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A new series of intramolecular bridged alkylcobaloxime complexes were prepared by heating a solution of aqua-
(3-bromopropyl)cobaloxime (1) through an intramolecular nucleophilic substitution. They are characterized by EA,
ESI-MS, and 'H NMR. Crystal structures of Br(O—CzHg—(dmgH))(dmgH)Co" (2), [H.0(0O—CsHs—(dmg))(dmgH,)-
Co"ClO; (3), [Py(O—-C3Hs—(dmg))(dmgH2)Co"CIO, (4), [Bzm(O—CsHs—(dmg))(dmgH,)Co"CIO, (5), and Im(0O—
CsHs—(dmg))(dmgH)Co" (6') were determined by X-ray diffraction. It is revealed that an intramolecular tri-methylene
bridge exists between cobalt and one of the equatorial oxime oxygens forming a six-membered ring in the complexes.
Additionally, the axial bases have some influences in their structure parameters, for example, Co—L bond lengths;
folding angles in equatorial ligands; hydrogen atom positions in O—H-0 bridge; and the orientations of those L
planes with respect to the equatorial planes.

Introduction absence of a cofactéf. Recently, the X-ray data for
methylmalonyl-CoA mutase® glutamate mutaséand diol
dehydrataserevealed that distances from the Co to the
radical centers on substrate and product ar® @& in the
three B, enzymes. Further, the former model investigations
had provided evidence that, in the absence of Co(ll), such
kinds of radical did not isomeriZg® Accordingly, it is of
interest to mimic the situation of the holo-enzyme where the
C-center radical formed from homolysis of the-©@ bond

Coenzyme B, (5'-dexoyadenosylcobalamin, Adocbl) is
one of the known organometallic complexes in nature. It
serves as a cofactor for certain enzymatic reactions in
biological systems, i.e., the intramolecular rearrangements
or the reduction of nucleotide actdThe widely accepted
mechanism for the coenzyme, Bcatalytic rearrangement
reaction is that homolytic dissociation of the €6 bond of

Ihalami - . -
coenzyme & generates Cob(ll)alamin and &deoxyad stays in the proximity of a Co(ll) and allows the cobalt

enosyl radical (AdChkb). This radical then abstracts a . . o7 o
hydrogen atom from the substrate to produce a substrate'ntermed'ate to assist in group migrati¥t? Therefore, the

radical and 5deoxyadenosine (AdGH Next, an electrone- synthesis and investigation of the intramolecular bridged
gative group migrates to an adjacent ca'rbon atom in the organo-cobalt B models were performed, in which an alkyl

substrate radical, and the product radical recaptures a (3) pratt, J. M.Chem. Soc. Re 1985 14, 161—170.

hydrogen atom from the AdGH Finally, the produced (4) Finke, R. G. InVitamin By> and Bi>-Proteins Krautler, B., Arigoni,
. . . D., Golding, B. T., Eds.; Wiley-VCH: New York, 1998; pp 383
AdCHge recombines with Co(ll) to complete the catalytic 202.

circle. The key step of the above reactions is the cleavage (5) Mancia, F.; Keep, N. H.; Nakagaua, A.; Leadlay, P. F.; McSweeney,
of Co—C bond to produce a Sleoxyadenosyl radical, which 3 asasmussen, B. Becke, P.; Diat, O.; Evans, P. Biructurel99
is initiated by the distortion of corrin ring and plane folding  (6) Mancia, F.; Evans, P. FStructure199§ 6, 711-720.

of the cofactor induced by the interaction between substrate (7) Reitzer, R.; Gruber, K. Jogl, G.; Wagner, U. G.; Bothe, H.; Buckel,
. . L W.; Kratky, C. Structure Fold Des1999 7, 891-902.
and enzymé Previous investigations had shown that the rate (8) Masuda, J.; Shibata, N.; Morimoto, Y.. Toraya, T.. Yasuoka, N.

of homolytic cleavage of the CeC bond in the enzyme- Structure Fold. Des200Q 8, 775-788.

bond cofactor is about 193 times larger than that in the ~ © getﬁy’ 1%72’;\/"""“” B2 Zagalak, B., Eds.; Friedrich Gruyter, D..
erlin, .

