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Abstract 

New mono- and bis-substituted amide-linked aza crown ether-cobalticinium compounds have been prepared and shown by ‘H 
nuclear magnetic resonance and electrochemical studies to accept chloride and bromide guest anions. Preliminary association 
constant determinations suggest that use of aza-crown-ether-complexed sodium cations in combination with an amide-linked 
positively charged cobalticinium redox centre leads to cooperative enhancement of the strength of anion complexation. 
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1. Introduction 

The molecular recognition of anions by abiotic re- 
ceptors is an area of intense current interest [1,2]. This 
is because anions are known to play essential roles in 
chemical and biochemical processes and this field of 
coordination chemistry is still relatively new. Examples 
of anion receptors reported to date include Lewis 
acid-tin-containing ligands [3], cyclic ammonium qua- 
ternary salts [41, protonated polyammonium macrocy- 
cles [5] and guanidinium derivatives [61. We have re- 
cently described new transition metal coordination and 
organometallic types of anion receptors [7-111, includ- 
ing the first redox responsive type of anion receptor 
containing the positively charged cobalticinium redox- 
active moiety. Crown ethers are well known to form 
complexes with alkali metal cations [12], and in combi- 
nation with the cobalticinium unit the resulting poten- 
tial anion receptor would contain an additional centre 
of positive charge. Consequently on electrostatic 
grounds, cooperation between the cobalticinium posi- 
tive charge and the closely crown ether bound alkali 
metal cation would be expected to enhance anion 
complexation between the two regions of positive 
charge. This paper reports our initial efforts directed 
towards this objective and describes the syntheses, an- 
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ion coordination and electrochemical properties of 
novel cobalticinium-aza crown ether derivatives. 

2. Results and discussion 

2.1. Syntheses 
Initially “model” cobalticinium compounds contain- 

ing morpholine moieties instead of aza crown ethers 
were prepared in order to check the feasibility of the 
proposed synthetic pathways. The condensation of l,l’- 
bis(chlorocarbonyl)cobalticinium chloride (1) [13] with 
two equivalents of 4-(3-aminopropyl)morpholine (2) in 
the presence of triethylamine in dry acetonitrile gave a 
crude product that was purified by column chromatog- 
raphy on Sephadex@ with acetonitrile as eluent. Addi- 
tion of an excess of sodium tetraphenylborate gave the 
product 3 as a yellow powder with a 16% yield (Scheme 
1). The monosubstituted analogue 5 was prepared with 
a 44% yield by the reaction of the activated ester 4 [ll] 
and one equivalent of 2 (Scheme 2). 

Michael addition of aza-15-crown-5 (6) to acryloni- 
trile afforded the intermediate nitrile, which was sub- 
sequently reduced to the amine 7 with diborane. The 
reaction of 4 and 7 in acetonitrile in the presence of 
triethylamine initially gave a mixture of products insep- 
arable by Sephadex @ chromatography, but the addition 
of an excess of NaBPh, to an aqueous solution of the 

0 1994 - Elsevier Sequoia. All rights reserved 



242 P.D. Beer, A.R. Graydon / New anion receptors based on cobalticinium-aza crown ether derivatives 

( i 1 E13N 

(ii1 NaBPh, 

Scheme 1. 

0 

(4) 

Scheme 2. 

- 

(5) 

(i) CHpCHCN 

(ii) Bz& 

(7) 

(6) 0 

(4) 

Scheme 3. 

o-o c 7 CH#lCN 
HN NH 

2 (4) 

Scheme 4. 

(14) PF,7CI [2 NH,PF, cmrdiilcdl 

Scheme 5. 

mixture led to precipitation of sodium complex 8 of the 
desired ligand with a low yield (Scheme 3). 

Disappointingly, repeated attempts to prepare the 
corresponding bis-substituted analogue 9 from 1 and 7 
failed. Various solvent combinations were used but 
with no success. Large amounts of cobalticinium bis 
acid and amine starting materials were always isolated, 
suggesting that moisture in the hygroscopic free amine 
may be responsible for this failure. 

Diaza-18-crown-6 (10) was refluxed in acrylonitrile 
to give the N,N’-bis(propano-nitrile)-aza crown ether 
(11). Reduction with diborane gave the bis amine 12 
with a 56% overall yield (Scheme 4). Reaction of 12 
with two equivalents of the activated ester 4 in dry 
acetonitrile surprisingly gave only the monosubstituted 
product 13 in isolable quantities (yield, 18%) (Scheme 
4). 

