
a-Alkylnickel(I1) Complexes 

complexes with transz6 and cis27 configurations, respectively. 
In the cis complex Ni(VII)12 the nickel-oxygen distances, 2.25 
and 2.18 A, and the nickel-nitrogen distances, 2.06 and 2.03 
A, are significantly longer than in the trans complex and 
compare more closely with the analogous cobalt bonds in 
Co( O-en-N-tn)(NCS)2. 

Acknowledgment. We thank the Science Research Council 
(U.K.) for a grant for diffractometer equipment and the 
Australian Research Grants Committee for support. 

Registry No. 11, 62375-57-9; 111, 62375-56-8; IV, 25440-16-8; 
[Co( O-en-N-tn)C1]C104, 62393-00-4; [ Co( 0-en-N-tn)Br] C104, 
62392-98-7; [Co(O-en-N-tn)I]C104, 6243 1-04-3; Co(O-en-N-tn)12, 
62392-96-5; tr~ns-Co(O-en-N-tn)(NCS)~, 62445-35-6; cis-Co(0- 
~ I I - N - ~ ~ ) ( N C S ) ~ ,  62392-95-4; Co(C12Ph2-Oen-N-en)C12, 62392-94-3; 
Co(C12Ph2-O-en-N-en)Br2, 62392-93-2; Co(C12Ph2-O-en-N-pn)12, 

Supplementary Material Available: Listing of structure factor 
amplitudes (8 pages). Ordering information is given on any current 
masthead page. 

References and Notes 

62448-24-2. 

Inorganic Chemistry, Vol. 16, No. 7 ,  1977 1669 

(14) F. Lions. I. G. Dance. and J. Lewis. J .  Chem. SOC. A. 565 (19671: W. 

Part 2: L. F. Lindoy, H. C. Lip, L. F. Power, and J. H. Rea, Inorg. 
Chem., 15, 1724 (1976). 
(a) James Cook University. (b) The Polytechnic of North London. (c) 
University of Wollongong. 
C. J. Pedersen, J .  Am.  Chem. SOC., 89,7017 (1967); C. J. Pedersen and 
H. K. Frensdorff, Angew. Chem., In f .  Ed. Engl., 11, 16 (1972); R. M. 
Izatt, D. J .  Eatough, and J. J. Christensen, Struct. Bonding (Berlin), 
16, 161 (1973); J. j. Christensen, D. J. Eatough, and R. M. Iiatt, Chem. 
Rev., 74, 351 (1974). 
L. F. Lindoy, Chem. SOC. Rev., 4, 421 (1975). 
L. F. Lindoy and L. G. Armstrong, Inorg. Chem., 14, 1322 (1975). 
J .  Hornstra and B. Stubbe, PW 1100 Data Processing Program, Philips 
Research Laboratories, Eindhoven, The Netherlands, 1972. 
P. W. R. Corfield, R. J .  Doedens, and J. A. Ibers, Inorg. Chem., 6, 197 
(1967). 
G. M. Sheldrick, University Chemical Laboratory, Cambridge, CB2 lEW, 
U.K. 
P. A. Doyle and P. S. Turner, Acta Crystallogr., Sect. A, 24, 390 (1968). 
D. T. Cromer and D. Liberman, J .  Chem. Phys., 53, 1891 (1970). 
B. J. Hathaway and A. E. Underhill, J .  Chem. SOC., 3091 (1961). 
B. N. Figgis and J. Lewis, Prog. Inorg. Chem., 6, 198 (1964); M. 
Ciampolini, N. Nardi, and G. P. Speroni, Coord. Chem. Rev., 1, 222 
(1966); L. Sacconi, R. Morassi, and S. Midollini, J. Chem. SOC. A ,  1510 
(1968); L. Sacconi and I .  Bertini, J .  Am.  Chem. SOC., 90, 5443 (1968); 
R. H. Niswander, A. K. St. Clair, S. R. Edmondson, and L. T. Taylor, 
Inorg. Chem., 14, 478 (1975). 
L. Sacconi and R. Morassi, J .  Chem. SOC. A, 575 (1970); R. Morassi, 
I .  Bertini, and L. Sacconi, Chem. Coord. Rev., 11, 343 (1973). 

~I 

Byers, A. B. P. Lever,'and R. V. Parish, Inorg. Chem.; 7, 1835 (1968). 
(15) W. J. Geary, Coord. Chem. Rev., 7, 81 (1971). 
(16) R. L. Carlin, Transition Met. Chem., 1, 1 (1965); J. Ferguson, Prog. 

Inorg. Chem., 12, 249 (1970). 
(1 7) The complexes of Oen-N-tn are either insoluble or have very low solubility 

in water, methanol, acetone, dichloromethane, chloroform, or benzene. 
In addition, if dissolved in a solvent which is not dry, the coordinated 
ligand may undergo imine hydrolysis (the related nickel complexes also 
show a tendency to hydrolyze-see ref 5). A kinetic study of the effects 
of coordination on the rate of imine hydrolysis of 0-en-N-tn (as well 
as of other related macrocycles) is partially complete and the results will 
be published soon. Because of the low solubilities of the complexes and/or 
their tendency to undergo ligand hydrolysis, solution studies (for example 
investigation of the kinetic and thermodynamic stabilities of the complexes) 
were either not possible or inconclusive. 

(18) G. M. Mockler, G. W. Chaffey, E. Sinn, and H. Wong, Inorg. Chem., 
11, 1308 (1972); P. Gluvchinsky, G. M. Mockler, P. C. Healy, and E. 
Sinn, J .  Chem. SOC., Dalton Trans., 1156 (1974); P. C. Healy, G. M. 
Mockler, D. P. Freyberg, and E. Sinn, ibid., 691 (1975); D. P. Freyberg, 
G. M. Mockler, and E. Sinn, ibid., 447 (1976). 

