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The preparation of the pentacyano(iminiumacetyl)cobaltate(1ll) anion and its N-methyl and N,N-dimethyl derivatives
is reported. The iminiumacetyl group is formed by migratory insertion of cis hydrogen isocyanide in the pentacyano-
(methyl)cobaltate(lll) anion. The new compounds have been spectroscopically characterized by *H, *C, **N, and
%Co NMR spectroscopy and by absorption spectroscopy. The iminium carbon atoms yield 3C NMR signals at
256.7, 247.7, and 240.4 ppm for the parent iminiumacetyl compound and its N-methyl and N,N-dimethyl derivatives,
respectively. The N resonance frequencies of the iminium groups and the lack of rotation of the carbon—nitrogen
bond both show that this bond is best described as a double bond. The structure of (Et;N)(PhsAs)2[Co(CN)s(CH3)]
was determined by X-ray crystallography at 122.0(5) K. The structure displays disorder.

Introduction Scheme 1. Formation of Nitriles from Treatment of
Pentacyano(alkyl)cobaltate(lll) Anions with Sulfuric Acid Followed

Alkylcobaltate(lll) anions with five cyano ligands, by Strong Basé!

[Co(CN)(R)]*, were among the first synthetically prepared N R //NH RCN
organocobalt(lll) compounds: It was early discovered that c +

the alkyl groups (R) in these compounds may react with one R\(|:m _ HY N Lo _ OH ~ | "
of the cyano ligands in acidic solutidAThis was inferred - ‘0\ e /(I;O\ - /(':"\

from the formation of nitriles (or in some cases carboxylates)
upon treatment of pentacyano(alkyl)cobaltate(lll) anions with
sulfuric acid followed by treatment with strong base (Scheme state of cobalt is probably-2 ¢ although the elimination
1)e9 In order to account for the reaction products it was reaction also has been suggested to yield cobalt(l).
suggested that this reaction involved an intermediate imin-  The analogy between the pentacyanoorganocobalt(lll)
oacylcobaltate(lll) anion (Scheme 1, 1) This suggestion  compounds and the isoelectronic organomanganese(l) pen-
was later supported by measurements of th&IMR spectra  tacarbonyls has been pointed &t/ The methyl cis migra-

of various pentacyano(alkyl)cobaltate(lll) compounds in tion in [Mn(CO)(CHs)], forming acetylmanganese(l) pen-
aqueous sulfuric acitl? Release of a nitrile implies aredox  tacarbonyl in the presence of excess carbon monoxide, has
reaction, but investigations of the nature of this step have peen the subject of detailed studfeédne of the key questions
not been performed, and the identity of the cobalt end producthas been whether this reaction is a methyl migration or a
(Scheme 1, Ill) has not been established. The final oxidation carbon monoxide insertion. A second question has been the
geometry of the (presumably five coordinated) intermediate.

_ fjuthor to whom correspondence should be addressed. E-mail: pkofod@ |nvestigations of the isotope distribution in the products have
ruc.dk.

I II III

t Roskilde University. been the major source of information, with the application
(1")U(ni)varslity of %Op&n?‘ageg- B. Am. Chem. Sod964 86, 2311 (b) of 13C NMR being particularly usefif°By use of selective
a) Halpern, J.; Maher, J. B. Am. Chem. So : . 1 . . . s
Mays, M. J.. Wilkinson, GNature 1964 203 1167. (c) Halper, J.: 3C labeling of CO in the cis position it was demonstrated
Maher, J. PJ. Am. Chem. So&965 87, 5361. (d) Kwiatek, J.; Seyler,
J. K.J. Organomet. Cheni965 3, 421. (e) Kwiatek, J.; Seyler, J. K. (2) (a) Calderazzo,.FAngew. Cheni977, 89, 305 and references therein.
J. Organomet. Chenl965 3, 433. (f) Johnson, M. D.; Tobe, M. L.; (b) Flood, T. C.; Jensen, J. E.; Statler, J.JJAAm. Chem. S0d 981
Wong, L. Y.J. Chem. Soc. A968 923. (g) Johnson, M. D.; Tobe, 103 4410. (c) Noack, K.; Calderazzo, F. Organomet. Cheni967,
M. L.; Wong, L. Y. J. Chem. Soc. A968 929. 10, 101.
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that the insertion reaction is a methyl cis migrattéAThe gcheme 2. (_IS_Ot_OIOe Distrli)butkiJOTS in(ltlT)eA _ Vi Insert
entacyano |m|n|umacety cobaltate nion upon |gratory nsertion

