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Abstract

Organobridged dicobaloximes of the type Py(L),Co™-(CH,) ~Co™(L),Py [L =dmgH~ and dpgH~, n=34,5,6 and 10] are
synthesized by the reaction of Co'(L),Py with the corresponding alkyl dihalides. A mixture of haloalkylcobaloximes and the
dicobaloxime is formed in each reaction. The purification procedure for the dicobaloxime is established. A comparison of ‘cis influence’
due to the equatorial ligands in the haloalkyl and the dicobaloximes by "H NMR reveals that the extent of the cis influence on the
Co-CH,, resonance is more in the case of the dicobaloxime but it is nearly same for the P, and the P, resonances.
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1. Introduction

The chemistry of bis(dioximato) cobalt(IlI) com-
plexes (hereafter referred to by the generic name of
cobaloximes) have been explored extensively during the
last three decades [1—4]. This is due to their interest as
models of Vitamin B, coenzyme [2,3,5,6], as templates
in organic synthesis and as catalysts in many chemical
processes [7]. As small structural changes in the
molecule have profound influence on the Co-C bond
reactivity [2], there has been a continued interest in the
synthesis of new organocobaloximes [4,8]. Much of the
synthesis has been limited to the use of dimethylgly-
oxime monoanion (dmgH) as the equatorial ligand
[2,3,9]. A few examples of the organocobaloximes hav-
ing other similar ligands ' like gH, dpgH, chgH and
mpgH are also known in the literature [5,10-17].

Surprisingly, the neutral organobridged di-
cobaloximes of the type Py(L),Co™-CH,-R-CH,-
Co"(L),Py are virtually unknown in the literature. The
synthesis of only four complexes (where R =CH,,
CH,CH,, 1,3-C(H, and 14-C;H,, L =dmgH) has
been mentioned by Schrauzer and Windgassen [18] and
Johnson and coworkers [19] but no spectral character-

* Corresponding author.

'gH = Glyoxime, dmgH = dimethylglyoxime, dpgH
diphenylglyoxime, mpgH = methylphenylglyoxime, chgH
cylohexanedionedioxime (all mono anions).

istics were given for these complexes. Besides, we
always got a mixture of haloalkylcobaloxime and the
dicobaloxime following their procedure.

We believe that these complexes are interesting not
only from the synthesis point of view but also the
orientation of two cobaloxime moieties might give use-
ful information on the cis and trans influence in these
systems. There has been much work [10,12—17,20] on
the study of such effects by '"H NMR in the mono-
organocobaloximes.

The present paper reports the synthesis of
organobridged dicobaloximes, Py(L),Co™-(CH,),~
Co"(L),Py, L = dmgH- and dpgH-, n=3-6 and 10]
having varying length of alkyl chain between the two
cobalt atoms. A preliminary account of the cis influence
based on the 'H NMR values is also reported.

2. Results and discussion

In the reaction of Co' with the dihalide, the best
yield of the dicobaloximes is formed under the condi-
tions (i) longer reaction time (overnight), (ii) using
molar ratio of 1:2 or more for the dihalide:ClCo", and
(iii) X = Br or I; condition (i) is the most crucial among
all these (see Table 1). In general the second oxidative
addition of Co' to the dihalide that is path B (Scheme 1)
is slower than the first one and is even slower for the
dpgH complexes. The isolation of the intermediate
haloalkylcobaloxime justifies this viewpoint. The prod-
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Table 1
CICo"™(L),Py + X—(CH,),-X =  X-(CH,),-Co"(L),Py,,_; + Co"'~(CH,),—Co" (L), Py,, _;
NaBH, /0°C
Product no. * X-(CH,),-X Reaction time /temp. Dihalide:C1Co(I1II) Yield (%) ©
X n (min /°C) 1 2
a Br 3 300/0 1:2 trace 49
b Br 4 13/0 1:2 20 34
b’ [ 4 5/0 2:1 41 2
720/25 ¢ 1:2 1.6 86
¢ Br 5 6/0 1:2 55 12
¢ Cl 5 150/0 1:2 15 4
d Br 6 6/0 1:1 30 9
720/25 ¢ 1:2 4 88
e Br o 10/0 1:1 40 10
720/0 ¢ 1:2 trace 93
f Br 3 8/0 2:1 16 4
180/25 1:2 trace 25
g Br 4 270/10 ¢ 1:2 54 7.5
g I 4 6/0 2:1 15 9
720/0 ¢ 1:2 trace 20
h Br 5 270/0 10:1 45 3.1
720,/0 ©¢ 1:2 4 11
b Cl 5 8/0 1:3.83 10 trace
720/25 1:2.5 16 4
i Br 6 300/0 1:2.5 9 8
J Br 10 720/25 1:3.83 1 9

