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Reactions of the "Naked" Fluoride Ion: 
Syntheses and Structures of SeF2- and BrF, 

Ali Reza Mahjoub, Xiongzhi Zhang, and Konrad Seppelt" 

Abstract : 1 ,1,3.3,5,5-HexamethyIpiperi- 
dinium fluoride (pip+F-) and 1,2- 
dimethylpropyltrimethylammonium fluo- 
ride have been prepared. They dissolve in 
fluorohydrocarbons (CH,F,, CF,-CHF- 
CF,, CHF,) even at very low tempera- 
tures. The nature of these solutions is indi- 
cated by the crystal structure of the 
adduct pip+F- .4CH,F2, which shows 

(C)H . . . F bridging. The high fluoride ac- 
tivity is exemplified by the previously un- 

known reaction between SeF; and F- to 
yield SeFi-. The salt pip'BrF, is ob- 
tained by a metathesis reaction of 
Cs'BrF; with pip+F-. The distortion of 
the SeFi- structure from octahedral sym- 
metry is intermediate between IF, 
(strongly distorted) and BrF; (octahe- 
dral) . The electron-pair repulsion model 
is checked against these results. 

Introduction 

In order to achieve high fluoride ion activity, the size of the 
cation must be large. Solvate free (CH,),N+F- is already much 
more reactive than CsF,['] and it was thus used in the first 
syntheses of anions such as XeF;,l2] IOF- 6 ,  TeF- 7 7  

CH,OTeF, ,I4] (CH,O),TeF; ,[41 and PF; . I 5 ]  Phosphazenium 
fluorides of the type [{(CH,),N},P=N=P{N(CH3)2}3]+F- are 
probably even more reactive than (CH,),N+F- ;I6. 'I however, 
their stability towards strongly oxidizing and fluorinating inor- 
ganic materials has not been tested so far. 

When the size of the quartenary ammonium cation in the 
fluorides is increased, /?-hydrogen atoms in the substituents at 
nitrogen must be strictly avoided; otherwise Hofmann elimina- 
tion, catalyzed by the highly basic F- ,  will occur. We have 
chosen [(CH,),C-CH,-N(CH,),]+ and (1,1,3,3,5,5)-hexa- 
methylpiperidinium as suitable ions. Recently the synthesis of 
adamantyltrimethylammonium fluoride has been reported.['] 

Results and Discussion 

[ (CH,),C-CH,-N(CH,),] + F - and 1,1,3,3,5,5-hexamethyIpipe- 
ridinium fluoride (pip' F - )  were prepared by application or 
modification of known procedures (see Schemes 1 and 2, and 
Experimental Procedure) .I9- Removing all traces of water 
from both fluorides by prolonged pumping under high vacuum 
was found to be essential. We observed that pip+F- and its 
reaction products in general crystallize better than the neopentyl 
derivative and its reaction products, so in the following only the 
former are described in detail. Qualitatively, however, the be- 
havior of both derivatives was very similar. 
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Scheme I .  Synthesis of [(CH,),C-CH,-N(CH,),]+F 

Scheme 2. Synthesis of pip'F-. 

When pure, pip+F- is a colorless crystalline solid that is 
readily soluble in CHF,, CF,-CHF-CF,, CH,F,, and similar 
solvents. A small amount of insoluble residue is largely consists 
of hydrofluoride. Solutions of p ipCF-  in CH,Cl, are only 
stable for a few hours at - 30 "C; chlorine-fluorine exchange is 
observed with formation of CH,F,. It is interesting to note that 
CH,FCI exchanges chlorine much faster than CH,CI,. Similar 
reactions are observed with all chlorofluorocarbons. In acetoni- 
trile solution, nice crystals of HF; are formed within a short 
period of time, but this solvent can still be used for rapid reac- 
tions. For reactions and recrystallizations at temperatures be- 
low the melting point of CH,CN (- 45 "C), propionitrile can be 
used as an alternative solvent. 

