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MACROBICYCLIC TRIS-DIOXIMATES.
REACTIONS OF COBALT (III) TRIS-
DIOXIMATES WITH TIN(V) FLUORIDE AND
BROMIDE

YAN Z. VOLOSHIN* and VLADIMIR V. TRACHEVSKII

Karpov Institute of Physical Chemistry, 103064 Moscow, Russia

(Received September 1, 1992; in final form May 8, 1993)

Macrobicyclic anions of general formula [CoD,(SnBr;),]~ have been produced by a template
reaction on Co** of differcn a-dioximes (H,D) and tin (IV) tetrabromide; the anions were isolated
and characterized as corresponding acids or salts with organic cations. Electron density distribu-
tions in the compounds has been measured by electronic, polynuclear (**Co, ''%Sn, '3C, 'H) NMR
and ''?Sn Méssbauer spectroscopy. Data have been compared with results obtained for similar tin
chloride compounds and iron(II) complexes. Ligand field effects in [CoD+(SnBr;),] - anions are
discussed in terms of X-ray structure data for the complex N(n-C;Hg),JCoNx;(SnBr;),],
Nx = nioxime.

KEYWORDS: macrobicyclic complexes, electronic structure, cobalt, oximes, Mossbauer effect.

INTRODUCTION

P-block element compounds, which are Lewis acids, can act as cross-linking
agents in the encapsulation of d-metal ions (e.g., iron(II), cobalt(Il, III),
ruthenium(Il) ions) by macrobicyclic tris-dioximate ligands.!™!! Cross-linking
proceeds most effectively in the case of boron residues of general formula BR
(where R is halogen, aryl, alkyl, hydroxyl, alkoxyl, ferrocenyl). The boron atoms
have a tetrahedral coordination. Cross-linking with tin(IV) compounds is less
effective. Only the encapsulation of iron(Il} and cobalt(1Il) involving tin tetrachlo-
ride has becn a success to the present.?? In these cases, the tin atom has an
octahedral coordination.

Preliminary experiments, which covered a wide range of tin compounds, led to
no positive result — we did not form clathrochelate complexes. Only tin tetrabro-
mide proved to be an effective cross-linking agent in the case of some «-dioximes;
this made the present study possible.

* Author for correspondence.
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EXPERIMENTAL

Materials

The reagents used, CoBr,, SnBr,, dicthylamine (DEA), dimethylglyoxime,
a-benzyldioxime, nioxime, as well as organic solvents, were obtained commercially.
The other dioximes listed in Table 1 were synthesized by reported methods.'?

Measurements

Carbon, hydrogen and nitrogen contents were analysed with a Carbo Erba model
1106 microanalyser. IR spectra of solid samples (Csl pellets) in the range 200-4000
c¢m ~! were recorded on a Specord M-80 spectrophotometer, Band assignments were
made using results obtained earlier’ as well as with model compounds. Electron
absorption spectra of acetonitrile solutions in the range 11000-45000 cm~' were
recorded on a Perkin Elmer Lambda 9 spectrophotometer. 'H, '*C{'H}, 5°Co and
'19Sn NMR spectra of acetone-d, and CD,CN solutions were obtained on a Bruker
CXP-200 spectrometer.

1198n Mossbauer spectra were obtained using a YGRS-4M spectrometer. The
velocity scale was calibrated relative to a-Fe foil. '!°Sn Méssbauer measurements
were carried out at 80K. A '°™Sn0, source was used, with a minimum line width
of 1.17 mm/s. Sources were kept at room temperature in all cases.

Table 1 Characterisation of IR and electronic absorption spectra (v x 10° cm™!; &, mol™'1 cm™) of
the macrobicyclic tin-containing cobalt(IIT) dioximates.

