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the cleavage site. However, we have made this flexible in order to consider 
extending the distance to cover the entire molecule. 

(9) Because the space of rules is very large (much larger than in the simplified 
illustration In Figure 3), the rule generator is guided in its search more 
closely than is suggested by the simple incremental specification picture 
presented. It uses an abstract description of rule classes and it avoids 
generating rules that have no empirical support. The program avoids 
considering whole classes of rules by noting that specifying any value for 
type, nbrs, nhs, and/or dots at an atom place in a subgraph will give no 
improvement in the score for the emerging rule. These heuristics have been 
discussed previously.31 

(10) The precise stopping conditions for RULEGEN compare a daughter rule with 
its parent and indicate that the program should continue generating daughter 
rules as long as the daughters are "improvements" over their parents. It 
should be noted that the following definition of improvement is under the 
chemist's control so that the degree of specificity of rules generated by 
the program can be changed to suit an individual's problem. The program 
judges a rule to be an improvement over its parent if three conditions hold: 
(a) the daughter rule predicts fewer ions per molecule than its parent (i.e., 
the daughter is more specific); (b) it predicts fragmentations for at least 
half of all the molecules (i.e., the daughter is not too specific); and (c) either 
the daughter rule predicts fragmentations for as many molecules as its 
parent or the parent rule was "too general" in the following sense: the 
parent predicts more than two ions in some single molecule or, on the 
average, it predicts more than 1.5 ions per molecule. 

(11) When we speak of ions predicted by a set of rules we mean those ions that 
are deductive consequences of applying the rules to a molecule. This does 
not imply that the predicted ions are previously unreported. 

(12) Rule 3 totally subsumes rule 1, but both are left in the set of candidates after 
initial selection because rule selection is order dependent and rule 1 was 
selected on its own merits before rule 3 was examined. 

(13) All of the amines considered were unbranched at the a carbon. Thus in 
choosing to generalize beyond the data we increase the range of appli­
cability of the rule at some risk of being too general. We can minimize the 
risk either by having a sufficiently varied set of data over which the program 
generalizes or by not generalizing beyond the scope of the data. 
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Organic Compounds," Holden-Oay, San Francisco, Calif., 1967. 
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(1969), and references cited therein. 
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(21) 
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(18) H. Obermann, M. Spiteller-Friedmann, and G. Spiteller, Chem. Ber., 103, 

1497(1970). 
(19) (a) F. J. Hammerschmidt and G. Spiteller, Tetrahedron, 38, 3995 (1973); 

(b) E. Zeitz and G. Spiteller, Ibid, 39, 597 (1974). 
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Abstract: Reactions of iminium salts with nickel(O) complexes, (R3P)2NiC2H4 and (R3P)4Ni (R3P is triphenylphosphine or 
tri-p-tolylphosphine), are reported. Complexes of stoichiometry [(R3P)Ni(X)L] (X is Cl, Br. or 1; L is iminium cation 
H2C=N(CH3),+ or H2C=N(CH3)(CH2CH3)+) and j[(C5H5)3P]2Ni[CH2N(CH3)2]IClO4 were isolated and characterized 
by analysis and infrared and 1H NMR spectroscopy. A single-crystal x-ray structure determination was performed on 
j[(C6H5)3P]Ni[CH2N(CH3)2]Clj. The orange complex crystallizes in the monoclinic space group P2\jc with a = 9.695 (3) 
A, b = 14.749 (3) A, c= 14.276 (3) A,/3 = 101.42 (4)°, Z = 4, pexpt| = 1.378 (5) g/cm3, and pci,icd = 1.375 g/cm3. The struc­
ture was solved using 2243 reflections with intensity greater than 2a. The positions of all hydrogen atoms were located and in­
clusion of these atoms in the structure refinement gave final discrepancy indices of/?i = 0.041 and /?2 = 0.045. The complex 
can be considered as a trigonally coordinated molecule with the iminium cation bonded in a 7r-fashion to the nickel atom; the 
carbon atom of the iminium cation is trans to the chlorine atom and the nitrogen atom trans to the phosphorus atom. The dihe­
dral angle between the C-N bond and the Cl-Ni-P plane is 3.8 (2)°. The C-N bond length is 1.392 (6) A. Ni to C, N, Cl, and 
P bond distances are 1.884 (5), 1.920 (4), 2.213 (2), and 2.136 (2) A, respectively. Bonding in the complex is considered in 
terms of a 7r-alkene model. Reactions of this complex are described including one with sodium cyclopentadienide that yielded 
|(r/5-C5H5)Ni[CH2N(CH3)2]P(C6H5)3), which contains a dimethylaminomethyl group cr-bonded to nickel. 

This paper represents the first of what we anticipate will 
be a series on the organometallic chemistry of small unsatu­
rated species that contain nitrogen atoms and that are iso-

structural and/or isoelectronic with olefins. Examples of such 
species include R.2N=CR.2+ (iminium cations), which are both 
isoelectronic and isostructural with the analogous C=C 
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compounds, and R 2 C = N R (Schiff bases), which are iso-
electronic but not isostructural with analogous C = C com­
pounds. Specific examples include H 2 C = N H 2

+ , 
H 2 C = N ( C H 3 ) 2

+ , and ( C H s ) 2 C = N ( C H j ) 2
+ which are iso-

electronic and isostructural with ethylene, methylpropene, and 
tetramethylethylene, respectively. On the other hand, 
C H 3 ( H ) C = N C H 3 and ( C H 3 ) 2 C = N C H 3 are isoelectronic 
with 2-butene and methylbutene, respectively. Many such 
species are useful reagents in organic synthesis. If transition 
metal catalyzed or assisted reactions, of the type that occur 
with olefins, can be demonstrated for the analogous nitroge­
nous species, a significant new area of chemistry could be de­
veloped. 

There have been a substantial number of reports of the 
preparation of organometallic complexes of nitrogen con­
taining species which are related to the same types that are of 
interest to us although few systematic investigations of the 
structure or reactivity of most of these compounds have been 
performed. By far the greatest amount of work has involved 
complexes of keteniminium species. These complexes have 
generally been prepared by indirect routes rather than from 
salts of the keteniminium ion, R 2 C = C = N R 2

+ . Keteniminium 
ions may bind in a number of ways to a metal atom. These have 
been outlined by King3a and many examples have been pre­
pared by him and his co-workers.3 One of the first such com­
plexes was prepared by Ariyaratne and Green by protonation 
of h 5 -C 5 H 5 Fe(CO) 2 NCCH 3 ] + . 4 However, the iminium 
species formed was bonded by the C = C rather than the C = N 
bond. King and others have prepared examples of the latter 
type.3'5 Other examples of complexes of molecules containing 
C = N functions include those of allylideneamine, H 2 C = 
C H C H = N H . A review of the nickel chemistry of these sys­
tems has appeared.6. The structures of most of the nickel 
compounds are not known with certainty but at least three of 
the four most likely types of bonding have been realized. A 
structure determination of [ ( C 6 H 5 C H = C H C H = N C 6 H 5 ) -
Fe(CO)3] has shown that the imine is bonded in the normal 
butadiene fashion.7 Some very interesting organometallic 
chemistry has been done by Stone and co-workers using imines 
and hydrazones of ( C F 3 ) 2 C = 0 8 a and bis(trifluoromethyl)-
diazomethane.8b 