Recrystallization of pip+F- from CH,F, was achieved in two 
ways: Warming from - 78 "C to room temperature afforded the 
unsolvated fluoride, whereas cooling to - 110 "C afforded a 
solvate with four molecules of CH,F,. Between 0 and - 78 "C 
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the solubility of the salt was so high that a reliable limit cannot 
be given. At -90°C possibly metastable p ip+F- .2CH2F,  and 
pip+ F-.  1.5 CH,F, were occasionally observed and identified 
by singlecrystal structure determinations." ' I  The crystal struc- 
ture of unsolvated pip+ F- shows seven weak hydrogen bonds 
with (C)H . . . F distances of between 196 and 247 pm (Fig. 1) .  
As expected, only a-hydrogen atoms make such short contacts, 
since they are more positively polarized by the neighboring ni- 
trogen atom. 

Fig. 1. The environment of F -  in the crystal structure of pip' F -  (ellipsoids at the 
50% probability level). Solid circles = nitrogen atoms; dashed lines = H ' . . F dis- 
tances of less than 247 pm. 

Insight into the nature of the solutions in lluorohydrocarbons 
can be derived from the crystal structure of the solvate 
pip+F-.4CH,F2.  The interaction between F- and CH,F, is 
naturally weak, and the material looses CH,F, slowly even at 
the measurement temperature of - 163 "C; thus, the lifetime of 
the crystal was limited. Also the refraction power of the crystal 
was weak from the beginning, so the structural solution is based 
on a reflection/parameter ratio of only 6.2: 1. It nevertheless can 
be concluded that F- is solvated by CH,F, molecules through 
five (C)-H.. . F bonds with lengths of 200-220 pm; two addi- 
tional contacts are observed through the a-hydrogen atoms of 
the cation (Fig. 2). The entire molecular unit can be considered 

Fig. 2. The environment of F -  in the crystal structure of pip+F- .4CH,F, (ellip- 
soids at the 50% probability level). Solid circle = nitrogen atom; dashed 
lines = H ' ' F contacts of less than 220 pm. 

262 ~ Q VCH Verlugsgrsellschqti mbH. D-6945/ Weinheirn. 

as an ion pair that is solvated by very weak interactions. Obvi- 
ously the cation-anion interactions and those between solvate 
molecules and the anion are comparatively weak. Tn order to 
achieve a yet more "naked" fluoride ion, a change of both the 
cation and the solvent would be necessary. 

The ability of CH,F, to act as an electron accepting ligand 
through hydrogen bonds is certainly novel. It was recently re- 
ported that HCCI, acts as a weak acceptor ligand towards a 
formal triple bond in an ethine complex.['2' In contrast, CH,CI, 
and CH,Br, have been described as donor ligands, for example, 
in [Ag(CH,CI,),]+ and [Ag(CH,Br,),]+,['31 in which Ag . . . CI- 
C and Ag.  .. Br-C bridges are observed. 

Clearly, the presence of weakly acidic hydrogen atoms is es- 
sential for a good solubility. To our knowledge, the pK, value of 
CH,F, is not known, but it is not surprising that p ip+F-  does 
not dissolve in CH,F or hydrocarbons. Solutions in CH2F, 
should react with all systems that are more acidic than CH,F,. 

Hexafluoroselenate(v1) (SeFi-): In the first reported synthesis 
of SeFz- (see below), we made use of the extremely high reactiv- 
ity of pip'F-. For a long time it remained an open question, 
why SF:-, SeFz-, and TeFz- could not be synthesized, in con- 
trast to  SeCIi- and TeCIz-, which have been known for many 
decades. The reaction of SF, and its higher homologues SeF, 
and TeF, with F -  afford SF;, SeF;, and TeF;. These penta- 
fluorochalcogenates(1v) have a square-pyramidal structure and 
have been investigated very thoroughly.[14] Occasional reports 
of the existence of hexafluorochalcogenates have not been sub- 
stantiated." '] 

The fact that these anions were seemingly nonexistent was 
interpreted in terms of a duodecet rule, that is, by assuming that 
nonmetal elements of the second and third row of the periodic 
table can accommodate only 12 electrons in their valence shell, 
and only elements of the fourth row are able to accommodate 
more (IF,, XeF,, XeFi -). This rule was never completely valid, 
since BrF, has been known for a long time.[161 Even CIF, is 
now known.["] A careful examination of the solid state struc- 
tures of SeF,["] and TeF,1191 revealed a surprising behavior for 
SeF,: Both compounds show molecular units with additional 
weaker fluorine bridging bonds, in contrast to SeCI, and TeCI, 
that are ionic tetramers (SeCI: C1-)4.[201 TeF, adopts a square- 
pyramidal geometry, if the one additional contact is taken into 
account. SeF,, however, has two contacts, so that the overall 
geometry of a given selenium unit is a distorted octahedron. 
SeF; and TeF; both have additional anionic-anionic con- 
tacts through fluorine bridging, so that the coordination num- 
ber of the central atom may be counted as seven, including the 
nonbonding electron pair. However, these bridging bonds are 
surprisingly short in SeF; compared to those in TeF;, and even 
shorter than in SF; .I1,] Therefore it seems that SeF; may be the 
best candidate to accommodate one more fluoride ion. Also, the 
established reaction (a) indicates a higher fluoride ion affinity 
for the third row element than for the fourth row element.12'l 