* Product nos. a—e refer to dmgH complexes and f-j refer to dpgH complexes.

® R; values: dmgH complexes: (1a—e) 0.56—0.60 and (2a—e) 0.11-0.33 in ethyl acetate, dpgH complexes (1f—j) 0.30-0.40 and (2f-j) 0.06-0.12
in CCl,:ethyl acetate (9:1), the dpgH complexes are less polar than the dmgH complexes. In general, all the dicobaloximes are stable at room
temperature for months except 2a and 2f which decompose over a period of 1 month even when stored at 0°C.

“ Addition of the halide at 0°C and then the reaction mixture brought to RT and stirred.
¢ The same reaction in acetonitrile gives 29% (mono) and 15% (di) after 13 min work-up and 40% (mono) and 16% (di) after 720 min.

ucts are characterized by the elemental analysis, 'H
NMR and FAB mass (see Tables 2—4).

The total yield of the dpgH cobaloximes is always
lower than their dmgH analogues. This may be due to
the weak nucleophilicity of the Co'(dpgH),Py com-
pared to the Co'(dmgH),Py [21] and/or due to steric
crowding by the bulky equatorial ligands. The X-ray
crystallographic studies are under way to ascertain the
orientation of the two cobaloxime moieties relative to
each other.

In general, the organocobaloximes are usually char-
acterized by their "H NMR and elemental analyses. To
the best of our knowledge there are no reports of mass
spectral studies on such complexes. We have utilized
FAB mass on four representative examples for more

X (CHg)n Colth
cicoy —NaBHs g X(CHanX (1 aj)*
Path A .
Path B |Co())
Cof(llly (CHz)n Colh
(2 a)*
Co= Co(dmgH)2 Py or Co(dpgH)2Py
n= 4; X=1/Br
n= & X=CIBr
n= 6 X=Br

* = refer to table 1

Scheme 1.

information about these molecules (Table 4). In the
haloalkylcobaloximes, the labile axial base pyridine is
lost first followed by the cleavage of the Co—C bond
and the loss of the haloalkyl group. Then the fragmenta-
tion of the cobaloxime core {Co(L),} begins. In the
dicobaloximes, the two pyridine ligands are lost one
after the other, followed by the cleavage of one Co—C
bond with the loss of {Co(L),}.

The 'H NMR spectra of the dicobaloximes are simi-
lar to the haloalkylcobaloximes, in general, but the latter
have a characteristic triplet at around &3.3 for the
~CH, group.

Five sets of NMR values are considered: (i) the
O-H - - - O; (ii) the cobalt-bound —CH,; (iii) the rest of
the alkyl chain; (iv) the equatorial ligand; (v) the Py («
and ) resonances. In the dpgH complexes for the
haloalkylcobaloximes as well as the dicobaloximes, the
resonance for (i), (ii) and (v) appears at consistently
lower field than the corresponding dmgH cobaloximes
(see Fig. 1(a—e) and Fig. 2(a~d)). This, we believe, is
due to the influence of the equatorial ligands [10,17].
The bar charts further indicate that: *

(i) the magnitude of A, (A, =8, dpgH — dmgH,

* For uniformity, only X = Br is considered for comparison.
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where 8, ='H NMR chemical shift) is larger in some
cases than others;