Relatively little work had been reported9 on complexes of 
iminium ions when we undertook, as the first phase of our 
work, an investigation of the properties of these ions as ligands. 
Various calculations show that there is nearly full double bond 
character to the carbon-nitrogen bond and that there is some 
charge on the carbon atom.10 Estimates of this charge vary 
from +0.1 to +0.5 depending upon the type of calculation. 
Compared to olefins, which are generally considered as 2e~ 
7r-donors, iminium ions might exhibit considerably more varied 
modes of bonding. Examples A-D represent possible struc­
tures. Whereas A and B are conceptually useful representa-

M I M M 

tions it should be recognized that they are valence bond models 
and r\2 forms will usually be best described by a molecular 
orbital approach. The possibility of an interchange between 
A (B) and C could exist for certain systems. There is a close 
analogy between such an interconversion and the well-known 
ff-TT rearrangements of allyl complexes. Additional possibilities 
exist for metal ion assisted reactions of iminium ions in systems 
where an interchange between a and ir forms occurs. Direct 
and potentially simple ways of introducing iminium ions into 
metal complexes include reaction of the iminium salt with 

metal complex anion, oxidative addition to a complex, and 
displacement of ligands already bonded to the metal. 

While our work was in progress, and subsequent to its 
completion, a number of reports of iminium ion complexes 
appeared. Abelet a l ." prepared a number of (CO)5Mn-imi-
nium ion complexes by the reaction 

o 
9 H2 

R2NCH2SnRj + MrCO)5Br — °5;Mn'9 + CO + R^SnBr 

0 "2 

An x-ray structure was done on the methyleneaziridinium 
derivative. More recently Kaesz reported the preparation of 
an analogous complex containing the (ferrocenylmethyl)-
methylmethylene iminium ion.12 An x-ray structure of the 
product of the following reaction was done.13 

H=NCH3 

OH 
+ 2COD 

Two reports deal with iminium ions which are substituted at 
carbon by metallo species.14 The carbon-nitrogen bond retains 
its double bond character in these derivatives. Finally Wilk­
inson and Fong15 report a number of compounds derived from 
reactions of [ (CH 3 ) 2 N=CH 2 ] I with metal carbonyls and 
metal carbonyl anions. Both ij1 and TJ2 forms of the dimeth-
ylaminomethyl ligand were observed. 

We report here the reactions of [R 2 N=CH 2 ]X with certain 
nickel (0) complexes and the chemistry of the complexes 
formed. In order to unambiguously determine the mode of 
binding of the cation moiety in the solid state and to develop 
some idea of the precise structural features of such systems the 
crystal and molecular structure of the title compound was 
determined and these results are also reported. 

Experimental Section 

Dimethylmethyleniminium chloride and bromide were obtained 
by the reaction of bis(dimethylamino)methane (Aldrich Chemicals) 
with the acetyl halide as described by Bohme and Hartke.16 Di­
methylmethyleniminium iodide was obtained from heating io-
domethyldimethylammonium iodide as described by Schreiber et al.17 

Triphenylphosphine (Aldrich Chemicals) and tri-p-tolylphosphine 
(prepared from PCl3 and CH3C6H4MgBr) were recrystallized from 
hexane before use. Ethylenebis(triarylpnosphine)nickel(0) complexes 
were prepared using the appropriate phosphine by the method 
of Ashley-Smith et al.18 

All manipulations involving metal complexes were done in an inert 
atmosphere box. 

Dimethylmethyleniminium Perchlorate. This material was obtained 
from the bromide by metathesis with a slight excess of silver per­
chlorate in acetone. The precipitated silver bromide was removed by 
filtration, the acetone evaporated, and the residue recrystallized from 
acetonitrile/THF to give the pure salt. Calcd for C3H8NClO4: C, 
22.87; H, 5.12; N, 8.89; Cl, 22.50. Found: C, 22.73; H, 5.03; N, 8.66; 
Cl, 22.61. 

Ethylmethylmethyleniminium Chloride. This material was prepared, 
from bis(ethylmethylamino)methane.16 Since this diamine is not 
commercially available it was synthesized from ethylmethylamine 
and paraformaldehyde,19 bp 100-102° at 760 mm. (NMR: 
CDCl3/Me4Si T 7.12 (2 H); 7.53, quartet J = IHz(A H); 7.77 (6 H); 
8.97, triplet (6 H).) This diamine was treated with acetyl chloride in 
acetonitrile. The white product was collected by filtration, washed with 
ether, and dried in vacuo. Calcd for C4HI0NC1: C, 44.66; H, 9.37; N, 
13.02; Cl, 32.95. Found: C, 44.51: H, 9.41; N, 13.02; Cl, 33.09. 
(NMR: HTFA/Me4Si, T 1.88 (2 H); 5.9. quartet (2 H); 3.88 (3 H); 
8.42, triplet, (3H).) 

Preparation of |[(C6H5)3P]Ni[CH2N(CH3h]CI! (I). a. From 
[(C6H^)3P]2Ni(C2H4). To a well-stirred suspension of 0.94 g (10 mmol) 
of [(CHj)2N=CH2]Cl in 100 ml of THF was added 4.58 g (7.5 
mmol) of ethylene complex. After 1 h, the solution was filtered to 
remove unreacted starting material. The volume of the filtrate was 
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reduced and medium petroleum ether (60-68 0C) added to induce 
crystallization. After further solvent evaporation, the solution was 
filtered to yield 2.70 g (86%) of bright orange powdery solid. The 
compound was dissolved in a minimum amount of hot THF; the so­
lution was filtered, and high boiling (90°) petroleum ether added until 
cloudy. Upon cooling, orange-red to dark reddish brown crystals 
(depending on size) were obtained. Calcd for C2 1H2 3NiPNCl: C, 
60.85; H, 5.59; Ni. 14.16; N, 3.38; Cl, 8.55. Found: C, 60.57; H, 5.55; 
Ni, 14.18; N, 3.25; Cl, 8.57. 

b. From [(C6Hs)3P]4Ni. A mixture of 8 g (7.2 mmol) of phosphine 
complex and 0.72 (6.6 mmol) of iminium chloride in 75 ml of THF 
was stirred vigorously. After 45 min, product began to precipitate from 
solution; at this point the solution was heated to reflux and filtered. 
A small quantity of medium petroleum ether was added to the hot 
filtrate and the volume was reduced. After cooling, 2.7 g of product 
was obtained. Recrystallization, as described above, yielded 2.3 g 
(77%) of product identical with that obtained above. 

Preparation of i[(C<,H5)3P]Ni[CH2N(CH3)2]Br). This compound was 
obtained as described above by the reaction of 1.00 g (1.6 mmol) of 
[(C6Hj)3P]2Ni(C2H4) with 0.30 g (2.2 mmol) of [(CHj)2NCH2]Br. 
Recrystallization from THF/medium petroleum ether gave 0.50 g 
(68%) of product. Calcd for C21 H73NiPNBr: C, 54.95; H, 5.05; Ni, 
12.79; Br, 17.41. Found: C, 54.74; H, 5.11; Ni, 12.81; Br, 17.34. 