BrF, + IF; - BrF; +IF, (a) 

Indeed, SeF, reacted with two mols of p ip+F-  to give SeFz-. 
The principal problem with doubly charged anions is their low 
solubility in organic solvents, which makes it difficult to obtain 
single crystals. Nevertheless, (pip+),SeF;- was obtained as a 
pale yellow-brown, stable material. The important question of 
whether the anion SeF; - is octahedral or nonoctahedral could 
only be solved by single-crystal structure determination. IR and 
Raman spectra of this compound show the vast number of 
vibrations due to the cation, and from the few remaining bands 
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that can be attributed to  the anion no conclusions about the 
structure can be drawn. Furthermore, the compound fluoresces 
very strongly in the Raman spectra, obscuring the entire spectra. 
Also, the I9F and 77Se N M R  spectra gives no indication about 
the structure. A single line at  6 = 13.38 without 77Se satellite 
lines is observed, which is shifted to higher values upon addition 
of SeF; and to lower values upon addition of F- ; this indicates 
that rapid intermolecular fluorine exchange is taking place be- 
tween SeF;, SeF:-, and F - .  

The crystal structure of (pipC),SeFi- shows discrete cations 
and anions. The geometry of the cations needs no further discus- 
sion. The anion appears as a doubly disordered entity with 
respect to  all fluorine positions, where the disorder is generated 
by the inversion center (Fig. 3, top). In spite of the fact that 
pairs of fluorine atoms with site occupation factors 0.5 are close, 

i i  

Fig. 3. Top: The SeFi- anion in (pip'),SeF:- (ellipsoids at the 50% probability 
level). Dashed atoms indicate the second orientation created by the inversion center. 
Bottom: Bond lengths [pm] and angles ['I in one orientation of the SeF:- anion. 

they could be differentiated without difficulty and refined an- 
isotropically. R,  values (0.034), the reflection/parameter ratio 
(20: 1). and the estimated standard deviations indicate a reliable 
crystal structure determination. It is immediately obvious that 
SeFZ- is nonoctahedral. The Se-F bond lengths fall in two 
categories, namely, shorter (three bonds of approximately 
185 pm) and longer (three bonds of approximately 200 pm). 
Since the angles between the shorter Se-F bonds are less than 
90" and those between the longer Se-F bonds are greater than 
90°, it is clear that the ion has C,, symmetry (Fig. 3, bottom). 
On closer inspection, the structure shows a distortion towards 
C,, symmetry: one of the angles between the longer bonds is 
somewhat smaller, one of the bonds in the longer category is 
somewhat shorter, and one of the bonds in the shorter category 
is somewhat longer. It should be noted that for isoelectronic 
gaseous XeF, such a stereochemical nonrigid C,,/C,, model was 
predictedL2'] and later shown to be consistent with all experi- 
mental data.[221 

Hexafluorobromate(v) (BrF;): The structure of BrF; has been 
established by X-ray crystallography of Cs' BrF; and by vibra- 
tional spectroscopy of (CH,),N + BrF; I". and was found to 
be octahedral. Also, the unstable ion ClF; is reported to  be 
octahedral, according to  I R  and Raman spectra.['71 For BrF; 
there remained the doubt that the octahedral structure is 
enforced by its site symmetry 3 in the highly symmetric lattice. 
In order to investigate the structure of BrF; in a lattice of low 
symmetry, pip' BrF; was prepared in a metathesis reaction 
[Eq. (b)]. This type of reaction avoids the direct contact between 