In an attempt to prepare the desired bis-substituted 
compound the reaction of 12 with an excess of the 
more reactive chlorocarbonyl cobalticinium chloride 
(14) [13] was carried out in dry DMF. (Scheme 5). The 
crude reaction mixture contained, as indicated by ‘H 
NMR spectroscopy, a number of products that could 
not be separated by use of various column packings 
and eluents. Finally after the mixture had been dis- 
solved in hot water and an excess of NH,PF, added, a 
yellow powdery material was isolated. Although the ‘H 
NMR spectrum of this product suggested that it was 
the target compound, fast atom bombardment mass 
spectrometry (FARMS) indicated the presence of com- 
plexed ammonium cations. The binding of ammonium 
cations by crown ethers, in particular 18-crown-6, is 
well documented [ 141. Elemental analysis suggested the 
inclusion of two equivalents of ammonium cation. 

The aza-1Zcrown4 cobalticinium derivatives 17 and 
18 were prepared by the reaction of 1 and 4 with 
appropriate equivalent quantities of the aza crown 
ether 16 (Scheme 6). AI1 these new compounds gave 
spectroscopic and analytical data in accordance with 
assigned structures (see Section 4). 

2.2. Anion coordination studies 

2.2.1. Proton NMR titrations 
NMR spectroscopy has been widely used to investi- 

gate receptor-substrate interactions. In fact the first 
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TABLE 2. Electrochemical data 4. Experimental details 

Compound E, ,* a (V) A E(CI - ) b (mV) A E(Br - 1 b (mV) 
4.1. Instrumentation 

3 - 0.55 55 45 
5 - 0.73 10 10 
8 - 0.72 10 10 

13 -0.71 25 40 
15 - 0.74 65 25 
17 - 0.77 < 10 < 10 
18 - 0.78 < 10 < 10 

a Obtained in acetonitrile solution containing N”Bu,BF, (0.2 mol 
dmm3) as supporting electrolyte. Solutions were about 2X 10m3 mol 
dmm3 in the compound, and the potentials were obtained with 
reference to the SCE. b Cathodic shift in reduction potential pro- 
duced by the presence of anions (up to four equivalents) added as 
their tetrabutylammonium salts. 

results are also summarised in Table 2. Only when the 
cobalticinium receptor contains at least one amide 
N-H linkage are significant one-wave cathodic shifts 
produced with the halide anionic guest species, in 
agreement with the results obtained from ‘H NMR 
anion complexation experiments. It is noteworthy that 
compound 13 exhibits a relatively larger redox couple 
perturbation for Br- than Cl-, which is contrary to 
expectations based on these anions’ respective charge 
to radius ratio polarizabilities. Surprisingly, relatively 
small halide-induced cathodic perturbations were ob- 
served with 5 and 8, and consequently it is difficult to 
make an electrochemical assessment of the effect of 
the presence of the positive charge of the additional 
sodium cation on the anion complexation process. 

3. Conclusions 

A variety of’ new monosubstituted and bis-sub- 
stituted amide-linked aza crown ether-cobalticinium 
compounds have been prepared. Halide anion coordi- 
nation studies have shown that those cobalticinium 
compounds containing amide N-H groups can coordi- 
nate and electrochemically recognize chloride and bro- 
mide anionic guests through mutual electrostatic at- 
traction and favourable amide N-H . . . anion hydro- 
gen bonding interactions. Preliminary association con- 
stant determinations from ‘H NMR titration data sug- 
gest aza-crown-ether-complexed sodium cations in 
combination with an amide-linked positively charged 
cobalticinium redox centre can cooperatively enhance 
the strength of anion complexation. Further quantita- 
tive investigations concerning the effects of crown ether 
bound Group 1 and 2 metal cations on the overall 
anion recognition process by these and related 
cobalticinium aza crown ether derivatives are in 
progress. 

IR spectra were recorded on a Perkin-Elmer 1710 
Fourier transform IR instrument (4000-400 cm-‘) as 
KBr discs. NMR spectra were obtained on a Bruker 
AM300 instrument with tetramethylsilane as an inter- 
nal standard. Fast atom bombardment mass spectra 
were obtained from the SERC mass spectrometry ser- 
vice at University College, Swansea. Electrochemical 
measurements were carried out with an E.G. & G. 
Princeton Applied Research 362 scanning potentiostat. 
Elemental analyses were performed in the laboratory. 

