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powder (1.2 g.) carried out as described for the corresponding 
uranium(1V) compound. Dark brown crystals formed; m.p. 
210' dec. 

Anal. Calcd. for V(C16H1102)3: V, 7.07. Found: V, 6.80. 
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Hexahydroxylamminecobalt(II1) chloride has been 
prepared previously by Werner.l His procedure in- 
cludes the reaction of free hydroxylamine with (Co- 
(en)zClz)C1. The method suffers from the disad- 
vantage that small quantities of material must be used, 
and i t  involves the replacement of ethylenediamine, 
a strongly coordinated ligand, by hydroxylamine, a 
weaker, easily decomposed ligand. The method has 
been unreliable in our hands. 

We have found that the general procedure of Bauer 
and Drinkardj2 which uses Naa [Co(COs)3].3Hz0 and 
amine hydrochlorides, can be adapted to the prepara- 
tion of [CO(NH~OH)E]C&. This procedure allows 
mild conditions to be used, which minimize the de- 
composition of free hydroxylamine. The preparation 
is best performed using small quantities of materials, 
and attempts to scale the reaction to larger quantities 
have been unsuccessful. However, the starting ma- 
terials are widely available and the preparation is 
sufficiently rapid so that large amounts of the com- 
pound are readily accumulated. 

The fluoride salt is obtained from the chloride by 
potentiometric titration with AgF. This is necessary 
in order to avoid an excess of silver ion, which de- 
composes the complex and is reduced to metallic silver. 

The hexahydroxylamminecobalt (111) ion is rela- 
tively stable in acidic solution but rapidly decomposes 
in neutral or basic solution. The latter solutions are 
light-sensitive, and small amounts of impurities ac- 
celerate their decomposition. The pure compounds 
have been stored in the absence of light and moisture 
for periods of 2 years. It is interesting that the 
fluoride salt can be obtained quite readily free of hydro- 
fluoric acid, whereas i t  is extremely difficult to obtain 
the amine salt in any form other than the acid salt.3 

Experimental 
Preparation of [Co( NH&H)o] Cla.-Sodium triscarbonatoco- 

baltate(II1) trihydrate was prepared by the method of Bauer 

(1) A. W. Werner, Bev., 38, 8095 (1905). 
(2) H. F. Bauer and W. C. Drinkard, J. Am. Chem. Soc., 82, 5031 (1960). 
(3) R. W. Parry, D. R. Schultz, and P. R. Girardot, ibid., 80, 1 (1958). 

and Drinkard.2 A solution of 4.2 g. of hydroxylamine hydro- 
chloride dissolved in 20 ml. of 3 N HCl was added dropwise to a 
vigorously stirred slurry of 3.6 g. of the cobaltate in 10 ml. of 
water. The temperature was held between 0 and 5' during the 
addition. The cold mixture was stirred for 10 min., then cold 
concentrated HC1 was added dropwise until leafy yellow crystals 
appeared. The mixture changed from muddy brown to blue- 
green when precipitation began, Filtration gave a crude brown 
product. Solution of this in the minimum amount of water and 
dropwise addition of concentrated HCl gave the pure hydroxyl- 
ammine compound. Yields ranged from 10 to 15% of theoreti- 
cal. The salt was extremely soluble, and unless the solutions 
were strongly acidic, severe decomposition resulted, with a cor- 
responding decrease in yield. Concentrating the solution under 
vacuum gave slightly better yields. 

Anal. Calcd. for [Co(NHLOH)~]C13: H ,  4.96; Co, 16.3; 
C1, 29.3; N, 23.1. Found: H ,  5.22; Co, 16.3; C1, 27.9; N, 
23.1. 

Preparation of [Co( NH?OH)e]F3.-A 3.5 N solution of I g F  
was prepared from Harshaw Spec. 101 grade material and was 
standardized against sodium chloride solution. A rapidly-stirred 
solution of 3.6 g. of [Co(NH20H)s]C11 in 30 ml. of 1 N HCl was 
titrated with 3.5 N AgF. The end point was determined poten- 
tiometrically, using a Beckman pH meter equipped with an -1g- 
AgCl and a calomel electrode. The observed end point agreed 
quite closely with the calculated amount of AgF required. I t  
was necessary to avoid an excess of silver ion, as this appeared 
to promote decomposition of the complex. Filtration to remove 
AgCl gave a clear yellow solution, from which the fluoride salt was 
obtained by repeated addition of 2-3-1111. quantities of ethanol 
until precipitation was complete. The product was washed with 
alcohol and was dried over concentrated HzSOa. Yields averaged 
50-6070 of theoretical. 

A n d .  Calcd. for [CO(NHIOH)E]F~: Co, 18.77; F ,  18.16. 
Found: Co, 18.8; F ,  18.2. 