Cs'BrF; + pip'F- pip'BrF; + CsF (b) 

extremely strong oxidizing agent BrF, and organic substrates. 
IR and Raman spectra of BrF; are comparable to those report- 
ed earlier; the same is true of the chemical shift in the 19F N M R  
spectrum.[241 With the latter method the slow overall reaction 
can be monitored. But in contrast to the 1 9 F N M R  data in 
ref. [24]. we observe a signal with tine structure for BrF; 
(Fig. 4). The appearance of two over lapping 1 : 1 : 1 : 1 quartet 
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Fig. 4. I9F NMR spectrum of the BrF; anion in CH,CN solution. -4O'C. 
* = BrF; impurity, ** = BrOF; impurity. 

spectra is a result of '9F-79'81Br scalar coupling with coupling 
constants of 1570.6 and 1694.9 Hz. The ratio of these coupling 
constants (0.9267) is identical to  the ratio of the gyromagnetic 
factors of 79Br and "Br (0.9277). The fine structure is another 
qualitative proof that the BrF; is very close to  or fully octahe- 
dral, since deviation from this symmetry would give a partial o r  
full collapse of the coupling, due to the high electric quadrupole 
moments of 79Br and "Br. A scalar '9F-79Br/81Br coupling 
has also been observed for octahedral BrF,'. The coupling con- 
stants are very similar, but the chemical shift is very different.I2'I 
According to conventional theory, this would indicate a similar 
s character in the BrF bonding in BrF; and BrF;. 

The crystal structure determination of pipCBrF; (Fig. 5) is 
hampered by large-amplitude vibrations of four of the six fluo- 
rine atoms. The interac- 
tions between large cation 
and large anion are quite 
weak. In the rather asym- 
metric cation the ionic 
charge seems to be focused 
on a-hydrogen atoms, and 
a fully ordered cation thus 
results. In contrast, the 
close to  symmetric shape of 
SeFi-  and BrF; with delo- 
calization of the negative 
charge over the entire 
sphere of fluorine atoms al- 
lows a variety of dynamic 

Fig, 5 ,  The BrF, an,on in piptBrF, 
(bond lengths in pm). 
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o r  static disorder in the crystal. The overall symmetry of BrF; 
is, however, evident since in all cases opposing fluorine atoms 
and the central bromine atom form nearly linear arrays (178.2, 
179.5, 177.5"). The entire picture is therefore that of an octahe- 
dron that is librating to  a certain extent around the Fl-Br-F2 
axis. Considering that the positions of four of the six fluorine 
atoms are certainly less accurate than the estimated standard 
deviations indicate, it remains an open question whether the 
deviations of maximum 2.5" from the ideal 180" angle are mean- 
ingful a t  all. So, in going from the highly symmetric Cs'BrF; 
to pip' BrF; the quality of the crystal structure determination 
suffers, but there is no indication of a nonoctahedral geometry. 

Conclusion 

The structures of BrF;, IF;, and SeFi-  can be compared by 
defining a distortion parameter from octahedral symmetry. 
Since IF, and SeFi-  are closest to  C,, symmetry, a simplified 
distortion parameter is the angle between the bonds to opposing 
fluorine atoms (Fig. 6 ) .  This parameter (as an average of three 

angles) is 178-180" for BrF;, 172" for 
SeFi-, and 164" for IF,. A simple explana- 
tion can be found for these results: The 
nonbonding electron pair will only play a 
directional, sterically active role if the size 
of the central atom allows it. The large 
iodine atom can accommodate more than 
six fluorine ligands (e.g., IF,), the smaller 
bromine atom only six. The rather long Br- 

Fig. 6. A simple defi- 
nition of the distor- 
tion from octahedral 
towards c,. symme- F bonds in BrF; indicate the presence of a 
try. centrosymmetric nonbonding electron pair. 

SeFi-  is a borderline case; selenium is just 
large enough that some directional steric in- 

fluence of the nonbonding electron pair is visible. Thus, the 
valence-shell electron-pair repulsion model, which has overall 
been quite successful, needs to be redefined in this sense.Iz61 

While we have stated above that SeFi-  is the most likely 
candidate for a successful synthesis, we do not rule out that the 
preparation of both SFE- and TeFi-  might also be possible. In 
the light of the above model S F i -  should be octahedral, and 
TeFi- a t  least as distorted as IF,, if not more. 