_rearrf’ir_]gement of the pentacyano(alkyl)cobalt(l_lI)_ compounds of Cis Hydrogen Isocyanide (Left) or Methyl Cis Migration (Right)

in acidic solution may proceed analogously, raising the quest Assuming a Square-Pyramidal Intermediate Which Is Rigid over the

for methods to distinguish hydrogen isocyanide insertion Time Scale of the Reaction

from methyl migration. o
It is here shown that the neutral carbon-bonded imin- CH3
iumacetyl ligand - C(CHs)=NHy) is formed upon acidifica- NC__ | __CNH
tion of an aqueous solution of [Co(C)EHs)]3~. The NC/CO\CN
iminiumacetyl ligand is, to our knowledge, unprecedented é

in organocobalt(lll) chemistry, whereas there are many 15N
examples known of transition metals in low oxidation states

having 1-aminoalkylideneC(R)NH,) groups as ligand¥. / é‘i
The preparation of the pentacyano(iminiumacetyl)cobaltate-

(1) anion (the end product in Scheme 2) and the N-

methylation of the iminium group are reported. The migratory H,C.__NH 2 -
insertion of cis hydrogen isocyanide has been studieldHhy st
13C, 15N, and%Co NMR using*C- or ®N-cyanide. The NC__ NG_ ~_C=—NH

i ivati ; i wi Co Co
product and its methyl derivatives are isoelectronic with the NC— | —CN NC— ~—CN
corresponding 1-aminoethylidenepentacarbonylchromium(0) | é
compounds, and the NMR spectroscopic data are discussed 153 15

in this context. The crystal structure of ¢(&)(PhAs),[Co-
(CN)s(CHg)] has been determined from low-temperature
X-ray diffraction data.

Experimental Section H,C /‘IHZ_‘Z' N H o-
Materials. Deuterium oxide (99.8% D), dimethyl sulfoxidi- C|J 3

(99.9% D), potassium cyanidéc (99% atomt*C), and potassium NC\CO/C15N NC_ -, —C=NH,

cyanidel>N (98% atom!®N) were obtained from Sigma. Tetra- NC™ | —CN NC— ;| —CN

ethylammonium cyanide was obtain from Aldrich. Tetraethylam- (l:

monium pentacyanomethylcobaltate(lll) was prepared from penta- 15\ 18N

amminemethylcobaltate(lll) nitrate and tetraethylammonium cyanide
as previously reportetiThe 13C- or 1N-labeled preparations were
obtained by partly substituting labeled potassium cyanide for
tetraethylammonium cyanide.

Instrumentation. NMR spectra were measured at 14.09 T on a
Varian Unity Inova 600 NMR spectrometer equippedhaat5 mm
broadband tunable probe. Deuterated solvents were used to provideM
a deuterium lock!H and*3C chemical shift values)) are reported
in parts per million relative to the methyl group of internal sodium
2,2-dimethyl-2-silapentane-5-sulfonate (DSS) in aqueous solution

or tetramethylsilane (TMS) in dms&N chemical shift values are

reported in parts per million relative to 0.3 M GNO; in D,O

(60 = 2.0 ppm)? Potassium hexacyanocobaltate(lll) was used as a

standard fo°Co NMR.

UV —visible absorption spectra were recorded with a Shimadzu

PS-2000 spectrophotometer.

Elemental analyses were made at the Microanalytical Laboratory

at the Department of Chemistry, University of Copenhagen.
Preparations. Tetraethylammonium Pentacyano(iminium-

(3) Kofod, P.. Harris, P; Larsen, $norg. Chem 1997, 36, 2258. ac_etyl)cobaltate(lll) 1).A _1.0 mL (17.5 mmol) am_ount of acetic

(4) Mason, J. Nitrogen NMR. IrEncyclopedia of Nuclear Magnetic ~ acid was added to a solution of tetraethylammonium pentacyano-
ResonangeGrant, D. M., Harris R. K., Eds.; John Wiley & Sons:  (methyl)cobaltate(lll) (1.0 g, 1.68 mmol) and tetraethylammonium