(10) Fountoulakis, M.; Retey, £hem. Ber198Q 113 650-668.
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Figure 1. Schematic representation of the intramolecular bridged alkylcobaloxime complexes.

ligand links to the equatorial plane and the carbon radicals water and heated at 8€ with stirring for 1 h. The solution was

that came from homolysis of the €& bond will be retained
in the proximity of the Ch-complex. Comparing the structure

filtered, and the filtrate was rotary evaporated under reduced
pressure until some precipitation occurred. The products were

and properties of these species to those of the nonbridgedecrystallized from methanelwater (4:1), and two weeks later, dark

models might help to understand the role of the Co(ll) in

Bi-catalyzed 1,2-exchange. In past years, several hundred

of coenzyme B, models have been synthesized and investi-
gatedt* 16 However, only a few of cobaloxime, Cocosta, and

red crystals (0.37 g, 39%) were obtained. Anal. Calcd foHg-
BrCoN,O,: C, 32.13; H, 4.90; N, 13.62. Found: C, 32.22; H, 5.07;

?\I, 13.52. UV~vis (methanol/water, nm): 419.0, 452.8. Positive-

ion ESI-MS: m/zat 331.0, [M — Br]*. *H NMR (D,0) ppm: 4.75
(m, 1H, H(9)) behind in water peak; 3.92 (m, 1H, H(9)); 2.59 (m,

Cosalen complexes with bridged structures have beenjy H(11)); 2.48 (s, 3H, C(L)8); 2.34 (s, 3H, C(4)H); 2.33 (s,

reportedt’2?> To our knowledge, very few of them have

3H, C(8)H); 2.25 (s, 3H, C(5)K); 1.91 (m, 1H, H(11)); 1.66 (m,

crystal structures that were determined. In our present work, 1H, H(10)); 0.526 (m, 1H, H(10)).

a new series of intramolecular bridged alkylcobaloxime
complexes with different L groups (Br,.0, Py, Bzm, Im)

Preparation of Perchlorate Aqua(O-trimethylene-dimethyl-
oximato)(dimethylglyoxime)cobalt(l1l) [H ;O (O—C_He—(dmg)-

were prepared and characterized (Figure 1). Their crystal (dmgH;)Co")]CIO,4 (Complex 3).A 1 g portion of2 (2.4 mmol)

structures were studied by X-ray diffraction. Influences of
the L ligand on the structures and comparison of the
structural features with those of ordinary alkylcobaloximes
were addressed.

Experimental Section

Caution: The perchlorates are potentially explgsi Only a
small amount of material should be prepared at one time, and it
should be handled with care. All manipulations were performed in
the dark to aoid Co—C bond cleaage. All chemicals used were
of analytical reagent grade unless stated otherwise. Aqua-(3-
bromopropyl)cobaloximé was prepared by reducte alkylation
as described in the literaturé.

Preparation of Bromo(O-trimethylene-dimethyloxime)(di-
methylglyoximato)cobalt(lll), Br(O —CsHg—(dmgH)(dmgH))-
Cao'" (Complex 2).A 1 g portion of1 was dissolved in 500 mL

(13) Bresciani-Pahor, N.; Forcolin, M.; Marzilli, L. G.; Randaccio, L.;
Summers, M. F.; Toscano, P.Qoord. Chem. Re 1985 63, 1-118.

(14) Randaccio, L.; Pahor, N. B.; Zangrando, E.; Marzilli, L. Ghem.
Soc. Re. 1989 18, 225-250.

(15) Raudaccio, LComments Inorg. Chemi999 21, 327-376.

(16) Callgaris, M.; Nardin, G.; Randaccio, Coord. Chem. Re 1972 7,
385-403.

(17) Flohr, V. H.; Pannhorst, W.; Retey, Helv. Chim. Actal97§ 61,
1565-1587.

(18) Robinson, J. A.; Flohr, H.; Kempe, U. M.; Pannhorst, W.; Retey, J.
Liebigs Ann. Cheml983 81—203.

(19) Bolster, W. G. Dlnorg. Chim. Actal998 269 203-210;J. Chem.
Soc., Perkin Trans. 1993 23, 3023-3032.

(20) Blaauw, R.; Kingma, I. EJ. Chem. Soc., Perkin Trans.2ZD0OQ 30,
1199-1210.

(21) Arkel, B. V.; Baan, J. L. V. Drerahedron1995 51, 4161-4172.

(22) Polson, S. M.; Hansen, L.; Marzilli, L. G. Am. Chem. S0d.996
118 4804-4808.