Preparation of 1[(C6Hs)3P]Ni[CH2N(CH3),.]!!. Reaction of 2.0 g (10 
mmol) of [(CHj)2NCH2]I with 5.0 g (8 mmol) of [(C6Hs)3P]2-
Ni(C2H4) as described above gave 2.94 g (58%) of product. Calcd for 
C2, H23NiPNI: C, 49.7; H, 4.54; Ni, 11.60; I, 25.09. Found: C, 49.91; 
H, 4.64; Ni, 11.31; I, 24.24. 

Preparation of [(CH3C6H4)3PNi[CH2N(CH3)2]CI). One gram (1.44 
mmol) of [(CH3C6H4J3P]2Ni(C7H4) was added to a suspension of 
0.15 g (1.6 mmol) of [(CH3)2NCH2]C1 in 50 ml of THF and the 
mixture was stirred for 1.5 h. The reaction mixture was filtered, me­
dium petroleum ether added, and the volume reduced to yield 0.75 
g of crude product. This material was dissolved in a small amount of 
hot benzene, the solution filtered, and high boiling petroleum ether 
added until the solution was cloudy. When only a small amount of solid 
formed, the solution was cooled by evaporation of some of the solvent 
whereupon additional solid formed. Filtration yielded 0.50 g (76%) 
of product as orange crystals. Calcd for C24H29NiPNCl: C, 63.13; 
H, 6.40: N, 3.07; Ni, 12.86; Cl, 7.76; mol wt, 456. Found: C, 62.89; 
H, 6.46; N, 2.91; Ni, 12.41; Cl, 7.80; mol wt, 460 (cryoscopic, ben­
zene). 

Preparation of |[C6H5)3P]2Ni[CH2N(CH3)2])C104. a. From 
j[(C6H5)3P]Ni[CH2N(CH3)2]CI! and AgCIO4. Chloro complex, 3.3 g 
(8 mmol), and 4.61 g (16.5 mmol) of (CINFN6H5)3P were dissolved 
in 200 ml of THF. Powdered silver perchlorate, 1.77 g (8.5 mmol), 
was added slowly, with vigorous stirring. The solution immediately 
turned black. After 10 min, the solution was filtered to remove in­
soluble [(C6Hs)3P]AgCl. Reduction of the volume of the filtrate and 
addition of medium petroleum ether gave 3.45 g (58%) of bright 
yellow compound. A compound of composition ([(C6Hs)3P] 
2Ni[CH2N- (CH3J2]JClO4-CH2Cl2 was obtained by recrystallization 
of the product from hot dichloromethane/hexane in the presence of 
an additional equivalent of triphenylphosphine. Calcd for 
C3 9H3 8P2NiNClO4-CH2Cl2: C, 58.17; H, 4.88; N, 1.70; Ni, 17.1 1. 
Found: 58.16; H, 4.90; N, 1.61; Ni, 17.07. However, the compound 
was purified more easily and in better yield by recrystallization from 
benzene, despite its low solubility (ca. 1.5 g/250 ml), as follows. The 
compound was dissolved in a large volume of refluxing benzene and 
the excess filtered off. High boiling petroleum ether was added to the 
hot filtrate until it became cloudy. Upon cooling, bright yellow flakes 
of ([(C6HO3P]7Ni[CH2N(CHj)2]IClO4 were obtained. Calcd for 
C3 9H3 8P2NiN(ClO4): C, 63.23; H, 5.1 7; N, 1.89; Ni, 7.92; Cl, 4.79. 
Found: C, 63.53; H, 5.24; N, 1.82; Ni, 8.02; Cl, 4.99. 

b. From [(C6Hs)3P]2Ni(C2H4) and [CH2N(CHj)2]ClO4. Two grams 
(3.3 mmol) of [(C6Hs)3P]2Ni(C2H4) was added to a stirred suspen­
sion of 0.50 g (3.3 mmol) of [(CH3J2NCH2]ClO4 in 100 ml of THF. 
After 15 min, a quantity of yellow solid had precipitated. After a total 
of 1.5 h, the volume of the reaction mixture, was reduced and it was 
filtered to yield 2.3 g of bright yellow solid. Recrystallization from 
benzene/petroleum ether as above gave 1.61 g (66%) of 
([(C6Hs)3P]2Ni[CH2N(CHj)2]JClO4 as yellow crystals (Found: C, 
63.51; H, 5.25; Ni, 8.07; Cl, 4.88). 

Preparation of i[(C6Hs)3P]Ni[CH2N(CH3)(CH2CH3)]C]|. a. From 
[(C6Hs)3P]2Ni(C2H4). One gram (1.6 mmol) of ethylene complex was 
stirred with 0.2 g (1.9 mmol) of iminium salt in 40 ml of THF for 1.5 

h. Workup of the reaction mixture as before and recrystallization of 
the crude solid from THF/medium petroleum ether gave 0.45 g (65%) 
of orange product. 

b. From [(C6Hs)3P]4Ni. The same complex was prepared from this 
stirring material as described for the dimethyl analogue in 59% yield 
(after recrystallization). Calcd for C22H25NiPNCl: C, 61.65; H, 5.88; 
Ni, 13.70; N, 3.27; Cl, 8.27. Found: C, 60.55; H, 6.03; Ni, 13.61; N, 
3.17; Cl, 8.77. 

Preparation of ((t;5-C5H5)Ni[(T-CH2N(CH3)2]P(C5H5)3|. A 0.5 g (2.8 
mmol) portion of NaCsHs-glyme was added to a solution of 1.00 g 
(2.4 mmol) of ([(C6H5)3P]Ni[CH2N(CH3)2]Cl) in 50 ml of THF. 
Immediately upon mixing the solution turned dark green. After stir­
ring for 1 h, the THF was evaporated and the residue extracted with 
20 ml of medium petroleum ether. The extract was filtered through 
Celite, and the material remaining on the frit rinsed twice with ad­
ditional solvent (total volume of extracts about 40 ml). Evaporation 
of solvent yielded the product as a dark green oil. Low temperature 
recrystallization (—78 0C) from ether yielded the product as a dark 
green waxy solid. Satisfactory analytical data were not obtained, 
however. Recrystallization from medium petroleum ether at —78 0 C 
did not improve the quality of the product; an attempt at column 
chromatography on silica gel resulted in decomposition. The NMR 
spectra obtained on these waxy solids were consistent with the for­
mulation of the material as a dimethylaminomethyl alkyl complex 
(see Table IV for NMR data). 