(19) J .  Lewis, R. S. Nyholm, andP. W. Smith,J. Chem. SOC., 4590 (1961); 
J. L. Burmeister, Coord. Chem. Rev., 3, 225 (1968); R. A. Bailey, S. 
L. Kozak, T. W. Michelsen, and W. N. Mills. Coord. Chem. Rev., 6,  
407 (1971); A. H. Norbury, Ado. Inorg. Chem. Radiochem., 17, 232 
(1975). 

(20) The two thiocyanate modes in the infrared spectrum of this complex can 
thus be readily rationalized in terms of the structure found. Previously 
the related complex Ni(0-en-N-tn)NCS2 was reported to give two 
thiocyanate stretching frequencies (see ref 5). Similarly, the related cobalt 
complex, Co(0-en-N-tnH4)NCS2, which contains the corresponding 
macrocycle in which both imine linkages have been hydrogenated, also 
gives a double peak for the thiocyanate resonance. Thus it is possible 
that these two complexes also contain the macrocycle in its folded 
configuration. 

(21) L. Pauling, "The Nature of the Chemical Bond", Cornell University Press, 
Ithaca, N.Y., 1967, pp 148, 149. 

(22) M. Calligaris, G. Nardin, and L. Randaccio, J .  Chem. Soc., Dalton Tram., 
1903 (1974); N. Bresciani, M. Calligaris, G. Nardin, and L. Randaccio, 
ibid., 1606 (1974). 

(23) P. B. Donaldson, P. A. Tasker, and N. W. Alcock, J .  Chem. Soc., Dalton 
Trans., in press. 

(24) N. F. Curtis, and G. W. Reader, J .  Chem. Soc. A ,  1771 (1971); J .  F. 
Myers and N. J. Rose, Inorg. Chem., 12, 1238 (1973); N. F. Curtis, D. 
A. Swann, and T. N. Waters, J .  Chem. SOC., Dalton Tram., 1408 (1973); 
V. L. Goedkin, J. Molin-Case, and G. G. Christoph, Inorg. Chem., 12, 
2894 (1973); N. F. Curtis and T. N. Milestone, Aust. J .  Chem., 28, 275 
(1975); T. F. Lai and C. K. Poon, Inorg. Chem., 15, 1562 (1976). 

(25) N. A. Bailey, B. M. Higson, and E. D. McKenzie, J .  Chem. Soc., Dalton 
Trans., 503 (1972); M .  Calligaris, G. Manzini, G. Nardin, and L. 
Randaccio, ibid., 543 (1972); D. Cummins, E. D. McKenzie, and H. 
Milburn, ibid., 130 (1976). 

(26) D. L. Johnston and W. D. Horrocks, Inorg. Chem., 10, 687 (1971). 
(27) R. A. Lalancette, D. J .  Macchia, and W. F. Furey, Inorg. Chem., 15, 

548 (1976). 

Contribution from the Istituto di Chimica Generale e Inorganica, 
Universiti, Laboratorio CNR, Florence, Italy 

Synthesis, Properties, and X-Ray Structural Characterization of Cationic 
Five-Coordinate o-Alkylnickel(I1) Compounds with Poly( tertiary phosphines and arsines) 
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Cationic five-coordinate nickel(I1) compounds containing a nickel-carbon bond with the general formula [NiR(L)]BPh, 
(L = tris(2-diphenylphosphinoethyl)amine, np3; tris(2-diphenylarsinoethyl)amine, nas3; tris(2-diphenylphospinoethyl)phosphine, 
pp3; R = CH3,  C2Hs, or CH2C6H5) were synthesized by reaction of the five-coordinate complexes [NiX(L)]BPh4 (X = 
halogen) with the appropriate Grignard reagents. The structure of the [Ni(CH3)(np3)]BPh4CH3COCH3 derivative was 
determined by x-ray analysis using diffractometric data. The crystals are monoclinic, space group P2,/c with cell dimensions 
a = 12.514 (2) A, b = 20.234 (3) A, c = 24.214 (4) A, p = 103.23 (2)". The structure was solved by three-dimensional 
Patterson and Fourier syntheses and refined by least-squares techniques to  a final conventional R factor of 0.061 over the 
1738 independent observed reflections. The  structure consists of [Ni(CH3)(np3)]' cations, of tetraphenylborate anions, 
and of interposed acetone molecules. The chromophore is a distorted trigonal bipyramid with the methyl group linked 
to  the nickel in an axial position, the Ni-C distance being 2.02 (2) A. An analogous trigonal-bipyramidal geometry is 
assigned to all of the a-carbon-bonded complexes on the basis of physical data. 

Introduction 

described are four-' or six-coordinate.* Apart from the cy- 
clopentadienyl  derivative^,^ which only formally can be 

considered as five-coordinate, only two five-coordinate or- 
Most of the alkyl- and arylnickel(I1) complexes so far ganonickel complexes have been reported, namely, 

[((CH3)3P),Ni(CH3)]',z and [Ni(C,H,)(na~,)l',~ where nas3 
is the tripod tetradentate ligand tris(2-diphenylarsino- 
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Table I. Positional Parameters (X lo4), Anisotropic Temperature Factorsa (X lo')), and Estimated Standard Deviations in Parentheses 

Sacconi et al. 