Analysis .-Cobalt was determined by an iodometric method 
similar to that outlined by McNabb for cobalt amines.4 The 
sample was decomposed by heating in 6 N NaOH solution. 
Addition of 3y0 HzOz to the cooled solution gave a precipitate of 
CO(OH)3 which was filtered, washed, and dissolved in excess 
acidified K I  solution. The liberated iodine was determined by 
titration with Na~S903. Chloride was determined by potentio- 
metric titration with AgNO3. Fluoride was determined by pre- 
cipitating as PbFC1.6 This was separated by filtration, dissolved 
in 25% HNOJ, and chloride ion was determined by potentiometric 
titration with AgN03.6 
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The reaction of germanium tetrachloride with am- 
monial and various organic amineslF4 has been known 
for over 30 years, but no studies of the action of di- 
functional organic amines have been reported. Ger- 
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B.P., OC. (mm.) .  
or m , p ,  112au 

75-76 O (8) 1 4640 

123-124' (7') 1 4677 

300-304" (in p ; 

106" (16) 1 4859 

140-142" (9) 1 4904 

305-310' (m p > 

317-320' (m p ) 

TABLE IC& 

_____- 
C 

M = SI 
48 18 
47 94 
56 09 
56 18 
i 5  32 
76 14 

M = Ge 
39 53 
39 23 
48 09 
47 88 
67 93 
68 20 
70 12 
69 96 

H 

10 28 
10 06 
11 05 
11 00 
6 54 
7 19 

8 43 
8 23 
9 49 
9 38 
5 73 
5 72 
6 78 
6 61 

28 10 13 77 2 1 9  
27 96 14 02 200 
21 90 11 00 241c 
21 85 10 95 256 
10 98 5 86 458d 
11 10 5 56 504 

22 97 
23 26 
18 82 
18 62 
11 25 
11 36 
9 98 

10 20 

29 54 
29 64 
24 38 
24 13 
14 93 
14 72 
13 32 
13 22 

223e 
245 
300' 
301 
504d 
493 
539d 
549 

Melting points were measured on a Townson and Mercer Type 5 melting point block and are uncorrected. Analyses were done 
by Schwarzkopf Microanalytical Laboratory and Scandinavian Microanalytical Laboratory. Refractive indices mere measured 
on an l b b k  refractometer Determined by 
osmometry in dibromomethane. 

Determined by osmometry in carbon tetrachloride. 
e Determined cryoscopically in cyclohexane. 

Determined by Rast method. 
J' Determined cryoscopically in bcnzcne. 

maniuin tetrachloride reacts with a number of N,N/-  
disubstituted ethylenediamines to give spiro imidazoli- 
dines with germanium as the central spiro atom. The 
analogous silicon compounds were also prepared. 

R R  

R R  

The analogous organic compounds (A4 = C) are not 
known. The spiro structure has been confirmed by 
infrared and n.m.r. spectroscopy. N.m.r. spectra of 
the alkyl compounds show a single sharp peak for the 
methylene bridge protons of the ring. This has been 
interpreted as indicating either planarity of the ring 
systems or the rapid inversion of tetrahedral nitrogen 
atoms.: The possibility that this is due to Si-N (p +. 
d) 7r-bonding is being investigated. 

Physical properties and analytical data are given in 
Table I. The alkyl-substituted spiro imidazolidines are 
liquids, soluble in organic solvents, but the aryl deriva- 
tives in both the silicon and germanium series are white, 
crystalline solids only slightly soluble in most organic 
solvents. Purification was achieved through fractional 
distillation for the former type, but the arylgermanium 
compounds were recrystallized from pyridine, and the 
arylsilicon derivative was sublimed in vacuo. The 
compounds hydrolyze in moist air to regenerate the or- 
ganic diamine : the germanium compounds are attacked 
more readily than the silicon with the N,N'-dialkyl- 
germanium derivatives being particularly hydrolytically 
sensitive. 

(1) W. C .  Johnson and A. E. Sidwell, J .  Am. Chem. Soc., 55,  1884 (1933). 
(2) J. S Thomas and W. U'. Southwood, J .  Chem. SOL., 2083 (1931). 
(3) H. H. Anderson, J .  Am. Chem. S a . ,  74, 1421 (1952). 
(4) R.  Schwarz and W, Reinhardt, Be?., 65,  1743 (1932) .  
( 5 )  D. Kummer and J. D. Baldeschwieler, J .  Phys .  Chem., 67, 98 (1963). 

The N,N'-dialkyl compounds were prepared by the 
reaction of the corresponding diamine with the tetra- 
chloride in benzene a t  40-60'. 

6RNCH2CH,NR + MC1, - 
H H 

h 

Rd, \NR 
4- 4 RNCH,CH,NR.HCI (1) 

R y x p  H H 
U 

,4ryl derivatives were synthesized in the presence of 
triethylamine, using either benzene or dioxane as a sol- 
vent. 

2RNCH2CH,NR 4- MC1, 4- 4(C2H5I3N - 
H H 

The N,N/-dialkyldiamines gave the corresponding 
imidazolidines in reasonably good yield, but the yields 
with the aryl derivatives were very low (ca. 1%). The 
reaction of silicon tetrachloride with N,N'-diphenyl- 
ethylenediamine produced a trace of material containing 
Si-K bonds, but purification proved impossible. 