®) ’(\Ia(;V\IB?c(egrsITné gg%r;//gtlélfdgeps;zelggli 3-58. (b) Sheldrick, 6, Cy2Mde (1.0, 6.0 mmol) in water (5 mL) atC. The flask was
M. SHELXS-86. Progran’] for Cryétai Structure Determinagion closed, and the solution was stirred at room _temperature for 5_df':1ys.
University of Gatingen: Gatingen, Germany, 1986. (c) Sheldrick, ~Acetone (90 mL) was then added to the mixture, and the stirring
G. M. SHELXL97. Program for the Refinement of Crystal Structures  was continued for 3 days, during which a white solid precipitate

University of Gdtingen: Gitingen, Germany, 1997. (d) Johnson, C. ; : ;
K. ORTEPII. Report-5138Technical report; Oak Ridge National formed. The solid was filtered off, washed with acetone followed

Laboratory: Oak Ridge, TN, 1976. by washing with diethyl ether, and air-dried. Recrystallization was
(6) Hafner, A.; Hegedius, L. S.; deWeck, G.; Hawkins, BitDK. H. performed by dissolving the crude product in a 1:10 mixture of
J. Am. Chem. S0d 98§ 110 8413. acetic acid and acetonitrile (10 mL) and filtering, followed by

@ fgzﬁ"g‘;f’{‘gﬁgr?n“dsj e}l<|’. DD'..RKU%R? nk. ifj.céta?lerﬂ' SC F’”F“g‘v‘vln?Sﬁ g. addition of acetone (100 mL) to the filtrate. After stirring for 24 h,

M. Inorg. Chem 1983 22, 1791-1794. the off-white powder was filtered off and washed with acetone
(8) The3%Co NMR chemical shift for pentacyanomethylcobaltate(lll) in  followed by washing with diethyl ether, and stored desiccated.

ref 9b as well as thé3C and!>N NMR data for the cyano groups in 1. o . .
that compound appears to be in error, most likely as the result of a Yield: 0.6 g (72%). Anal. Calcd for Co@HasNg: C, 56.08; H,

large impurity of hexacyanocobaltate(lll) in their preparation. 9.21; N, 22.75. Found: C, 55.39; H, 9.19; N; 22.55.
(9) (a) Brown, K. L.; Gupta, B. DInorg. Chem 199Q 29, 3854. (b) Tetraethylammonium Pentacyano(E)-N-methyliminiumace-
Fujinara, T.; Kaizaki, SJ. Chem. Soc., Dalton Tran£993 1275. tyl)cobaltate(1ll) Dihydrate (2). A solution of 0.493 g (1 mmol)

10) Kirtley, S. W. InComprehensie Organometallic ChemistryVilkin- . . g
(10) son, (3;’ Stone, F. G&_’Abeh E_Vg\’,q Eds.; Pergamon: roylvxford’ uk, of1in water (1.0 mL) was added to a solution of iodomethane

1982; Vol. 3, Chapter 26.1, pp 78351. (1.0 g, 7.0 mmol) in acetonitrile (20 mL) at@. To this mixture
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Table 1. Crystal Data and Structure Refinement for
(EuN)(PhAs);[Co(CN)s(CHs)]

Kofod et al.

Table 2. Selected Bond Distances (A) for the Anion in
(EuN)(PhAs),[Co(CN)s(CHs)]?

identification code (EN)(PhAS)[Co(CN)s(CHs)]

empirical formula G2Hs3ASCONg
fw (g/mol) 1100.95

temp (K) 122(2)
wavelength (A) 0.71073 _
cryst syst, space group tricliniel
unit cell dimens

a(h) 10.724(2)

b (A) 11.070(2)

c(A) 12.923(3)

o (deg) 65.01(2)

B (deg) 82.11(2)

y (deg) 73.36(2)
vol (A3) 1332.1(5)
Z, calcd density (Mg/r§) 1,1.372
absorption coeff (mm?) 0.400

reflns collected/unique (cryst class)
final Rindices [I > 20(1)]
Rindices (all data)

16006/962f[R 0.031]
Ry = 0.0392,R,(F?) = 0.0949
R; = 0.0505,R\(F? = 0.1015

3Ry =Y ||Fol — [Fell/3|Fol; Ra(F?) = [YW(Fo? — FA)ZTW(Fo2)? V2.