The situation in the corresponding chloride, bromide, and 
iodide analogues is more complicated. Depending on the sym- 
metry of cation and space group, SeCI;-, SeBri-, TeCIi-, Te- 
Brg-, and TeIi- turn out to be octahedral or strongly distort- 
ed.1271 Regular octahedral symmetry is enforced by high lattice 
symmetry. However, even at  low temperatures, the vibrational 
amplitudes of the chlorine atoms have been interpreted in terms 
of overlapping close-lying positions of nonoctahedral TeCI: - 
ions. However, in contrast to the fluorine atoms in SeFi - ,  the 
chlorine atoms in octahedral TeC1;- cannot be differentiated as 
occupying separate positions. Characteristic differences in the 
IR spectra, particular in the Te-CI deformation region, are 
indicative of dynamic behavior in the solid state. 

Experimental Procedure 

General: NMR spectra: Jeol FX90Q spectrometer, TMS or CFCI, external stan- 
dard. Raman spectra: Cary Instruments model 82, argon gas laser excitation. IR 
spectra: Perkin Elmer 983. X-ray: Enraf Nonius CAD4 four-circle diffractometer. 
Mo, radiation, graphite monochromator. Moisture-sensitive materials were han- 
dled in a dry box with less than 0.1 ppm of H,O. Elemental analyses were performed 
by Beller Co., GBttingen. SeF, (from Seo, and SF,) and CsBrF, (from CsF and 
BrF,) were prepared according to literature procedures (16,281. 

[(CH,)C-CH,-N(CH,),I+F- : (CH3)C-COCI in Et,O at room temperature was 
treated with gaseous (CH,),NH until no further amine was absorbed. After filtra- 
tion and distillation (CH,),C-CO-N(CH,), was obtained in 90% yield as a colorless 
liquid: B.p. 183°C; 'HNMR: 6 =1.09 (9H), 2.62 (6H). (CH,),C-CO-N(CH,), 
was treated in Et,O with a slight excess LiAIH,. After hydrolysis, separation of the 
organic phase. and distillation. (CH,),C-CH,-N(CH,), was obtained as colorless 
liquidin 75% yield: B.p.96-97°C: 'H NMR: 6 = 0.88(9H). 1.81 (2H),2.16(6H). 
(CH,),C-CHz-N(CH,), was quaternized with a 3: l  excess of CHJ in CH,CN by 
refluxing for 12 h. After filtration and drying in vacuum [(CH,),C-CH,- 
N(CH,),l+I- was obtained as white powder in 90% yield: 'HNMR (CD,CN): 
6 =1.40(9H).3.51 (6H). 3.70(2H). AgN03(0.2mol)and KOH(0.21 mmo1)were 
combined in aqueous solution. The resulting silver oxide/hydroxide mixture was 
washed until free of NO; and OH- and suspended in water. A solution of 
[(CH,),C-CH,-N(CH,),]'I- (0.05 mmol) in water was then added dropwise. After 
1 h stirring the silver salts were filtered off and washed until the filtrate was neutral. 
The combined filtrate was then titrated with aqueous HF in a polyethylene contain- 
er to neutrality. The titration was monitored with a potentiometer (glass electrode). 
The solution was quickly evaporated to dryness. The solid residue was dried under 
high vacuum: the temperature was slowly increased to 130 "C and maintained at this 
temperature for several days; at various intervals during the heating process the 
solid was ground into smaller pieces. A colorless crystalline powder. stable to 
145°C. wasobtained in98% yield: 'HNMR (CD,CN): 6 =1.37(9H), 3.61 (9H) 
3.67 (2H); I9FNMR (CD,CN). 6 = -71.2; IR (KBr): i =2950. 1500, 1485. 
970cm-'; Raman (solid): i = 2996. 2914, 748cm-' (only strong bands); 
C,H,,NF (149.27): calcd C 64.43, H 13.52. N 9.38. F 12.73; found C 64.23, H 13 95. 
N 9.18, F 13.10. 