(23) Schrauzer, G. N.; Wingassen, RJJAm. Chem. S0d967, 89, 143—
147.
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was dissolved in 400 mL water, and then, a 20 mL aqueous solution
which contained 0.4 g AgN§X2.4 mmol) was added. The resulting
suspension was stirred well for 1 day and filtered. The clear red
filtrate was treated with 10 mL of aqueous solution containing 0.3
g NaClQ, (2.4 mmol). After stirring for 0.5 h, the volume of this
solution was reduced by a rotary evaporator until precipitation
occurred. The products were recrystallized form methanaiter
(4:1), and two weeks later, we obtained dark red crystals, 0.45 g.
The vyield is about 42%. Anal. Calcd for;E1,,CoN,OCl: C,
29.44; H, 4.94; N, 12.48. Found: C, 29.42; H, 4.87; N, 12.56-UV
vis (methanol/water, nm): 419.8, 450.8. Positive-ion ESI-M$z

at 331.0, [M — ClO4 — H;0]". IH NMR (D0) ppm: 4.78 (m,

1H, H(9)) behind in water peak; 3.93 (m, 1H, H(9)); 2.60 (m, 1H,
H(11)); 2.49 (s, 3H, C(1)b); 2.35 (s, 3H, C(4)H); 2.34 (s, 3H,
C(8)Hs); 2.27 (s, 3H, C(5)H); 1.92 (m, 1H, H(11)); 1.68 (m, 1H,
H(10)); 0.53 (m, 1H, H(10)).

Preparation of Perchlorate Pyridine-(O-trimethylene-di-
methyloximato)(dimethylglyoxime)cobalt(lll), [Py(O—CsHe—
(dmg))(dmgH,)Ca"' ]CIO 4 (Complex 4). This complex was pre-
pared following the preceding procedures by using pyridine as axial
L. We obtained dark red crystals, 0.58 g. The yield is about 47%.
Anal. Calcd for GgH2sCoNsOgCl: C, 37.69; H, 4.94; N, 13.73.
Found: C, 37.71; H, 4.90; N, 13.59. UWis (methanol/water,
nm): 416.6, 449.6. Positive-ion ESI-M$wvz at 331.0, [M, — CIO,

— CsHsN]™ and 409.9, [M — ClO4*. 'H NMR (DCCls) ppm:
8.41 (d, 2H, H(12), H(16)); 7.89 (t, 1H, H(14)); 7.54 (m, 2H, H(13),
H(15)); 4.98 (m, 1H, H(9)); 4.08 (m, 1H, H(9)); 2.52 (s, 3H, C(1)-
Has); 2.34 (s, 3H, C(4)R); 2.27 (s, 3H, C(8)H); 2.14 (s, 3H, C(5)-
Ha); 1.72 (m, 3H, C(11)k H(10)); 1.08 (m, 1H, H(10)).

Preparation of Perchlorate Benzimidazole-Q-trimethylene-
dimethyloximato)(dimethylglyoxime)cobalt(lll), [Bzm(O —C3sHg—
(dmg))(dmgH,)Co"' ]CIO 4 (Complex 5). This complex was pre-
pared following the preceding procedures by using bezimidazole
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as axial L. We obtained orange crystals, 0.6 g. The yield is about ing /-cyclodextrin to prepare bridged cobalt complex are

45%. Anal. Calcd for GHeCoNsOsCl: C, 39.39; H, 4.77; N,
15.31. Found: C, 39.52; H, 4.69; N, 15.47. YVis (methanol/
water, nm): 416.4, 448.4. Positive-ion ESI-MB8vz at 331.0, [M

— ClO4 — C7H6N2]Jr and 448.9, [M— C|O4]Jr IH NMR (DCCly)
ppm: 8.144 (s, 1H, H(12)); 7.70 (d, 1H, H(17)); 7.47 (d, 1H, H(14));
7.31 (g, 1H, H(16)); 7.26 (g, 1H, H(15)); 4.99 (m, 1H, H(9)); 4.09
(m, 1H, H(9)); 2.462 (s, 3H, C(L}}t 2.36 (s, 3H, C(4)H); 2.30
(m, 1H, H(11)); 2.17 (s, 3H, C(8)4) 2.06 (s, 3H, C(5)H); 1.91
(m, 1H, H(11)); 1.64 (m, 1H, H(10)); 1.15 (m, 1H, H(10)).

Preparation of Perchlorate Imidazole-O©-trimethylene-di-
methyloximato)(dimethylglyoxime)cobalt(lll) [Im(O —C,He¢—
(dmg))(dmgH,)Co"' ]CIO 4 (Complex 6) and Imidazole-Q-tri-
methylene-dimethyloximato)(dimethylglyoximato)cobalt(l11) Im-
(O—C3He—(dmg))(dmgH)Cao" (Complex 6). The complexes
were prepared following the preceding procedures by using
imidazole as axial L. We obtained orange sdid0.42 g, yield
35%) and a small amount of orange crystélsAnal. Calcd for
C14H24CoNsOgCl (6): C, 33.71; H, 4.85; N, 16.85. Found: C, 33.73;
H, 4.94; N, 16.83. UV-vis (methanol/water, nm): 406.4. Positive-
ion ESI-MS: m/zat 398.9, [Mi — ClIO4]* and 331.1, [M — CIO,