was added a 35% solution of tetraethylammonium hydroxide in
water (0.5 mL, 1.2 mmol). The temperature was slowly increased
to room temperature, and the mixture was stirred further at this
temperature for 30 min. The reaction mixture was filtered, and the
filtrate was slowly added to diethyl ether (100 mL) with stirring.
The solution was decanted off, and the oily precipitate was dried
in vacuo. Then 2-propanol (15 mL) was added to the precipitate.
After this mixture was stirred for 1 h, the white solid was filtered
off using a sintered glass funnel (No. 4), and the filtrate was slowly
added to diethyl ether (100 mL) with stirring, wherebyrecipi-
tated. The off-white solid was collected by filtration, washed with
diethyl ether, and air-dried. Yield: 0.26 g (48%). Anal. Calcd for
CoGHs5iNgO,: C, 53.12; H, 9.47; N, 20.65. Found: C, 53.57; H,
10.00; N, 20.63.

Tetraethylammonium PentacyanoN,N-dimethyliminiumac-
etyl)cobaltate(lll) Hydrate (3). A 0.493 g (1 mmol) amount af
was added to a solution of iodomethane (1.0 g, 7.0 mmol) in
acetonitrile (12 mL) at CC. To this mixture was added a 35%
solution of tetraethylammonium hydroxide in water (1.0 mL, 2.4
mmol). After stirring for 30 min at room temperature, the reaction
mixture was worked up as described above. Yield: 0.3 g (56%).
Anal. Calcd for CoGsHsiNgO: C, 55.74; H, 9.54; N, 20.80.
Found: C, 55.75; H, 9.71; N, 20.82.

X-ray Crystallography. Crystals of (EfN)(PhAS),[Co(CN)s-
(CHg)] were grown by diffusion of a solution of (E¥)3[Co(CN)s-
(CH3)] in acetonitrile into a saturated acetonitrile solution of
tetraphenylarsonium chloride.

Low-temperature X-ray diffraction data of (&)(PhAs),[Co-
(CN)s(CHg)] were collected with a CAD4 diffractometer using
graphite (002) monochromated Maadiation. The temperature

bond distance bond distance

Co-C31 1.900(2) C3%N1 1.159(2)
Co-C32 1.903(2) C32-N2 1.161(2)
Co-C33B! 1.930(4) C33B-N3 1.156(3)
Co-C33A! 2.050(5)

a8 Symmetry transformations used to generate equivalent atoms:+1)
1,v,z(2)—x+1,-y,-z@B) x+1,-y,—z+1 @4)xy z— 1,
(5B) —x -y, —z

The Laue symmetry of the diffraction pattern-id, consistent
with the space groupB1 or P1. With one formula per unit cell
and the space groupl, cobalt and nitrogen of the tetraethylam-
monium ion must be placed at inversion centers, which implies
disorder of both moieties. The structure could be determined
in either space group by direct methods (SHELXS*8&nd
was subsequently refined using SHELXL®9%hy minimizing
SW(IFol2 — |Fcd?% 9626 unique reflections were used in the
refinement of the 404 parameters. The conventiéhalalue was
calculated from 8194 reflections witlo| > 4o(|Fol).

Refinements in eitheP1 or P1 resulted in disorder of the anion
and of the tetraethylammonium ion. In the latter cation this
corresponds to an ammonium ion with two centrosymmetrically
related sets of ethyl groups. The disorder of the anion makes it
impossible to distinguish the carbon atoms of the cyano group in
the trans position to the methyl group and the carbon atom of the
methyl group, implying that the nitrogen of this cyano group should
be introduced with an occupancy of 0.5. The best description was
found to be inP1, where this disorder is described by the inversion
symmetry. We performed the refinement by restraining the CN bond
of the trans cyano group to be 1.16 A. In this way we have
introduced two carbon atoms in slightly different positions.

The positions of the hydrogen atoms of the ordereghBhion
appeared clearly in the difference electron density calculated after
anisotropic atomic displacement parameters were introduced for
non-hydrogen atoms. The positional parameters of all hydrogen
atoms of this cation were included in the refinement while those
of the disordered tetraethylammonium ion were introduced in
idealized positions. The thermal parameters were made equal to
UeqOf the parent C or N atom multiplied by 1.2 or 1.5, respectively.

Diffraction data collected on (PPNEo(CN)(C(CHz)=NH,)]
were too poor to allow for an accurate structure determination
(PPN = u-nitrido-bis(triphenylphosphorus){d)).