l,I,3,3,5.5-HexamethyIpiperidiaium fluoride (pip' F-):  The following reaction is a 
variation of a literature procedure. which guarantees reliable yields of more than 
75%: 3.5.5-trimethyl-2-cyclohexen-1-one (52.6 mL, isophorone) was added drop- 
wise to a solution of CH,MgBr (140mL. 3~ in diethyl ether) containing CuCI, 
(0.42 9); the temperature was maintained between 0 and + 10°C (otherwise largely 
1 Jaddition was observed). The solution was stirred for 2 h and stored overnight at 
room temperature before pouring it on ice (230 g) containing acetic acid (28 9). The 
organic layer was diluted with diethyl ether. separated, and washed with an aqueous 
NaHCO, solution. water, and saturated NaCl solution until i t  was neutral. After 
drying and evaporation of the ether. the crude product was distilled in vacuo at 
82 'C/34 mbar and 40.5 g (75 'C) of 3.3.5,5.-tetramethylcyclopentanone was isolat- 
ed. This product was transformed into 1.1.3.3.5.5-hexamethylpiperidinium iodide 
by applying literature procedures r9.101. The iodide was then treated with silver 
oxide/hydroxide. and the aqueous solution of the hydroxide was titrated with 
aqueous HF as described above. During the drying procedure under high vacuum 
the temperature was kept below 120°C. pip+F- was obtained as a colorless crys- 
talline powder in over 98% yield, based on the iodide. and in an overall yield of 
14%. based on isophorone: 'H NMR (CD,CN): 6 =1.18 (12H). 1,51 (2H). 1.99 
(4H), 3.77 (6H); "C{'H} NMR (CD,CN): 6 = 29.0, 30.1, 44.7, 55.3. 70.1; 
19FNMR (CH,CN): 6 = -70.7; the amount of the impurity HF; can be 
deduced by the characteristic doublet 6 = - 146.4 ( ' J  = 122 Hz) in the 19F NMR; 
IR (Nujol): i =1506.1258. 1142, 1050.991.972.937,920,902.886,787, 722,477. 
441 cm-' ;  Raman (solid): i =147.5, 144.0, 1355.5. 1263.5, 1234.5. 1195.0. 1149.0. 
1109.5. 1054.5. 1019.5. 956.5.971.0. 939.0. 912.0. 904.5, 787.0. 574.5. 500.5. 387.0. 
356.5. 340.0. 317.0cm-'. C,,H,.NF (189.32): calcd C 69.78, H 12.78, N 7.40. 
F 10.04; found C 68.66. H 12.72, N 7.19. F 10.2. 

Bls(l.l.3.3,5.5hexamethylpiperidinium) hexafluoroselenate(w) ((pip*),SeF:-): 
pip' F- (5 mmol) was placed in a Teflon FEP (fluorinated ethylene-poly(propy1ene) 
resin) tube (length = 15 cm. diameter = 0.8 cm). which was then attached to a vac- 
uum line. Carefully purified 1291 CH,CN (3 mL) and SeF, (0.25 mmol) were con- 
densed onto the fluoride. The tube was sealed off and briefly warmed to room 
temperature. A solid precipitate was formed immediately. This precipitate was 
centrifuged to one end of the tube. The tube over was tipped over, and a clear, 
slightly yellow liquid was obtained at [he other end of the tube. The tube was 
maintained at - 15 "C for several weeks. Slowly yellow-brown crystals were formed 
in 25% yield: I9F NMR (CH,CN): 6 =13.38; IR (Nujol): i =1256. 1129. 1040. 
988. 968. 940, 900. 671 cm-I.  Raman (solid): C =1467, 943, 903. 787. 670. 
572.5 m-l. C,,H,,N,F,Se (533.57): calcd C 49.52. H 9.06, N 5.25; found C 47.94. 
H 9.51. N 5.36. 

I, l ,3J~~Hexamethylpi~~eridinium hexafIuorobromate(v) (pip+BrF;): pip + F- 
(0.66 mmol) and CsBrF, (0.70 mmol) were placed in a Teflon FEP tube. CH,CN 
(2 mL) wascondensed onto the mixture. After the tube had been sealed, the progress 
of the reaction was monitored by I9F NMR spectroscopy at -20°C. When the 
BrF; signal was no longer observed to increase in intensity, the insoluble compo- 
nents were separated by centrifugation and lipping the tube. The clear colorless 
solution was cooled slowly to -40 "C, and colorless crystals were formed (98 % 
yield): I9F NMR (CH,CN): 6 =100.6 (1J('9Br-F) =1570.6 Hz. 'J("Br-F) = 
1694.9 Hz); single lines at 6 =106.2 and -34.2 indicate the formation of BrOF; 
and BrF; [23]; IR (Nujol): t = 472cm-';  Raman (solid): 5 = 561.445.241 cm-'  
(only anion bands); lines at 522 and 445 cm- '  indicate the presence of BrF;. 

