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NMR SPECTRA OF COBALOXIMES ¢ UNEXPECTED NONEQUIVALENCE OF METHYL GROUPS

B.D. GUPTA AND SUJIT ROY
Department of Chemistry, Indian Institute of Technolegy, Kanpur, U.P., India

Summary, Ty NMR spectra of organocobaloximes indicates the nonequivalence of
methyl groups which is attributed to the hydrogen bond formation between the
oxime hydrogen and the hetero atom of an axial organic 1ligand.

The study of organocobaloximes is vary important in view of many similari-
ties in properties with vitamin 812. The compounds are very well characterised
by 1H NMR since the presence of one sharp 12 H singlet around 2.0 6 due to four
equivalent methyl groups on equatorial ligands is an excellent indication of the

presence of the compound even in the crude product,
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The nonequivalence of methyl groups has been observed only in a few cases.
Gaudemer and coworkers noted this phenomenon and speculated that it was due to
the presence of an asymmetric centre on the axial sigma bonded ligand.1 They
found that the spectra of a number of related complexes with Co-CR1R2R3 moieties
show this feature which is also found in cobaloximes with symmetrical axial alk-
yl groups, e.qg. CHB’ associated with axial bases containing an asymmetric carbon
atom as in C6H5CH(NH2)CODCH3 or a donor atom which, once bounc becomes asymmé-
tric e.q. C6H5NHCH3. Recently, the same workers in their stersochemical study of
vinyl substitution by transition metal complexes have observad two signals in
the 1H NMR spectra, corresponding to six protons each for the diastereotropic
methyl groups of the dioximato moiety in atropiscmeric alkenyl cobaloximes.1b A
similar nonequivalence has recently been observed by Clifford and Cullen in
CHB(CN)CH—CUIII(dmgH)ZPy.2 They have considered free rotation about the axial
Co=-C bond to explain their observation. In this paper we report the TH NM K
spectra of a number of compounds.3 In all cases except 1a, 1b and 7a the spec-
tra show the nonequivalence of methyl groups on dimethylglyoxime (equatorial
ligands); two signals appearing in 3:1 ratio at about 0.1 ppm apart (refer

Table 1, Fig., 1).
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Table 1. 'H WMR spectra (CDCl,) 6 values®

Cﬁr;”?d' Aromatic [:H2 dmgH < p; p

1a 6.00, 7,40 2.40 2,00 7.30 7,75 8,60
b 6.65, 7.00 3.00 2,05 7.20  7.65 8.50
2a 6.00, 7.12 2.55 2.00, 2.10 7.15  7.75 8,42
2b 6.75, 7.20 2.85 2.00, 2.10 7.30  7.70  8.50
3a 6.15, 7.15 4,25 2.30, 2.40 7.15 7.60 8,30
3b 6.80, 7.15 4,45 2.25, 2,35 7.15 7.60 8,30
4a 6.30, 7.20 4,15 2.25, 2.35 7.20 7,60 8,25
4b 7.15, 7.25 4,30 2.25, 2.35 7.10 7.60 8,30
Sa 6.20, 7.30 4,30 2.30, 2.40 7.15 7.50 8,50
b 7.15, 7.30 4,15 2.25, 2.38 7.10  7.70 8,40
6a 6.45, 7.35 4,40 2.28, 2.38 7.36 7,70 8,40
6b 7.30, 7.40 4,00 2.25, 2.40 7.10  7.70 8,40
1a 7.00, 8,25 2.85 2.05 7.30 7,60 8,55
b 7.10, 7.45, 8,20 4,40 2,25, 2.35 7.15 7,55 8,25
1c 7.50, 7.95, 8,50 4,00 2.32, 2.42 7.50 7,95 8,50

FIG. 1. 'H NMR spectra (90 MHz) of 1p and 3b 2.25~, & 2.05
+
6.65 3,00
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60 MHz and 90 MHz spectra for 2a and 2b are not well resolved and the methyl

signals appear as broad singlet at 2.0 &,

However, the nonequivalence {3:1) is

clearly visible for the same in 200 MHz spectra run on Brucker machine.

I, o
X CHZ-Co I

g,
X =85, 1

—_

a

lwy

l

CH.~0~0-Co'l

2

r

1§
w o X

-

&~

[

u

I1I

Co = Co(dmgH)?Py

I

II11
/CHz-Co

no
w o
. .
5
[o 2 <Y

LA

Zb

2-D-U-Co

éi E&\ 111
X7 NCH,=0-0-Co
X

= 0, 3a
X =35, 3b

14 \;
X

] II
CH2-§-C0

0
I

In view of the fact that alkyl, benzyl, allyl, allenyl cobaloximes and their

dioxy adducts do not show such an effect,

the nonequivalence must be due to the

presence of heterc atom present in the axial organic ligand. The models of 3a and

3b indicate that the hetero atom lies directly above the oxime hydrogen. The main

reason for the nonequivalence might, therefore, be due to the formation of a

hydrogen bond between the oxime hydrogen and the heteroc atom of the axial organic

ligand.
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The suggestion is supported by the fact that the salt formation of uncoor-
dinated pyridine (axial organic ligand) in 7b_ with hydrochloric acid lesads to
the disappearance of the nonequivalence of methyl groups. Interestingly, 1H NMR

— =
spectra of 0-CH2-CHZ-CHZ-CH-CHZ-CDIII and its dioxy adduct do not show such a
phenomenon indicating the necessity of an aromatic hetero atom for such a
process.
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