Preparation of ((^-C5H5)Ni[(7-CH2N(CH3)3]P(C6H5)3!I. Under 
nitrogen, 0.51 g (3.5 mmol) OfCH3I was added to a medium petro­
leum ether solution of j(>)5-C5H5)Ni[o--CH2N(CH3)2]P(C6H5)3| 
prepared as above. Solid began to precipitate from solution immedi­
ately, and within 5 min a substantial amount of solid was present. The 
mixture was stirred for 5 h, and then filtered to yield 1.15 g of yel­
low-green crude product. This was dissolved in a minimum quantity 
of hot acetonitrile, and the solution filtered. The volume of the solution 
was reduced to one-half and ether was slowly added. After cooling by 
evaporation of some of the ether, the dark green crystalline product 
(0.55 g, 39% yield) was collected and dried in vacuo. Calcd for 
C77H31NiPNI: C, 55.33; H, 5.33; N, 2.38; Ni, 10.02; I, 21.65. Found: 
C, 54.71; H, 5.37; N, 2.42; Ni, 10.27; I, 21.86. 

Data Collection and Crystal Data. Several crystals of the complex 
![(C6H5)jP]Ni[CH2N(CH3)2)]Cli (crystallized from hot T H F / 
petroleum ether) were mounted and coated with an amorphous resin 
to retard decomposition. Precession and Weissenberg photographs 
indicated the monoclinic system with observed extinctions of 0/:0, k 
= In + 1 and hOl, I = 2n + 1 consistent with space group P2\/c. A 
crystal of dimensions 0.32 X 0.26 X 0.21 mm was aligned on a Picker 
four-circle diffractometer. Lattice constants determined at ambient 
temperature from least-squares refinement of the angular settings of 
15 strong, independent reflections are a = 9.695 (3) A, b = 14.749 
(3) A, c = 14.276 (3) A, and /3 = 101.42 (4)° (Mo Ka radiation). An 
experimental density of 1.378 (5) g/cm3 agrees with a calculated value 
of 1.375 g/3 for four molecules per unit cell. The mosaic spread of the 
crystal determined using the narrow-source open-counter oi-scan 
technique was acceptably low at 0.08°.20 An independent set of in­
tensity data was collected by the 8-28 scan technique using the Zr 
filtered Mo Ka peak with allowances made for the Ka 1 -Ka 2 sepa­
ration at higher 28 values. The data set was collected within the an­
gular range 4.5 <28< 50°. Attenuators were inserted automatically 
if the count rate of the diffracted beam exceeded 9000 counts/s during 
the scan. During data collection the intensities of five standard re­
flections in different regions of reciprocal space were monitored after 
every 100 reflections measured. None of these standards deviated from 
its mean value by more than 3% during the time required to collect 
the data. Data were processed in the usual way with values of / and 
<T(/) corrected for Lorentz and polarization effects. No correction was 
applied for absorption effects since the linear absorption coefficient 
is small ( ^ = 11-8 cm - 1 ) and rotation of the crystal at x = 90.00° 
produced no significant variation in intensity of a reflection coincident 
with the ip axis of the diffractometer. 

Solution and Refinement of the Structure. The structure was solved 
by the symbolic addition procedure using the FAME and MAGIC 
programs of Dewar and Stone. Two cycles of least-squares refinement 
of positional and isotropic thermal parameters of all non-hydrogen 
atoms of the structure gave discrepancy indices Ri = 2||fu | — 
| ifF c | | /S |f0 | and R2 = ( 2w( |F 0 | - IFeI)VSwF0

2)1 /2 of 0.092 and 
0.105, respectively. Further refinement with anisotropic thermal 
parameters for all atoms converged with discrepancy indices of R] 
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Table II. Refined Hydrogen Atom Positions for 
1 [(C6HJ1P]Ni[CH1N(CH^1]ClI 

O O O O O O O O O O O O O O O O — -H O O O — N - i O o o o o o o o o o o o o o o o o o o o o o o o o o 
O O O O O O O O O O O O O O O O O O O O O O O O O 

o o' o o" o' o* o o o o o" o o o* o" o o o" o" o o* o* o o o 

O M O O O O M O - — —< — O O — O O t w M O —i (N (N (N — 
O O O O O O O O O O O O O O O O O O O O O O O O O 

o o o o o o o o o o o o o o o o o o o o o o o o o 
o o o o o o o ' o ' o o o ' o " o o o o ' o ' o ' o o o ' o o ' o o 

TP -H OO ^ ^ . , — , . - ^ ^ - , . - v ^ ^ . ^ , ^ . ^ , - - . ^ , — . . ^ —. ,—, , _ ,-*. ^-, ̂  ,-s | 
• w • — - r o t t ^ M t t i r i t M M t u ^ L n V ^ t M M t r s i n t L / " ) ) 

U-> O 4O ' — ' ^ ' — ' ^ ' — ' ' ' w w ' ' ' ' - ' ' ' w' w w • • - • w w > • w w 

O O — M t f N ^ O m t w — C O * t O M * o O O C N O ^ ^ O O o o - ( 
O M O O ( N M t O - ( N M O O O O O C N — O O O — i — ' O — 
O O O O O O O O O O O O O O O O O O O O O O O O O 
O O O O O O O O O O O O O O O O O O O O O O O O O 

o o o ' o o o o ' o o o ' o ' o o o o ' o ' o o ' o o o o o ' o o 

Atom 

C(I)H(I) 
C(1)H(2) 
C(2)H(3) 
C(2)H(4) 
C(2)H(5) 
C(3)H(6) 
C(3)H(7) 
C(3)H(8) 
C(S)H 
C(6)H 
C(7)H 
C(8)H 
C(9)H 
C(Il)H 
C(12)H 
C(13)H 
C(H)H 
C(15)H 
C(17)H 
C(I8)H 
C(19)H 
C(20)H 
C(21)H 

X 

0.056 (4) 
0.021 (4) 
0.321 (4) 
0.200 (4) 
0.370 (4) 
0.307 (4) 
0.405 (4) 
0.424 (4) 

-0.416 (4) 
-0.525 (4) 
-0.397 (4) 
-0 .136(4) 

0.013 (4) 
-0.351 (4) 
-0.359 (4) 
-0.174 (4) 

0.051 (4) 
0.072 (4) 

-0 .199 (4) 
-0.332 (4) 
-0.426 (4) 
-0.387 (4) 
-0.249 (4) 

y 

0.136(2) 
0.237 (T) 
0.302 (2) 
0.349 (2) 
0.329 (2) 
0.093 (2) 
0.135 (2) 
0.174(2) 
0.256 (2) 
0.400 (2) 
0.532(2) 
0.527 (2) 
0.383(2) 
0.186(2) 
0.100 (2) 
0.014(2) 
0.015 (2) 
0.092 (2) 
0.222 (2) 
0.138(2) 

-0 .006 (2) 
-0.084 (2) 

0.020(2) 

Z 

0.194(2) 
0.213(2) 
0.277 (2) 
0.219 (2) 
0.188(2) 
0.151 (2) 
0.255 (2) 
0.162(2) 

-0.031 (2) 
-0.060 (2) 
-0.082 (2) 
-0.085 (2) 
-0.051 (2) 
-0 .180(2) 
-0 .312(2) 
-0.357 (2) 
-0.255 (2) 
-0.105 (2) 

0.166(2) 
0.249 (2) 
0.198(2) 
0.041 (2) 

-0.042 (2) 

