

C(l4) 

C(l5) 

C(l6) 

C(l7) 

C(l8) 

C(l9) 
C(191) 

N(20) 

C(21) 
C(211) 

C(212) 

C(213) 

Ni(2) 

Cl(22) 

C(23) 

N(24) 

C(25) 
C(251) 

C(252) 

C(253) 

C(26) 

~(27) 

C(28) 
C(281) 

C(282) 

C(283) 

C(29) 
N(30) 

C(31) 

0.2089(2) 

0.322q4) 

0.1069(11) 

0.0526(10) 

- 0.0025(14) 

-0.1363(17) 

0.0521(19) 

0.0233(16) 

0.1242(11) 

0.0296(10) 

- 0.0753(15) 

- 0.1573(24) 

- 0.1340(23) 

- 0.0320(25) 

0.2280(10) 

0.2428(9) 

0.1457(13) 

0.2035(16) 

0.0741(14) 

0.0619(18) 

0.3308(11) 

0.4293(14) 

0.3918(15) 

0.2813(18) 

0.2507(23) 

0.3341(28) 

0.4440(22) 

0.4792(17) 

0.6013(19) 

0.321q9) 

0.3994(13) 

0.3325(16) 

0.5220(14) 

0.4151(15) 

0.7186(2) 

0.7824(4) 

0.8509(13) 

0.9367(10) 

1.0515(14) 

1.0591(29) 

1.0579( 39) 

1.1578(38) 

0.675qll) 

0.6266( 10) 

0.5876(15) 

0.4800(20) 

0.69Oq23) 

0.5622(21) 

0.6876( 11) 

0.7513(10) 

0.8298( 13) 

0.0417(2) 

- 0.0683(4) 

0.0713(13) 

0.0872(11) 

0.1053(13) 

0.0882(1X) 

0.0152(17) 

0.2289(16) 

0.1498(10) 

0.1542(12) 

0.0700(21) 

0.1161(24) 

0.0752(23) 

-0.0517(26) 

0.2270(11) 

0.3354(10) 

0.4202( 13) 

0.5373(17) 

0.3816(15) 

0.4427(18) 

0.1519(15) 

0.2184(15) 

0.2630(14) 

0.2453(17) 

0.2903(21) 

0.3596(17) 

0.3754(21) 

O-3304(15) 

0.3566(20) 

0.0423(10) 

-0.0512(12) 

-0.1640(16) 

-0.0563(14) 

-0.0401(16) 

0.4337(2) 

0.3879(4) 

0.5240(12) 

0.5775(11) 

0.6410(15) 

0.7075(33) 

0.7116(39) 

0.5478(38) 

0.4551(10) 

0.5302(9) 

O-6503(13) 

0.6814(18) 

0.7305(16) 

0.6644(21) 

0.3289(10) 

0.2706(9) 

0.3304(12) 

0.1907(l) 0.0430 

0.2639(2) 0.0614 

0.2399(5) 0.0396 

0.2753(4) 0.0501 

0.3244(5) 0.0490 

0.3149(7) 0.0851 

0.3729(7) 0.0797 

0.3288(7) 0.0730 

0.1310(5) 0.0383 

0.0993(5) 0.0551 

0.1061(7) 0.0699 

0.1411(11) 0.1086(89) 
0.0473(10) 0.1027(85) 

0.7287(12) 0.1095(91) 

0.1191(S) 0.0342 

0.1141(4) 0.0420 

0.1185(6) 0.0610 

0.1232(7) 0.0788 

0.1687(7) 0.0673 

0.0653(S) 0.0963 

0.1104(5) 0.0277 

0.0791(5) 0.0603 

0.018q5) 0.0455 

- 0.0069(6) 0.0765 

-0.0631(S) 0.1052 

- 0.0920( 8) 0.0779 

-0.0665(S) 0.1211 

- 0.0120(7) 0.0705 

O.Olll(9) 0.1171 

0.1340(4) 0.0372 

0.1245(5) 0.0395 

0.1435(7) 0.0745 

0.1572(7) 0.0620 

0.0629(6) 0.0648 

0.2905(l) 0.0417 

0.2148(2) 0.0647 

0.2934(6) 0.0427 

0.2950(5) 0.0451 

0.2930(S) 0.0352 

0.3324(17) 0.0532 

0.236q16) 0.0935 

0.3030(18) 0.1410(149) 

0.3602(S) 0.0309 

0.3797(4) 0.0404 

0.3529(6) 0.0558 

0.3780(9) 0.0956 

0.362qlO) 0.1085 

0.2915(10) 0.133q87) 

0.3888( 5) 0.0250 

0.4314(4) 0.0471 

0.4680( 5) 0.0410 
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Table 5 (continued) 