Atom x la  Ylb z / c  U, L uz 2 U, 3 Ul * Ul 3 u2 3 

Ni -327 (2) 3178 (1) 4673 (1) 47 (2) 33 (2) 32 (2) 1 ( 2 )  10 (1) -3  (2) 
P(1) 1074 (4) 3125 (3) 5442(2)  47 (4) 40(4)  34(4)  1 ( 3 )  -3 (4) 

-1 (3) 
-2 (3) 

P(2) 7 (4) 3450(3) 3842(2)  51 (4) 41 (4) 37 (4) -1 (3) 
P(3) -1951 (4) 2796 (3) 4765 (2) 49 (4) 44 (4) 48 (4) -8 (4) 7 ( 3 )  
N 49 (10) 2193 (6) 4505 (5) 43 (11) 62 (12) 44 (11) -11 (9) 26 ( 9 )  6 (9) 
C(1) -731 (14) 4122 (8) 4810 (7) 63 (18) 45 (14) 32 (14) 0 (12) O(12) 14 (11) 

a Anisotrouic thermal factors are of the form ex~l-2n'(U''..h~~*~ + U22k2b*2 + U3312c*2 + 2U,,kka*b* cos y* + 2Ul,hla*c* COS P *  t 

(4) 2 (3) 

I L  . L L  

2U2,k1b*c* cos a * ) ] .  

ethy1)amine. The particular ability shown by the nas3 ligand 
in stabilizing five-coordinate cationic organonickel compounds 
prompted us to attempt to synthesize u-alkyl derivatives of this 
metal using as coligands the same ligands nas3 and the 
analogous tripodlike poly(tertiary phosphines) tris(2-di- 
phenylphosphinoethyl)amine, np,, and tris(2-diphenyl- 
phosphinoethyl)phosphine, pp3. 

CH2CH2DPh2 A = N  D = P  L = n p ,  
A t C H C H D P h  A = N  D = A s  L = n a s ,  

CH:CH:DPh: A = P  D = P  L = p p ,  

Thus we found that the five-coordinate nickel derivatives 
having the general formula [NiX(L)]BPh, (L = np,, nas3, pp3; 
X = halogen) react easily with alkyl Grignards to form alkyl 
cationic complexes with the general formula [NiR(L)]BPh, 
(R = CW3, C2H5, CH2C6HS). In these complexes the alkyl 
group is a-bonded to the nickel atom which therefore is really 
pentacoordinate. All of the compounds, which are quite air 
stable in the solid state, were characterized by conductivity, 
'H NMR, and spectroscopic measurements. The structure 
of [Ni(CH3)(np3)]BPh4-CH3COCH3 has been determined by 
a complete x-ray analysis. 
E x ~ e ~ ~ ~ e ~ ~ ~ ~  Section 

The solvents were dried by standard methods. All reactions were 
run under a nitrogen atmosphere in a small Schlenk-type flask 
containing a magnetic stirring bar. The ligands np3 and nas3 were 
prepared by previously described  technique^,^ and the ligand pp3 was 
obtained from Pressure Chemical Co.. 

Physical Measurements. Magnetic, conductometric, and spec- 
trophotometric (both visible and infrared) measurements were carried 
out using methods already described.6 Proton magnetic resonance 
spectra were recorded with a Varian C F T  20 spectrometer equipped 
with a ' H  probe. The peaks were calibrated with the internal-lock 
technique on deuterium. The solutions in C2HCI3 and (C2H3)C0 
were prepared under nitrogen and then poured into the sample tube 
which was sealed. 

Synthesis of the Complexes. [NiR(L)]BPh4 (L = np3, R = CHI; 

solution of the appropriate bromide Grignard reagent (1 mmol) in 
ether was slowly added a t  0 " C  to the complex [NiX(L)]BPh4,(1 
mmol) dissolved in tetrahydrofuran (30 mL). The resulting solution 
was stirrcd for 15 min and then hydrolyzed with a few drops of water 
and filtered; the crystalline products were obtained by concentration 
under vacuum and by addition of absolute ethanol. The compounds 
were filtered and then washed with absolute ethanol and petroleum 
ether. The compounds were recrystallized from acetone or chloroform 
and absolute ethanol. 

[NiR(L)]BPh, (L = np,, R = C2H5, CH2C6H5; L = nas3, R = 
CH2C6HS). The stoichiometric amount of the Grignard reagent in 
ether was slowly added at  0 " C  to a suspension of the complex 
[KiX(L)]BPh4 in ether (40 mL); the resulting slurry was stirred for 
30 min. The ether was then removed under vacuum and the residue 
was dissolved in tetrahydrofuran (30 mL); the solution was filtered. 
Crystals were obtained by concentration under vacuum. The products 
were filtered, washed with absolute ethanol and petroleum ether, and 
dried under nitrogen. 

Collection and Reduction of X-Ray Intensity Data. The red crystals 
of [Ki(CH3)(np3)] BPh4.CH3COCH3, which are  air stable, are  
parallelepipeds. The crystal used for the data collection had dimensions 
0.3 X 0.1 X 0.1 mm. The unit cell is monoclinic, space group P2,/c ,  
with Q = 12.514 (2) A, b = 20.234 (3) A, c = 24.214 (4) A, /3 = 103.23 

L = ~ $ 3 ,  R = CH3, C2H5; E = p ~ 3 ~  R = CH3, C2H5, CHzCsHs). A 

(2)O, V = 5968.4 A3, dmeasd = 1.22 g ~ m - ~ ,  Z = 4, mol wt 1104.72, 
and dcalcd = 1.23 g ~ m - ~ .  Cell parameters were determined by 
least-squares refinement of 20 reflections centered on a four-circle 
Philips PW 1100 automatic diffractometer a t  about 22 OC using the 
Mo Ka radiation (A. 0.7107 A). The intensity data were collected, 
again on this Philips diffractometer, in the range 4' 5 28 5 40° using 
the Mo KO radiation monochromatized by a flat graphite crystal. The 
method used was the 8-w scan technique: scans of 0.7" in 10 s were 
taken across the peaks (background was counted for 5 s on each side 
of the peak). On the basis of the intensities of three standard re- 
flections, which were measured periodically during the data collection, 
the intensities of all reflections were automatically rescaled (no 
systematic loss of intensity was noticed during the collection). The 
standard deviations on the intensities were calculated by the expression 
dl) = [ P  - 0.25(B1 -t B2)(Tp/Tb) 4- (0.021)2]''2,7 where P i s  the peak 
count, B ,  and B,  are  the counts, Tp and Tb are the count times on 
the peak and background, respectively, and I is the intensity itself. 