B, A2 

4.3(7) 
5.6(8) 
8.1 (8) 
7.3(9) 
6.5 (8) 
9.2(8) 
8.1 (8) 
8.3(9) 
6.1 (6) 
4.7 (6) 
8.3(8) 
7.6(7) 
5.8(6) 
5.2(7) 
6.3(8) 
6.1 (8) 
7.2 (6) 
5.4(6) 
7.5 (7) 
8.2 (8) 
9.1 (7) 
6.2 (7) 
7.5 (6) 

—• • — V f M f ^ o i f l M m m M n m n M T t f n ^ n m m n m m n 

O O O O O O O O O O O O O O O O O O O O O O O O O 
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Table III. Root-Mean-Square Amplitudes of Vibration (A) 

Atom 

Ni 
Cl 
P 
N 
C(I) 
C(2) 
C(3) 

. C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(IO) 
C(I l ) 
C(12) 
C(13) 
C(14) 
C(15) 
C(16) 
C(17) 
C(18) 
C(19) 
C(20) 
C(21) 

M in 

0.198 (2) 
0.225 (2) 
0.188 (2) 
0.203 (6) 
0.199 (7) 
0.201 (8) 
0.205 (9) 
0.174 (7) 
0.192(7) 
0.192(8) 
0.188(8) 
0.202 (8) 
0.198 (8) 
0.163(8) 
0.190 (8) 
0.203 (8) 
0.193(9) 
0.209 (8) 
0.199(8) 
0.191 (7) 
0.200 (7) 
0.206 (7) 
0.206 (7) 
0.213(7) 
0.209 (7) 

Intermed 

0.211(2) 
0.'260 (2) 
0.204 (3) 
0.216(6) 
0.218(7) 
0.255 (7) 
0.288 (8) 
0.195 (7) 
0.207 (7) 
0.212(8) 
0.207 (8) 
0.224 (7) 
0.206 (8) 
0.197(7) 
0.232(7) 
0.266 (8) 
0.231 (8) 
0.247 (8) 
0.228 (7) 
0.200(7) 
0.215 (6) 
0.228 (7) 
0.230 (7) 
0.251 (6) 
0.232(7) 

Max 

0.224(1) 
0.335 (2) 
0.215 (2) 
0.270(5) 
0.296 (7) 
0.315 (7) 
0.387(8) 
0.222 (7) 
0.253 (7) 
0.287(7) 
0.320(8) 
0.278(7) 
0.257 (7) 
0.239 (6) 
0.280(7) 
0.323(8) 
0.348 (8) 
0.313(8) 
0.257 (7) 
0.230(7) 
0.240 (7) 
0.285 (7) 
0.305 (7) 
0.279 (8) 
0.259 (7) 

= 0.050 and R2 = 0.057. The positions of all hydrogen atoms of the 
structure were determined from a Fourier map and included in the 
refinement giving final discrepancy indices of R i = 0.041 and R2 = 
0.045. During all cycles of refinement the function minimized was 
Sw(IF0I - |FC|)2 and the weights w were taken as 4Fo

2/o2(F0
2). The 

standard deviations (7(F2) were estimated from procedures described 
previously.21 In all calculations the atomic scattering factors for the 
non-hydrogen atoms were those of Cromer and Waber22 with hy­
drogen scattering factors taken from the report of Stewart et al.23 The 
effects of anomalous dispersion were included in the calculated 
structure factors with the appropriate values of Af and Af for the 
Ni, Cl, and P atoms taken from the report of Cromer and Liberman.24 

At the completion of the refinement the standard deviation of an ob­
servation of unit weight was 1.26. The final positional and thermal 
parameters of the structure are given in Table I. Positional and ther­
mal parameters of the hydrogen atoms are given in Table II. Table 
III contains root-mean-square vibrational amplitudes of atoms refined 
anisotropically. A table of the final F0 and Fc values for the 2243 re­
flections used in the refinement is available.25 
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Table IV. Proton NMR Spectral Dataa 

Compound Solvent CH,-N» CH,-N& Other protonsc 

|[(C6Hs)3P]Ni[CH2N(CH3)2]Cl| 

J[(C6HS),P] NK[CH2N(CH,),] Br) 
|[(C6H5)3P]Ni[CH2N(CH3)2]l| 
j[(p-CH3C6H4)3P]Ni[CH2N(CH3)2]Cl| 
I [(C6H5)3P] Ni[CH2N(CH3)(CH2CH3)] Cl j 
|[(C6H5)3P]2Ni[CH2N(CH3)2]|C104 
|(T,=-C5Hs)Ni[CH2N(CH3)2]P(C6H5)3! 
|(r,=-CsH5)Ni[CH2N(CH3)3] P(C6H5), U 

C 6 D / 
CD2Cl2 

CD3CN^ 
CD2Cl 
C6D6 

C6D6 

CD2Cl2
6 

CD2Cl2 

C6D6 

CD3CN 

8.32 
7.88 
7.77 
7.85 
8.34 
8.23 
7.90/ 
7.38 
7.37>> 
7.17' 

7.86 
7.40 
7.39 
7.38 
7.88 
7.82 
7.37 
7.60 
8.17 
7.48 

2.2, ortho; 2.83, meta and para 
2.62, phenyl 
2.46, ortho; 2.58, meta and para 
2.60, phenyl 
2.23, ortho; 2.83, meta and para 
7.97, CH3; 1.97-3.17, phenyl 
7.07, CH2CH/ 8.70, CH2CZZ3; 2.3-2.74, phenyl 
2.65, phenyl 
4.70, C5H5; 2.40, 2.97, phenyl 
4.70, C5H5; 2.42, phenyl 

aUnless otherwise stated spectra were obtained at 60 MHz; data reported as T values vs. Me4Si. ^Resonances are singlets unless otherwise in­
dicated. c All aromatic proton resonances were complex multiplets. d 220 MHz. e100 MHz. /AB pattern,/= 1.3 Hz.£Complex multiplet, es­
sentially a quartet of doublets. hDoublet, /p_cH = 9 Hz. 'Doublet, /p_cH = 9 Hz. 

Results and Discussion 

Preparation and Characterization of Complexes. Reaction 
of an ethylenebis(phosphine)nickel(0) complex with iminium 
salts [ (CHa) 2 N=CH 2 ]X (X = Cl, Br, I, and ClO4) in THF 
resulted in slow evolution of ethylene and dissolution of the 
iminium salt. Orange to red-brown complexes of stoichiometry 
1(R3P)Ni[CH2N(CHj)2]XI (X = Cl, Br, I; R = C6H5 , p-
CH3C6H4) and yellow [(C6Hs)3P]2Ni[CH2N(CH3)2]iC104 