Compound v(C=N) u{N-0) U(; Uy Us; V) Us
(Starting dioxime) (cm) (£)); (£2); (€5; £45 &5 x 10%)
(HDEA)[CoGm;(SnBr;),] 1564 872, 1044, 20.9; 25.8; 29.4; 35.9, 40.3
(glyoxime) 1128, 1176 (100); (100); (0.28), (1.45), (6.00)
(HDEA)[CoMm(SnBr,),] 1584 924, 1036, 20.9; 25.3; 29.5; 36.9; 40.80
(methylglyoxime) 1166, 1242 (100); (100); (0.30), (0.96) , (4.82)
(HDEA)[CoDm;(SnBr;),] 1592 985, 1092 21.05; 25.7; 29.9; 37.9; 41.53
(dimethylglyoxime) 1216 (100); (100); (0.50), (0.92), (5.42)
H[CoNx5(SnBrs),] 1590 970, 1064, 20.9; 25.2; 29.5; 37.6; 40.68
(cyclohexanedion-1,2-dioxime) 1206 (100); (100); (0.50), (0.92), (5.42)
(HDEA)[CoNx;(SnBr;},) 1588 970, 1064 20.9; 25.7; 29.5; 37.4; 40.80

1208 (100); (100); (0.28) (0.78) (5.36)
H[CoBd4(SnBr;),] 1580 896, 1070 20.8; 24.8; 29.0; 36.5; 40.54
(a-benzyldioxime) 1124, 1266 (150); (150); (0.27), (1.55), ( 6.65)
(HDEA)[CoBd;(SnBr;),] 1580 892, 1074, 21.2; 25.7; 0.37; 1.49; 6.46

1124, 1268 (150); (150); (0.37), (1.49), (6.46)
FeNx,(BF),* 1584 965, 1070, 22.5

1225, 1250 (1.84)
(HDEA),[FeNx4(SnCl;),]° 1568 968, 1046 17.9; 20.9; 33.56

(0.62), (0.72), (1.73)

[CoNx4(BF),)(BF),° 1632 1035, 1245 29.6; 33.50

{500, (1.01)

@ Reference 1. ® Reference 2. € Reference 9.
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(HDEA)[CoDm (SnBr;),]

A mixture of dimethylglyoxime (2.32 g, 20 mmol), anhydrous CoBr, (1.45 g, 6.6
mmol) and NaOCH, (1.10 g, 20 mmol) in 40 cm? of isopropanol was heated for 20
min with air bubbling. A solution of 5.84 g of SnBr, (13.3 mmol) in 20 cm? of
isopropanol was added dropwise with stirring to the yellowish-brown reaction
mixture. The mixture was refluxed for [0 min and cooled to room temperature. A
solution of DEA in isopropanol (1:2) was added dropwise with stirring to the filtrate
obtained, after the separation of the first precipitate, until the solution had an acid
reaction. The separated precipitate was washed with diethyl ether, hexane and dried
in vacuo; yield: 6.14 g, 78%. Analysis for CoC,H;,N,0,Sn,Br: found (calc.): C,
16.24 (16.11); H, 2.55 (2.52); N, 8.14 (8.22)%.

H[CoNx 4(SnBr;),]-i-PrOH

This complex was synthesized by a similar procedure except that nioxime (2.84 g;
20 mmol) was used instead of dimethylglyoxime, without DEA; yield: 3.5 g, 42%.
Analysis for CoC,,H;3N¢O,Sn,Br,: found (cale.): C, 20.04 (20.03); H, 2.64 (2.62);
N, 6.75 (6.68)%.

(HDEA)[CoNx; (SnBr;),]

This complex was obtained as for (HDEA)[CoDm; (SnBr3),]; yield 3.77 g, 45%.
Analysis for CoC,,H;4,N,O¢Sn,Brg: found (cale.): C, 20.66 (20.79); H, 2.79 (2.83);
N, 7.67 (1.72)%.

(HDEA)[CoGm (SnBr;),]

This complex was obtained as for (HDEA)[CoDm,(SnBr;),] except that glyoxime
(1.76 g, 20 mmol) was used instead of dimethylglyoxime. The complex was
recrystallized from acetone-chloroform (1:1); yield: 3.2 g, 44%. Analysis for
CoC,,H,;gN,0,Sn,Br,: found (calc.): C, 10.80 (10.82); H, 1.70 (1.62); N, 8.89
(8.84)%.