The 1738 reflections having I L 2 4 1 )  were considered observed 
and were used in the structure analysis (about 30% of the collected 
reflections). An absorption correction ( f i  = 4.5 cm-I) was applied 
by a numerical method? transmission factors varied between 0.94 
and 0.96. The intensities were corrected for Lorentz and polarization 
effects. Atomic scattering factors for nickel, phosphorus, oxygen, 
nitrogen, carbon, and boron atoms were taken from ref 9 (all in the 
neutral state); those for hydrogen atoms, from ref 10 (in the neutral 
state). 

Solution and Refinement of the Structure. The position of the nickel 
and phosphorus atoms were obtained from a three-dimensional 
Patterson synthesis. Two three-dimensional Fourier syntheses showed 
the positions of all nonhydrogen atoms of the structure. Refinement 
was performed with the full-matrix least-squares program of Busing 
and Levy, adapted by Stewart." The minimized function was Xw(lF,I 
- lFC1)', where w is the weight assigned to the F, values, according 
to the expression w = l / d (Fo) .  Anisotropic temperature factors were 
used for nickel, for nitrogen atoms, and for the carbon atom linked 
to the nickel atom; isotropic temperature factors were used for the 
other atoms. The hydrogen atoms of the np3 ligand and of the 
tetraphenylborate group were introduced in calculated positions (C-H 
= 0.95 A) with temperature factors BH = 1 + A AF Fourier 
synthesis calculated in the final stage of the refinement showed the 
three hydrogen atoms of the methyl group linked to the nickel atom 
(the heights of these peaks a re  0.47, 0.38, and 0.35 e &I). In the 
last refinement cycle these hydrogen atoms were also introduced in 
the AF Fourier positions and were not refined. The final conventional 
R factor was 0.061, and the R, factor, defined as C[w(lFol  - 
IFcl)*/CwlF01*] ' I 2 ,  was 0.062. The positional and thermal parameters 
of the atoms are  reported in Tables I and 11. 

Results and Discussion 
The complexes here reported are formed by substituting an 

alkyl group from the appropriate Grignard reagent for the 
halogen of the five-coordinate complexes [NiX(L)] BPh4 (L 
= np3, nas3, pp,). This is the first example of formation of 
cationic u-alkylmetal complexes by reaction of Grignard 
reagents with cationic halo compounds. In fact the few 
cationic aryl and alkyl compounds of ds metals2312 so far 
described are obtained either by extracting a coordinated 
anionic ligand from a metal complex or by replacing such a 
ligand with a neutral one. The substitution reaction for the 
pp3 derivatives may be carried out at room temperature, while 
for the np3 and nas3 derivatives the temperature must be kept 
at 0 OC; higher temperatures lead to the formation of nick- 
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Table 11. Positional Parameters (x l o4 ) ,  Isotropic Temperature 
Factors (X lo3). and Estimated Standard Deviations in Parenthese 
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el(1)-halo c~mplexes,’~ probably through a reductive elimi- 
nation of the type 
2[NiR(L)r + 2X- -+ R, + 2[NiX(L)] 

Analytical data for the compounds are reported in Table 
111. These alkyl derivatives are fairly air stable and dia- 
magnetic in the solid state; they are readily soluble in polar 
organic solvents without decomposition under inert atmosphere 
and behave as 1:l electrolytes in 1,2-dichloroethane and ni- 
troethane solutions (Table 111);. such solutions quickly de- 
compose in the air. 

Spectral data for the solid compounds and their solutions 
in 1,2-dichloroethane and nitroethane are shown in Table IV. 
The electronic spectra of the complexes both in the solid state 
and in solution show an intense band in the range 2.02-2.42 
pm-’ ( E  1800-4500); some compounds show also another weak 
band ( 6  C100) between 1.03 and 1.72 pm-’ which is probably 
due to some impurity. The frequency of the first band for the 
various compounds is shifted in accordance with the relative 
position of the donor atoms of the ancillary ligands in the 
spectrochemical series N C As C P. For each series of 
complexes with the same tripod ligand the frequency of such 
bands decreases in the order CH3 > C2H5 > cH2C6H5. These 
spectra can be correlated with those of the corresponding 
trigonal-bipyramidal nickel(I1) complexes with the formula 
[NiX(L)]BPh414 where X = halogen and L = np,, nas3, or pp3. 
Although the symmetry of the complexes is lower than D3h, 
it is still reasonable to use the splitting scheme for d orbitals 
in D3h ~ymmetry;’~ in this case the intense band shown by these 
compounds may be assigned to the (a1’)* - alfe’ transition; 
this band, which is shifted to higher frequencies with respect 
to the corresponding halo complexes [NiX(L)]BPh, by the 
presence of the alkyl radicals, probably masks the expected 
band of the (al’)’ - al’e’’ transition. 

Nuclear magnetic resonance spectra of the alkyl radical of 
the complexes are reported in Table V. The assignments were 
made by comparing the spectra of the complexes with different 
alkyl radicals bonded to the metal. A quartet is observed in 
the spectrum of [Ni(CH,) (np3)] BPh4, suggesting an equiv- 
alence of the three phosphorus atoms of the ligand and, 
therefore, a trigonal-bipyramidal geometry for the compound. 
The doublet of quartets shown by the methyl derivative of the 
pp3 ligand suggests that this complex too has a trigonal-bi- 
pyramidal geometry with the three equatorial phosphorus 
atoms being nonequivalent to the apical phosphorus atom. The 
same trigonal-bipyramidal geometry must be assigned also to 
the other complexes even if the fine structure of their resonance 
is not resolved. 