(ii) for both the haloalkyl and the dicobaloximes, a
plot of i (where n=av. A,) for the resonances (O—
H---0), Co-CH,, P, and P, shows that (Fig. 3(a))

nO-H - -0 =nCo-CH, > 0P, > 1P,

4;, and hence 7, (in general) can be considered to be
the extent to which the resonances (OH - - - O, Co—CH,,
P,, P,) are influenced by substituting the methyl with
the phenyl group in the equatorial ligand. It is also
noteworthy that:

(i) for the O-H - - - O and the Co-CH, resonances
(Fig. 3(a))

n(dicobaloximes) > 7( haloalkylcobaloximes)
(ii) for the P, and the P, resonances (Fig. 3(a))
n(dicobaloximes) = n(haloalklylcobaloximes)

(iii) for the X~CH, resonance, A, decreases steadily
with the length of alkyl chain and ultimately becomes
negative for n = 10 (Fig. 3(b));

(iv) the O-H - - - O resonances for the dicobaloximes
are always upfield than the haloalkyl cobaloxime (Fig.
3(e));

(v) no trend, if any, is perceptible in our data for the

215

P,. P, dmgH-Me and dpgH-Ph resonances with increas-
ing length of the alkyl chain for both the haloalkyl and
the dicobaloximes.

3. Experimental

Chlorocobaloximes, ClCo™(L,)Py L = dmgH,
dpgH], 1,4-dibromobutane and 1,5-dibromopentane were
synthesized by published procedures [15,22,23].
Diphenylglyoxime and all other dihalides were bought
from Fluka AG. The 'H NMR spectra were recorded on
a Bruker WP-80 FT NMR spectrometer. The elemental
analysis was carried out at the Regional Sophisticated
Instrumentation Center (RSIC), Lucknow, and at IIT,
Kanpur. FAB mass was done at RSIC, Lucknow.

The dicobaloximes have been synthesized by the
reaction of Co'(L),Py with the corresponding dihalide
under strict anaerobic conditions at 0°C (Scheme 1).
The work-up procedure is similar to the
organocobaloximes as detailed earlier [15,24]. It was
observed that in certain cases the precipitation of the
cobaloxime did not occur on pouring the reaction mix-
ture into water, instead an orange-red emulsion formed.
In those cases the emulsion was extracted with

Table 2
"H NMR chemical shifts & (ppm, CDCI,) for 1a-j to 2a—j
Compound no. O-H---0 P, P, P L® X—(CH,)- Co—~(CH,) —(CH,), _»~

(s)? (d) (m) (m) ®° (m) (m)

[J=5Hz] [J=6.25Hz]

1a 18.09 8.56 7.65 7.28 2.13 3.19 —d 1.00-1.56
2a 18.06 8.52 7.61 7.29 2.14 — — ¢ 1.23-1.62
1b 18.22 8.56 7.66 7.31 2.11 3.34 1.68 0.68-1.96
2b 18.06 8.52 7.62 7.25 2.10 — 1.56 0.50-1.06
1 18.39 8.56 7.64 7.28 2.15 312 1.64 0.04-1.31
1c 18.22 8.5 7.62 725 2.12 3.31 1.68 0.62-1.53
2c 18.06 8.56 7.62 7.28 2.17 — 1.56 0.50-1.25
1¢' 18.46 8.50 7.56 721 2.12 3.37 1.54 0.59-1.37
1d 18.20 8.5 7.59 721 2.12 331 1.57 0.64—1.40
2d 18.06 8.56 7.59 7.21 2.12 — 1.56 0.43-1.31
le 18.39 8.50 7.59 7.18 2.11 3.34 —d 0.37-1.34
2e 18.41 8.56 7.62 7.28 2.11 — 1.59 0.37-143
1f 18.65 8.84 7.71 —d 7.19 3.37 2.00 1.62-1.06
2f 18.99 8.92 7.74 —d 7.13 — 2.13 0.92-1.82
1g 18.78 8.93 7.84 . 7.25 3.46 2.18 1.31-2.00
2 18.60 8.93 7.75 — ¢ 7.18 — 2.31 0.62-1.87
1g' 18.66 8.90 7.76 —d 7.28 3.21 2.18 1.06-1.93
1h 18.75 8.93 7.81 — 9 7.25 3.39 2.18 0.56-2.00
2h 13.86 8.93 7.76 — ¢ 7.11 —_ 2.25 1.00-1.81
1 18.56 8.87 771 — ¢ 7.20 3.46 2.12 0.93-1.93
1i 18.69 8.92 7.78 — ¢ 7.20 3.37 2.18 0.62-2.00
2i 18.65 8.92 7.72 —d 7.15 — 2.25 1.93-1.06
1j 18.59 8.90 7.71 ¢ 7.20 3.31 2.15 0.62-1.93
2j 18.60 8.93 7.78 ¢ 7.18 — 2.25 0.75-1.81