ATOM X 

C(311) 0.9099(15) 
C(312) 0.9108(15) 
C(313) 0.7509(15) 
C(32) 0.6044(12) 

C(33) 0.5535(12) 

C(34) 0.4520(11) 
C(35) 0.4217(13) 
C(36) 0.3308(16) 

C(37) 0.2701(15) 
C(3X) 0.29X6( 14) 

C(39) 0.3903(12) 
C(391) 0.4173( 16) 

N(40) 0.5891(9) 

C(4T) 0.4950(13) 
C(411) 0.5445( 14) 
C(412) 0.3720( 12) 
C(413) (X4785( 14) 
C(2517) 1.1194(46) 
C(2521) 1.1195(56) 
C(2531) 0.9962(55) 

C(811) --0.0379(126) 
C(X21) -0.1051(49) 

C(831) - 0.1458 
- 

_ 
? z AL, 

0.2276(16) 0.5029(6) 0.0686 
0.4238(14) 0.4376(6) 0.0437 

0.3818( 16) 0.5033(6) 0.0648 
0.2640(12) 0.3547(S) 0.04’1 

0.1497(12) 0.384X5) 0.0439 

0.16X3(12) 0,4197(S) 0.0366 
0.2746( 13) 0.4294(7) 0.0529 

0.2845( 17) O.4649( 7) 0.0754 

0.1861(20) 0.4846( 7) O.OhYI 
0X)795(17) 0.4755(h) 0.0689 

0.0651(13) 0.4426(5) 0.0463 
- 0.0523( 13) 0.4306(6) 0.0627 

0.3200(9) 0.3045(4) 0.0321 

(X2889(13) 0.2612(6) 0.0547 

0.1X81(16) 0,23X7(6) 0.0579 

0.2605(15) 0.284X(h) 0.04x4 
0.3977( 16) 0.2161(7) 0.0465 

0.6177(49) 0.2X7(22) 0.0955( 163) 
0.6168(58) 0.3489(26) 0.1290(271) 
0.7825(54) 0.2794(27) 0.1286(210) 

- 0.0223( 128) 0.083 l(60) 0.1499( 502) 
0.0117(50) 0.1565(22) O.Olhl(142) 

0.1561 0.0516 0.06?8(250) 
lllll-l_ 111-- 

been unable to isolate analytically pure V, but mixtures of this species and of the 
bis-insertion complex IV (ca. 9/l by ‘tP NMR spectroscopy) can be obtained. 
thereby allowing full spectroscopic characterization of this species. Interestingly, the 

“P NMR spectrum of V consists of an AB spin system (8, - 15.1, 6, - 15.3 ppm; 

=JAu 195 Hz). The high value found for the phosphorus-to-phosphorus coupling 
constant is clearly indicative of a tran~ arrangement of these ligands. and their 
chemical inequivalence is probably a consequence of restricted rotation within the 
organic polyimino chain due to steric hindrance. A similar situation was observed in 
the products resulting from the mono- and bis-insertion of CNCy (Cy = cyclohexyl, 
ChH1,) into the Pd--C bonds of [Pd(CH,)I(PMe,Ph)2]. although in this case the 
observation of ‘H NMR multiplets for the phosphine methyl groups was assigned to 
diastereotopic methyl groups rather than to inequivalence of the phosphine ligands 
[2]. In the 13C NMR spectrum of V, the NiLC(NBu’) signals appear as a triplet 
(‘J(PC) 26.5 Hz), and the other two iminocarbon atoms give singlets at 171 and 16X 

PPm. 
Complex V, which contains a polyimino chain formed by triple insertion of 

CNBu’ into the Ni-C bond of the alkyl trans-[Ni(CHi)C1(PMe3)2], cannot be 
cyclized to afford a product having structure of type A but containing a PMe, rather 
than a CNBu’ ligand. Thus V was recovered after heating of its solutions for about 
30 min at 70°C although some decomposition was observed. By contrast, addition 
of CNBu’ to solutions of V affords the metallacyclic compound 1. Monitoring of the 
course of this reaction by 3’P NMR spectroscopy reveals no evidence for the 
presence of intermediates. and this suggests that substitution of one of the PM+ 
ligands in V by CNBu’ is followed by a fast cyclization to give compound I. Thus 
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Scheme 2 

the first three equivalents of CNBu’ readily undergo insertion into the Ni-C bond 
present, but for the fourth, displacement of one of the PMe, ligands is preferred. 
The resulting intermediate species, for which no spectroscopic evidence was ob- 
served, could undergo fast cyclization, possibly as a result of the truns labilizing 
effect exerted by the CNBu’ ligand on the truns-PMe, group. Formation of the 
cyclic products I-III can thus be suggested to occur as depicted in Scheme 2 for the 
methyl derivative I 

