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substituted olefins and with high chemo-, regio-, and diastereo-
selectivity. The anti-Markovnikov orientation even with a tri-
substituted double bond is particularly noteworthy and suggests 
that, in the opening of the presumed episulfonium ion intermediate, 
bond formation and cleavage occur more nearly to the same extent 
at the transition state regardless of the olefin substitution, unlike 
other olefin additions. The importance of vinylacetylenes them­
selves (e.g., histrionicotoxins) and their use as intermediates for 
the stereocontrolled synthesis of dienes attaches additional interest 
to this olefin elaboration method. 
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Cyanide ion is regarded as promoting the formation of higher 
coordination numbers in transition-metal complexes.1 Thus it 
is not surprising that, although good evidence for loss of CN" from 
Co(CN)5

3" in solution has been presented,2'3 no simple monomeric 
Co(CN)4

2" species has yet been isolated in the solid state. It 
occurred to us that, since many cyanide complexes are anionic, 
appropriate variation of counterions would permit stabilization 
of different geometries or coordination numbers. We now report 
the successful synthesis and characterization of (PNP)2Co(CN)4 

(I),4 a simple, monomeric, coordinately unsaturated Co(II) 
complex. This has proven to be a very rare example of low-spin, 
square-planar Co(II) with unidentate ligands,5 in fact to our 
knowledge, the first with only a single type of unidentate ligand. 

Anhydrous CoCl2 reacts with 4 equiv of (PNP)CN in di-
methylformamide solution to produce a green solution from which 
pale blue (PNP)2Co(CN)4 can be crystallized by cooling. Com-

(1) Rigo, P.; Turco, A. Coord. Chem. Rev. 1974, 13, 133-172. 
(2) Pratt, J. M.; Williams, R. J. P. /. Chem. Soc. A 1967, 1291-1298. 
(3) White, D. A.; Solodar, A. J.; Baizer, M. M., lnorg. Chem. 1972, U, 

2160-2167. 
(4) PNP is the bis(triphenylphosphine)iminium cation. 
(5) The compound (Mes)2Co(PEtPh2)2 and analogous ortho-substituted 

aryl cobalt phosphine complexes are square planar. This is attributed to steric 
hindrance by the ortho substituents. No such steric effect is operative in 1. 
Owston, P. G.; Rowe, J. M., J. Chem. Soc. 1963, 3411-19. Falvello, L.; 
Gerloch, M., Acta Cryst. 1979, B35, 2547-50. 
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Table I. IR Data for Solutions of CoCl2 in Acetonitrile to Which 
Increasing Amounts of (PNP)CN Are Added0 

Co:CN" color IR,4 cm-1 

3 deep blue 2131 (w), 2120 (w), 2096 (s), 
2089 (m) 

4 blue-black 2131 (vw), 2099 (m), 2090 (s), 
2071 (w) 

5 olive-green 2090 (m), 2072 (s) 
6 yellow 2090 (w), 2072 (s) 

"Compare (PNP)3Co(CN)5 KCN 2072 cm"1, K3Co(CN)6 xCN 2131, 
2128 cm"1 (mineral oil mulls). 4IR solutions 1.75 X 10"2 M. 

pound 1 is isolated as a DMF solvate. Drying at 80 0C in vacuo 
produces solvent-free material as a pale blue, air-sensitive powder. 
Satisfactory analytical data was obtained on a sample recrys-
tallized from DMF and dried as above, mp 227.5-229 0C (cor­
rected). Anal. (C76H60N6P4Co) C, H, N, Co (Pascher Mi-
kroanalytische Laboratorium, Bonn). The infrared spectrum of 
the unsolvated solid (Nujol mull) shows bands at 2100 (sh, s) and 
2095 (s) (J<C=N) a n d 397 cm"1 (i>Co_c). The magnetic moment 
of 1 in the solid state was found to be 2.15 /uB.6 Solution spectral 
and magnetic data are solvent and concentration dependent; the 
resultant equilibria are currently under investigation. The 
magnetic moment of 1 in acetonitrile (1.25 X 10"1 M) is 2.52 ^B-7 

Infrared spectral data for varying ratios of cobalt to added cyanide 
in acetonitrile solution are in Table I; the IR spectrum of 1 in 
DMF or CH3CN solution is similar to the 1:4 Co:CN solution. 
Only one cyanide absorption, at 2096 cm"1, was detected for 1 
in CH2Cl2 solution. 