* Broad 1 and 2 (a—e), sharp 1 and 2 (f-j).

® Singlet 1 and 2 (a—e). multiplet 1 and 2 (f—j).
¢ Triplet or merged with the alkyl chain.

¢ Resonances merge and /or integrate together.
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dichloromethane, the solvent layer was washed several
times with brine, dried over anhydrous sodium sulphate
and the volume concentrated to a few millilitres. The
precipitation was then achieved by pouring it dropwise
into light petroleum with constant stirring. The solid
was filtered and then dried in vacuum.

In each reaction a mixture of haloalkylcobaloxime
(1) and the dicobaloxime (2) was obtained. The ratio of

the two was found to depend on the reaction time,
temperature, and the molar ratios of the chloro-
cobaloxime and the dihalide (see Table 1). The separa-
tion of the two products posed a lot of problems.
Various adsorbents (silica gel and basic alumina), sol-
vent systems (carbon tetrachloride—ethylacetate,
pet.ether—chloroform~ethy1acetate), column dimensions
and flash chromatography were tried. The separation

Table 3
Elemental analysis and R, values for compounds 1la—j to 2a-j
Compound nos. R Anal. Caled. for Found (calculated) (%)
C H N Br/Cl/1
1a 0.56 CoC,;H,sN;0,Br 39.28 5.18 14.26 16.37
39.17) (5.14) (14.29) (16.30)
2a 0.16 Co,CyH N, 04 4473 5.68 18.02
(44.71) (5.65) (17.99)
1b 0.58 CoC,,H,sN;0,Br 40.49 5.37 13.92 15.88
(40.46) (5.39) (13.89) (15.85)
2b 0.12 C0,C;30H, N0y 4541 5.90 17.61
(45.43) (5.89) (17.67)
v’ 0.60 CoC,,H,;N;O,1 36.99 491 12.88 23.10
37.01) (4.93) (12.70) (23.05)
1c 0.58 CoC 4 H,4N;O,Br 41.63 5.601 3.581 14.48
(41.69) (5.64) (13.51) (14.42)
2 0.15 Co,C 4 H N, O 46.19 591 17.30
(46.13) (6.00) (17.37)
1c 0.62 CoC 4 H,,N;0,CI 46.00 6.211 5.01 7.45
(45.60) 6.17) (14.78) (7.48)
1d 0.60 CoC ,,H;,N;0,Br 43.02 5.82 13.21 14.90
(42.84) (5.87) (13.16) (15.01)
2d 0.12 Co,C,,Hy,N,,04 46.76 6.11 17.11
(46.81) (6.14) 17.07)
le 0.56 CoC,,H,yN;O,Br 47.00 6.63 11.93 13.56
(46.92) (6.08) (11.90) (13.58)
2e 0.12 C0,C 1 HegN,,Oq 4925 6.71 16.01
(49.29) (6.67) (15.98)
1f 0.31 CoC 1 H 33, NsO, Br 58.57 448 9.50 10.87
(58.52) (4.50) (9.48) (10.82)
2f 0.12 Co,C o HgyN,, 04 65.01 473 10.97
(64.97) (4.74) (10.99)
1g 0.45 CoC;H,5sN;O,Br 58.99 4.66 9.32 10.65
(59.03) (4.69) (9.31) (10.62)
2g 0.09 Co,C,yH,N,,0¢ 65.21 4.84 10.90
(65.19) (4.85) (10.87)
1g' 0.47 CoC,HsN;0,1 55.59 3.39 8.78 15.85
(55.55) 441 (8.76) (15.87)
1h 0.38 CoC 4 H;,N,0,Br 59.55 4.87 8.33 10.44
(59.51) (4.86) (8.35) (10.42)
2h 0.07 C0,C Hg N, 50 65.42 5.00 10.72
65.41) (4.95) (10.75)
1K 0.29 CoC 4, H;,N;0,Cl 63.20 5.12 9.68 4.89
(63.18) (5.16) (9.70) 4.91)
1i 0.30 CoC 34 H ;4N;O, Br 60.00 5.09 8.95 10.25
(59.98) (5.03) (8.97) (10.2)
2i 0.08 C0,C5,Heo N;yOy 65.66 5.07 10.64
(65.63) (5.05) (10.63)
1j 0.38 CoC 4, H ;NO, Br 61.73 5.68 8.39 9.54
(61.70) (5.66) (8.37) (9.55)
2j 0.46 Co,C5¢H,,N, (O 66.47 5.43 10.17
(66.44) (5.44) (10.20)