Results and Discussion

SynthesesThe reaction of the pentacyano(methyl)cobal-
tate(lll) anion in acetate buffer with an excess of cyanide
results in the formation of as the only product as revealed
by H, 1°C, 3N, and>**Co NMR spectroscopic measurements
(cf. Scheme 2). Elemental analysis aitiINMR (Table 3)

was set to 122 K, adjusted by the tetragonal to orthorhombic phaseshow that the imino group is protonated. In an aqueous

transition of KHPQO, at this temperature. The cell dimensions were
determined from 20 reflections in tiferange 17.93-20.5C0. Data
were collected for 16548 reflections, including standards in the
octantsth,+k4I (1° < 6 < 32.5). The intensities of five standard
reflections were measured every 10000 s. The data set showed

small systematic decrease of 2%, for which it was corrected using

a

acetonitrile solution the imino group reacts readily with
iodomethane to give the correspondiNgnethyl andN,N-
dimethyl compounds. However, NMR spectroscopy showed
that preparations d? contain detectable amounts of bdth
and 3 as impurities. Preparations @ afforded onlyone

a polynomial fit to third order. Table 1 lists the crystal data and Mmonomethyl isomer as revealed by NMR.

the final refinement results. Data reduction, including corrections
for Lorentz, polarization, and absorption effects, were done using
the DREADD program suite? The absorption correction was
performed with the Gaussian integration procedure.
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The'H chemical shifts (Table 3) were assigned on basis
of nuclear Overhouser effects (NOE).3nirradiation of the
C—CHgs signal at 2.76 ppm gave a large NOE at 3.48 ppm
and no NOE at 4.00 ppm. Therefore the signal at 3.48 ppm



Hydrogen Isocyanide Insertion

Table 3. NMR and Absorption Spectroscopic Data for Aqueous Solutions of the Pentacyano(iminiumacetyl)cobaltate(lll) Anion and Its N-Methylated

Derivatives at 200C

Amanm
O0(C—CHg)/ O6(N—CHg)/ S(N—H)/ 8(C—CHgz)/ OS(N—CHz)/ oO(C=N)/ oO(C=N)/ o6(C=N)/ O(C=N)/ o(Co) (Mt
anion ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm  cm™Y)
[CO(CN)(C(CHg)= 2.81 10.58 40.7 256.7 146.4 —175.9 —97.05 60 309
NH2)]> (trans)
9.66 -96.95 (233)
(cis)
[CO(CN)(C(CHg)= 2.70 329F2  10.3% 38.3 35.1 247.7 1466 —176.4 —96.4 130 312
NHCHjz)]2~ (trans)
-96.1 (223)
(cis)
[Co(CN)(C(CHs)= 2.76 3.48 ) 41.6 47.6 240.4 146.7 —1758 —96.9 260 314
N(CHs)2)1%~ (trans)
4.00 @) 56.7 —94.4 (271)

(cis)

aThe assignments tB andZ are based upon NOE difference spectroscépy.dmsods.

Figure 1. ORTEPIPY 50% probability plots of the anion in (B)(Ph-
As)2[Co(CN)s(CHg)].

was assigned to thE methyl group. Irradiation of the two
other methyltH resonance signals confirmed this assignment.
In 2, irradiation of the C-CHj; signal at 2.70 ppm gave a
large NOE at 3.29 ppm and vice versa. Therefare/as
assigned to be thE isomer. The tetraethylammonium salts

of the new compounds are soluble in water and in coordinat-

ing organic solvents, giving colorless to pale yellow solu-
tions.

Description of the Crystal Structure. The crystal struc-
ture determination of (EN)(PhAs);[Co(CN)(CHz)] showed

respectively? In the related dinuclear [(N@LoC(COO-
CHz)=C(COOCH)Co(CN)]® anion a bond length of
1.921(3) A was found for the trans cyano group, while those
of the cis cyano groups varied from 1.895(3) to 1.909(3)
A7

Absorption Spectra. The near UV spectra are character-
ized by a single absorption (Table 3). The values Aig«
are in the range 309314 nm and are thus only-8.0 nm
lower than that transition in the corresponding chromium-
(0) compounds, which has been assigned te-d ttansition®
In analogy withd(>3Cr) for the latter class of compounéls,
one might expecd(>°Co) to correlate witinax. Even if this
is in fact the case (Table 3), it should be noted that variations
in Amax are not great and that the data set is not big enough
to make any firm conclusion.