The only previously reported solid apparently containing the 
Co(CN)4

2" anion is K2Co(CN)4, isolated from liquid ammonia.8 

The spectroscopic properties of this material clearly indicate its 
polymeric nature. Monomeric Co(CN)4

2", as well as Co-
(CN)3(solvent)", have been observed in solution, but not isolated.3'9 

Compound 1 has properties distinctly different from those of 
K2Co(CN)4 with solubility and spectral data suggestive of a stable 
form of monomeric Co(CN)4

2". The magnetic moment of 1 rules 
out a tetrahedral coordination geometry. Although all known 
Co(II)L4 species (L = unidentate ligand) exist in a tetrahedral 
configuration, the possibility of cyanide inducing a square-planar 
coordination geometry should not be unexpected since cyanide 
is a very strong field ligand (cf. Ni(CN)4

2"). Square-planar Co(II) 
complexes with macrocyclic ligands exhibit magnetic moments 
in the range 2.1-2.8 jiB,10 suggesting such a structure for the solid. 
The cobalt(II) bis(dithioacetylacetonate) complex, Co(SacSac)2, 
has a magnetic moment of 2.35 jtB

n and has been shown to be 
square planar by X-ray crystallography.12 The IR data for 1 
indicate only the presence of terminal cyanide groups in the solid 
state, thus precluding the possibility of bridging cyanides bonded 
to a low-spin octahedral Co(II) center.13 

The IR data in Table I are consistent with the idea that in a 
coordinating solvent, such as acetonitrile, the [Co(CN)4]2" anion 
participates in a dynamic equilibrium: 

[Co(CN)2(CH3CN)2] ^ [Co(CN)3CH3CN]-^ 
[Co(CN) 4 ] 2 "^ [Co(CN)5]3" 

Consistent with this, the electronic spectrum of 1 is dominated 

(6) Because the PNP cation is so large, an accurate molar diamagnetic 
correction is necessary. The value used (7.37 X 10"4) was determined from 
values for PPh3 and standard Pascal's constants: Figgis, B. N.; Lewis, J. In 
"Technique of Inorganic Chemistry"; Jonassen, H. B., Weissberger, A., Eds.; 
Interscience: New York, 1965; Vol. 4, pp 142-143. 

(7) Determined by using the method of: Evans, D. F. /. Chem. Soc. 1959, 
2003-2005. 

(8) Mosha, D. M. S.; Nicholls, D. Inorg. Chim. Acta 1980, 38, 127-130. 
(9) Weisz, A.; Gutmann, V. Monatsh, Chem. 1971,101, 19-26. Gutmann, 

V.; Wegleitner, K. H., Ibid. 99, 368-79. 
(10) Nicholls, D. In "Comprehensive Inorganic Chemistry"; Trotman-

Dickenson, A. F., Ed.; Pergamon Press: Oxford, 1973; Vol. 3, p 1092. 
(11) Barraclough, C. G.; Martin, R. L.; Stewart, J. M. Aust. J. Chem. 

1969, 891-904. 
(12) Beckett, R.; Hoskins, B. F. /. Chem. Soc, Dalton Trans. 1974, 

622-625. 
(13) Hartman, J. R.; Hintsa, E. J.; Cooper, S. R. J. Chem. Soc, Chem. 

Commun. 1984, 386-387. 

© 1984 American Chemical Society 



4266 /. Am. Chem. Soc. 1984, 106, 4266-4267 

Figure 1. View of the Co(CN)4
2" molecular anion and the associated pair 

of disordered DMF molecules (see text). Co-O distances are indicated 
by letter (A, 5.89; B, 2.64 A). 

by absorptions assigned to the known tetrahedral [Co(CN)3C-
H3CN]- anion.14 

Owing to the unusual stereochemistry suggested by our spectral 
and magnetic measurements and the ambiguity of the spectral 
measurements resulting from the aforementioned equilibria, we 
decided to carry out an X-ray structure determination on the salt. 
Very small single crystals could be obtained only from DMF 
solution. The crystals are monoclinic, space group P21/c, with 
a = 11.188 (3) A, b = 12.423 (4) A, c = 29.142 (9) A; 0 = 98.31 
(3)°. The observed density,15 1.26 (1) g cm"3, implied that DMF 
solvate was contained in the crystals; the resultant formulation 
is (PNP)2Co(CN)4-4DMF (for Z = 2, d^ = 1.270). Full-matrix 
least-squares refinement of positional and thermal parameters for 
all atoms, using 2025 data for which F > 3.92<x(F) and 20Mo Ka 

< 40°, gave R = 0.084 and Rv = 0.105. The structure of the 
anion (Figure 1) consists of a crystallographically centrosymmetric 
square-planar Co(CN)4

2- moiety, associated with a pair of dis­
ordered DMF molecules. This disorder is such that the NC3 

skeleton of the DMF is similar for each molecule, but the oxygen 
atoms occupy two different positions of equal probability. In one 
(A) the Co-O distance is 5.89 A, while in the other (B), a sig­
nificant contact, 2.64 (3) A, occurs. This interaction represents 
a bond order of ~ 0 . 1 , as discussed by Raymond et al.16 The 
shortest distances from Co to the P and N atoms of the PNP cation 
are ~ 9 A. This suggests formulation of the complex as 
square-planar Co(CN)4

2- weakly coordinated16 to one DMF 
molecule. The remaining DMF molecules in the unit cell, which 
arise from one symmetry-independent DMF, are ordered and do 
not approach the Co atom. The Co-C(I) and -C(2) distances 
(1.869 (15), 1.875 (14) A, respectively) are among the shortest 
observed for Co(II)-CN distances;16'17 the C(l)-Co-C(2) angle 
is 91.1 (6)0.18 

Besides being a textbook demonstration of the great ligand field 
strength of cyanide, the existence and structure of (PNP)2Co(CN)4 

emphasizes the complexity of cobalt-cyanide chemistry. The 
sensitivity of the catalytically active19 Co(II)-CN - system to 
counterion (as well as to solvent3'10) predicts a significant de­
pendence of reactivity on counterion. This and the effects of other 

(14) ESR, electrochemical, and magnetic moment data provide good ev­
idence for the existence of this species.3'9 

(15) The density was measured by neutral buoyancy in 1-bromopentane/ 
2-bromoprop-l-ene mixtures. 