4.2. Solvent and reagent pre-treatment 
Where necessary, solvents were purified prior to use 

and stored under nitrogen. Acetonitrile was pre-dried 
over 4A molecular sieves (4-8 mesh) and then distilled 
from calcium hydride. Thionyl chloride was distilled 
under nitrogen from triphenyl phosphite and trieth- 
ylamine from potassium hydroxide pellets. Unless 
stated to the contrary, commercial-grade chemicals 
were used without further purification. The following 
compounds were prepared by published procedures: 
l,l’-bis(chlorocarbonyl)cobalticinium chloride (1) [13], 
cobalticinium hexafluorophosphate-activated ester (4) 
[ 111 and chlorocarbonyl cobalticinium chloride (14) [13]. 

4.3. Syntheses 

4.3.1. l,l’-bis[3-morpholino-propyl-l-amino)carbon- 
yllcobalticinium tetraphenylborate (3) 

l,l’-Bis(chlorocarbonyl)cobalticinium chloride (0.66 
g, 1.44 mmol) was dissolved in acetonitrile (100 ml) to 
give a bright-green solution. To this a solution of 
4-(3-aminopropyljmorpholine (0.41 g, 2.88 mmol) and 
triethylamine (0.34 g, 2.90 mmol) in acetonitrile (SO ml) 
was added dropwise under nitrogen. (Some fuming was 
observed owing to evolution of hydrogen chloride.) The 
mixture was stirred under nitrogen for 36 h to give an 
emerald-green solution. The solvent was removed un- 
der reduced pressure and the residue purified by col- 
umn chromatography (Sephadex@ LH-20-100, with 
acetonitrile as eluent). Fractions containing the prod- 
uct were identified by NMR spectroscopy, combined 
and the solvent removed. The residue was isolated by 
dropwise addition of sodium tetraphenyl borate to give 
an insoluble salt which was filtered off and washed 
with water. The final product was a yellow powder 
(yield, 0.20 g (16%)). 

Elemental anal. Found: C, 71.91; H, 6.44; N, 6.49. 
C,,H,,N,O,CoB talc.: C, 70.75; H, 6.88; N, 6.60%. IR: 
vmax 3384br(NH), 1663 and 1540 (CO) cm-‘. ‘H NMR 
(CD&N): 6 2.00 (4H, m, NCH,CH,); 3.00-3.40 (16H, 
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m, NCH,); 3X0-3.90 @H, m, OCH,); 5.70 (4H, m, 
Cp); 5.95 (4H, m, Cp); 6.80-7.40 (20H, m, ArH); 7.45 
(2H, br m, CONH) ppm. 

4.3.2. [(3-morpholino-propyl-1 -amino)carbonyllco- 
balticinium tetraphenylborate (5) 

Cobalticinium-activated ester (4) was prepared in 
situ from mono(carboxy) cobalticinium hexafluorophos- 
phate (0.38 g, 1.0 mmol) in acetonitrile (25 ml>. The 
urea formed was removed by filtration, and the stirred 
filtrate treated dropwise under nitrogen with a solution 
of 4-(3-aminopropylhnorpholine (0.14 g, 1.0 mmol) and 
triethylamine (0.10 g, 1.0 mm00 in acetonitrile (25 ml>. 
The mixture was stirred under nitrogen for 60 h, after 
which the solvent was removed to leave a yellow solid 
and a brown-orange oil. The crude product was puri- 
fied by column chromatography (Sephadex@ LH-20- 
100; acetonitrile as eluent) and fractions containing the 
product were identified by NMR spectroscopy. These 
were combined, the solvent removed and the residue 
taken up in water. Dropwise addition of sodium te- 
traphenylborate yielded the product as a yellow pow- 
der. However, analysis showed that it was contami- 
nated with triethylamine hydrochloride, and so it was 
dissolved in a minimum amount of acetonitrile and 
precipitated once more by dropwise addition of water. 
The precipitate was filtered off and washed with water 
to give the final product (yield, 0.30 g (14%)). 

Elemental anal. Found: C, 73.91; H, 6.44; N, 3.49. 
C,,H,N,O,CoB talc.: C, 74.3; H, 6.54; N, 4.13%. IR: 
vmax 3401 (NH), 1676 and 1559 (CO) cm-‘. ‘H NMR 
(CD&N): 6 1.75-1.85 (2H, m, NCH,CH,); 2.50-2.60 
(6H, m, NCH,); 3.35-3.45 (2H, m, CONCH,); 3.65- 
7.00 (4H, m, OCH,); 5.65-5.70 (7H, m, CpH); 6.00 
(2H, m, CpH); 6.65-7.30 (20H, m, ArH); 7.45 (2H, br 
m, CONH) ppm. 