were isolated from these reactions. A product of the former 
type was also obtained from [(C6Hs)3P]4Ni and [(CH3)2-
N = C H 2 ] C l . The perchlorate salts could also be prepared by 
treating the halide complexes with silver perchlorate and 2 
equiv of phosphine. NMR spectra (Table IV) obtained on these 
complexes contained resonances attributable to the phosphine 
and singlets for the methylene and iV-methyl groups in the 
ratios consistent with the above formulations. The chemical 
shifts of the methylene protons are several parts per million 
upfield compared to those for the uncomplexed iminium salt; 
the methylene resonance for [ (CH 3 ) 2 N=CH 2 ]C10 4 occurs 
at r 1.78 in acetone. Although the chemical shift changes upon 
complexation are somewhat larger than those for olefins, the 
chemical shift for the methylene group is consistent with a 
7r-bonded species and is somewhat lower than shifts for 
u-bonded alkyls. There are several other interesting aspects 
to the NMR spectra of these compounds. As can be seen by the 
data for the chloro complex, there is a dependence of chemical 
shift of the methylene protons of the iminium moiety on solvent 
although there is little difference with anion (compare the Cl, 
Br, and I complex data). However, there is a substantial shift 
for the resonance for the methylene protons in the cationic 
([(C6H5)3P]2Ni[CH2N(CH3)2] j+ complex where the meth­
ylene resonance occurs at lower field than the N - C H 3 reso­
nance. This is probably a result of decreased shielding in the 
more highly charged complex but a difference in trans effect 
between phosphine and halogen cannot be ruled out. It is in­
teresting to note that no coupling of the methylene protons to 
phosphorus is detectable although the methylene group is trans 
to a phosphorus donor. 

Early in this investigation the low solubility of the neutral 
complexes containing triphenylphosphine caused us to consider 
dimeric species, such as those shown below, as possible struc­
tures. However, a cryscopic molecular weight determination 
on the more soluble tri-p-tolylphosphine analogue indicated 
that it was monomeric in benzene solution. Similarly, the 
perchlorate salts were shown to be monomeric in acetonitrile 
by concentration dependent conductivity measurements. 

Although the NMR chemical shifts were not unambiguous, 
since the complexes were monomeric in solution, we assumed 
that the iminium cations were bonded in a 7r fashion as a 
u-bonded form would involve three-coordinate nickel(II). An 
x-ray structure determination on ([(C6Hs)3P] 
Ni[CH2N(CH3)2]Cl|, vide infra, confirmed this assumption. 

P h 3 P x ^ C 1 \ ^.CH2N(CH3)2 

Ni Ni 
(CH3)2NCH2 C l ^ PPh3 

Cl 

Ph3P 
X 

(CH3), 
N—CH. 

CH2 

PPh1 

—N Cl 
(CH3J2 

Subsequent to the solution of this structure, the complex 
([(C6Hs)3P]Ni[CH2N(CH3)(C2Hs)]ClI was prepared in 
order to determine more about the nature of iminium cation 
complexes in solution. If the above complex exists as a static 
form with the iminium species x-bonded then both pairs of 
methylene protons are diastereotopic and might appear non-
equivalent in the 1H NMR spectrum. However, if the process 

Ph3P. .R 

Cl Cl / 
Ni-CH,NV 

VR' 

CH2 

INiHI — 
N 

/ \ 
R R' 

occurs rapidly, and, with this, rotation about the C-N bond 
and inversion of nitrogen, then the diastereotopic nature of the 
methylene groups would be lost. Data recorded in Table IV for 
this complex clearly show that the methylene protons are 
nonequivalent both in CD2Cl2 and in CD3CN solutions. Also, 
addition of excess triphenylphosphine (methylene chloride) 
did not affect the pattern of resonances for this group in the 
NMR spectrum. Thus rapid dissociation and displacement (by 
triphenylphosphine or acetonitrile) of nitrogen with concom­
itant formation of a a bonded (dimethylamino)methyl group 
can essentially be ruled out at 40°. 

Preliminary attempts to prepare complexes of more highly 
substituted iminium ions have been unsuccessful. Reactions 
of [(C6Hs)3P]2Ni(C2H4) with [ (CH 3 ) 2 N=C(CH 3 ) 2 ]C10 4 , 
and [(CH 3) 2N=C(CH 3)(CH 2CH 3)]C10 4 conducted in both 
THF and acetone have not yielded complexes. This is some­
what unexpected and may be due to poor solubility properties 
either of the reactants or the product. 

Reactivity. Complexes of the iminium cations are only 
moderately air sensitive in the solid state; however, after pro­
longed exposure to air the odor of trimethylamine can be de­
tected. Solutions of the compounds decompose rapidly in air. 
Treatment of THF solutions of complexes of the dimethyl-
methyleniminium cation with gaseous HCl results in the for­
mation of a white precipitate, which is primarily trimethyl­
amine hydrochloride, and a green solution. Treatment of the 
iodide derivative with methyl iodide (neat) results in the for­
mation of a red crystalline material which probably consists 
of a salt of N i I 4

2 - , based on magnetic and absorption spectra 
studies, but the complete formulation is not known at this 
time. 
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Reaction of |[(C6H5)3P]Ni[CH2N(CH3)2]Cl| with excess 
(C6H5)P(CH3)2 resulted in a rather rapid loss of the yellow 
color of the compound and formation of a colorless solution 
and a white precipitate which by NMR appears to be 
[(C6H5)(CH3)2PCH2N(CH3)2]+, presumably as the chloride 
salt. The solution probably contains [(C6H5)P(CH3)2]4Ni but 
this is not certain. Reaction of the same compound with CO 
did not produce any detectable acyl product (infrared) but 
after 30 min the color of the solution disappeared and 
[(C6Hs)3PhNi(CO)2 and Ni(CO)4 were detected by infrared 
spectroscopy. A solid was also formed; this consisted mainly 
of iminium salt. 

A very interesting reaction is that of the halo complexes with 
cyclopentadienide ion: 

.P(C6H5), 

"CH2N(CH:I)2 

+ 
Cl-

The green product of this reaction was identified by its NMR 
spectrum (Table IV) and by conversion to a crystalline deriv­
ative with methyl iodide, vide infra. Unfortunately we have 
been unable to crystallize this compound in pure form; how­
ever, its properties appear quite similar to those of other 
nickel(II) complexes of this type,26 although this is one of the 
first examples where the alkyl moiety contains a functional 
group. This product can be considered to result from oxidative 
addition of the iminium ion to Ni(O). 

Reaction of the above dimethylaminomethyl complex with 
methyl iodide yielded a green crystalline material whose 
analysis, NMR spectrum (Table IV), and chemical properties 
are consistent with structure 1. This compound may be con-

(C6H^P. CH2 

.Ni-Hl + C,H5" 
Cl N 

/ \ 
CH, CH3 

Ni' 

(H-Ni' 
.P(C6H5), 

XH2N(CBj)3 

1 

sidered as a complex of [(^-C5Hs)NiP(C6Hs)3]+ and the 
nitrogen ylide, (CH3)3N+-CH2

_. Although there are a large 
number of phosphorus ylide complexes,27 very few containing 
nitrogen ylides are known. Because nitrogen ylides, in contrast 
to those of phosphorus, are not stable,28 their metal complexes 
must be prepared by indirect methods.29 N-Alkylation of 
aminomethyl alkyl complexes provides a unique route to the 
formation of nitrogen ylide complexes. 

Description of the Structure of ([(C6Hs)3P]Ni[CH2N-
(CHs)2]CIj. The crystal structure consists of monomeric species 
of the above formulation. The nickel atom can be considered 
to be trigonally coordinated with the iminium cation in a ir-
bonded configuration at one position and the phosphine and 
chloride ligands at the other two positions. A perspective 
drawing of the molecule is given in Figure I. Bond distances 
and angles are given in Table V. 