— C3HsNp] ™. Anal. Calcd for G4H23CoNsOy4 (6'): C, 42.22; H,
5.82; N, 21.10. Found: C, 42.18; H, 5.72; N, 21.27. s
(methanol/water, nm): 415.2. Positive-ion ESI-M®/z at 398.8,
[Me + H]" and 330.9, [M + H — C3H4N,] ™. IH NMR (DCCly)
ppm: 8.15 (s, 1H, H(14)); 7.70 (d, 1H, H(12)); 7.48 (d, 1H, H(13));
5.00 (m, 1H, H(9)); 4.15 (m, 1H, H(9)); 2.46 (s, 3H, C(k)H2.35

(s, 3H, C(4)RH); 2.28 (m, 1H, H(11)); 2.16 (s, 3H, C(8%i 2.05
(s, 3H, C(5)H); 1.92 (m, 1H, H(11)); 1.72 (m, 1H, H(10)); 1.15
(m, 1H, H(10)).

X-ray Structure Determination. Intensity data were collected
at 293 K on a Bruker SMART CCD area detector diffractometer
operating in thev—20 scan mode with graphite-monochromated
Mo Ko radiation ¢ = 0.71073 A).

tedious and of low yield. After careful examination of the
thermolysis behavior of aqua-(3-bromopropyl)cobaloxime
(complexl), we found that in the absence @fcyclodextrin
simply heating the solution oflL will also cause the
cyclization to form the bridged cobaloxime compl@x’
Further investigation revealed that the above reaction was
accelerated through increasing both temperature and polarity
of the solvent® In this study, complex2 was prepared by
heating an aqueous solution of aqua(3-bromopropyl)co-
baloxime (complex) at 80°C. This improved method is a
little different from a previous published method by Song,
et al.?” in which 1 was dissolved in methanol/water(v/v 4:1)
and heated at 50C. Complexe8—6 were fabricated through
removing the axial bromine atom of compl&and then
adding a different L group. The synthetic route with its
possible mechanism is presented in Scheme 1. It is observed
that, during the heating process, compldrst its axial HO
ligand first?® An intramolecular nucleophilic substitution
reaction then follows, in which elimination of an HBr
molecule is accompanied with ring formation. Last, the Br
occupied the axial position, and compf2xame into being.
For complexes8—6, the axial ligand Br of comple® was
removed through addition of AgN@irst. Next, the L ligands
(L =HO for3, L =Pyford, L =Bzm for5, L = Im for
6) were introduced for coordination with Co(lll). Finally,
the intramolecular bridged cobaloxime cation combined with
the CIQ, anion to give the relevant complexes.

X-ray Diffraction Structure Analysis. Crystal data for
2—6 are listed in Table 1. The selected bond lengths (A)
and angles (deg) are listed in Table 2. The ORTEP drawings

The structure was solved by direct methods using the program With atomic numbering fo—6" are shown in Figure 2. It

SHELXTL.24 All the non-hydrogen atoms were located from the
trial structure and then refined anisotropically with SHELXTL using
full-matrix least-squares procedu®sThe two bridging oxime

protons were found in difference Fourier map, while the other

should be noted that cryst@lis neutral without perchlorate
anion because there are two oximes with charde

It can be seen from Figure 2 that the five bridged
complexes are similar in structure. Their molecules have

hydrogen atom positions were fixed geometrically at a calculated gctahedral configuration around the cobalt with one alkyl
distance and allowed to ride on the parent carbon atoms. The finalc- one Br. O. or N atom from L as the axial ligands; and

difference Fourier map was found to be featureless.

Results and Discussion

Synthesis.Usually the reactions of cobalt(lll) intermedi-
ates and the pendaatalkenyl side chain or an interligand
nucleophilic addition were involved in preparation of the
intramolecular alkylated Cosal®mor Cocosta complexées.

In our previous investigation, heating a solution of aqua-(3-
bromopropyl)cobaloxime ang-cyclodextrin, a novepB-cy-
clodextrin inclusion complex crystal with bridged aqua-
cobaloxime has been found in addition to the normal
inclusion complexX® To obtain the bridged cobaloxime
compound, one of the methods is to remove fheyclo-
dextrin by using methanol extraction with the product
undergoing further purification. The above route and remov-

four N atoms of two oxime units as the equatorial ligands,
respectively. One of the oxygens in dimethylglyoxime
displaced from the four N mean plane of the oxime formed
a six-membered ring with the axial alkyl and cobalt.