NMR Spectroscopic Characterization.The NMR spec-
troscopic data of the iminiumacetylcobaltate(lll) anions are
given in Table 3. Thé3C and®N resonance lines for these
coordination compounds are generally broad due to scalar
coupling to%Co (I = 7/,).3%

A unique NMR spectroscopic characteristicloR, and3
is the high'3C resonance frequency of the cobalt(l11)-bonded
carbon atom of the iminium group. This frequency decreases
monotonically upon successive methylation of the iminium
nitrogen atom. Th&°Co chemical shifts show the opposite
trend, that is, methylation gives a decreased shielding of the
5%Co nucleus. These trends match the variation inf@
and®Cr chemical shifts of [Cr(CQJC(CHs)NRR')], which
for R=R' = H ared(**C) = 292.0 ppm an@d(>*Cr) = 103

that the structure is disordered. However, it was possible toppm, for R= H, R" = CHjs (the E isomer) ared(**C) =

make a description of the disorder that justifies the bond

282.0 ppm and(>3Cr) = 136 ppm, and for R= R' = CHs

lengths and angles that are listed in Table 2. An ORTEP are 6(**C) = 274.3 ppm and(**Cr) = 165 ppm€ It is

drawing of the [Co(CNYCHgz)]3~ anion is shown in Figure
1. Due to the disorder in [Co(CKCH3)]®~ of the methyl
group and therans cyano group, we shall not draw any

noteworthy that thé3C chemical shifts of the iminium carbon
nuclei in the iminiumacetylcobaltate(lll) compounds are only
about 30 ppm lower than in the corresponding 1-aminoeth-

conclusions about the trans influence of the methyl group Ylidenechromium(0) compounds. Combined with knowledge

on the cobalt-cyanide distance, but with 1.930(4) A it seems
to be somewhat longer than the cobalyanide distances

from the above listet?Co and®*Cr NMR spectroscopic data,
this suggests an electronic resemblance of these two classes

(1.900(2) and 1.903(2) A) of the cis cyano groups. These of compounds.

cobalt-cyanide bond lengths are similar to those in the
[Co(CN)(CF.CHF,)]3~ anion, which were reported to be

1.927 and 1.894 A for the trans and cis cyano groups,

The!®N chemical shift of the iminium nitrogen (Table 3)
is typical for iminium groups, which resonate at abetit80
to —280 ppm? By comparison, enamines resonate in the

Inorganic Chemistry, Vol. 42, No. 1, 2003 247
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( A
cis \’ trans
trans cis J
W ‘W%vﬂmw
965 97,0 975 -170 -175 -180
8/ppm 3/ppm
-85 -100 -105 -110 115 B
8/ppm
Figure 2. 1N NMR spectrum of 20 mM tetraethylammonium penta- cis trans
cyano(methyl)cobaltate(lll) in 8D (50%*°N).
range typical for organic amines, namely, from abe@80 J \ g
to —380 ppnt* TheH resonances in dmsdy-of the iminium NNV, ISV
group in pentacyano(iminiumacetyl)cobaltate(lll) consist of , ‘ . ' , ‘ ,
two distinct signals at 10.53 and 9.66 ppm. Similarly, both -96,7 -968 -969 -970 -971 -97.2 -973
the IH and 3C NMR spectra of pentacyardN-dimeth- 8/ppm

yliminiumacetyl)cobaltate(lll) show two different resonance Figure 3. (A) N NMR spectrum of the pentacyano(iminiumacetyl)-
lines from the two methyl groups. There is no indication of ¢oPaltate(lll) anion (0.2 M) in acetate buffer D) (approximately 50%

. N). (B) 1N NMR spectrum of the pentacyano(iminiumacetyl)cobaltate-
coalescence at elevated temperatures in dilgsdien heated (1) anion (0.2 M) in acetate buffer (ED). The reaction mixture was
to 60 °C. This shows that the carbemitrogen bond in the prepared from tetraethylammonium pentacyanomethylcobaltate(lll) (natural

iminiumacetyl group is best described as a double bond. 2bundancé) using a 10-fold excess of KON (98% ™N). Resolution
enhancement was employed to emphasize the separation of the signals from

