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to the synthesis of true nucleotide coenzymes was 
demonstrated by the following preparation of 
UDPG. Dicyclohexylguanidiniumuridine 5’-phos- 
phoramidate (1 equiv.) and tri-n-octylammonium 
hydrogen glucose-1-phosphatee (4 equiv.) were al- 
lowed to react for three days in dry pyridine at 
room temperature and the products were then sep- 
arated by ion exchange chromatography. UDPG 
was the major ultraviolet absorbing product (66%) 
and was isolated readily as the amorphous dilithium 
salt. This material, which was homogeneous by 
paper and ion exchange chromatography, had uri- 
dine to phosphorus to  glucose ratios of 1:1.95:1.01 
and was enzymatically active.1° Its behavior to  
acid and alkali paralleled that reported for the 
naturally occurring substance. l1 

This work is being extended to  the synthesis of 
other nucleotide coenzymes. 
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THE STABILITY OF POTASSIUM BOROHYDRIDE IN 
ALKALINE SOLUTIONS’ 

Sir : 
In  connection with an undergraduate research 

program to investigate some properties of KBHI, 
it became necessary to determine its stability 
toward hydrolysis in alkaline solutions. It is gen- 
erally stated in the literature that aqueous boro- 
hydride solutions are stable a t  a pH greater than 
9,2 but quantitative data on this point are meager. 
Pecsok8 has presented a study on the hydrolysis of 
NaBH,, solutions buffered a t  various p H  values 
between 7.7 and 9.5. Jensen4 has determined the 
stability of NaBH, in solutions buffered a t  PH 9.6 
and 10.1 and of NaBH, dissolved in 1.00,0.25 and 
0.10 N sodium hydroxide. 

Experimental.-0.10 M solutions of KBH4 
were prepared by dissolving the commercially avail- 
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able materials in a saturated Ca(OH)2 solutions 
and placed in a water-bath thermostated a t  25.0 
f 0.1’. At intervals of time, aliquot portions 
were analyzed for borohydride content by deter- 
mining the volume of hydrogen liberated upon 
acidification. 

Results and Discussion.’-A plot of the loga- 
rithm of borohydride content os. time proved to  
be linear, indicating that the hydrolysis is first or- 
der with respect to borohydride a t  a constant pH. 
Likewise, it can be shown that Jensen’s data fit the 
relation 

-d(BH,-)/dt = k’(BHd-) (1) 

where k’ is a function of PH. 
The relation between log k‘ and pH is shown in 

Fig. 1, indicating that the reaction is also first or- 
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Fig. 1.-Rate constant of equation (1) as a function of 
PH: 0, KBH, in Ca(0H)S solutions at 25’; CD, NaBH, in 
KaOH solutions at 24’. 

der in hydronium ion. The results shown in Fig. 
1 support Pecsok’s conclusion that the rate of 
hydrolysis of borohydride solutions is controlled 
by the formation of HBHgxH20. This inter- 
mediate hydrolyzes immediately to  an aquated 
borine radical which also hydrolyzes rapidly. It 
would appear from Fig. 1 that the rate of hy- 
drolysis of the BHI- ion at any given $H is indepen- 
dent of the presence of Na+, K+, or Ca++ cations. 

Extrapolation of the line of Fig. 1 to lower pH 
values does not fit the data of Jensen or of Pecsok 
for the hydrolytic stability of the borohydride ion 
in buffered solutions. Nor do Jensen’s data with 
the borate buffer lie on the same line as do Pecsok’s 
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data for pyrophosphate buffer. This would indi- 
cate that the rate of hydrolysis is influenced by the 
presence of different anions, which is contrary t o  
the conclusion of Hoekstra2 that, in the pH range 
below 9, the hydrolysis is independent of the type 
of buffer system used. 
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A NEW SYNTHESIS OF 
BIS-TRIFLUOROMETHYL-PHOSPHINE, 

(CF,)?PH' 
S i r :  

Compounds of the type (Rr)gPH are important 
enough to the development of fluorocaxbon-phos- 
phorus chemistry to warrant a search for new syn- 
thetic methods offering greater convenience than 
the previously-reported catalytic hydrogenation 
processes.2 TVe have found that the method 
whereby Pz(CF3)4 is produced by shaking (CF&PI 
with mercury3 becomes a good source of (CF3)ZPH 
if it is performed in the presence of a protic acid. 
Dry hydrogen chloride, technical phosphoric acid, 
and trifluoroacetic acid serve equally well as sources 
of protons, leading to 3570 conversion of the (CF&- 
PI  to (CF&PH. Even small proportions of water 
give minor yields of (CF3)2PH, probably through 
hydrolytic formation of hydrogen iodide. When 
hydrogen chloride is used, some (CF&PCI is 
formed (but can be removed easily by treatment 
with water), and the remainder of the starting 
material is accounted for as P2(CF3)4. When phos- 
phoric acid is used the by-products include CFa- 
P-0 compounds, one of which has properties cor- 
responding to the unstable (CF&PHO. 