(HDEA){CoMm (SnBr;j,] (CH ;) ,CO

This complex was synthesized as for the previous one. Methylglyoxime (2.04 g, 20
mmol) was used instead of glyoxime; yield: 3.9 g, 49%. Analysis for
CoC,¢H;3oN,0,5n,Brg: found (calc.): C, 15.97 (15.87); H, 2.52 (2.48); N, 8.10
(8.11)%.

H[CoBd,(SnBr;),]

This complex was obtained as for HH{CoNx;(SnBr,),], except that double the volume
of isopropanol and «-benzyldioxime (2.40 g, 10 mmol) was used instead of
dimethylglyoxime; yield; 2.1 g, 43%. Analysis for CoC,,H;,NsO¢Sn,Br,: found
(calc.): C, 33.89 (33.78); H, 2.08 (2.08); N, 5.68 (5.63)%.
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(HDEA)[CoBd (SnBr;),]

This complex was obtained as with (HDEA)CoDm;(SnBrj,),], yield: 2.1 g, 41%.
Analysis for CoC,4H,4,N,0¢Sn,Bry: found (calc.): C, 35.27 (35.24); H, 2.62 (2.68);
N, 6.28 (6.26)%.

RESULTS AND DISCUSSION

Synthesis of complexes

The range of tin containing macrobicyclic cobalt tris-dioximates turned out to be
much narrower than was the case with boron-containing analogues. Attempts to use
tin(1V) tetraalkylates or trialkyl halides as cross-linking agents and attempts to
cross-link with tin tetrafluoride in the case of cobalt(IIl) failed. The latter result may
be due to difficulties in breaking tin-fluoride bonds and to the formation of
side-products such as cobalt(IIT) and tin(IV) bis-dioximates. It is obvious that steric
effects do not play any important part in this case owing to the small size of the
fluorine atom.

In the case of SnBr,, the loss of a halide ion appears to be easier than with SnF,,
but the large size of the bromine atom leads to unfavourable steric effects owing to
its interaction with substituents in the «-dioxime fragments. Thus, attempts to
obtain tin bromide clathrochelates of cobalt(I11) with a-furyldioxime failed, whereas
corresponding tin chloride complexes were identified.>

In all cases, a direct template reaction on cobalt(I!l) ion was used for the

synthesis: i o ]
Br\sln/B'
0/ \0
. i
NaOCH; (DEA PN
Co* + 3H,D + 2SnBry + 1/40, 3 a 4)' I\N ﬁ\x;( H* (HDEA™)
ROH, t \, b
\SL<

In the case of some dioximes, it was possible to obtain the complex acids
H[CoD,(SnBr;),], which were isolated without adding amine or by adding a small
amount of it. Subsequent addition of equimolar amounts of amines (e.g., diethy-
lamine) results in the formation of corresponding ionic associates. The use of
sodium methylate, which is a stronger base than NaOH and is more soluble in
isopropanol, leads to the formation of intermediate cobalt(Ill) tris-dioximates. This
is essential for increasing product yield.

Structure and Spectra

IR spectra of the synthesized compounds H(HDEA)[CoD;(SnBr,),] very much
resemble those of similar tin chloride compounds. This applies primarily to the
position of N—O and C=N stretches, and the results of previous analysis® agrec
with the data obtained in the present study (Table 1). As expected, v .y
frequencies (1580-1588 cm™', with the exception of the glyoxime complex for
which the frequencies are much lower: ca 1562 cm™') are intermediate between
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values for corresponding boron-containing cobalt(Ill) tris-dioximates and tin-
containing iron(II) complexes.

The most significant difference in the spectra of the complexes as compared with
those of tin chloride compounds is the absence of intense tin-halogen bands. Sn-Br
frequencies in octahedral complexes have a much lower value® than those
corresponding to Sn-Cl and were, therefore, not found in the range examined.