For comparison, we summarized the structure parameters
of them in Table 3. It can be seen that the four N atoms in
the equatorial ligands have a greater displacement from the
mean plane. And due to forming six-membered rings, all
the O1 atoms deviate from the N1IN2N3N4 planes {@4%

A), which are obviously larger than those in the nonbridged
alkylcobaloximes. Also, the NO bond lengths related to
the rings in the complexes are longer than those in the
equatorial ligand. It is noted that the angles of Co—L
deviate from 180 The Co-C;;—Ci and G—Cio—Cna
angles involving the bridge are all larger than that of ideal

(24) Sheldrick, G. MSHELXTL V5.1 Software Reference Mantaliker
AXS, Inc.: Madison, WI, 1997.

(25) Sheldrick, G. M.SHELXL93 University of Gdtingen: Gitingen,
Germany, 1993.

(26) Chen, Y.; Chen, H. L.; Lian, H. Z.; Mei, Y. H.; Yang, Q. C.; Mak, T.
C. W. Inorg. Chem. Commurl999 2, 70-72.

(27) Song, X. Y.; Yao, K. A.; Duan, C. Y.; Chen, H. lnorg. Chem.
Commun2002 5, 139-143.

(28) Yao, K. A;; Jiang, Y. P.; Zhou, Z. P.; Chen, H. Chin. J. Inorg.
Chem.2002 18, 1165-1168.

(29) Brown, K. L.; Lyles, D.; Encovici, M. P.; Kallen, R. G. Am. Chem.
Soc.1975 97, 7338-7346.
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Table 1. Crystal Data for Complexe3—6'
2 3 4 5 6
formula QleoBr- C|O4C11H22- C|O4C16H25- C13H2600N604- C14H23CO-
CON404 CON405 CONsO4 C|O4, Hzo NaO4, Hzo
fw 411.14 448.71 509.79 566.84 416.33
cryst syst orthorhombic monoclinic monoclinic _triclinic monoclinic
space group P212:2; P2;/n P2i/c P1 P2;/n
a[A] 7.2651(8) 6.3450(10) 8.3150(10) 7.6630(10) 8.6522(9)
b [A] 10.4394(12) 13.1610(10) 11.8120(10) 12.6790(10) 8.9895(9)
c[A] 20.293(2) 21.071(2) 22.357(2) 13.3530(10) 23.872(2)
VA3 1539.1(3) 1747.3(3) 2184.9(4) 1260.4(2) 1834.0(3)
o [deg] 90 90 90 91.770(10) 90
A [deg] 90 96.770(10) 95.710(10) 101.750(10) 98.976(2)
y [deg] 90 90 90 96.390(10) 90
z 4 4 4 2 4
D(calcd) [g/cnd] 1.774 1.706 1.550 1.494 1.508
u(Mo Ka) [mm] 3.731 1.190 0.960 0.845 0.974
F(000) 832 928 1056 588 872
cryst size [mm] 0.12x 0.15x 0.20 0.20x 0.20x 0.30 0.20x 0.20x 0.30 0.20x 0.20x 0.30 0.20x 0.20x 0.30
6 min—max [deg] 2.0,25.0 1.8,25.0 2.0,25.0 2.2,25.0 2.4,25.0
hkl ranges —81t08 —-7t06 —9t09 —9t08 —91t0 10
—11to0 12 —15to0 15 —14t014 —15t0 14 —81t0 10
—241t015 —25t024 —221t0 26 0to 15 —2810 23
total data 7689 8780 10922 6467 9141
unique data 2717 3071 3839 4366 3235
Rint 0.040 0.043 0.031 0.042 0.030
obsd data 2220 2296 2966 3471 2603
[I > 2.00(1)]
Nref, Npar 2717, 194 3071, 241 3839, 292 4366, 358 3235, 239
R 0.0356 0.0417 0.0526 0.0558 0.0401
wR2 0.0613 0.0948 0.1511 0.1485 0.1028
S 0.90 0.95 1.05 1.01 0.99
min and max -0.32,0.70 —0.44,0.48 —0.38,0.83 —0.41, 0.76 —0.25,0.52
resd dens [e/3

sp’ tetrahedral (1099. In addition, there are some different

of the axial ligands. Usually, the positive valuescondd

structural features among these five complexes, which weindicate that the bending of the equatorial ligand is toward

summarized in the following paragraphs.
(a) The Deformation of the Co(DH), Units. Generally,
for alkylcobaloxime complexes, the Co(DHunit may

the alkyl group and that the displacement of Co out of the
4N equatorial donor set is toward L. From Table 3, we can
see that the Co atoms deviate 4N planes and the folding exists

undergo geometrical deformations, which may be representedn the two (DH} units. It is worth noting that only the.
by the displacement of the cobalt out of the plane of andd values of complexd (L = H,0), which has smaller