A complete x-ray structural analysis has been carried out 
on the acetone adduct of the methyl derivative [Ni(CH3)- 
(np3)]BPh4. The structure of the compound consists of 
[Ni(CH3)(np3)]+ cations and of tetraphenylborate anions with 
interposed acetone molecules. The nickel atom is five-co- 
ordinate, linked to the four donor atoms of the np3 ligand and 
to the carbon atom of the methyl group. The geometry of the 
coordination polyhedron can be considered as a distorted 
trigonal bipyramid with the three phosphorus atoms in the 
equatorial plane and the nitrogen and carbon atoms in apical 
positions (Figure 1). Table VI lists selected intramolecular 
distances and angles with their estimated standard deviations. 
The Ni-C distance, 2.02 (2) A, is quite reasonable, being just 
a little longer than the Ni-C(methy1) distances found in other 
four-coordinate nickel complexes (1.97 and 1.94 A).l6~l7 On 
the other hand this distance is larger by 0.15 A than the 
Ni-C(pheny1) distance, 1.87 A, found in the five-coordinate 
trigonal-bipyramidal [Ni(C6H5) (nas3)] BPh4 ~ o m p l e x . ~  This 
difference may be ascribed on1 partially to the difference 

atoms in the two complexes, 0.04 A.’ The trans effect cannot 

‘S - 

- 

between the covalent radii of sp Y - and sp2-hybridized carbon 

Atom xla Y l b  z l c  u, A= 

C(2) 1227 (14) 
C(3) 1517 (13) 

C(5) 385 (13) 
C(4) -88 (15) 

C(6) -663 (14) 
C(7) -1848 (15) 

924 (14) 

C(11) 821 (17) 
C(12) 1576 (18) 
C(13) 1702 (16) 2897 (10) 
C(14) 2319 (15) 3627 (9) 
C(15) 3204 (21) 
C(16) 4126 (21) 
C(17) 4133 (19) 
C(18) 3304 (19) 
C(19) 2369 (15) 
C(20) 1080 (15) 
C(21) 1313 (16) 
C(22) 2132 (17) 
C(23) 2703 (17) 
C(24) 2477 (17) 
C(25) 1670 (17) 
C(26) -1155 (14) 
C(27) -1372 (15) 
C(28) -2312 (17) 
C(29) -2989 (17) 
C(30) -2810 (18) 
C(31) -1877 (15) 
C(32) -3302 (13) 
C(33) -3412 (16) 
C(34) -4481 (17) 
C(35) -5368 (16) 
C(36) -5264 (18) 
C(37) -4222 (17) 
C(38) -2236 (15) 
C(39) -2794 (16) 
C(40) -2953 (17) 
C(41) -2542 (17) 
C(42) -2009 (18) 
C(43) -1850 (15) 
C(44) 3638 (13) 
C(45) 4199 (15) 
C(46) 4766 (15) 
C(47) 4768 (14) 
C(48) 4250 (15) 
C(49) 3670 (14) 
C(50) 1783 (13) 
C(51) 1215 (14) 
C(52) 183  (17) 
C(53) -273 (16) 
C(54) 186 (18) 
C(55) 1195 (16) 
C(56) 3671 (14) 
C(57) 3684 (16) 
C(58) 4197 (20) 
C(59) 4868 (19) 
C(60) 4894 (16) 
C(61) 4328 (13) 
C(62) 2706 (16) 
C(63) 1704 (17) 
C(64) 1552 (16) 
C(65) 2369 (17) 
C(66) 3406 (16) 
C(67) 3550 (14) 
B 2957 (16) 
Oa 2450 (11) 
C(68) 3094 (18) 
C(69) 3227 (16) 
C(70 3708 (14) 
H( l$  -0.125 
H(2) -0.117 
H(3) -0.027 

a Atoms of the acetone. 
to  the nickel. These posi 

3405 (11) 
3792 (14) 
4388 (12) 
4644 (10) 
4241 (10) 
4000 (9) 
4036 (9) 
4436 (10) 
4812 (10) 
4824 (10) 
4394 (10) 
3752 (8) 
4410 (9) 
4646 (10) 
4198 (12) 
3560 (11) 
3306 (9) 
3032 (8) 
3506 (9) 
3657 (10) 
3304 ( lo)  
2826 (11) 
2664 (10) 
2808 (10) 
3347 (10) 
3373 (10) 
2907 (1 1) 
2380 (12) 
2330 (10) 
4061 (8) 
3836 (9) 
3235 (11) 
2847 (9) 
3042 (9) 
3638 (9) 
4694 (9) 
4103 (9) 
4009 (10) 
4574 (1 1) 
5141 (10) 
5221 (9) 
5322 (9) 
6012 (11) 
6481 (12) 
6278 (12) 
5618 (10) 
5146 (8) 
5033 (8) 
4942 (9) 
5168 (9) 
545 2 (9) 
5545 (9) 
5336 (9) 
4786 (10) 
1669 (7) 
1215 (12) 
691 (10) 

1193 (8) 
0.432 
0.400 
0.452 

H atoms 
tions are thc 

2045 (8) 
2260 (8) 
2101 (9) 
2648 (8) 
1717 (9) 
1914 (9) 
3207 (9) 
3639 (9) 
3743 (10) 
3412 (10) 
3028 (11) 