In the pentacyano(methyl)cobaltate(lll) anion tke cis and trans cyano groups. The 1:1 ratio of intensities of the signals from
resonance signals of the cis and trans cyano Iigands arehe cis cyano groups and the trans cyano group is consistent with a migratory

clearly different (Figure 2). Th&C resonance frequency of insertion of cis hydrogen isocyanide according to Scheme 2.
the trans cyano ligand is likewise higher (by 1.9 ppm) than reaction. The adopted approach was that of isotope labeling,
that of the cis cyano ligand$ By contrast, théC resonance  which previously had been applied successfully in the
lines of the cis and trans cyano groupdiare not resolved.  investigations of the rearrangement of [Mn(G@Hs)].?
Only a single broad line is observed positioned at 146.4 ppm. Migratory Insertion of Cis Hydrogen Isocyanide. In
The!™N NMR spectrum, however, contains separate signals acidic aqueous solution the pentacyano(methyl)cobaltate(lll)
for the cis and trans cyano groups-a96.95 and—97.05 anion becomes protonated, and the conjugate acid has been
ppm, respectively (Figure 3A). When compared to penta- reported to havelf, 2.7 £+ 0.1 as determined by absorption
cyano(methyl)cobaltate(lll), thé3C atoms of the cyano  spectroscopy. The mechanism of the subsequent rearrange-
groups become more shielded and tfd atoms become  ment has been the subject of discussion, and it has been
less shielded irl. A similar inverse relationship has been proposed either to be a methyl migratidror to be a
observed in cyanocobalt(lll)corrins and has been ascribedhydrogen isocyanide insertidhThe problem can be ap-
to variations in &—pzr back-bonding? proached in a direct way by selective labeling of the cyano
The NMR spectra of, 2, and3 indicate a free rotation of  ligands either in the trans position or in the cis position
the iminiumacetyl group around the cobattarbon bond and  (Scheme 2). In acetate buffer (pH 4.8), exchange of the trans
at the same time a significant hindrance toward rotation cyano group is much faster than the formatioriofhe use
around the carbonnitrogen bond. It is well-known that the  of nonlabeled pentacyano(methyl)cobaltate(lll) and addition
barrier toward rotation of the carbemitrogen bond in of excess°N-cyanide effectively results in selective labeling

1-aminoalkylidenechromium(0) compounds is much higher of the trans position(**N) = —101.9 ppm, cf. Figure 2)
than that of the carbon oxygen bond in the corresponding of pentacyano(methyl)cobaltate(lll). No detectable exchange
1-alkoxyalkylidene compounds. of cis cyano groupsd(*>N) = —104.2 ppm) occurs under

Formation of a new carbercarbon bond via an interme- the same conditions. The use of a 5-fold excessNf
diate iminiumacetylcobalt(lll) moiety occurs with relative cyanide ensures that the free cyanide is labeled to more than
ease and thus formed the basis of a proposal to utilize this80%. The isotope distribution upon either methyl group cis
insertion reaction as a new synthesis of nitrileslt is migration or migratory insertion of cis hydrogen isocyanide
therefore of interest to investigate the mechanism of this is shown in Scheme 2.
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In the present case, botfC and!®N NMR spectra using  group in [Co(CN)(CHz]® facilitates the selectiv¥C or 1°N
labeled pentacyano(methyl)cobaltate(lll) and nonlabeled isotope labeling of the trans cyano ligand in acidic solution.
cyanide or vice versa show unequivocally that the iminium The insertion reaction yields a carbon-bonded iminiumacetyl
group results from the reaction of the methyl group with a ligand. The NMR spectroscopic properties of the new
coordinateccyanide. For example, if nonlabeled pentacyano- pentacyano(iminiumacetyl)cobaltate(lll) compounds re-
(methyl)cobaltate(lll) is used together witfC-labeled free semble those of the isoelectronic aminoethylidenepentacar-
cyanide, themo 3C-labeled cyanide is incorporated in the bonylchromium(0) compounds.
iminiumacetyl group. Furthermore, from the isotopic distri-
bution it is clear that the iminiumacetyl group is formed by
a hydrogen isocyanide cis migration. This is evident from
the fact that using®N-labeled free cyanide in combination
with nonlabeled pentacyano(methyl)cobaltate(lll) yields two
15N resonance signals of equal intensity, one signal at the
frequency of the cis cyano groups and one signal at the
frequency of the trans cyano group (Figure 3B).
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