The reaction of N.N'-di-o-tolylethylenediamine with 
both silicon and germanium tetrachlorides did not 
proceed. Studies of models show that although the 
planar ring conformation is favored over the conforma- 
tion involving tetrahedrally hybridized nitrogen, the 
K-o-tolyl spiro compound would be a very strained sys- 
tem in either case. Similar steric difficulties were 
encountered by Tansjo in the preparation of tris(N- 
methylanilino)-n-propylsilane.6 Although tetrakis(0- 
toly1amino)silane was reported in the last c e n t ~ r y , ~  the 

( 6 )  L. Tan& Acta Chem. Scand , 11, 1613 (19S7); 13, 35 (1959). 
(7) J. E. Reynolds, J .  Chem. Soc., 5 5 ,  474 (1889). 
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difficulty encountered in the attempted formation of 
the o-tolyl spiro derivative is probably associated 
with the presence of both the o-methyl and the bridging 
N-alkyl groups. 

An analogous silicon spiro compound [where R = Si- 
(CH3)3] has been synthesized recently by Kummer and 
Rochow, who indicated that the presence of the N-Si- 
( C H S ) ~  group was necessary for the formation of five- 
memberd rings by the reaction of chlorosilanes and 
ethylenediamines.8 The present work shows that 
cyclic compounds can be obtained by the more general 
reactions 1 and 2 where R may be a variety of alkyl or 
aryl groups. 
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It has come to our attention during the preparation 
of this note that the N-methyl and N-ethyl spiro- 
silicon imidazolidines have been independently obtained 
through transamination by Dr. E. W. Abel and co- 
workers a t  the University of Bristol, England. We 
thank Dr. Abel for sharing his results with us. 

(8) D. Kunimer and E. G. Rochow, 2. aisovg. allgem. Ckem., 321, 21 
(1063). 
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There has been considerable current interest in the 
mechanisms by which peroxides decompose. Ball and 
Edwards’ reported a kinetic study on the aqueous de- 
composition of Caro’s acid to give sulfate and oxygen. 
They suggested, on the basis of the rate law R = 
k [HSOb-] [S052-] and other evidence, a mechanism in- 
volving displacement on oxygen by oxygen involving an 
activated complex of the type 

I 

with dotted lines indicating bonds being formed and 
zigzag lines denoting bonds being broken. The in- 

(1) D. L. Ball and J. 0. Edwards, J .  Am. Chem. Soc., 78, 1125 (1956) 

termediate HSOa- is presumed to decompose rapidly to 
oxygen, sulfate ion, and hydrogen ion. 

0 

I 
0 

- 1  0 - S - O f 0 - O + H - S O ,  2- + O2 + H+ 

Goodman, Robson, and Wilson2 reported on a study of 
aromatic peroxy acid decomposition in aqueous solu- 
tions; they observed a rate law similar to the Caro’s 
acid case, and they suggested a peroxy anion attack on 
the electrophilic carbonyl carbon of an un-ionized per- 
oxy acid. They also suggested that this type of mech- 
anism might hold for other peroxy acids including Caro’s 
acid and this would involve (in its simplest form) an 
activated complex such as 

[n-o+o--;p,o 0 O-O-$-H 

I1 ‘ x  1’- 
The original study‘ on Caro’s acid has been repeated3 
and the alternative mechanism involving attack by per- 
oxide oxygen on sulfur reiterated. Simultaneously, a 
study4 of the decomposition of several peroxides was 
reported. Included were experiments involving double- 
labeled peroxyacetic acid, CH3C(=O) Ols018H, in the 
presence of nonlabeled peroxyacetic acid ; the results 
are consistent with a mechanism wherein a peroxyace- 
tate ion attacks the carbonyl carbon of the un-ionized 
peroxy acid leading to an activated complex similar to  
type 11. 

In view of these observations and speculations, further 
study on the mechanism of the decomposition of Caro’s 
acid seemed desirable. An experiment of the kind 
can ied out earlier using double-labeled peroxy acid 
was invoked in order to distinguish between the two 
suggested mechanisms (both of which are consistent 
with the rate law and other data) for the reaction be- 
tween S052- and HSOa-. Mechanism I requires that 
one oxygen atom in each oxygen molecule originate 
from one peroxy anion ; therefore, in the double-labeling 
experiment, scrambling of oxygen atoms is required and 
the OI8 isotope will be predominantly in the 0234 species. 
Mechanism I1 requires that both atoms in a product 
oxygen molecule come from the same peroxy anion so 
no scrambling is predicted; this was found to be the 
predominant (but not exclusive) product with per- 
oxyacetic acid.4 

We have now prepared a mixture of KHS05 species 
containing -1.1% double-peroxide-oxygen-labeled 
KHSOa 

0 
I 
I 

-O-~-OlS-O 18-H 

0 

(2) J. F. Goodman, P. Robson, and E R. Wilson, T v a m .  Favaday Soc., 

(3) J. F. Goodman and P. Robson, J Ckem Soc., 2871 (1963). 
(4) E Koubek, M. L Haggett, C J. Battaglia, K M. Ibne-Rasa, H Y. 

88, 1846 (1962). 
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