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Experimental 
Synthesis of 2 .-The heterogeneous system of sodium hydride 

(0.58 mole) as a 56% dispersion in mineral oil, HZB[N(CHI)~]~+C~-  
(31.3 g., 0.19 mole), and 200 ml. of dimethoxyethane was held a t  
the reflux temperature of the ether for 8 hr. The reaction prod- 
uct was filtered, and the filtrate was subjected to repeated vac- 
uum fractionation through cold traps maintained a t  -15 and 
-78'. The material in the -15' trap was a mixture of 2 and 
trimethylamine borane. Repeated recrystallization from 95y0 
ethanol gave 2 in pure form as transparent crystals with a cam- 
phor-like odor, n1.p. 89-91'. Yields based on H*B[N(CH3)3]2+ 
C1- varied from 1 to 5%. Anal. Calcd. for [(CHa)zNCHz- 
BH2I2: C, 50.8; H, 14.2; B, 15.2; N, 19.8; mol. wt., 142. 
Found: C, 51.1; H ,  14.4; B, 15.2; N, 19.8; mol. wt., 130. 
The infrared spectrum4 had a multiplet BH absorption a t  2300 
cm.-l and a large number of long wave length bands, the more 
intense bands a t  1170, 1110, 1090, 990, 965, 910, and 760 ern.-'. 

The Bl1 spectrum is a 1:2:1 triplet with A m  = 98 C.P.S. and 
6 = f27.4 p.p.m. (trimethyl borate reference). This establishes 
that two hydrogen atoms are strongly coupled or directly bonded 
to the boron atom and that the two boron atoms are spectro- 
scopically equivalent. In the proton n.ni.r. spectrum, there are 
three major peaks. The lowest field peak a t  -2.51 papom.  
(tetramethylsilane reference) of relative intensity 3 is ascribed 
t o  N-CH3 protons, the -2.01 p.p.m. peak of relative intensity 1 
to methylene protons, and the quartet a t  -1.21 p.p.m. to the 
BH2 protons. Assignment of structure as presented for 2 would 
appear to be unequivocal. 

Synthesis of 3.-About 0.1 g. of 2 was dissolved in -10 ml. of 
dichloromethane and sodium carbonate (2 g.) was added. This 
slurry was stirred and bromine was added from a fine pipet until 
the bromine color persisted. The slurry was filtered and the fil- 
trate was evaporated under reduced pressure to leave a solid 
which was recrystallized from dichloromethane. Anal. Calcd. 
for CoH17BzNzBr3: C, 19.0; H, 4.5; N ,  7.4; B, 5.7; Br, 63.3. 
Found: C, 19.8; H,  4.9; N, 7.8; B, 5.8; Br, 63.4. The inten- 
sity of the infrared BH stretching frequency of 3 was sharply 
reduced from that of 2 ,  shifted to 2450 cm.-I, and consisted of a 
single sharp band. These data indicated replacement of BH 
hydrogen atoms by bromine atoms. 

(4) I t  was conclusively shown tha t  2 is not [(CH3)zNBHz]a, which has 
a similar melting point, by comparison of the infrared and n.m.r. spectra 
of 2 with those of [(CHa)2NBHz]8. The latter compound is described by 
G. W. Campbell and L. Johnson, J .  Am. Chem. SOC., 81, 3800 (1959). 
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As was pointed out by Dwyer and co-workersl 
the bis(bipyridine)ruthenium type of chelate represents 

(1) F P Dwyer, H A Goodwin, and €3 C. Gyarfas, Australtan J Chew , 
16. 42 (1963) 

an ideal material for a number of fundamental chemical 
studies due to the accessibility of different oxidation 
states and the kinetic inertness of the bipyridine- 
ruthenium linkage. Miller and co-workers2 concluded 
that the formation of the tris(bipyridine)ruthenium(II) 
ion involved the mono(bipyridine) and bis(bipyridine) 
chelates as intermediates. They were able to isolate 
the compound [Ru(bipy)z(HzO)z] This, how- 
ever, did not represent a satisfactory method of 
preparation as a complex mixture of products was ob- 
tained. The bis(bipyridine)ruthenium(II) ion was 
also obtained by heating [ R ~ ( b i p y ) ~ ] C l ~  under vacuum 
over a long period of time3 and by pyrolysis of bipyri- 
dinium tetrachloro(bipyridine)ruthenate(III). In  the 
present investigation a simple method has been de- 
vised to produce bis(bipyridine)ruthenium complexes 
from aqueous solution, in relatively high yields under 
mild conditions. 