4-nitrogen equatorial donorgl)(and by the bending angle
between the two DH unitso).'® 16 These two parameters

water molecule as an axial ligand, are presumed to be
negative. This indicates that distortions of the Co(PH)

appear to be influenced by the electronic and steric propertiesmoiety are related to the relative bulk extent of the axial

580 Inorganic Chemistry, Vol. 43, No. 2, 2004
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Table 2. Selected Bond Lengths (A) and Angles (deg) for Complexes

2-6

2(L=Brl) 3(L=05) 4 (L =N5) 5(L =N5) & (L = N5)
L—Col 2.5164(8) 2.092(2)  2.086(3) 2.058(3) 2.0391(19)
Co1-N1 1.859(3) 1.857(3)  1.869(3) 1.860(4) 1.8902(18)
Col-N2 1.884(4)  1.893(3)  1.884(3) 1.881(3) 1.911(3)
Co1-N3 1.882(3) 1.900(3)  1.887(3) 1.888(4) 1.8841(19)
Col-N4 1.892(4)  1.917(3)  1.903(3) 1.894(3) 1.9267(18)
Col-C11 2.020(4) 2.000(4)  2.013(4) 2.023(4) 2.008(2)
01-N1 1.416(5) 1.403(4)  1.404(4) 1.394(5) 1.399(3)
02-N2 1.325(5) 1.315(4)  1.331(4) 1.323(5) 1.320(3)
03-N3 1.340(5) 1.356(4)  1.353(5) 1.344(5) 1.363(3)
04—N4 1.373(5) 1.379(4)  1.385(4) 1.366(5) 1.323(3)
L-Col-N1  93.79(12) 92.28(11) 93.91(11) 94.78(15) 94.58(8)
L-Col-N2  89.06(11) 87.41(11) 87.85(12) 88.11(15) 88.63(8)
L-Col-N3  91.83(11) 90.47(11) 90.47(13) 89.80(15) 94.57(8)
L-Col-N4  88.24(11) 88.78(11) 89.17(12) 92.13(15) 86.80(8)
Col-C11-C10 113.2(3) 1135(3)  113.0(3) 113.0(3) 115.82(19)
Col-N1-C2 118.2(3) 118.8(3) 118.9(2) 118.8(3) 118.18(17)
Col-N1-01 122.0(3) 121.7(2)  121.9(2) 121.3(3) 125.02(13)
Col-N2-C3 116.8(3) 116.4(3)  117.5(3) 118.2(3) 116.4(2)
Col-N2-02 1232(2) 122.3(2) 122.3(2) 122.2(3) 122.65(19)
Col-N3-03 123.8(3) 123.9(2) 122.7(2) 123.4(3) 123.91(18)
Col-N3-C6 117.2(3) 118.1(3)  119.1(3) 119.2(3) 118.3(2)
Col-N4—-04 127.7(3) 126.6(2)  127.1(2) 126.1(3) 124.31(14)
Col-N4—-C7 117.5(3) 115.7(3)  117.8(3) 118.8(3) 115.11(16)
N1-Col-N2 80.62(15) 80.63(13) 79.81(12) 80.19(15) 79.77(10)
N1-Col-N3 173.83(16) 176.78(13) 174.88(13) 175.03(17) 169.98(8)
N1-Col-N4 101.99(15) 102.16(13) 103.05(12) 102.69(15) 103.73(8)
N1-Col-C11 82.95(16) 83.41(14) 84.11(14) 83.94(18) 84.80(10)
N2—-Col-N3 96.96(15) 97.83(13) 97.74(14) 98.07(15) 96.38(11)
N2—Col-N4 176.37(14) 175.37(12) 176.01(11) 177.08(16) 174.44(9)
N2—-Col-C11 93.68(16) 93.46(14) 93.28(14) 91.81(18) 94.09(10)
N3—-Col-N4 80.70(15) 79.56(13) 79.63(13) 79.02(15) 80.87(9)
N3-Col-C11l 91.58(16) 93.88(14) 91.57(15) 91.48(18) 86.26(10)
N4—Col-C11 89.17(16) 90.54(14) 89.81(14) 88.02(18) 90.56(9)
L-Co1—C11  175.34(12) 175.40(13) 177.51(14) 178.71(16) 177.06(9)
C9-C10-C11 116.6(4) 116.4(3)  115.1(4) 116.1(5) 116.1(3)

ligands in some degree. In fact, the displacentdattoward
and the bending is away from the bulkier of the two axial

ligands.