4778 (7) 5 3  (6) 
5415 (7) 49 (6) 
3866 (7) 60 (6) 
3602 (7) 46 (6) 
4720 (7) 55  (6) 
4592 (7) 67 (7) 
6168 (7) 5 6  (6) 
6292 (8) 65 (7) 
6865 (9) 80  (7) 
7286 (9) 89  (8) 
7177 (10) 97 (8) 
6614 (9) 89 (8) 
5475 (7) 48 (6) 
5260 (9) 100 (9) 
5265 (10) 113 (10) 
5515 (9) 86 (8) 
5730 (8) 80 (7) 
5709 (8) 63  (7) 
3722 (9) 55  (6) 
3184 (8) 63  (7) 
3090 (9) 69 (7) 
3500 (10) 78 (7) 
4053 (9) 79 (7) 
4157 (9) 71 (7) 
3290 (7) 54 (6) 
3247 (8) 5 2  (6) 
2851 (9) 70 (7) 
2519 (9) 74 (7) 
2548 (9) 83  (7) 
2943 (8) 69 (7) 
4328 (7) 53  (6) 
3935 (8) 56 (7) 
3587 (9) 8 3  (8) 
3645 (8) 80 (7) 
4040 (9) 96 (8) 
4377 (8) 74 (7) 
5474 (8) 51  (6) 
5642 (9) 69  (7) 
6206 (10) 75 (7) 
6582 (9) 76 (8) 
6426 (10) 90 (8) 
5869 (9) 67 (7) 
1407 (8) 43 (6) 
1002 (8) 50 (6) 
1047 (8) 72 (6) 
1503 (8) 58 (6) 
1902 (7) 54 (6) 
1849 (7) 5 2  (6) 
1517 (7) 45 (6) 
1496 (7) 56  (6) 
1654 (9) 84 (8) 
1793 (8) 65 (7) 
1823 (8) 71 (7) 
1675 (8) 68 (7) 
1782 (7) 50  (6) 
1694 (9) 83  (8) 
2083 (11) 107 (9) 
2578 (10) 91 (3) 
2715 (8) 74 (7) 
2321 (7) 45 (6) 

687 (7) 42 (6) 
285 (9) 66 (7) 

-287 (8) 60 (7) 
-457 (8) 53  (6) 

-98 (9) 62 (7 )  
464 (8) 56  (6) 

1350 (9) 42 (7) 
3686 (6) 101 (5) 
3825 (10) 90 (8) 
3423 (9) 85 (8) 
4457 (8) 56  (6) 

0.446 
0.5 10 
0.500 

of the CH, group linked 
)se of the AF synthesis. 
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Table 111. Physical Constants and Analytical Data 

Sacconi et al. 

ComDd 

Anal, % AM,a cm2 
0 - 1  mol-’ Calcd Found 

Color A B  C H N M  C H N M  

[Ni(CH,)(np,)]BPh, .CH,COCH, 

[Ni(CH,C,H,)(np,)IBPh, 
[ N ~ ( C H , ) ( ~ ~ S , ) ] B P ~ , ~  
[ Ni(C,H,)(nas,)]BPh, 
[ N ~ ( C H , C , H , ) ( ~ ~ S , ) ] B P ~ , ~  
[Ni(CH,)(pp,) IBPh? 
[N~(C,H,)(PP,)IBP~, 

[N~(C,H,)(~P,)IBP~,  

[Ni(CH,C,H,)(pp 3) IBPh, 

Brick red 
Brick red 
Purple 
Brick red 
Brick red 
Purple 
Green 
Green 
Brown 

22 48 76.1 6.5 1.3 5.3 76.1 6.5 
23 48 77.0 6.4 1.3 5.5 76.7 6.4 
23 42 78.1 6.2 1.2 5.2 77.6 6.2 
24 45 68.3 5.6 1.2 5.0 68.3 5.5 
26 49 68.5 5.7 1.2 4.9 68.2 5.9 
24 42 69.9 5.5 1.1 4.7 70.0 5.7 
24 45 75.6 6.2 5.5 75.1 6.1 
23 45 45.7 6.4 5.4 75.1 6.1 
24 46 76.9 6.1 5.1 76.3 6.2 

a Molar conductance of a ca. lo‘, M solution in (A) 1,2-dichloroethane and (B) nitroethane at 20 “C. 
Calcd: As, 19.1. Found: As, 18.8. Calcd: As, 17.9. Found: As, 17.6. e Calcd: P, 11.6. Found: P, 11.4. 

Calcd: P, 8.8. 

Table IV. Maxima and Extinction Coefficients for the Electronic 
Spectra of the Complexes 

Absorption max, pm-’ 
Compd Statea (emolar for s o h )  

[Ni(CH,)(np,)]BPh, .CH,COCH, a 1.38, 2.22 
b 1.33 (861, 2.20 (4300) 
c 1.41 (80), 2.20 (3500) 

b 1.33 (601, 2.15 (4200) 
c 1.33 (70), 2.15 (3800) 

b 1.31 sh, 1.96 (2580) 
c 1.96 (2880) 

[Ni(C,HS)(n~,)lBPh, a 1.32, 2.17 

[Ni(CH,C6H,)(n~,)lBPh, a 1.28 sh, 1.96 

[Ni(CH,)(nas,)]BPh, a 1.16, 2.10 
b 2.06 (3750) 

1.2 5.1 
1.3 5.4 
1.2 5.0 
1.2 5.0 
1,2 4.8 
1.0 4.7 

5.4 
5.2 
5.0 

Found: P, 8.6. 

c 2.06 (3460) 

b 1.38 (851, 2.02 (3220) 
[Ni(C,H,)(nas,)lBPh, a 1.33, 2.04 

[Ni(CH,C,H,)(nas,)]BPh, a 1.89 
b 1.89 (3000) 
c 1.89 (2950) 

b 1.72 (go), 2.44 (4480) 
[Ni(CH,)(pp,) IBPh, a 1.72, 2.44 

[N~(C,H,)(PP,)IBP~,  a 1.69, 2.31 

[Ni(CH,C,H (PP,) IBPh, a 2.07 
b 1.68 (60), 2.31 (4100) 

b 2.06 (2850) 
a Key: a, diffuse reflectance spectrum at room temperature; b, 

1,2-dichloroethane solution; c, nitroethane solution. 