In each of these experiments, the (CF&PI was 
distilled from the high-vacuum system into a flask 
containing a large proportion of acid and mercury. 
The flask was closed by a stopcock, disconnected 
from the vacuum system, and shaken while warm- 
ing to room temperature, and for 15 minutes there- 
after. The volatile products were brought into 
the vacuum system and separated by distillation 
methods. The (CF3)zPH was identified by obser- 
vation of a 760 mm. vapor tension at 2' (literature 
b.p. 1') and a molecular-weight value of 170 (calcd., 
170.00). The F I g  nuclear magnetic resonance 
spectrum (obtained with the aid of Dr. Harden 
McConnell and Philip Bromberg at  the California 
Institute of Technology) showed spin-spin inter- 
actions with one P3I and one H '  nucleus to give a 
pair of doublets. The proton magnetic spectrum 
consisted of two groups of seven lines due to spin- 
spin splitting of one phosphorus nucleus and six 
equivalent fluorine nuclei. Quantitative data on 
the splittings and chemical shifts will be published 
elsewhere. 

An insight into the course of the (CF3)2PI-Hg- 
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acid reaction was obtained from an experiment in 
which 0.50 mmole of (CF3)2PI was first shaken with 
mercury alone to give a 95% yield of PZ(CF3)4. 
Then the non-volatile residue was treated with dry 
hydrogen chloride, producing an amount of (CF3)Z- 
PH which would account for the missing 5% of the 
original (CF3)?P groups. Thus i t  would appear 
that a phosphorus-mercury bond had been estab- 
lished, possibly as (CF3)2PHg21, from which one 
could get either (CF&PH by the action of acid or 
Pz(CF3)4 by further action of (CF3)zPI. It is 
proposed that a wide variety of new materials con- 
taining the (CF3)aP group might be made by shak- 
ing (CF3)2PI with mercury in the presence of halides 
of polyvalent metals or non-metals. 
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IDENTIFICATION OF RUTHENIUM SPECIES IN 
AQUEOUS SOLUTION 

s i r :  
We have used an ion-exchange technique for 

identifying aqueous ruthenium species. The 
method promises to be very useful in studies of this 
element where solutions usually contain a mixture 
of complex ions and polymers which do not equili- 
brate rapidly. The method will be applicable to 
other systems with similar characteristics. 

Two experiments are performed : the first meas- 
ures the ionic charge per ruthenium atom, a ,  
while the second gives the net ionic charge of the 
species, b. The ratio bla equals the number of 
ruthenium atoms per species, i . e . ,  the degree of 
polymerization. Using the oxidation number, 
the number of negatively charged groups in the com- 
plex can be inferred. If only one complexing anion 
is present, the stoichiometric formula of the species 
is fixed. 

The charge per ruthenium atom is determined 
from the equivalents of charge with an ion-ex- 
change resin per gram atom of ruthenium. It was 
convenient to use a column technique' because 
separation and concentration of the ruthenium 
species could be achieved simultaneously. A dilute 
solution of ruthenium species, primarily in the +3 
oxidation state, was stirred with Dowex 50, 200- 
400 mesh resin in the hydrogen ion form until most 
of the ruthenium was taken up by the resin. This 
resin was added to the top of a tapered column al- 
ready containing approximately one tenth as 
much resin in the hydrogen ion form. The column 
was eluted slowly with a dilute cerous perchlorate- 
perchloric acid solution. The cerous ion displaced 
most of the ruthenium species, which formed 
nearly pure bands as they descended. Several 
samples of a particular band were collected, an- 
alyzed for total ruthenium and hydrogen ion, and 
the spectra checked as an indication of purity. 
The value of a is equal to the molarity of hydrogen 
ion plus 3 times that of cerous ion in the elutriant, 
minus the molarity of hydrogen ion in the eluted 
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