Parameters of eclectronic absorption spectra of acetonitrile solutions of
H(HDEA)[CoD4(SnBr;),] complexes are very close to those obtained for com-
pounds with the cross-linking SnCl; group. The most intense (g - (4.5-6.5) x 10*
mol ' 1 em ') intramolecular 7 - #* transitions in the range 40000-42000 cm ~!
mask two Md-La* charge transfer bands, which were found in the second-order
derivative of the spectrum (the first band with an intensity of (0.8-1.5) x 10* mol '
1 ecm ! in the range 36000-38000 cm ' and the second with an intensity of
(3-5) x 10> mol ! 1 cm™' in the range 28500-29500 cm ~'). These bands in turn
mask the low-intensity d-d transitions; we did, however, distinguish them using the
sccond-order derivative of the spectrum (Table 1). Ligand field parameters were
calculated using equations'? for cobalt(1ll) compounds with pseudo-octahedral
coordination.

U = E(]A|g - ]T]g) = lODq -C
by = E('Aj, - 'Tag) = 10Dq - C + 16B

In such cases it is usually assumed that C = 4B, and the ligand field parameters can
be calculated as follows:

Dq=(3v; + 12)/40
B=(v; - 0))/16

Ligand field values obtained are much lower than those calculated for tin chloride
and boron-containing tris-dioximate complexes.?-®

Chemical shifts in the **Co NMR spectra of cobalt(IIT) complexes is directly
connected with the ligand field force value. The paramagnetic component, B,
which makes the main contribution to the chemical shift value in the NMR spectra
of nuclei after helium, may be represented as B, = - 328%/Ar 2. Tt is obvious that
a decrease in A in the case of tin bromide complexes must lead to an increase in
6(°°Co), and this was observed experimentally. In comparison with
H(HDEA)[CoD;(SnCl;),] compounds, the *°Co signals proved to be shifted
towards weaker fields by about 2700 ppm.

At the same time, signals in the ''?Sn spectra were shifted by ~350 ppm towards
stronger fields, thus indicating an increase in the ligand ficld about the tin atom on
passing from chloride (SnO;Cl;) to bromide (SnO;Br;) coordination. Replacement
of a chlorine atom by a bromine usually results in a shift of ~120 ppm.!* It is
evident that replacement of three chlorine atoms by three bromines must causes a
360 ppm shift, in a good agreement with the observed value.

The ''°Sn NMR chemical shift, which is also determined mainly by paramagnetic
contributions, does not, however, reflect the s-electron density on the 11?Sn nucleus.
According to ''°Sn Mossbauer data, the electron density is much higher for
H(HDEA) [CoD5(SnBr;),] compounds than for their tin chloride analogues, leading
to a significant increase in isomeric shifts in the spectra (Table 2). Such an increase



"7 UIAPRY o 'f WUIIYOY

6679 -
50 v'7E9 - 86'C1 whg ps1 WEE9PT  WET T wpz L [HEDUS)EuNaI I (vaaH)
60°97 w/pg .
€70 859% €LE9 - €12 $1°961 gl LLCEIDUS)EXNOD(VIAHD)
ZI'0€1
'99°671
‘6¥°6T1
‘S¥°8T1
P LTI wgg/
§9°0 00S €101 - LTLTL €T191 TeL [{E1gus)epgonkvaan)
£8°6271
‘8¥°6C1 9L
‘'86'871 L
019 z€TL 00S €101- ‘W9 IZT U191 €L [Ytxgus)tpgonlH
29t were
00%1 19€Z 05z 866 — ‘€T°0T £€°191 wy/ 1 [“(Exgug)exnod]ivaan)
1£°9T we('e
790 08¢1 ¢oe/ 00S  1101- TT0T £€°191 A HOdt - [“F1gug)exNoDlH
058 €1¢s 0S¢ 666 - 6L'€L 89191 424 [“(Cagug)swmgon)(vaan)
S96 - 01’191 P0°TST
‘SL6 - 6T°€lL 567091 ‘€8°161 | A
0611 66T P86 - 16°€1 60091 LT181 '£6'T 708 ODJ*EHD)-
89°0 ‘06ST  ‘gvTL ‘966 — ‘8L°€1 ‘16'6S1 ‘80161 ‘1T 8¢ [Hagus)tunod](vagH)
790 0S6 6072 00% 696 - £9°8%1 egz  [HEgug)twnod](vaan)
s/uw ‘@ zp ‘“la wdd ‘9z “la  wdd g () (O=N=D /Mv (ON=D /Iv @ (oN=D /Iv
(1onegssoy)  [Y(ND)OOIEN F(EHD)US 0} (wdd) SNI 0 (wdd) S 0
uSer; 3ARE[RI 0D SALE[RI UG, AABEPI D¢y aAneRI Y punodwor