Experimental 

Microanalyses were by the Pascher, Microanalytical Laboratory, Bonn. 
Per-kin-Elmer Models 577 and 684 spectrometers were used for IR spectra and a 
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Varian XL-200 instrumental for NMR studies. The liC resonance of the solvent was 

used as internal standard. but chemical shifts are reported with respect to SiMe,. “P 

NMR shifts are relative to external 85% H,PO,. AI1 preparations and other 

operations were carried out under oxygen-free nitrogen. by conventional Schlenk 

techniques. Solvents were dried and degassed before use. The petroleum ether used 

had a boiling point of 40~~-60°C. The compounds CNBu’ [IO], [Ni(KjCl(PMe,),] 

(K = Me [ll]. CH,SiMe, [12] and CHLCI%H,l-o-Me [17]) were prepared by published 

methods. 

Typical preparations for the new complexes are described below. 

(i+i(C(= NBu’)C’(=NBu’jC(C‘ff,C;, H,-o-Me)=~~Bu’)CI(C’NBu’lJ (III). To a 

stirred, cold (-40°C) suspension of 140 mg of [Ni(CHZC~1Ha-o-Me)CI(PMe3)2] in 

diethyl ether (40 cm’) were added 4 equiv. of CNBu’ (1.6 cm’ of a 1 M solution in 

Et 2Oj. The mixture was stirred for 24 h at room temperature then taken to dryness, 

and the residue was extracted with a petroleum ether/Et,0 mixture (l/2, 40 cm’). 

Centrifugation, partial removal of the solvent, and cooling at -- 30 “C afforded 

complex III as red crystals in 50% yield. An analytical sample was obtained by 

recrystallization from petroleum ether. 

A similar procedure gave the compounds I and II in 50% yield. 

(Ni(C(= NBu’)C(= NBu’)CI_i,)~i(PMe,)21 (IV). Neat CNBu’ (2 equiv.) was 

added from a syringe to a cold ( - 40’ C) solution of [Ni(CH,)CI(PMe, )J (258 mg, 

1 mmol) in 30 cm3 of diethyl ether. After 2 h stirring at room temperature the 

volatiles were removed under vacuum and the residue extracted with 40 cm’ of 

petroleum ether. Centrifugation of the extract and cooiing at -_- 30°C furnished 

yellow microcrystals of IV in 30% yield. Purification was achieved by recrystalliza- 

tion from petroleum ether. 

Addition of 1 equiv. of CNBu’ to complex IV gave compound V, as shown by “P 

NMR spectroscopy. Although V has been fully characterized spectroscopically (see 

Results and discussion) we were unable to obtain analytically pure samples of this 

complex, since it always crystallized with some of the bis-insertion product IV. 

X-Ru,y structure determinution of (Ni(C(= NBu’)C(= NBu’)C(C‘H~~C~ F-I,-o-Me)=N 

Bu’)CI(CNBu’)] (III). An air sensitive single crystal of III (0.25 x’ 0.20 X 0.25 

mm) was sealed in a glass capillary under N, and mounted on the goniometer head 

of an Enraf-Nonius CAD-4 diffractometer. Graphite-monochromated Mo-K,, radi- 

ation was used. The unit cell constants were obtained by the least-squares refine- 

ment of sin28/A2 values for 25 accurately centred reflections; 9230 independent 

reflections with 28 i 50” were measured, using o/28 scans. Three standard reflec- 

tions were checked periodically, their intensity variation being within 6% throughout 

data collection. The data were corrected for Lorentz and polarization effects, and 

4089 reflections were considered observed ( I 2 3a( I)). The scattering factors for 

neutral atoms and anomalous dispersion corrections were taken from ref. 14. The 

structure was solved by Patterson and Fourier methods (two independent molecules 

per asymmetric unit, A and B, were found) and refined by full-matrix least-squares 

using i-“s. 3159 reflections were used in the refinement [15a*]. The isotropic 

refinement converged at R -I 0.14. Rotational disorder was detected during the 

course of the anisotropic refinement for the methyl carbon atoms C(83) to C(X3) of 

molecule A and Cc2511 to C(253) of molecule B (extent of disorder: 20 and 40%. 

* Reference number with asterisk indicates a note in the list of references 



169 

respectively). Some degree of non-resolvable disorder was also found for the rest of 
the methyl carbon atoms. Some of the H atoms were located by Fourier-difference 
synthesis; the remainder were placed at calculated positions, and all H atoms were 
included in the refinement with fixed contributions. The structure finally converged 
at R = 0.061, R, = 0.071 [15b*] (weights computed from a Chebgshev series with 
three parameters: 5.21, 7.14 and 3.55). All the computations were made with the 
Oxford CRYSTALS package [16]. Thermal parameters and a list of observed and 
calculated structure factors are available from the authors. 
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