Experimental 

Oxalatobis( bipyridine)ruthenium( II)-4-Hydrate .-A mixture 
of 1 g. of potassium pentachloroaquoruthenate(IV), 1.5 g. of 
potassium oxalate, and 40 ml. of water was heated on a steam 
bath for 1 hr. A solution of 0.8 g. of bipyridine in 10 ml. of 
alcohol was then added. Heating was continued for 3 hr. more. 
On coaling crystals appeared. These were filtered, washed with 
warm water (-60") until the washings were pink in color, then 
washed with ether, and air dried. The yield was 587, of the 
theoretical. Anal. Calcd. for [ R u ( C ~ O H ~ N ~ ) ~ ( C ~ O ~ ) ]  4Hz0: 
C, 46.01; H, 4.22; N, 9.76. Found: C,  46.00; H, 4.29; N, 
9.95. The product was found to be diamagnetic, and therefore 
involved ruthenium in its +2 state. The compound was found 
to be insoluble in water but soluble in mcthanol and ethanol. 
Recrystallization could be carried out from methanol. The water 
of crystallization could be driven out easily a t  110'. The cal- 
culated weight of water was 12.547,; the loss of weight a t  110" 
was found to be 12.51%. 

Dichlorobis( bipyridme)ruthenium( 111) Perchlorate .-A sus- 
pension of 0.2 g. of oxalatobis(bipyridine)ruthenium( II)-4-hy- 
drate in 25 ml. of 2 N hydrochloric acid was warmed to 80". Chlo- 
rine was bubbled through the mixture until all the solid material 
dissolved. The solution turned bright red. After filtering, 
4-5 ml. of 7% perchloric acid was added. Upon cooling crystals 
appeared. These crystals were recrystallized from 180 ml. of 
water containing about 5 ml. of concentrated hydrochloric acid 
and a small amount of chlorine. Anal. Calcd. for [Ru(Cla- 
HsNz)zClz]C104: C, 41.10; H ,  2.76; N, 9.59. Found: C,  41.54; 
H, 2.98; N, 9.69. The magnetic susceptibility of the compound 
was determined to be 1.82 B.M., which corresponds to that of 
a ruthenium( 111) complex. 
Dichlorobis(bipyridine)ruthenium(III) Chloride-2-Hydrate.- 

A heated suspension of 0.2 g. of oxalatobis( bipyridine)ruthenium- 
(II)-4-hydrate in 20 ml. of 2 N hydrochloric acid was treated 
with excess chlorine gas. After all the crystals dissolved, 5 ml. 
of concentrated hydrochloric acid was added. On cooling, the 
desired compound crystallized. Anal. Calcd. for [Ku( CIO- 
H ~ N ~ ) z C ~ ~ ] C ~ * ~ H Z O :  C, 43.16; H, 3.62; N, 10.07; residue, 
24.3. Found: C, 43.71; H, 3.72, N, 10.14; residue, 23.2. 

For comparison purposes, dichlorobis(bipyridine)ruthenium- 
(111) perchlorate was prepared by a different method. 

Dichlorobis( bipyridine)ruthenium( 11) .-Tris( bipyridine)- 
ruthenium(I1) chloride (1 g.) was deposited on 50 g. of quartz 
powder (300 mesh). The mixture was heated a t  290" under 

(2) R.  R. Miller, W. W. Brandt, and M. Puke, J .  Am.  Chem. SOC., 77, 

(3) F. P. Dwyer, H. A. Goodwin, and E. C. Gyarfas, Austvalian J .  Chem., 
3178 (1965). 

16, 544 (1963). 
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vacuum for 2 hr. The mixture was extracted with ethanol 
until the ethanol washings became violet. Then it was washed 
with chloroform until the washings were colorless. The com- 
bined chloroform washings were evaporated to dryne3s to obtain 
black crystals. These were recrystallized from chloroform. 
Anal. Calcd. for [Ru(Cl~H&2)~C12]~ CHC13: C, 41.73; H, 
2.83; N,9.27. Found: C,42.15; H,3.11; hT,9.17. 

Dichlorobis(bipyridine)ruthenium(III) Perchlorate.-The 
above compound (0.1 g.) was suspended in 50 ml. of water con- 
taining a few drops of concentrated hydrochloric acid. Chlorine 
was bubbled through the mixture until the crystals dissolved. 
Upon addition of 5 ml. of iy0 perchloric acid, crystals formed. 
These were filtered, washed with cold water, then with ether, 
and air dried. Anel. Calcd. for [Ru(CloHeN~)2Clz] Clod: 
C, 41.10; H, 2.76; N, 9.59. Found: C, 41.05; H ,  2.79; N,  
9.62. The infrared spectrum of this compound was identical 
with that of the perchlorate obtained from the chlorination of 
oxalatobis( bipyridine)ruthenium( 11). 

Discussion 

The present study describes a convenient method of 
preparation for bis(bipyridine)ruthenium compounds. 
Since the oxalato group is very easily oxidized off 
with chlorine the other compounds can be easily 
obtained from the dichloro derivative through sub- 
stitution reactions. From the method of preparation 
the compounds are most likely of the cis configuration. 

