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Abstract 

The classic tribridged dimer, [(NH,),CO(NH,),(OH)CO(NH&]~+, the first tribridged species to contain two 
bridging NH- groups, has been characterized. Some derivatives in which the OH- bridge has been replaced 
by another are also described. ‘H NMR studies in dimethyl sulfoxide reveal bridging NH*- and OH- proton 
signals at characteristically high chemical shifts, especially bridging OH- which is above SiMe,, but the shifts 
are quite sensitive to structure, 

Introduction 

Werner [l, 21 succeeded in the synthesis of two of 
the four classical tribridged ions [(NH3)3C~(p-NH2)n (p- 
0H),_,Co(NH,)J3+ (n =O-3). A third, the tris(amido) 
dinuclear ion has only recently been described [3], while 
the fourth, the bis(amido)hydroxo complex, was syn- 
thesized some ten years ago [4, 51 when we described 
the synthesis of a crimson-red 3+ ion as a by-product 
in the synthesis of pentaamminecobalt(II1) complexes 
of N-bonded ureas and related ligands: 

2[(NH3),CoX13+ + B: + H,O - 

[(NH,),Co(oH>(NHz>,Co(NH,),13+ 
+ 2NH,+ +2X + BH’ 

It was only later that we identified this crimson-red 
complex as the tribridged dinuclear ion. It has been 
independently synthesized by Heck [6] via a different 
route, and herein we establish its structure. 

Results and discussion 

The reaction between [(NH,),CoOSMe,](ClO,), and 
ambidentate ligands such as urea in the presence of 
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a sterically hindered and non-coordinating base, e.g., 
2,2,6,6_tetramethylpiperidine, leads to a variety of 
products [4, 5, 71, but the major species (> 60%) is 
the deprotonated N-bonded urea complex which was 
characterized previously. This elutes from a Sephadex 
(SP C25) ion-exchange column as a 2+ ion but always 
with (and separated from) a crimson-red 3 + ion which 
contains coordinated ammonia but no carbon [5, 71 
(IH and 13C NMR; elemental microanalyses). The ‘H 
NMR spectrum in Me,SO-d, (Table 1) of the ClO,- 
salt of this C-free compound reveals a 12:6 Co-NH, 
pattern (18H) as well as two unusually high-field signals 
(8 0.43, 0.31) close to SiMe,, assigned as NH protons 
(4H) because of a w~,~ indicative of 14N quadrupolar 
broadening; we assign these NH protons as bridging 
NH,-. A very high field and sharper signal (8 -4.95) 
integrating for just one proton was also observed, and 
this is characteristic of bridging OH- (vide in@). A 
structure consistent with these data is: 

0 

/OZNT -Is+ 

RJH3)3 co ‘*“2- CJo M3)3 

‘NH/ 

The bridging NH,- groups are equivalent but the 
individual protons on each NH,- are not; they are exo 
and endo to the bridging OH-: 
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TABLE 1. Proton NMR spectra for some bridging hydroxo and amido dinuclear hexaamminedicobalt(II1) complexes in Me,SO-d, 
at 20 “C 

6 (wm) 
Bridging 

-OH- 

truns-OH ~rans-NH, 
-NH3 -NH, 

-NHT 

&!<:;>C~ -0.15 (3H) 3.04 (18H) 
OH 

-2.56 (2H) 2.46 (12H) 2.36 (2H) 

_ 4.95 (1H) 0.31 (2H) 
0.43 (2H) 

-1.51 (6H) 

1.92 (6H) 

3.59 (6H) 

2.98 (12H) 

Bridging tranS-X 
-NH, -NH, 

trans-NH, 
-NH, 

Other 
-CH, 

C’% 

0.15 (d, 2H) 
0.42 (d, 2H) 
/=3 Hz 

2.59 (6H) 3.01 (12H) 

0.65 (d, 2H) 
1.16 (d, 2H) 
J=3 Hz 

2.73 (3H) 
3.25 (3H) 

2.82 (6H) 
3.20 (6H) 

2.00 (3H) 

Nitrosation of the bridging OH- leads readily to a 
yellow-orange nitrite-containing crystalline material in 
high yield. An N,O bridging derivative is implicated; 
the NO,- is presumably bonded unsymmetrically 
through N and one 0 as revealed in the single 
crystal X-ray structures [8, 91 of [(NH,),Co(NO,),- 

(OH)Co(NH,),13+ 
Co(NH3)J4+ : 

and [(NHWo(NOz)(NH,)- 

‘NH/ 2 

The ‘H NMR spectrum (Me,SO-d,) confirms the 
persistence of the two bridging NH,- ligands and the 
loss of the OH- bridge. The now inequivalent two 
halves of the dimer, each having two NH, of one kind 
(6 3.20, 2.82) and one NH, of another (6 3.25, 2.73), 
confirm the unsymmetrical bridge (Table 1). Treatment 
even with a large excess of nitrite, under forcing con- 
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amount of HClO,, and then excesses of NaNO, (1 g) 
and HClO, (12 M, 1 ml) coupled with stronger heating 
(70 “C, 1 h); after recrystallization, an identical product 
was obtained in each case. 

A sample of [(NH,),Co(NH,),(OH)Co(NH,),]- 
(ClO,), (0.30 g) was dissolved in a minimum volume 
of water and treated with an equal volume of glacial 
acetic acid. After standing overnight the mixture had 
darkened slightly; the addition of NaClO, (7.5 g per 
10 ml) yielded yellow-brown crystals which were re- 
crystallized from minimum water using a fifth volume 
of saturated NaClO,. An independent synthesis using 
10 min heating at 80 “C resulted in a similar yield 
(85%) of this acetate derivative. 13C NMR (Me,SO- 
d,): S 184.1 (-CO,-), 23.6 ppm (CH,). 

A sample of [(NH,),Co(NH,),(0H)Co(NH,),]- 
(ClO,), was dissolved directly in a minimum of HCl 
(11 M); the solution quickly became brown-green. The 
addition of a fifth volume of HClO, (12 M) resulted 
in grey-brown crystals which were collected, washed 
with ethanol and ether and air-dried. 
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