The binding geometry of the iminium cation is very similar 
to that of other 7r-complexes, most of which are perhaps best 
described as nickel(O) species. The geometry of these com­
plexes can be analyzed according to Figure 2.30 A comparison 
of the parameters for the iminium ion complex with those of 
other nickel-olefin complexes is made in Table VI. AU of the 
parameters for the complexed iminium cation are indicative 
of ir-bonding to the nickel atom. The C(I)-N bond length in­
crease over that of the uncomplexed ion reflects the expected 
decrease in multiple bond character upon coordination to the 
metal atom. 

The a) angles are in the expected range for atoms whose 
bonding orbitals are more nearly sp3 hybrids than sp2. The 
C(2)-N-C(3) angle of 112.6° may be compared with that of 

Figure 1. Perspective drawing of ([(C6H5)3P]Ni[CH2N(CH3k]CI). 
Probability ellipsoids are shown at the 50% level. The size of the hydrogen 
atoms of the iminium ion moiety have been arbitrarily assigned isotropic 
thermal factors of 2 for clarity in the drawing. Hydrogen atoms of the 
triphenylphosphine rings are not included. 

Table V. Prinicipal Interatomic Distances and Angles for 
I [(C6Hs)3P] Ni[CH2N(CH3)J CIj 

Ni-P 
Ni-Cl 
Ni-N 
Ni-C(I) 
N-C(I) 
N-C (2) 
N-C (3) 
P-C(4) 
C(4)-C(5) 
C(5)-C(6) 
C(6)-C(7) 
C(7)-C(8) 
C(8)-C(9) 
C(9)-C(4) 
P-C(IO) 

P-Ni-Cl 
Q-Ni -N 
P-Ni-C(I) 
N-Ni-C(D 
C(l)-N-C(2) 
C(l)-N-C(3) 
C(2)-N-C(3) 

Vector—plane an; 
N, C(2),C(3)-

N, C(I) 
CQ),H(1),H(2)-

C(I), N 

Distances (A) 
2.136 (2) 
2.213 (2) 
1.920 (4) 
1.884 (5) 
1.392 (6) 
1.458(6) 
1.466 (6) 
1.832 (5) 
1.388 (6) 
1.395 (6) 
1.392(7) 
1.373 (7) 
1.405 (6) 
1.402(6) 
1.840(5) 

C(IO)-C(Il) 
C(l l ) -C(12) 
C(12)-C(13) 
C(13)-C(14) 
C(14)-C(15) 
C(15)-C(10) 
P-C(16) 
C(16)-C(17) 
C(17)-C(18) 
C(18)-C(19) 
C(19)-C(20) 
C(20)-C(21) 
C(21)-C(16) 
C(I)-H(I) 
C(l)-H(2) 

Angles (deg) 
109.85 (8) 
103.7 (1) 
103.5 (2) 
42.9 (2) 

118.6 (4) 
118.6 (4) 
112.6(4) 

;les (deg) 

10.7 (6) 

18(2) 

C(2)-N-Ni 
CO)-N-Ni 
C(I) -N-Ni 
N-C(I) -Ni 
H(l ) -C( l ) -H(2) 
H(I)-C(I) -Ni 
H(2)-C(l)-Ni 

1.379(6) 
1.386 (7) 
1.367 (7) 
1.362 (8) 
1.402(7) 
1.377 (6) 
1.815 (4) 
1.403 (6) 
1.393 (6) 
1.381 (7) 
1.394(7) 
1.412(6) 
1.413(6) 
1.01 (11) 
1.05 (11) 

118.1 (3) 
114.7 O) 

67.2(3) 
69.9 (3) 
97.9(12) 

113.8(8) 
114.5 (8) 

Dihedral angles (deg) 
Ni, Cl, P -

Ni, C(I), N 
Ni, Cl, N -

Ni, P, C(I) 

Least-Squares Plane of Complex 
Plane Equation: -l.llx + 

Ni 
Cl 
P 

13.86^ + 3.44r = -

Deviations from the Plane, A 
-0.0032 (6) 

0.0080 (16) 
0.0031 (12) 

N 
C(I) 

176.2(2) 

176.9(2) 

3.04 

0.015 (4) 
0.087 (5) 

125.4° observed for the 7V,Af-dimethylisopropylideniminium 
cation. The 5 angles are smaller than those for the other com­
plexes listed but these may reflect a decrease in steric influences 
of the cis ligands; the Cl-Ni-N and C(I)-Ni-P angles are 
about 104° and C(2), C(3)-C1 interactions should be small. 

The positively charged iminium ion might be expected to 
be a stronger ir-bonding ligand than an uncharged olefin. There 
are structural indications that this is the case. The Ni-C(I) 
distance of 1.884 (5) A is shorter than most other Ni-C dis-
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Table VI. Structural Parameters for Trigonally Coordinated Nickel Complexes Containing 7r-Bonded Ligands 

[(C6H5J3P]Ni[CH2N(CH3)JCl 

0-OC6H4CHN(CH3)NiNH(CH3)CHC6H4-O-OH 

[(C6H5)3P] ,Ni(C2H4) 

[(0-CH3C6H4O)3P]2Ni(C2H4) 
[(C6H11J2PCH2I2NiC2(CH3J4 

[(CH3)3CNC] ,NiC2(CN)4 

[(0-CH3C6H4O)3P] 2Ni(CH,CHC=N) 

[(C6H5J3P]2NiC(CF3J2O 

[(CH3J3CNC] ,NiC[C(CN)2] NC(CH3), 
I 1 

[(CH3J3CNC] ,NiN(C6H5)N(C6H8) 

[(C6H1J3P]Ni(C2H4), 

X-X« 

1.392 (6) 

1.43 (2) 

1.43(1) 

1.46 (2) 
1.42(1) 

1.48 (1) 

1.46 (2) 

1.32(2) 

1.245 (4) 

1.385 (5) 

1.42(1) 
1.39(1) 

A<* 

0.09<* 

0.13^ 

0.09« 

0.12« 
0.08/ 

0.14* 

0.09>i 

0.14' 

0.08« 
0.05 

Ni-X^ 

1.884 (5) C 
1.920 (4) N 
1.917 (14) C 
1.87 (1) N 
1.99 (1) 

2.02 (2) 
1.980(5) 

1.956(4) 
1.951 (4) 
1.911 (12) CHCN 
2.016 (1O)CH 
1.89 (2) C 
1.87(1) O 
1.855 (4) C 
1.843 (3) N 
1.897 (4) 
1.899 (5) 
1.99-2.04 

Ni-L* 

2.136 (2) 

1.929 (8) O 
1.875 (10) N 
2.147 (4) 
2.157 (4) 
2.095 (2) 
2.152(1) 
2.160(1) 
1.868 (5) 
1.864 (5) 
2.096 (4)' 
2.121 (4) 
2.249 (l)m 

2.175 (6J 
1.876 (4) 
1.819(5) 
1.842 (5) 
1.839(5) 
2.196 (2) 

ofi 

3.8 (2) 

