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aluminum oxide crystals with both iron and chromium 
ions, and it should be possible to extend the doping to 
all other transition metal ions, as long as the correspond- 
ing fluoride is available. Also, it is possible that this re- 
action may be modified by substituting aluminum 
fluoride with the various metal fluorides to give the 
corresponding metal oxides. 
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Complex fluorometallates or fluorometallate anions 
formed by sharing of fluorine atoms at  a corner, edge, 
or face of a polyhedron containing the metal are well 
known. For example, AlFd- salts are formed by 
sharing of fluorine atoms a t  the edge of chains of the 
octahedra containing aluminum while A1F;- salts are 
formed by the sharing of a fluorine atom a t  the corners 
of long chains of the octahedra containing aluminum 
at0ms.l Aluminum has been similarly reported to 
form anions of the type AlzC17- by sharing a chlorine 
atom.2,3 Complex anions of similar types have not 
been reported involving boron trifluoride and the tetra- 
fluoroborate anion, 3a although complex borohydride 
anions including BzH7- are, of course, well-established.4 
Complex acids or salts of fluoroboric acid, e.g., K4B4FI0, 
have been reported, but these salts are ill-defined and 
their existence is questionable.6 

The boron trifluoride complexes of argon containing 
greater than 4 moles of boron trifluoride per mole of 
argon have been said to result from the addition of 
boron trifluoride molecules to fluorine atoms of the 
boron trifluoride molecules attached directly to the 
argon atom.6 The strongly nucleophilic boron tri- 
fluoride molecule might also be expected to add to the 
negatively charged tetrafluoroborate anion giving a 
new species, BzF7-. Further addition of boron tri- 

(1) A. G. Sharpe, “Fluorine Containing Complex Salts and Acids,” Val. 
11, “Fluorine Compounds,” J. H. Simons, Ed., Academic Press Inc., New 
York, N. Y., 1954, p 9. 

( 2 )  L. Ambroz and 2 .  Zlamal, J .  Polymev Sci.,  SO, 381 (1958). 
(3) V. A, Koptyug, T’. G. Shubina, and A. I. Rezvukhim, Im. Akad .  Nauk 

SSS, Seu. Khim., 201 (1965). 
(3a) While this paper was in press a pertinent reference was uncovered 

[S. Brownstein and J. Paasivirta, Can.  J .  Chem., 43, 1645 (1965)l. These 
authors show tha t  methylene chloride mixtures of silver or tetra-7%-butylam- 
monium tetrafluoroborate absorb boron trifluoride a t  170-273OK. 

(4) B. J. Duke, 0. W. Howarth, and J. G. Kenworthy, Nature, 202,  81 
(1964). 

(5) H. S. Booth and  D. R. Martin, “Boron Trifluoride and I t s  Deriva- 
tives,” John Wiley and Sons, Inc., New York, N. Y., 1949. 

(6) A. V. Topchiev, S. V. Zavgorodnii, and Ya. M. Paushkin, “Boron 
Trifluoride and I t s  Compounds as Catalysts in Organic Chemistry,” Perga- 
mon Press, N e v  York, N. Y., 1959. 

fluoride would give higher species such as B3F10- and 
B4F13-. The absence of reports of adducts of this 
type indicates the tetrafluoroborate anion to be a very 
weak coordinating group, a t  least in its common en- 
vironments. 

We have found that certain amine tetrafluoroborate 
salts will absorb boron trifluoride to give the previously 
unreported BzF7- anion. The absorbed boron tri- 
fluoride can be removed quantitatively at  reduced pres- 
sure with recovery of the original amine tetrafluoro- 
borate salt. The amine salts investigated and the 
results a t  atmospheric pressure and 0’ are shown in 
Table I. 