* 1 and 2 (a—e) in EtOAc, 1 and 2 (f-j) in CCl,:EtOAc 9:1.
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{1a)

(1h}

oo XACHY; Coll)y Py 2501~ X4 CH 3= Co (L), Py
~H-H n
od':“gh Co—CHy
[ dpgh 2 omeh
r“wrr i D dpgh
Y] — "F’T
{ m { - momm m o
i l |
18.50}~ 2001 -
[] ) I
»”
18.00 ‘l 150 ﬁ f
3ero &sBr i 5/Br  S/C1 6/Br 10/Br 1/Br  &/8r 4/l s/8r  s/ct  6/8r | w/Be
n/x n /X
[§13]
(14)
| ("] dmgh
300 X~+CH = ColL), Py X=CHy}= Co(L), Py
a0 [N dpgh P 8-00f- P
- rr a ___F Y
T dmgh
i ll g
1-1 - (I dpgh
o i {
© » W ﬂr 7
A - INnE
— Bl
7.50}- T — — ]
7.50F
8.00 il |
3/8r 4/Br /1 5/8r 5/¢C1 6/8r ' 10/Br 7.00 f
n /X 3/Br  4/Br 471 5/8r 5/Cl  &/Br 10/8Br
n/X
[1e}
L.00r= X—CHy}- Co (L), Py
X-CHg
C3 dmgh
D dpgh
w0
350}
3.00 {uli
3/Br W/Br 471 5/8r  5/C1  6/8r 10/8r
n/Xx

Fig. 1. NMR data. * indicates resonances not resolved.
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could be achieved by any of the following procedures,
however the procedure (i) was found to be the best.

3.1. dmgH complexes

(i) The orange-red powder containing the mixture of
cobaloxime was separated by silica gel (100—200 mesh)
using chloroform—ethylacetate mixture. The column was
pre-eluted with chloroform and then the polarity was
increased with ethylacetate (10-40%) until two distinct
bands were visible. The first red band corresponding to
the haloalkylcobaloxime separated out completely with
ethylacetate—chloroform mixture. The solvent system
was then gradually changed to ethylacetate—methanol
(80—20) when the second red band corresponding to the
dicobaloxime separated.

(2a}

19-00

T Py{L), Co —+CHy¥= CO(L’)W
0—H--0
1184 [ dmgh
(1D dpgh
w
- 10 I
18.50

\—

4 S n 6 10
{2¢)
9.00}~ Py (L) Co4CH, Coll),
Pa
-W i W TH MM == amgn [
(I 9egh
w
850 [ | i
8 ooL —
3 4 5 V 10

Table 4
FAB mass spectral data

Com- Principal peaks (relative intensity) *
pound
no.