(b) Distances and Angles around the CobaltAs shown
by the values of the cobalt-carbon bond lengths in Table
3, there is only a little difference among comp2x6', and
they are all 1.992.0 A3 This indicates that the trans
influence of the L ligand to the CeR bond length is similar.

For our complexes with N atom as axial base, the-Co
bond distances have the following ordet:(L = Py) > 5
(L =Bzm)> 6' (L = Im). They are in accord with the base
strength of the L groups K values: Py(5.25% Bzm(5.53)
< Im(6.95)). According to previous reports, for a given R
ligand the length of the CeL distance is dependent on both
steric and electronic effects of the L ligakt® In this study,

Table 3. Comparison of the Structure Parameters

the bond length is increased with the base strength of the L
groups, i.e., the increasing-donating power of the L.
Therefore, the main influence on the €N bond length of
the series of bridged complexes is not due to the bulk, but
to the electronic effect of the L. The length of the -€®@r
bond in complex2 is the longest one in five bridged
complexes. The reason for that probably is due to both the
bulk and a poow-donor of the Br ligand.

(c) Intermolecular H Bonding in the Equatorial Ligand.
The main hydrogen bonds in our complexes-%) are
O—H-0 bridges in the equatorial plane; the hydrogen bond
between oxygen in dimethylglyoxime and axial ligand L or
nitrogen in another dimethylglyoxime; the hydrogen bond
between axial ligand L and perchlorate (see Tableg}4
From previous reports, there are two types of theHD-O
bridge that form in the equatorial plane: (a) the two acidic
protons are asymmetrically located between the dioxime
oxygen atoms (form A in Figure 3), and (b) both localized
protons are attached to one of the two dimethylglyoxime
ligands, yielding one neutral ligand (dmgtand one dianion
(dmg~) (form B in Figure 3). It was proposed that the
localization of the two protons on one dimethylglyoxime
ligand is primarily stimulated and stabilized by the presence
of extra interligand hydrogen bonds, where one of the oxime
oxygen atoms in the equatorial plane acts as the acc&ptor.
In our case, the extra hydrogen bond involves another ligand
and one of the oxygen (0O2) in the dimethyloximato group
which forms a O1-trimethylene bridged six-membered ring
with the cobalt. For example, the extra hydrogen bond in
complex5 is O4—H4---O2 (see Table 7); in compleX it is
O5—H50A:--02 (see Table 5), which comes from the oxime
oxygen O2 and axial ligand water. There is also an extra
hydrogen bond involving O3 (G4H4---03) in complex3,
but from the data in Table 5, we can see that it is weaker
than that of O5-H50A---O2. Hence, in these two com-
plexes, the proton shifted, and two protons are attached to
one dimethylglyoxime ligand. In complexé&sand 4 (see
Tables 4 and 6), neither of the oxygens in different oxime
ligands has an extra hydrogen bond with the other ligand.
So in these two complexes the hydrogen atom inH3-O
is positioned close to the middle of the bridge. Because there
is only one hydrogen bond in the equatorial plane in complex
6', it was not considered in this discussion.

(d) The Orientation of the L Plane. The orientation of
the L plane with respect to the equatorial plane can be

2 3 4 5 6
complex L=Br L =H,0 L=Py L=Bzm L=1Im
NIN2N3N4 (A) 0.0677 0.0540 0.0601 0.0349 0.1128
d(Coy (A) 0.0242 —0.0086 0.0122 0.0415 0.0366
oc(deg) 7.8 —11.0 11.4 5.1 12.2
d(O1y (A) 0.4905 0.4637 0.4829 0.4261 0.5992
Co—C bond distances (A) 2.020(4) 2.000(4) 2.013(4) 2.023(4) 2.008(2)
Co—L bond distances (&) 2.5164(8) 2.092(2) 2.086(3) 2.058(3) 2.0391(19)
OL—Co—Cy; (deg) 175.34(12) 175.40(13) 177.51(14) 178.71(16) 177.06(9)
0C0—C11—Cyo (deg) 113.2(3) 113.5(3) 113.0(3) 113.0(3) 115.82(19)
0Cgo—C10—Ci1(deg) 116.6(4) 116.4(2) 115.1(4) 116.5(5) 116.1(2)

aMean deviation from the equatorial plane of four donor atoms N1N2N3MMsplacements of Co atom from the NIN2N3N4 plahangle between
the two oxime plane<! Displacements of O1 atom from the NIN2N3N4 plane.
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Figure 2. Structures and numberings of complees6'.