TABLE I 
ABSORPTION OF BORON TRIFLUORIDE BY 

AMINE TETRAFLUOROBORATE SALTS 
Absorption No absorption 

(CzHb)aNH+BFa- CzHsNHs’BF4- 
(i- C~H,)ZC~HF,NH ‘B Fq- sec-( C4H8)zNHn +BF4- 

(PY )H+BB-  (n-C4Hg)4hTfBF4- 
(CHa)qN+BFq- 

It is apparent from Table 1 that amine salts which 
will absorb boron trifluoride (at least a t  atmospheric 
pressure and 0’) contain relatively bulky cations. 
Thus the tetramethylammonium tetrafluoroborate salt 
gave no absorption of boron trifluoride while tetra- 
n-butylammonium tetrafluoroborate gave good boron 
trifluoride absorption. The tetrafluoroborate salts of 
bulky tertiary ammonium ions from triethylamine and 
diisopropylethylamine gave absorption of boron tri- 
fluoride, but the salt from the unhindered pyridinium 
cation gave no absorption of boron trifluoride. The 
critical factor is probably the distance between the 
tetrafluoroborate anion and the center of positive charge 
in the cation. When bulky cations are present the 
distance between the charged centers is increased to 
such an extent that the interaction of the cation and 
the tetrafluoroborate anion becomes relatively weak. 
The coordinating power of the tetrafluoroborate anion 
toward a nucleophile thus approaches its maximum 
potential value and i t  is able to coordinate with a free 
boron trifluoride molecule. 

The mole ratio of absorbed boron trifluoride to salt 
is shown as a function of temperature in Table 11. 

TABLE I1 
MOLE RATIO OF ABSORBED BORON TRIFLUORIDE TO SALT 

7 Temp, oC-------. 
Salt 0 25 50 75 109 

(i-CaH7)zCzHsNHfBF4- 0.883 0.754 0.095 0.02 . , . 
(CzHs)sNH+BFa- 0.891 0.712 0.542 0.369 0.236 
( T Z - C ~ H ~ ) & + B F ~ -  1.01 1.00 1.00 0.772 0,699 

In all instances the tetrafluoroborate salt was re- 
covered quantitatively by placing the sample under 
reduced pressure a t  room temperature. It seems prob- 
able that a t  higher pressures and lower temperature 
further addition of boron trifluoride to the BzF7- anion 
to form species such as B3F10-, etc., might occur. 

The absorption of boron trifluoride causes several 
changes in the physical properties of the salt. These 
are as follows. 
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though the sample prepared at  25' had less than equi- 
molar quantities of boron trifluoride. 

The benzene-insoluble salts (i-C3H7)2C~H5KH +- 

BF4 -, (CZH~) 3NH +BFd-, and (n-C4H 9)4N +BFd-, after 
absorbing boron trifluoride, become miscible with a 
limited quantity of benzene. Addition of larger 
quantities of benzene gives altwo-layer system. For 
example, an oil from 4 172 g (0.0221 mole) of triethyl- 
ammonium tetrafluoroborate and 0.960 g (0.01 42 
mole) of boron trifluoride absorbs 3.383 g of benzene 
before formation of two layers occurs. 

I t  may be possible for tetrafluoroborate salts to com- 
plex other Lewis acids; however no reaction was noted 
between diisopropylethylammonium tetrafluoroborate 
and one other Lewis acid, phosphorus pentafluoride. 

(4) 

Experimental Section 
Reagents.-Tetramethylammonium tetrafluoroborate from 

Orark Mahoning Co. was recrystallized from water-methanol. 
Tetra-n-butylammonium tetrafluoroborate was prepared in 80y6 
yield from the reaction of tetra-n-~utylammonium bromide and 
boron trifluoride etherate,]' then recrystallized from benzene. 
Diisopropylethylammonium tetrafluoroborate and di-sec-butyl- 
ammonium fluoroborate were by-products of prcviously reported 
investigations.12 Pyridiriium tetrxfluoroborate and triethyl- 
ammonium tetrafluoroborate were prepared from the reaction 
of the amine arid boron trifluoride etherate in m e t h a n ~ l . ' ~  
Ethylammonium tetrafluoroborate was prepared from the reac- 
tion of ethylarninc and fluoroboric acid. All salts were analyzed 
with the nitron reagent.I4 The results and melting points arc 
given in Table 111. 

