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the spectral observations. The substantial changes 
from the solid-state spectra which occur on dissolution 
of Co [OC(NH2)2]a(C104)a in urea-saturated water indi- 
cate that the cationic coniplex does not survive irihct 
for any appreciable time in this rnediuiii. ‘lh obscrved 
spectral shifts suggest that the initial product is a sub- 
stantially hydrolyzed (and perhaps dimerized) co- 
balt(II1) complex. The cobalt is ultimately reduced to 
cobalt (11) via a urea-inhibited path(s). 

The most potentially important aspect of this work 
is the contribution of two new members to a class of 
compounds which deserve serious consideration as 
synthetic intermediates, especially in water-sensitive, 
nonaqueous applications. (Dry acetonitrile is the 
most useful solvent thus far employed.) Three advan- 
tages seem obvious. They can be easily prepared as 
stable, anhydrous salts. As perchlorate salts they 
contain a poorly coordinating anion. (Caution should 
be excercised with potentially explosive perchlorates.) 
Urea, being weakly bound, can be readily substituted 
and seems to offer similar advantages to those of trialkyl 
phosphate ligands. lo Such application is exemplified 
by the work of Summers and Stoufer4 and by our related 
observations” that the dimeric, red vanadium(III)-2,2’- 
bipyridine species obtained in aqueous medial2 can be 
avoided by using V [OC(NH2)2]6(C104)j with bipyridine 
in dry acetonitrile. 
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In the course of an investigation of water-stable 
silicon complexes it  vas found that much of the infor- 
mation in the literature about silicon complexes with 
catechol is either incorrect or must be modified. 

Rosenheim, Raibman, and Schendel‘ reported the 
preparation of (NH& [Si(C6H402)S] .9H20 by treating 

(1) A. Rosenheim, B. Raihman,  a n d  G. Schendel, Z .  A m r g .  Al lp .  C h e m . ,  
196, lfl0 (1931). 

freshly precipitated silica gel with catechol in hot ani- 
monium hydroxide solution. Weiss, Reiff, and Weiss2 
used a. similar procedure hut claimed that the product 
is dimeric (NH4)d[Siz(CaH,&)fi I .9H20. Despite all 
efforts in the present work to repcat tlic procedure of 
Weiss, et al., exactly (even using colloidal silica from 
the same commercial source) neither the composition 
reported by Weiss, et al., nor by Rosenheim, et al., 
resulted. Instead clear colorless crystals that contain 
ammonia of crystallization were obtained. They have 
the general composition (NH4)2[Si(CEH402)S] .xH20.  
yNH5, where x = 1 or 2 and y = 2-4. Exact values of 
x and y have not been determined because the crystals 
begin to effloresce ammonia as soon as they are removed 
from the mother liquor. Furthermore, the amount of 
ammonia appears to depend on its concentration in the 
solution from which the crystals formed. As the 
crystals lose ammonia they crumble to a fine white 
powder. 

The analytical data presented by W-eiss, et n l . ,  and 
by Rosenheim, et al., rule out the possibility that they 
mistook ammonia of crystallization for water. Appar- 
ently, different products are obtained depending on the 
conditions of the precipitation, but these have not yet 
been discovered. 

Ammonia of crystallization is evident from the fact 
that one can smell ammonia over the product even 
after it has been thoroughly washed free of the mother 
liquor and dried (although not dried to constant 
weight). Also, the product can be taken to constant 
weight in a slow stream of nitrogen and the ammonia 
measured by passing the nitrogen through 47, boric 
acid solution and then titrating the ammonia with 
standard hydrochloric acid. In another experiment, 
the initial product contained 11.0% N after washing 
with acetone and then ether and then drying for 2 hr in a 
stream of anhydrous ammonia. After 48 hr in a slow 
stream of dry nitrogen it contained 7.16y0 N, after 
96 hr 6.40y0 N, and after 144 hr 6.3670 N. 

In this work the crystals mere taken to constant 
weight either by removing the ammonia of crystalliza- 
tion with a slow stream of nitrogen (which requires 
5-7 days a t  room temperature) or by 1-4 hr under vac- 
uum (<I Torr) a t  room temperature. The use of ele- 
vated temperatures may cause discoloration. Also, 
some unreacted catechol is a common impurity and this 
was removed by leaching the dried product with diethyl 
ether. The usual product analyzes for a “monohy- 
drate,” i.e., (NHe)2[Si(C6H402)3].Hz0. In the follow- 
ing analytical data repeated numbers represent dif- 
ferent preparations. Anal. Calcd for (NH,)Z[Si- 
(C6H402)3].H:O: Si, 6.91; C, 53.18; H, 5.46; N, 6.89. 
Found: Si, 6.81, 7.01, 6.93, 7.01, 6.98; C, 32.39, 53.04, 
52.01, 52.95; H! 5.56, 5.49, 5.49, 5.32; N, 6.48, 6.58, 
6.67,6.15. 

Evi- 
dence for this structure is that the “water of hydration” 
cannot be removed by heating the complex for 2 weeks 

The “monohydrate” probably has structure I. 