Table 4. Hydrogen Bonds for CompleR

Yao et al.

Table 6. Hydrogen Bonds for Comple%

A—H--B dA—H)  dH--B) dA-B)  O(A—B) A—H--B dA—H)  dH-+B) dA-B)  O(A-B)
02-H2:+-03 1.0412 1.4656 2.458(4) 157.13 03-H3-+-02 1.13(6) 1.33(6) 2.456(4) 170(5)
02—H2--*N3 1.0412 2.1135 2.940(5) 134.60 04—H4---01 0.7891 2.1427 2.865(4) 152.26
0O4—H4---01 1.0188 1.8564 2.817(4) 155.77 0O4—H4---0R 0.7891 2.5883 2.867(5) 102.70
04—H4---N1 1.0188 2.4230 3.209(5) 133.34 .

aSymmetry transformation=x, =4, +vy, ¥, — z
Table 5. Hydrogen Bonds for CompleR
Table 7. Hydrogen Bonds for Comple&
A—H---B dA-H) dH--B) dA-B) O(A-B)
A—H--B dA-H) dH-B) dA-B) O(A-B)

O5—H50A:--:02 0.8499 1.8864 2.727(3) 169.92
O5—-H50B:---08° 0.8503 2.0497 2.881(4) 165.74 0O3—H3--:02 0.8262 1.7413 2.474(5) 146.75
03-H3-+-02 0.8200 1.7077  2.493(4)  159.77 O3—H3---04 0.8262 2.4569  2.878(5) 112.70
04—H4-+-01 0.8209 2.0907 2.792(4) 143.21 0O3—H3--:N2 0.8262 2.3573 2.986(5) 133.37
04—H4---0% 0.8209 2.4787 2.960(4) 118.49 04—H4---01 0.8189 2.0188 2.761(6) 150.55
04—H4---020 0.8189 2.2983 2.692(5) 110.10
a Symmetry transformation:-x, 1 — y, —z. ® Symmetry transformation: N6—H6---O5° 0.8603 1.9821 2.814(8) 162.29
=1, + %, 3, — y, =Y, + z ¢ Symmetry transformation: ¥ x,y, z. 0O5—H50A---09b 0.8597 2.5932 3.453(19) 179.63
0O5—H50B--08 0.8573 2.4793 3.08(3) 128.29

described by the torsion angje(Ci,—N5—Co—N*; where
N* is the midpoint between Nand N;).3! Wheng is O, it

(30) Toscano, P. L.; Chiang, C. C.; Kistenmacher, T. J.; Marzilli, L. G.

Inorg. Chem.1981, 20, 1513-1519.

(31) Parker, W. O.; Zangrando, E.; Bresciani-Pahor, N.; Marzilli, P. A.;

Randaccio, L.; Marzilli, L. GInorg. Chem.1988 27, 2170-2180.
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a Symmetry transformation: % x, y, z. ® Symmetry transformation:1
+ X, ¥, z ¢ Symmetry transformationx, y, —1 + z

is in an eclipsed orientation (A in Figure 4) and°d96 the
staggered orientation (B in Figure 4). In the three complexes
4—6' which contain various planar N-donor ligands, the
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Figure 3. Two forms of H bonded structure in the equatorial plane of the

cobaloxime.
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Figure 4. Orientation of the L plane.

absolute values ap changed as follows: Bzm (7B < Py
(15.2) < Im (74.3). This means that the orientation of the
L plane was close to A when E benzimidazol, whereas
an orientation close to B was found in the less bulky
imidazole ligand. While = pyridine, theyp is between them.

50 cobaloximes, the L ligands assume orientation A with
respect to the equatorial moiety. However, orientation B is
quite rare and has been found only in two cobaloximes, i.e.,
N-MelmCo(DH}xMe (¢ = 66.2) andN-MelmCo(DH)CH,-
CH,CN (¢ = 67.0)32 Apparently, our comple¥' is one of

the other examples but with a largervalue.

Conclusion

Using a convenient improved way, a new series of
intramolecular bridge alkylcobaloxime complexes have been
synthesized and characterized. Their interesting features in
structures, which apparently lead to the novel properties in
their Co—-C bond, are discussed and compared. Further
investigations are in progress.
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It was proposed that the torsion angles increase with the (32) Moore, S. J.; Lachicotte, R. J.; Sullivan, S. T.; Marzilli, L. 1org.

decrease of the bulkiness of ligandin fact, in more than

Chem.1999 38 383-390.
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