TABLE 111 
ASALYSIS AND MELTIX FOISTS OF SaLm 

-BFs--- -Melting point, "C--- 
Salt Found Theory Found Reported 

CzH6XHa +B Fq- 65.17 65.33 147-149 
sec-(C4H9)zNHz+BF4- 39.76 40.10 142-144 
(CzH5)aSH 'BF4- 45.81 45.93 106-108 106.5-108a 
( ~ - C ~ H ~ ) ~ C ~ H S N H + B F ~ -  40 .OO 40.10 213-215 
(py )H +BF4- 51.92 52.01 216-222 2176 
(CH3)eS'BF.i- 53.74 53.94 >400 417-419~ 
n-( CeHg)4K+BF4- 26.15 26.37 160-161.5 161.8d 

a E. Mueller and H. Huber-Emden, Ann., 649, 70 (1961). 
I. G. Rpss and S. L. Idel's, Zh. Neorgan. Khim., 2, 2270 (1957). 

c C. M. Wheeler and R. A. Sandstedt, J .  Am. Chem. SOC., 77, 
2025 (1955). C. R. Wtschonke and C. A. Kraus, ibid., 69, 
2472 (1947). 

A411 salts were dried by azeotroping in benzene and had no trace 
of OH bands in the infrared spectra when very concentrated 
samples were run. Any residual moisture in the sample would 
cause formation of BF3. Hz0. Thus residual moisture would be 
indicated by failure of the B2Fi- salt to  return to  its original 
weight when placed under reduced pressure. Solvents were 
dried over calcium hydride. 

Procedure.-The salts were placed in a 50-ml flask fitted with 
a two-way stopcock connected to  a vacuum supply and a boron 
trifluoride source and any net absorption noted. Quantitative 
measurements were made by introducing a chloroform solution 

(11) C. M. Wheeler and R. A. Sandstedt, J .  A m .  Chem. Soc., 77,  2024 
(1955). 

(12) J. J. Harris and B. Rudner, Abstracts of Papers, 147th National 
Meeting of the  American Chemical Society, Philadelphia, Pa. ,  April 1964, 

(13) P.  A. van'der Meulen and H. A. Heller, J .  A m .  Chpm. SOC.. 54, 4404 

(14) C. A.-Lucchesi and L). U.  UeFord, Anal. Chem., 29, 1169 (15167). 

p 251. 

(1932). 
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of the salt into a glass bulb into which a Teflon-coated magnetic 
stirring bar had been sealed prior to the bulb being fitted with 
a stopcock. When the salts from diisopropylethyl amine and 
triethylamine were studied the chloroform was removed a t  re- 
duced pressure, then the bulb was stirred in a boron trifluoride 
atmosphere until absorption was completed a t  that tempera- 
ture. Tetra-n-butylammonium tetrafluoroborate, which does 
not become liquid a t  room temperature when treated with boron 
trifluoride, was "freeze-dried" to give a solid of large surface 
area. The chloroform solution was diluted 3 to 1 with benzene, 
the contents frozen, and then the solvent removed a t  reduced 
pressure. In  either instance the amount of boron trifluoride 
absorbed was calculated from the weight gain of the bulb (after 
correction for the boron trifluoride atmosphere in the bulb). 

The infrared spectra were obtained in a NaCl cell. The cell 
plates were not affected by the salt. 

Kmr measurements were made by Varian Associates, Palo 
Alto, Calif. 
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Dimethylfluoramine 
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The fluorination of sulfamide in aqueous solution 
produced N,N-difluorosulfamide in moderate yield. 
An attempt was made to extend this reaction to in- 
clude the methyl-substituted sulfamides. It was found 
that the fluorination of unsymmetrical dimethylsulf- 
amide in an unbuffered solution did not yield the de- 
sired dimethyldifluorosulfamide. Instead, dimethyl- 
fluoramine was isolated along with small amounts of 
methyldifluoramine. The yield of dimethylfluoramine 
could be increased by performing the fluorination under 
conditions which reduced the local fluorine concentra- 
tion and promoted the rapid removal of the products 
from the reactor. For this reason, higher yields were 
obtained when the fluorination was carried out a t  
30" rather than a t  0". Potassium dimethylsulfamate 
could be used instead of the dimethylsulfamide. How- 
ever, little or no dimethylfluoramine was obtained 
when tetramethylsulfamide was employed. This is, 
in part, believed to be due to the low solubility of the 
tetramethyl derivative in the aqueous media. 