(16) Jurnak, F. A.; Greig, D. R.; Raymond, K. N. Inorg. Chem. 1975,14, 
2585-2589. 

(17) Simon, G. C; Adamson, A. W.; Dahl, L. F. J. Am. Chem. Soc. 1972, 
94, 7654-7663. Brown, L. D.; Raymond, K. N.; Goldberg, S. Z. Ibid. 1972, 
94, 7664-7674. 

(18) Other distances and angles in the anion: N(I)-C(I), 1.15 (2); N-
(2)-C(2), 1.17 (2) A; C(I)-Co-O(IB), 90.6 (9)°; C(2)-Co-0(1B), 92.8 (8)°; 
Co-C(I)-N(I), 178 (I)"; Co-C(2)-N(2), 177 (1)°. 

(19) Kwiatek, J. Catal. Rev. 1967, /, 37-72. Funabiki, T.; Yamazaki, Y.; 
Sato, Y.; Yoshida, S. J. Chem. Soc, Perkin Trans. 2 1983, 1915-1918. 
Funabiki, T.; Hosomi, H.; Yoshida, S.; Tarama, K. / . Am. Chem. Soc. 1982, 
104, 1560-1568. 

choices of counterion are under active study in our laboratory. 
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The fascinating chemistry of the simple imines CF 2 =NX (X 
= F, Cl) has provided routes to many novel fluorinated materi­
als.1-5 These compounds have also provided an opportunity to 
compare the reactivities of the carbon-nitrogen double bonds 
affected only by the halogen substituent on nitrogen and to 
compare the reactivities of the N-X bonds. Perfluoromethanimine 
is considerably more electrophilic than CF2=NCl, but the N—X 
bond in the latter is considerably more reactive. 

In the course of research with CF 2 =NX (X = Cl, F), we 
became increasingly interested in preparing the TV-bromo analogue. 
It was obvious that the latter would have the most reactive N-X 
bond and would represent an extremely useful synthon. However, 
all attempts to prepare it by methods analogous to the preparation 
of CF2=NCl6 and CF 2 =NF 7 failed. We speculated that the 
fluoride-promoted oxidation of F C = N by Br2 might yield the 
desired compound. However, FG=N is quite difficult to prepare,8 

and this reaction remained untried until an unexpected source of 
F C = N became available. Pyrolysis of CF3CF2CF=NBr at 450 
0C gives F C = N and C2F5Br in excellent yield.9 This provided 
the needed FC=N, and our first attempt at the preparation of 
CF 2=NBr was successful. 

F C = N + M F - * F 2 C=N - M + - ^ * 
F2C=NBr + MBr M = K, Rb, Cs 

Some of the CF2=NBr is further oxidized to CF3NBr2, which 
was previously prepared from the metal fluoride catalyzed con­
version of CF3NClBr to CF3NBr2 by Br2.

4 

CF2=NBr + M F - CF3NBr -M+ — ^ CF3NBr2 + MBr 

In a typical reaction, a 100-mL flask fitted with a glass-Telfon 
valve is charged with 15 mmol of active KF in a drybox.10 The 

(1) Chang, S.-C; DesMarteau, D. D. Inorg. Chem. 1983, 22, 805. 
(2) Chang, S.-C; DesMarteau, D. D. J. Org. Chem. 1983, 48, 771. 
(3) Zheng, Y. Y.; DesMarteau, D. D. J. Org. Chem. 1983, 48, 4844. 
(4) Zheng, Y. Y.; Mir, Q.-C; O'Brien, B. A.; DesMarteau, D. D. Inorg. 

Chem. 1984,23, 518. 
(5) Zheng, Y. Y.; Bauknight, C. W.; DesMarteau, D. D. J. Org. Chem. 

in press. 
(6) Young, D. E.; Anderson, L. R.; Fox, W. B. / . Chem. Soc, Chem. 

Commun. 1970, 395. 
(7) Sekiya, A.; DesMarteau, D. D. J. Org. Chem. 1981, 46, 1277. 
(8) Fawcett, F. S.; Lipscomb, R. D. J. Am. Chem. Soc. 1964, 86, 2576. 
(9) O'Brien, B. A.; DesMarteau, D. D. J. Org. Chem. 1984, 49, 1467. 
(10) Both CsF and RbF are effective in this reaction. However, KF 

appears to give higher yields. Metal fluorides are activated by fusing in a 
platinum crucible, followed by grinding to a fine powder in a ball mill under 
very anhydrous conditions. No reaction was observed with NaF. 
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