Table V. ‘H NMR Resonance for the Alkyl Group of the 
[NiR(L)]BPh, Complexes 

Compd Resonance, 7” Coupling constantb 

[Ni(CH,)(np,)lBPh, 

[ N ~ ( C H , ) ( ~ ~ S , ) ] B P ~ , ~  9.63 s 
CH,CQCH,C 9.30 q J(P-H) = 10 

[N~(CH,)(PP,)IBP~, 9.17 q J(Pes-H) = 10  
J(Pap-H) = 4.2 

J(HCH,-HcH ) = 8.0 
[ N ~ ( C , H , ) ( ~ ~ S , ) ] B P ~ , ~  8.70 q J(HcH -HCH2) = 8.0 

[ N ~ ( C , H , ) ( ~ P , ) I B P ~ , ~  8.69 m 
8.38 t 

9.38 t J(HCH:-HCH:)= 8.0 
[Ni(C,H,)(pp,) lBPh,d 8.37 m 
(Ni(CH,C,H,)(np,)]BPh,d 6.79 q J(P-H) = 8.1 
[ N ~ ( C H , C , H , ) ( ~ ~ S , ) ] B P ~ , ~  6.99 s 
[Ni(CH,C6HS)(pp,)]BPh,d 6.71 m 

a Chemical shifts are relative to  TMS = 7 10.00. Key: s, singlet; 

In C’HCl, solution. 
t, triplet; q, quartet; m multiplet. 

be invoked to account for this difference, as the Ni-N(apica1) 
distances are equal (2.10 A) in both compounds. We prefer 
to attribute this difference to some overlap between the .rr 

Coupling constants in HZ. 
In  (CZH,),CQ solution. 

Figure 1. Perspective view of the [Ni(CH3)(np3)]+ cation. 

Table VI. Interatomic Distances (A), Angles (deg), and Their 
Respective Standard Deviations 

(A) Selected Bond Lengths 
Ni-P(l) 2.250 (5) P(3)-C(32) 1.84 (2) 

2.216 (6) P(3)-C(38) 1.83 (2) Ni-P( 2) 
Ni-P( 3) 2.232 (6) N-C(2) 1.50 (2) 
Ni-N 2.11 (1) N-C(4) 1.53 (2) 
Ni-C(l) 2.02 (2) N-C(6) 1.48 (2) 
P(1)-C(3) 1.84 (2) C(2)-C(3) 1.56 (2) 
P(l)-C(8) 1.82 (2) C(4)-C(5) 1.47 (3) 
P(l)-C(14) 1.85 (2) C(6)-C(7) 1.50 (3) 
P(2)-C(5) 1.82 (2) B-C(44) 1.69 (3) 
P(2)-C(20) 1.82 (2) B-C(50) 1.62 (3) 
P(2)-C(26) 1.84 (2) B-C(56) 1.62 ( 3 )  
P(3)-C(7) 1.84 (2) B-C(62) 1.64 (3) 

(B) Selected Bond Angles 
P(l)-Ni-P(2) 119.4 (2) C(5)-P(2)-C(26) 106.5 (7) 
P(1)-Ni-P(3) 117.1 (2) C(20)-P(2)-C(26) 99.8 (8) 
P( 1)-Ni-N 87.0 (3) Ni-P(3)-C(7) 101.6 (7) 
P( 1)-Ni-C( 1) 94.9 (4) Ni-P(3)C(32) 126.2 (6) 
P(2)-Ni-P(3) 122.8 (2) Ni-P(3)-C(38) 117.7 (6) 
P(2)-Ni-N 87.9 (4) C(7)-P(3)<(32) 103.0 (8) 
P( 2)-Ni-C( 1) 91.2 (5) C(7)-P(3)-C(38) 105.3 (9) 
P( 3)-Ni-N 86.5 (4) C(32)-P(3)-C(38) 100.6 (8) 
P(3)-Ni-C( 1) 92.5 (5) Ni-N-C(2) 110.1 (9) 
N-Ni-C(l) 178.1 (4) Ni-NC(4) 109.3 (9) 
Ni-P(1)-C(3) 101.5 (5) Ni-N-C(6) 111.5 (11) 
Ni-P(1)-C(8) 124.3 (6) C(2)-N-C(4) 107.0 (13) 
Ni-P(1)-C(14) 119.9 (6) C(2)-N-C(6) 109.0 (12) 
C(3)-P(l)-C(8) 102.7 (8) C(4)-N-C(6) 109.8 (12) 
C( 3)-P( 1)-C( 14) 105.4 ( 8 )  N-C(2)-C( 3) 111.2 (14) 
C(8)-P(l)-C(14) 100.5 (8) P(l)-C(3)-C(2) 107.3 (10) 
Ni-P(2)-C(5) 100.7 (6) N-C(4)-C(5) 112.7 (13) 
Ni-P(2)-C(20) 126.6 (7) P(2)-C(S)-C(4) 111.9 (13) 
Ni-P(2)-C(26) 117.4 (7) N-C(6)-C(7) 113.7 (14) 
C(5)-P(2)-C(20) 103.8 (9) P(3)-C(7)-C(6) 109.1 (12) 

system of the phenyl ring and the appropriate orbital of the 
metal. 