Dimethylfluoramine is a colorless volatile liquid 
which is not stable a t  ambient temperature (extrapo- 
lated bp 29.5', mp -113 f 0.5"). The Fl9 nrnr 
spectrum of the compound consists of a septuplet 
(JEF = 35 cps) centered a t  + 24.5 while the H1 nmr 
spectrum is a doublet ( J H F  = 35 cps) centered a t  -2.95 
ppm (vs .  TMS). The coupling is consistent with that 
expected for one fluorine and six equivalent protons. 
The mass cracking pattern of dimethylfluoramine, in 
addition to containing a peak for the parent molecular 
ion, (CHS) 2NF+, contains peaks for both molecular 
ions, H F +  and CF+. This suggests that some rear- 

rangements occurred in the ionization process. The 
high boiling point relative to dimethylamine is prob- 
ably due to an increase in the molecular weight of the 
molecule since the Trouton constant appears normal. 
The molecular weight of the vapor, determined by the 
mass spectral effusion method, showed no association 
(found, 65; calcd, 63.0). 

Dimethylfluoramine formed a nonvolatile, slightly 
yellow oil, on standing a t  room temperature for several 
hours. The oil was water soluble and did not oxidize 
hydrogen iodide. The decomposition could be followed 
in aqueous solution by FI9 nmr, and after 30 min the 
septuplet began to decrease in intensity and a new 
signal appeared in the fluoride ion region. The half- 
life of the decomposition a t  25" was approximately 
3 hr. No decomposition was observed in samples 
stored a t  -5 to 0' over a 6-day period. Upon warming 
these stored samples to ambient temperature, decom- 
position occurred. The exact nature of the decompo- 
sition product is not known although its lack of vola- 
tility suggests that i t  may be polymeric. Dimethyl- 
fluoramine reacted with all conventional drying agents 
such as Drierite, magnesium sulfate, and molecular 
sieves. 

Since difluoramine and methyldifluoramine still 
retain some ba~ ic i ty ,~  i t  was of interest to test the 
basicity of dimethylfluoramine. When dimethylfluor- 
amine was exposed to an atmosphere of dry hydrogen 
chloride, a white, crystalline solid formed and 1 mole 
of acid/mole of substrate was absorbed. 

(CHa)gNF + HCl .--) (CH3)gNF.HCI 

The solid was purified by sublimation under high 
vacuum a t  ambient temperature. It was soluble in 
water and alcohol producing a solution which readily 
oxidized hydrogen iodide. It was not soluble in acetoni- 
trile, benzene, or methylene chloride. A concentrated 
aqueous solution decomposed violently when allowed 
to warm to room temperature. The pure compound 
melted a t  64-65' (sealed tube) and was stable in a dry 
atmosphere if stored a t  temperatures below 10". 
At higher temperatures slow decomposition occurred 
producing HCl, HF, and a colorless, nonvolatile oil 
similar to that formed from the decomposition of the 
free dimethylfluoramine. The F19 nmr spectrum of 
(CH3)2NF*HCl contained a broad, unresolved band a t  

8.5 which shows that the product does not contain 
fluoride ion. Further evidence for the retention of the 
N-F bond in (CHa)zNF*HCl is the fact that dimethyl- 
fluoramine could be regenerated from the adduct by 
treatment with bases such as trimethylamine N-oxide 
or pyridine. 

(CH3)2NF.HCl+ (CHi)aN+O+(CHs)&JF + (CH3)31\TO.HCl 

This reaction provides an efficient method for the puri- 
fication of dimethylfluoramine although the recovery 
of (CH&NF is not quantitative. The nature of the 

(1) R. A. Wiesboeck and J. K. Ruff, Iizovg. Chem., 4, 123 (1965). 
( 2 )  M. Eden, B. E. Burr, and A. W. Prat t ,  Anal. Chem., as,  1735 (1951). 
(3) A. D. Craig, Inovg. Chem., 8, 1628 (1964). 