4.3.3. (3-aminopropylj-I-aza-4,7,10,13-tetraoxacyclo- 
pentadecane (7) 

To a solution containing monoaza-15-crown-5 (0.50 
g, 2.28 mmol) in (TI-IF) (10 ml> was added acrylonitrile 
(50 ml). The mixture was refluxed for 48 h under 
nitrogen and then cooled to room temperature. The 
solvent and residual acrylonitrile were removed under 
reduced pressure to give the intermediate nitrile as a 
semisolid. ‘H NMR (CDCl,): 6 2.50 (2H, t, CH,CN); 
2.80 (4H, t, NCH,); 2.90 (2H, t, NCH,CH,CN); 3.60- 
3.70 (16H, m, OCH,) ppm. This intermediate was 
dissolved in a minimum amount of dichloromethane 
and the cooled solution was treated under nitrogen 
with the borane-THF complex (50 ml, 1 M solution). 
The mixture was refluxed under nitrogen for 48 h and 
then cooled in an ice bath, and the reaction was 
quenched by careful dropwise addition of about 10 ml 
of ice-water. The solvent was removed to give the 

white solid aminoborate complex, which was subse- 
quently refluxed for 24 h with 6 M hydrochloric acid. 
The solvent was then removed to leave the crystalline 
ammonium salt, which was dried in Uacuo and taken 
up in the minimum volume of water. The solution was 
filtered and the amine regenerated with ion exchange 
resin (Dowex 1 x 8-100 (50-100 mesh)). The final 
product was isolated as a pale-yellow oil (yield, 0.49 g 
(78%)). 

‘H NMR (CDCl,): 6 1.60-1.70 (2H, m, 
H,NCH,CH,); 2.55-2.70 (8H, m, NCH,); 3.50-3.70 
(16H, m, OCH,) ppm. 

4.3.4. {[3-(I-aza-4,7,10,13-tetraoxacyclopentade- 
cane)propylamino]carbonyl}cobalticinium tetraphenyl- 
borate (8) 

The amine 7 (0.28 g, 1.0 mm00 and triethylamine 
(0.1 g, 1.0 mmol) were dissolved in acetonitrile (15 ml). 
The solution was added dropwise under nitrogen to a 
stirred solution of mono-cobalticinium-activated ester 
(0.54 g, 1.0 mm011 in acetonitrile (15 ml). The mixture 
was stirred for 40 h and the solvent then removed to 
leave a yellow residue which was subjected to column 
chromatography (Sephadex@ LH-20-100 eluted with 
25: 75 MeOH: MeCN v/v). This failed to yield pure 
fractions; so those containing the product in an impure 
form were combined and the chromatography re- 
peated. Contamination with triethylamine was noted, 
and so the fractions containing the product were com- 
bined, the solvent was removed, and the residue was 
taken up in water. The product was precipitated by 
dropwise addition of sodium tetraphenylborate filtered 
off and washed with water. To ensure that the Na+ 
bound in the ring was countered by tetraphenylborate 
(as opposed to hexafluorophosphate), the product was 
taken up in acetonitrile and an excess of sodium te- 
traphenylborate added. Dropwise addition of water 
precipitated the product one more, and it was filtered 
off, washed and dried to yield pure product as a yellow 
powder. The yield was poor, being about 10%. 

Elemental anal. Found: C, 74.75; H, 6.56; N, 2.63. 
C,,H,,N,O,CoB,Na talc.: C, 75.01; H, 6.64; N, 2.43%. 
‘H NMR (CD,CN): 6 1.40-1.50 (2H, m, CH,CH,CH,); 
3.10-3.65 (24H, m, OCH,, NCH,); 5.55-5.60 (7H, m, 
CpH); 5.95 (2H, m, CpH); 6.64-7.30 (40H, m, ArH) 
ppm. IR: v,,,~ 3381 br (NH), 1653 and 1540 (CO) 
cm-‘. 
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4.3.5. N,N’-Bis(3-aminopropyl)-l,lO-diaza-4,7,13,16- 
tetraoxacyclo-octadecane (12) 

l,lO-Diaza-4,7,13,16-tetraoxacyclo-octadecane 
(Kryptofix 22 (0.52 g, 2.0 mmol)) was dissolved in 
acrylonitrile (100 ml) and the resulting solution re- 
fluxed under nitrogen for 48 h. The excess of acryloni- 
trile was removed under reduced pressure to yield the 
intermediate nitrile. 