The oxalate ions serve the dual purpose of occupying 
two coordination positions and of reducing the ruthe- 
nium to the + 2 state. The intermediate in the prepa- 
ration is not known but  i t  is quite likely tha t  a bis- 
or even tris(oxa1ato)ruthenate is involved.4 

(4) R.  Charonnat, A n n .  Chim., 16, 202 (1931). 
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Sulfur hexafluoride, SF6, is a chemically unreactive 
material; i t  is not attacked by aqueous or fused alkali2 
and it does not react appreciably with sodium below 
200°.3 The lowest temperature a t  which SF, has pre- 
viously been reported to undergo reaction is 180-250". 
During 25 hr. a t  this temperature, it is incompletely 
decomposed by AlzC16 and also by SOa with the forma- 
tion of sulfur chlorides and oxyfluorides, respectively. 

(1)  This report is based on portions of a thesis to  be submitted by Gregory 
C .  Demitras, F.S.C., t o  the Graduate School of the University of Penn- 
sylvania in partial fulfillment of the requirements for the degree of Doctor 
of Philosophy. The work was supported in part by the Advanced Research 
Projects Agency, Office of the  Secretary of Defense. 

(2) A. Burg, "Fluorine Chemistry," J .  H. Simons, Ed . ,  Vol. I ,  Academic 
Press, Inc. ,  S e w  York, h-. Y., 1950, p. 90. 

(3) H. C. Cowen. F. Reding, and E. Warhurst, J .  Chew. Soc.,  4168 (1953). 
(4) J. R. Case and F. Nyman, A'alnve, 193,473 (1963). 

Because of its lack of chemical reactivity, SF6, and also 
some of its derivatives containing an SF6 group, is 
difficult to analyze. 

In the present study, i t  was found that SF6 under- 
went rapid reaction with a solution of sodium in liquid 
NH3 a t  - - 6 4 O .  The products were not identified. 
If, instead, a solution of sodium in a diphenyl-ethylene 
glycol dimethyl ether solution was used, complete 
reaction was found to occur within 15 hr. between 
-64 and - 10'; a t  room temperature, quantitative 
reaction occurred within a few minutes according to  
the equation 

8Sa f SFs NanS + 6NaF 

Both S-z and F- present in the resulting mixture 
could be determined quantitatively by standard 
procedures. It appears that  this reaction offers a 
convenient method for analyzing SF6 and i t  would 
probably be equally successful for quantitative sulfur 
and fluorine analyses of many species containing the 
relatively unreactive SFb group. 

In view of the usual inertness of SFe to both nucleo- 
philic and electrophilic reagents it appears that the 
rapidity of the above low-temperature reaction may 
be due to an electron transfer from a diphenyl radical- 
ion6 to an SF6 molecule as the first (and rate-controlling) 
step in the reaction. The relatively low-energy, 
empty, 3d orbitals of sulfur would be available to 
accommodate the added electron. It may be presumed 
that the resulting SF6- ion would be unstable since no 
compound containing this ion has been isolated. It 
could eliminate F-, and the aSF.5 species so formed 
would be expected to be sufficiently labile to react 
further with the sodium "solution" by one of several 
different mechanisms. It would seem likely that an 
analogous type of reaction could occur with a solution 
of sodium in liquid SH3 .  

Experimental 

All work was carried out using standard vacuum system 
techniques. Commercial SFG (minimum purity, 957% j mas puri- 
fied by repeated distillations through traps held at -134' in 
which it partially condensed. Pure material was obtained as 
a condensate in the -1134' traps (mol. wt. found 146.8, calcd. 
146.06; vapor pressure a t  -96.2' found 63.19 mm., calcd 0 

62.80 mm., at -112.0° found 13.53 mm., calcd.6 13.40 
mm. ; confirmed by infrared spectrum'). The approsimately 
1.5 M solution of sodium in the diphenyl-ethylene glycol 
dimethyl ether mixture, which also contained some added 
toluene, was prepared according to  the method described by 
Ligget 

Reaction of SF, with a Solution of Sodium in NHz.--An 
excess of SFB was condensed into a flask containing a solution of 
sodium in predried KH3. When the flask was placed in a -64' 
bath and gently shaken for a few minutes, the characteristic 
blue color of the sodium solution mas completely discharged. 

( 5 )  G. E. Coates, "Organo-Metallic Compounds," 2nd Ed . ,  John Wiley 
and Sons, Inc.. New York, K, Y., 1980, pp. 32-38. 

( 6 )  W. Klemm and P.  Renkel, Z .  a m i g .  allgem. Chem. ,  207, 73 (1932); 
R. E.  Dodd and P. L. Robinson, "Experimental Inorganic Chemistry," 
Elsevier Publishing Co., New York, N. Y. ,  1057, p. 218. 

(7) K. T. Langeman and E. A. Jones, J .  Chein. Phys . ,  19, 534 (1951). 
(8) L. M. Ligget, Anal. Chem., 26, 748 (1954). 