152

s3xa[dwod (111)1[q0d STBAUIOIYIE]S aY1 10] BIEP IaNEqSSOW US|, PUE YN 0D ‘US| {H D¢ ‘Hy T 298L



17:12 23 January 2011

Downl oaded At:

MACROBICYCLIC OXIMES 153

of charge at the tin atom in the cross-linking group leads to a decrease of ligand
field.

%9Co and !'°Sn NMR spectra make it possible to identify both (mer and fac)
isomers formed by the cross-linking of nonsymmetrical cobalt(IIl) tris-methyl-
glyoximates by tin(IV) tetrahalides.> Similarly to the (HDEA)[CoMm;(SnCls),]
complex, the *>Co NMR spectrum of (HDEA) [CoMm,(SnBr;),] exhibits two lines,
and the ''°Sn NMR spectrum exhibits four lines of integrated intensity close to the
statistical value (1:3 for fac and mer isomers, respectively).

Each signal from the azomethine carbon atoms of both types (substituted and
unsubstituted) in '*C NMR spectra consists of four lines, three of which relate to
the mer isomer, and the fourth to the fac isomer, which has C; symmetry. The
presence of isomers is also manifested in 'H NMR spectra (Table 2). The 'H and
13C{'H} NMR spectra of other complexes are similar to those of H(HDEA)
[CoD4(SnCl;),] complexes.

Appreciable differences in electron density distributions among the macrobicyclic
tin chloride and tin bromide anions seem to be primarily due to steric hindrance.
This hindrance gives rise to compounds with a geometry that is not optimal in
terms of electronic configuration (primarily low-spin d® configuration of the
cobalt(I11) ion). Decrease in electron-donor characteristics in passing from chlorine-
containing to bromine-containing cross-linking fragments should be also taken into
account. As a result, there is a substantial decrease in the ligand field about the
central cobalt(I1T) ion.

All this is in good agreement with the results of an X-ray structure analysis
performed for a readily crystallizing salt of the [CoNx; (SnBr;),]?" anion with the

Figure 1 Perspective view of the [CoNx;(SnBr;),] = anion with the labelling scheme used.
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bulky tetrabutyl cation N(n — C,Hg) %.'° In the macrobicyclic anion (Fig. 1), the Co-N
distances (1.89A) are much smaller than those usually observed for cobalt
compounds of this type.*'® Such a decrease in Co—N bond length leads to a
decrease in the distance (2.20A) between the bases of the coordination polyhedron
— a distorted trigonal prism (Fig. 2) — in comparison with the anionic iron(Il)
complex FeNx;(SnCl;)2-, in which this distance is 2.23A. The bite angle « (half of
the angle in the chelate fragment N—Co—N’) and the distortion angle ¢ (charac-
terizing the degree of deviation of the coordination polyhedron from the trigonal
prism) changes in this case only slightly (40.7, 39.5° («) and 39.9, 37.5° (¢),
respectively). It will be noted that slight differences in the metal-nitrogen distance
would lead to an increase in basal plane spacing. Any decrease is attributed to the
smaller ionic cobalt(II) radius as against iron(IT). The distortion angle ¢ in the
anion [CoNx,;(SnBr;),]” is smaller than in its tin chloride analogue [CoDmj,
(SnCl5),]*~ (42.3°), a fact which may also be due to steric effects leading to a
decrease in the ligand field.

Nib

Figure 2 The geometry of the cobalt(Il} coordination polyhedron in the [CoNx,(SnBr;),] ™ anion.
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