‘H NMR (CDCI,): 6 2.45 (4H, t, CH,CN); 2.75 
(8H, t, NCH,); 2.90 (4H, t, NCH,CH,CN); 3.50-3.60 
(16H, m, OCH ) . 2 ppm. This nitrile was dried in uacuo 
and treated under nitrogen with the borane-THF com- 
plex (50 ml, 1M solution). The solution was refluxed 
under nitrogen for 48 h and then treated with about 6 
ml of ice water. The solvent was removed under re- 
duced pressure to give the aminoborate complex. As in 
the preceding experiment the complex was cleaved 
with 6 M hydrochloric acid and the amine regenerated 
by ion exchange as a pale-yellow oil (yield, 0.42 g 
(56%)). 

‘H NMR (CDCl,): 6 1.45 (4H, m, H,NCH,CH,); 
2.40-2.60 (16H, m, NCH,); 3.35-3.50 (16H, m, OCH,) 

ppm. 

4.3.6. {[(3-(lo-(3-aminopropyl))-l,lO-diaza-4,7, 
13,16-tetraoxacyclooctadecane)-propylamino]carbonyl}- 
cobalticinium hexafluorophosphate (13) 

The bis-amine 12 (0.42 g, 1.12 mmol) and trieth- 
ylamine (0.19 g, 1.91 mmol) were dissolved in acetoni- 
trile. Owing to the low solubility of the former, a large 
volume of solvent (about 100 ml) had to be used and 
warmed slightly. The solution was added dropwise un- 
der nitrogen to a stirred solution of mono-cobalt- 
icinium-hexafluorophosphate-activated ester 4 (1.03 g, 
1.91 mmol) in acetonitrile. The solution changed from 
yellow to an orange colour, which deepened to brown. 
After stirring for 48 h, the solvent was removed to give 
a brown residue, and addition of solvent (25 : 75 
MeOH : MeCN v/v) produced a yellow-orange solu- 
tion and a brown insoluble residue. The solution was 
purified by column chromatography (Sephadex @ LH- 
20-100) but did not yield pure fractions. The chro- 
matography was repeated with acetonitrile alone as 
eluent and pure fractions were identified by NMR 
spectroscopy. The addition of water precipitated the 
product as a deep-orange powder which was filtered 
off and washed. At first it was thought that both amine 
functions and coupled with cobalticinium fragments 
but analytical and spectroscopic data revealed that only 
one had done so. The yield was 0.25 g (18%). 

Elemental anal. Found: C, 50.82; H, 5.88; N, 6.09. 
C,,H,,OSN,CoPF, talc.: C, 47.3; H, 6.57; N, 7.61%. 
IR: vmax 3630 and 3454 (NH), 1668 and 1541 (CO) 
cm-l. ‘H NMR (CD&N): S 1.70-1.80 (4H, m, 

CH,CH,CH,); 2.60-2.70 (8H, m, NCH,); 3.30-3.70 
(24H, m, NCH,, OCH,); 5.65-5.75 (7H, m, CpH); 6.10 
(2H, m, CpH); 7.60 (lH, br m, CONH) ppm. FAR MS: 
m/z 738 (M+PF;), 593 CM+). 

4.3.7. Bis-{[(N,N ‘-bis-(3-propylamino)-l,lO-4,7,13, 
16-tetraoxacyclooctadecane)carbonyl]cobaliticinium}h~- 
afluorophospha te (15) 

Mono(carboxy)cobalticinium hexafluorophosphate 
(0.75 g, 2.0 mmol) was refluxed with SOCl, to give the 
corresponding acid chloride. After removal of the 
SOCl, under vacuum the solid was taken up in DMF 
(50 ml). The bis-amine 42 (0.24 g, 0.64 mmol) and 
triethylamine (0.15 g, 1.5 mmol) were dissolved in 
DMF (50 ml) and the solution was added dropwise 
under nitrogen with stirring to the acid chloride solu- 
tion. The mixture was stirred for 48 h to give a yellow 
solution, from which the solvent was distilled off in 
uacuo. The residue was purified by column chromatog- 
raphy (Sephadex @ LH-20-100 eluted with 25 : 75 
MeOH : MeCN v/v). The fractions containing product 
were identified and combined, and the solvent was 
removed. The product separated as a dirty-yellow pow- 
der on addition of water, but a mixture of anions was 
found to be present. Thus the product was taken up in 
hot water, an excess of ammonium hexafluorophos- 
phate was added, and the product was recrystallized. 
The final product contained bound ammonium which 
was not displaced by addition of five equivalents of 
potassium hexafluorophosphate in aqueous solution. 
The yield was 0.22 g (24%) on the assumption that two 
molar equivalents of bound ammonium were present. 