The appreciable stability of these complexes can be ascribed 
to the particular shape of the tripod ligand which forms as a 

“nest” around the nickel atom. The hypothesis that the tripod 
shape of the ligands may confer some degree of kinetic 
shielding upon the complexes is supported both by the fluxional 
behavior of the trigonal-bipyranaidal isoelectronic complexes 
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Trimethylamine-Isocyanoborane 

[((cH3)3p>@i(CH3)1+ * and [((CH3)8%CO(CH3)I1* and by 
the fact that the five-coordinate organonickel compounds which 
bear as coligands monodentate tertiary phosphines have low 
stability.” 
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The reactions of trimethylamine-isocyanoborane with Lewis acids like BCI3 and BH3 result in the formation of the corresponding 
adducts. Boronium cations are easily formed by the boryl isocyanide displacement of the iodide from 4-CH3C5H4N.BH21 
and (CH3)3N.BH2NC.B21. The salts [(CH3)JNBH2NCBH2NC5H5]tX- and [(CH3)3NBHzNCBH2NC5H5CH3]tX- (X- 
= I-, PF,), as well as [(CH3)3NBHzNC]zBHztI-, have been characterized. Acid isomerization, methylation by (CH3)30BF4, 
CH3FS03 ,  and CH31, and the reactions of (CH3)3N.BH2NC.AgCN with B2H6 are also reported. The chemistry of 
trimethylamine-isocyanoborane is quite similar to that of alkyl isocyanides, although a distinctive behavior of boryl isocyanides 
is shown by some of the reported reactions. 

Introduction 
While little attention has been given to pseudohalogenated 

boranes, extensive studies of amine-haloboranes have been 
conducted.’ Recently, there has been considerable interest in 
cyanoborohydride a n i ~ n ~ , ~  in addition to limited studies of 
amine-cyan~boranes.~-~’ The feasibility of isolating boron 
isocyanides was implied by the existence of carbon isocyanides 
and the similarity between boron and carbon chemistry. The 
extensive chemistry of analogous isocyanide species” and the 
possibility of investigating any preference for B-CN vs. B-NC 
bonding prompted o u r  interest in amine-isocyanoborane 
species. The synthesis of trimethylamine-isocyanoborane1z~13 
and some of its  reaction^'^,'^ showed the remarkable similarity 
between the chemistry of boryl and carbon isocyanides. We 
describe here other results obtained by studying the chemistry 
of the first tetrahedral isocyanoboron species reported. 
Experimental Section 

Details concerning the preparation of trimethylamine-isocyano- 
borane, solvents, products, and spectroscopic studies are  similar to 
those reported e1~ewhere. l~ Analyses of the compounds isolated in 
this work were done by Galbraith Microanalytical Laboratories, 
Nashville, Tenn. All of the work was done in absence of air, either 
by working in a drybox or with Schlenk techniques. Proton N M R  
chemical shifts, 6, are reported in ppm downfield of tetramethylsilane 
used as standard. 

Reaction of Trimethylamine-Isocyanoborane with 4-Methyl- 
pyridine-Iodoborane. A solution of 4-methylpyridine-iodoborane (0.96 

* Address correspondence to this author at the Technical Center, Union 
Carbide Corp., South Carleston, W.Va. 25303. 

g, 4.10 mmol), prepared according to Nainan,I6 in 10 mL of benzene 
was slowly added to a solution of trimethylamine-isocyanoborane (0.40 
g, 4.08 mmol) in 10 m L  of the solvent. A yellow oil was formed 
immediately after mixing. The solvent was decanted, and the oil was 
washed with fresh benzene and vacuum-dried. The product was 
dissolved in water and precipitated with ammonium hexafluoro- 
phosphate solution. The precipitate (1.21 g, 91% yield), mp 41-43 
OC, had an  elemental analysis as expected for [ (CH3)3NBH2NC- 
BH2NC6H7] [PF,]. Anal. Calcd: C,  35.87; H,  6.02; N ,  8.37; B, 6.46; 
P, 9.25; F, 34.04. Found: C, 34.69; H,  5.79; N ,  11.86; B, 6.12; P, 
8.89; F, 32.44. 

Reaction of Trimethylamine-Isocyanoborane with Trimethyl- 
amine-Isocyanoborane-Iodoborane. Trimethylamine-isocyano- 
borane-iodoborane was prepared by the reaction of trimethyl- 
amine-borane-isocyanoborane (0.26 g, 2.32 mmol) with iodine (0.23 
g, 0.91 mmol) in 30 mL of benzene, with the halogen added in very 
small amounts at a time. Trimethylamine-isocyanoborane (0.23 g, 
2.35 mmol) was added to the solution after the decoloration was 
complete. A finely divided solid precipitated and the mixture was 
stirred for another 1 h. The solid was removed by filtration, washed 
with fresh solvent, and vacuum-dried. The product (0.61 g, 100% 
yield), mp 141-143 OC, had a composition in agreement with that 
of [(CHJ3NBH2NCI2BH2I. Anal. Calcd: C, 28.62; H ,  7.21; N, 
16.70; B, 9.66; I, 37.82. Found: C, 28.48; H,  7.33; N ,  16.61; B, 9.69; 
I. 37.69, 

Reaction of Trimethylamine-Isocyanoborane with Boron Trichloride. 
Trimethylamine-isocyanoborane (0.50 g, 5.10 mmol) was dissolved 
in 20 mL of benzene in a 100-mL single-neck round-bottom flask 
provided with a vacuum stopcock that was attached to a vacuum line. 
Boron trichloride (5.19 mmol) was measured in the line and condensed 
into the previously evacuated vessel. The brown color which developed 
upon contact of both reagents turned yellow overnight. Vacuum 