(2) A .  Weiss, G. Reiff ,  a n d  A. Weiss, i6iL 311, 151  ( l ! ) G l ) .  
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(NH,), 

I 

under vacuum (<1 Torr) a t  60”. Discoloration occurs 
but X-ray powder diffraction shows that the material 
is still predominantly the “monohydrate.” In  the 
infrared absorption spectrum there is a sharp band a t  
3545 cm-l which is characteristic of a free or weakly 
associated -OH group. Also, the nmr spectrum shows 
aromatic ring protons a t  r 3.77 ppm, ammonium ion 
protons a t  4.4-5.6 ppm depending on the concentra- 
tion of the complex and the water content of the solvent, 
and two -OH protons a t  T 3.30 and 3.46 ppm relative to 
TMS. Craddock and Jones3 assigned this same struc- 
ture to an arsenic(V) complex with catechol; H[As- 
(C6H402)3]. HzO. Also, “chelation” by catechol 
through a hydrogen bond, as in structure I, has been 
established in a nickel(I1)-catechol complex by X-ray 
diffra~t ion.~ The formula for this compound would be 
more correctly written as (NHJ2 [Si(OH) (C6H502)- 
(C6H402)zI. 

Weiss, Reiff, and Weiss2 suggested a dimeric structure 
for the Si(CeHJO&- anion. Conductivity studies are 
being made on the compounds prepared in this work. 
The one datum available so far (in dimethyl sulfoxide) 
indicates a monomeric structure for the %(OH) (C~H602)- 
( C6H402) z2-  ion. 

Further evidence for structure I came from attempts 
to repeat the preparation of anhydrous (NH4)2[Si- 
(C6Ha02)a j from Sic14 as reported earlier by Rosenheim 
and S ~ r g e . ~  The first attempts in this laboratory gave 
the “monohydrate.” However, by rigorous exclu- 
sion of water a compound that analyzes correctly for 
(NIX4): [Si(OC&) (C~H602) (C6Hz02)z j was obtained. 
Anal. Calcd for (NH4)z [Si(OCzHJ (C6HsOz) (C6H4- 
O:)Z]: Si, 6.46; C, 55.27; H, 6.03; N, 6.45. Found: 
Si, 6.49; C, 54.23; H,  6.34; N, 6.42. The structure is 
probably similar to that shown above for the “mono- 
hydrate.” That  is, the Si-OH group is replaced by an 
Si-OCzHj group and one of the three catechol molecules 
is attached to the Si-OCzHs group by a hydrogen bond. 
Reexamination of the analytical data presented by 
Rosenheim and Sorge indicates that they had prepared 
the “monohydrate” rather than the anhydrous salt. 
Anal. Calcd for (NH& [Si(OH) (C~H.502) (C6H40&] : 
Si, 6.91; NH4+, 8.88. Calcd for (NH4)2[Si(c~H402)3]: 
Si, 7.23; NH4+, 9.29. Found by Rosenheim and Sorge: 
Si, 7.04; NH4f, 8.88. 

It was mentioned above that (NH4)2[Si(OH) (CG- 
HjOz) ( C ~ H ~ & ) Z ]  is the usual product from the reaction 
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of catechol with silicic acid or colloidal silica in amnio- 
nium hydroxide solution after taking the initial colorless 
crystals to constant weight. In  some preparations the 
X-ray powder diffraction pattern of the product showed 
the presence of a substantial amount of an impurity 
even though the infrared absorption spectrum showed 
nothing amiss. Upon two occasions the product was 
nearly free of the “monohydrate.” Analytical data 
suggest a compound containing 4 mol of catechol per 
mole of silicon, i e . ,  ( N H ~ ) z [ S ~ ( O H ) ( C ~ H ~ O ~ )  (C6H402)2]. 
C6HoO2. A n d .  Calcd for (NH*)Z[Si(OH) (CGH602)- 

5.42. Found: Si, 5.41, 5.49, 5.52; C, 55.47, 54.84; 
H, 5.76, 5.58, 5.47; N, 6.39, 5.73, 5.84. The prepara- 
tion of this compound requires 6-9 mol of catechol per 
mole of silicon in the reaction medium but it has not 
yet been obtained completely free from the “monohy- 
drate.” It is characterized by a very intense reflec- 
tion a t  20 = 9.15’ in the X-ray powder diffraction 
pattern whereas structure I is characterized by two 
strongest reflections a t  20 = 7.8 and 15.5’. 

Weiss, Reiff, and Weiss2 also reported a complex 
containing 7 mol of catechol and 2 mol of silicon, 
i.e., ( N H ~ ) ~ [ S ~ Z ( C ~ H ~ O Z ) ~ ] .  They precipitated this 
compound from a solution in mixed water-ethanol 
solvent. Compounds were also obtained in this work 
from a water-ethanol solvent but their nmr spectrum 
shows one ethyl group per mole of silicon and the com- 
pound should be formulated as (NH4)Z [Si(OH) (CsH5- 
0 2 )  ( C ~ H ~ O Z ) ~  j .  CzH50H. Anal. Calcd for (NH4)2- 

47.42; H, 6.76; N, 5.53. Found (this work): Si, 
5.65, 5.77; C, 47.20; H,  6.59; N, 5.87. Found (Weiss, 
Reiff,andWeiss): Si,5.67;C,47.9;H,6.61;N,5.50. 
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(C6H402)2]*C6H~02: s i ,  5.44; c, 55.80; H, 5.46; N,  

[S~(OH)(C~H~~~)(C~H~~Z)Z]’C~H~OH: Si, 5.54; C, 
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Dithiophosphate compounds are important in the 
inhibition of hydrocarbon oxidation. To  clarify the 
mechanism of their action the investigation of their 
structure is necessary. In  the present paper the struc- 
ture of the copper (11) dialkyldithiophosphate com- 
plexes is studied by means of their epr and electronic 
spectra. 