Elemental anal. Found: C, 34.01; H, 4.39; N, 3.85. 
C,,H,,N,O,C$P,F,,2NH,PF, talc.: C, 33.8; H, 4.53; 
N, 5.90%. IR: Y,,, 3618 and 3427 (NH), 1665 and 1546 
(CO) cm-‘. ‘H NMR (CD&N): S 2.00 (4H, m, 
CH,CH,CH,); 3.25-3.30 (12H, m, NCH,); 3.70-3.80 
(16H, m, OCH,); 5.70-5.80 (14H, m, CpH); 6.05 (4H, 
m, CpH); 7.35 (2H, br m, CONH) ppm. FAR MS: m/z 
1097 (M+2PF,-), 951 (M+PF,-), 806 CM+). 

4.3.8. l,l’-bis{[(l- aza-4,7, IO-trioxacyclododecane) 
amino]carbonyl}cobalticinium tetraphenylbora te (I 7) 

A stirred solution of l,l’-bis(chlorocarbonyl)cobalti- 
cinium chloride (1) (0.36 g, 0.78 mmol) in acetonitrile 
(100 ml) was treated dropwise with a solution of l-aza- 
4,7,10-trioxacyclododecane (monoaza-1Zcrown4) (16) 
(0.28 g, 1.60 mmol) and triethylamine (0.16 g, 1.60 
mmol) under nitrogen. The mixture was stirred under 
nitrogen for 48 h and the solvent then removed under 
reduced pressure. The crude product was purified by 
column chromatography (Sephadex@ LH-20-100; 
eluted with 50 : 50 MeOH : CHCl s v/v). The fractions 
containing the product were identified by NMR spec- 
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troscopy and combined, and the solvent was removed. 
The residue was taken up in water and the product 
precipitated as a yellow powder by dropwise addition 
of sodium tetraphenylborate. The precipitate was fil- 
tered off and washed with water to yield, after drying, 
the pure product (yield, 0.23 g (32%)). 

Elemental anal. Found: C, 68.97; H, 6.98; N, 3.08. 
C,,H,N,O,CoB talc.: C, 68.6; H, 6.64; N, 3.07%. IR: 

1636 (CO) cm-‘. ‘H NMR (CD&N): 6 3.55-3.80 
$G, m, OCH,, NCH,); 5.65 (4H, m, CpH); 6.25 (4H, 
m, CPH) ppm. 

4.3.9. {[ (1 -aza-4,7, lo- trioxacyclododecane)amino] 
carbonyl]cobalticinium tetraphenylborate (18) 

Mono(carboxy)cobalticinium hexafluorophosphate 
(0.38 g, 1.0 mmol) was converted into the correspond- 
ing acid chloride salt, which was taken up in acetoni- 
trile. To the stirred solution was added dropwise, un- 
der nitrogen, a solution of monoaza-12-crown-4 (16) 
(0.15 g, 0.86 mm00 and triethylamine (0.10 g, 1.0 
mmol) in acetonitrile (30 ml>. The mixture was stirred 
for 72 h under nitrogen, and the solvent then removed. 
The residue was purified by column chromatography 
(Sephadex@ LH-20-100 eluted with acetonitrile). Frac- 
tions containing the pure product were identified and 
combined, and the solvent was removed. The residue 
was taken up in water and precipitated by addition of 
sodium tetraphenylborate as a yellow powder. This was 
filtered off, dissolved in acetonitrile and reprecipitated 
as a crystalline yellow solid by dropwise addition of 
water (yield, 0.28 g (46%)). 

Elemental anal. Found: C, 72.72; H, 6.45; N, 2.06. 
C,,H,NO,CoB talc: C, 72.8; H, 6.39; N, 1.97%. IR: 

1630 (CO) cm-‘. ‘H NMR (CD&N): 6 3.45-3.80 
$&, m, OCH,NCH,); 5.60-5.70 (7H, m, CpH); 6.25 
(2H, m, CpH); 6.85-7.35 (20H, m, ArH) ppm. 
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