4.4 

5(2) 

6.6(11) 
17 

23.9 (2) 

3.9(1) 

6.9 

7.9 (3) 

1.2(3) 

0 (2) 

5c 

10.7 (6) N 
18 (2) C 
35 N 
13 C 

26 

28.4 (5) 

u>c 

112.6(4) N 
97.9 (12) C 

111.8 

114.7(6) 

Ref 

/ 

13 

32 

33 
k 

31 

33 

34 

35 

36 

37 

aBond length (A) for coordinated w-ligand, A is increase in bond length (A) of multiple bond upon coordination. ^Ni-X, nickel-7r-ligand 
bond lengths; Ni-L, nickel-ligand bond lengths; see Figure 2. cSee Figure 2 for definition of angle; values given in degrees. 
d(CH3),C=N(CH3),

+, 1.30 A. eC,H4, 1.337 (2) A. /(CH3),C=C(CH3)„ 1.34 A. STCNE, 1.339 (8J A. "Aliphatic ketones have C=O bond 
lengths of -1.23 A. * OwJS-C6H5N=NC6H5, 1.24 A./This work, k Reference 6, p 249. 'Trans to CHCN. m Trans to carbon. 

Figure 2. Model for analysis of changes in the geometry of ir-bonding li­
gands upon complexation in a metal atom. 

tances known to us, including those in Ni(II)-alkyls. Of the 
compounds listed in Table VI only [(CH3)3CNC]2-
NiC[C(CN)2]NC(CH3)3 has a shorter Ni-C bond distance.35 

The situation with respect to the Ni-N distance is less clear 
as few suitable compounds are available for comparison. The 
Ni-N distance of 1.92 (4) A is much shorter than distances of 
about 2.1 A found for Ni(II)-ethylenediamine complexes but 
is about the same or slightly longer than Ni-N distances in 
macrocyclic tetraamine complexes (1.8-1.9 A). Neither of 
these classes of compounds provides a good model, however. 
Better comparisons are with [(CH3)3CNC]2-
NiN(C6H5)N(C6H5), 1.898 A,36 [(CH3)3CNC]2-
NiC[C(CN)2]NC(CH3)3,1.843 (3) A,35 and the W-methyl-
salicylaldinium complex, 1.87 (1) A.13 In the latter complex 
the nitrogen is bonded trans to a Schiff base nitrogen donor. 
Each of these three distances is slightly shorter than the bond 
distance in the iminium ion complex, but it can be safely con­
cluded that the bond distance observed in the iminium ion 
complex is substantially shorter than what would normally be 
expected for any nickel(O) or nickel(II) complex with an 
acyclic nitrogen ligand bonded trans to a phosphorus donor. 

The nickel-phosphorus and nickel-chlorine bond distances 
are also short. In fact the Ni-P bond distance is one of the 
shortest distances observed in any phosphine-mckel complex. 
Comparison with nickel-phosphorus distances in other 
nickel-7r-ligand complexes is made in Table VI. The Ni-Cl 

distance of 2.213 (2) A is toward the lower end of the 2.19-2.27 
A range that is observed for nickel(II) chloride complexes of 
phosphine ligands. 

Strong x-bonding between the iminium ligand and the nickel 
atom could produce the overall tightening of the bonding that 
is observed. This is most readily seen via the drawing shown 
below, which depicts a representation of the Dewar-Chatt-
Duncanson model38 for bonding of a ir-type ligand applied to 
in-plane bonding in a three-coordinate metal complex. Such 
a bonding scheme requires removal of electron density from 

d*2-3,2, which is antibonding with respect to both P and Cl, by 
back-bonding with pir* orbitals on the 7r-ligand. Shorter trans 
metal donor bonds should result because of the decrease in the 
antibonding nature of this orbital that results from this back-
bonding. Strong back-bonding interactions should also result 
in short metal-7r-ligand bond distances. Since these are pre­
cisely what are observed we conclude that the iminium cation 
is best considered as a 2e~ cr-donor, strong Tr-acceptor li­
gand. 

The conclusions drawn above regarding the nature of the 
bonding of the iminium cation to the nickel atom assume that 
the nickel atom is in nominally the zero oxidation state. The 
reaction of the iminium ion complex with C6H5P(CHs)2 is is 
accord with this formulation. A high degree of Ni-C <r-bonding 
is not supported by the structural data. The Ni-Cl bond length 
is much shorter than what would be expected for a chlorine 
donor located nominally trans to a tr-bonded carbon substit-
uent. The trans influence of a cr-bonded carbon substituent in 
group 8 is best represented by a comparison of the metal-
chlorine distances in trans-[(C2Hs)3P]2PtCl2, 2.294 (9) A,39 

and rm/u-[C6H5P(CH3)2]2Pt[CH2Si(CH3)3]Cl, 2.415 (5) 
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A.40 The C(I)-Ni-Cl angle in the iminium ion complex is not 
180° but it is reasonable to expect that a large amount of 
ff-bond character in the Ni-C(I) bond would have a large in­
fluence on the Ni-Cl bond distance. 

A characteristic feature of trigonally coordinated nickel 
complexes of ^--bonding unsaturated ligands is deviation from 
planarity of the nickel and donor atoms. This is best viewed in 
terms of the dihedral angle a as shown in Figure 2. The value 
of a of 3.8 (2)° in the present structure is in the same range as 
those for most of the other structures listed in. Table VL Al­
though it would seem that a perfectly planar arrangement of 
atoms would allow maximum overlap of bonding orbitals, 
structures of complexes of 7r-bonding ligands show some degree 
of nonplanarity. Most values of a are less than 8°. Only 
[(CH3)SCNC]2NiC2(CN)4 and [(C6H1O2PCH2J2-
NiC2(CH3)4 have larger values; 23.9 and 17°, respectively. 

In the case of the TCNE complex there is a marked te­
tragonal distortion with the nickel atom positioned above the 
four donor atoms, which seems to enhance the dihedral angle, 
and in the tetramethylethylene complex there is reported to 
be a distinct steric influence from the large cyclohexyl groups 
attached to the cis phosphorus donors. Apparently no satis­
factory explanation has yet been given that accounts for the 
distortion from planarity in other systems; rather it remains 
a curiosity at this time. 

Conclusion 

The results of this investigation show that preformed imi­
nium salts react with low-valent nickel complexes to yield 
stable complexes that contain the iminium ion ion bonded in 
a 7T configuration. Aa-* 7r-bonding interconversion was 
demonstrated by the formation of [(j?5-C5H5)Ni[<r-
CH2N(CHs)2]P(C6Hs)3S, although interchange does not occur 
without interaction with cyclopentadienide ion. The free di-
methylamino group that is produced reacts with methyl iodide 
to form a novel nitrogen ylide complex. These results and others 
suggest that <r-7r rearrangements of the iminium ion complexes 
will indeed provide pathways for reactivity that are not unlike 
those for allyl systems. Transformations of the a-ir type have 
also been observed in iron complexes of iminium ions. The 
chemistry of these systems will be reported in Part 2 of this 
series. 
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