1b M 505 (35), M+ 1 506 (25), 426 (90), 289 (100), 80 24)

2c 728 (15), 649 (44), 359 (50), 289 (100), 80 (15)

2h 1124 (5), 1145 (12), 607 (30), 538 (100), 537 (75)

1K M 721 (15), M+ 1 722 (14), 643 (40), 642 (29), 538 (100),
537 (100)

® See text for detail.

(ii) The mixture of cobaloximes dissolved in mini-
mum volume of chloroform was adsorbed on basic
alumina (Brockman grade 1). The dried powder was

(2b)

2.501 Py(L), Co~tCH 3~ ColL), Py
Co—-CH,

[]dmgh
W [0 dpgh

2.00~

O 1 1 e o | I

6 / 10

8.00 12d)
Py ColL};-{CH 3% Co (L), Py
Py
[T dmgh
[OI5 dpgh
¥ . _ A RSt Tl
mom o m
] [ Bl —— |
7.50p
7.00 A
5 6 10

Fig. 2. NMR data. * indicates resonances not resolved.
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then loaded on a basic alumina column pre-eluted with
pet.ether. The polarity of the eluent was increased with
chloroform (10-20%); the haloalkylcobaloxime eluted
out first as a red band. The dicobaloxime came out
neatly with chloroform—pet.ether (40—60) mixture.

(iii)) The mixture of cobaloximes, dissolved in mini-
mum volume of chloroform, was adsorbed on silica gel
(TLC grade). This was then loaded on a silica gel
column pre-eluted with chloroform. The elution was
done very carefully with chloroform, chloroform-
ethylacetate, ethylacetate—methanol mixture until two
distinct bands separated one after the other. The flow of
solvent was maintained by suction using an aspirator.
The entire process had to be done slowly to achieve a
neat separation.

{3a)

3.2. dpgH complexes

The best separation was achieved by loading the
mixture on silica gel column (100-200 mesh) using
chloroform. The polarity of the solvent was increased
with ethylacetate (2-4%) till three distinct bands were
visible. The first band corresponding to the haloalkyl-
cobaloxime came out followed by a pale yellow-brown
band corresponding to the unreacted chlorocobaloxime.
The dicobaloxime eluted out only with 5-6% ethylac-
ctate mixture. It is important to note that any further
increase in polarity at this stage contaminates the di-
cobaloxime with cobaloxime(II) impurity which elutes
out at the same time. Any such contamination hampers
the NMR study.

b}

0201 X «CHy¥; Co (L}, Py
— Aj = 6; dpgh - 6; dmgh

LY

10/Br

0.0 T T T T Jy L
3/Br 4 /Br S/Br 6/8r
n/X

-0.05

0.80—
3 Haloalkylcobaloxime
- [y Dicobaloxime
( il
1|
S ] i
0.00
O-H--H Co~CH, Pa Py
{3c)
19.001-
w
18.50+

i

3 X ~CHy¥; ColL), Py
UM Py (L), Co~4CHykz Co(L),Py
0-H—0
L= dmgh
1|
i v
6 10

Fig. 3.
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3.3. Synthesis of organobridged dicobaloxime from
haloalkycobaloxime

(i) The haloalkylcobaloxime (1d, 1 mmol) was re-
acted with cobaloxime(I) (2 mmol) under strict anaero-
bic conditions at 0°C in aqueous methanol (path B,
Scheme 1). Though the reaction was visibly over within
15min with distinct change in colour from blue to red,
the mixture was left stirring overnight at room tempera-
ture. The product was isolated by pouring the reaction
mixture into water containing a few drops of pyridine.
The separation by column is the same as described
above. Yield 95%.

(ii) Following a similar procedure, the dpgH
cobaloximes gave only 10-20% yield at most. How-
ever, change of solvent to aqueous acetonitrile im-
proved the yield to 65%. Solubility may be one reason
as the haloalkylcobaloxime is only partially soluble in
aqueous methanol.
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