Crystal structure determinations: Suitable crystals were taken directly out of the 
mother liquor and transferred to the goniometer head with the help of a special 
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Table 1. Crystallographic details of the pip’ salts described in this paper. 

p i p + F -  p i p + F -  (pip+),SeF:- pip’ BrF; 
.4CH,F, 

size [mm] 
a Ipml 
b b m l  
c Ipml 
a [‘I 
B I‘I 
i’ [“I 
V [lo6 pm’] 
Space group 
Z 

7 [“C] 
Reflections 
measured 
independent 
I > 3 a ( F )  
Parameters 
R 
R. 
Residual electron 
density 
(lO-be-pm-’] 

2 ~ .  [ I  

0.5 x 0.3 x 0.2 
1083.1 (2) 
979.9(2) 

1088.9(1) 
90 
95.84 (1) 
90 

11 50.8(3) 
p2,lc 

4 
50 

- 143 

2272 
1720 
1445 
191 

0.059 
0.048 

0.3 
(Cl. 89pm) 

0.4 x 0.4 x 0.4 
1569.0 (4) 
874.6(6) 

1544.2 (4) 
90 
93.88 (2) 
90 

2033 (1) 

4 
50 

~ 163 

P2,lc 

0.4 x 0.3 x 0.2 
791.3 (1) 
827.4(1) 

1178.0( 1) 
83.08 (1) 
77.51 (1) 
60.72(1) 

656.8 (2) 
PT 

1 
70 

- 143 

4351 5773 
2690 5441 
1998 4964 
323 242 

0.073 0.041 
0.054 0.035 

0.4 0.9 
(C31. 149 pm) (Se. 107 pm) 

0.3 x 0.3 x 0.2 
747.7(1) 
835.8 (2) 

1269.2 (2) 
86.50 (1) 
73.55 (1) 
80.29 (1) 

776.8(2) 
Pi 

2 
60 

- 143 

4498 
4212 
3853 
24 5 

0.043 
0.038 

0.6 
(Br. 90 pm) 

cooling device 1301. The quality of the crystals was checked by rotating crystal 
Polaroid photos. Lattice constants were determined with 25 reflections. usually with 
0 angles of between 18 and 22”. Intensity measurements were obtained by w-28 
scans, by allowing 114 of the scan time for background measurements. Corrections 
for decay, Lorentz polarization. and absorption in case ofthe SeFi -  and BrF; 1311 
were applied. The structures were solved by direct methods [32] and refined towards 
F[33] by the SHELXS procedures. Other experimental details are found in Table 1. 
Further details of the crystal structure investigation may be obtained from the 
Fachinformationszentrum Karlsruhe. D-76344 Eggenstein-Leopoldshafen (Ger- 
many), on quoting the depository number CSD-58848. 

Acknowledgements: The authors are indebted to the Deutsche Forschungsgemein- 
schaft and the Fonds der Chemischen Industrie for financial support, and Hoechst 
for donations of the fluorohydrocarbons. 

Received: January 14. 1995 IF571 

K. 0. Christe. W. W. Wilson. R. D. Wilson, R. Bau, J. Feng. J.  Am. Chem. SOC. 
1990, 112. 7619-7625; J. Urban. R. Doetzer. Ger. Pat. 1191813. 1%5. 
K. 0. Christe, E. C. Curtis. D. A. Dixon. H. P. Mercier. J. C. P. Sanders. G. J. 
Schrobilgen, J.  Am. Chem. Soc. 1991, 112, 3359-3361. 
K. 0. Christe. D. A. Dixon. A.-R. Mahjoub. H. P. Mercier. J. C. P. Sanders, 
K. Seppelt. G. Schrobilgen, J.  Am. Chem. SOC. 1993, 115. 2695-2705. 
A:R. hfahjoub. T. Drews. K.  Seppelt. Angeu. Client. 1992. 104. 1047-1050; 
Angew. Chem. Inr .  Ed. Engl. 1992, 31, 1036-1039. 
K.  0. Christe. D. A. Dixon. H. P. A. Mercicr. J. C. P. Sanders. C. J. Schrobil- 
gen, W. W. Wilson, J. Am. Chem. SOC. 1994, 116. 2850-2858. 
R. Schwesinger. R. Link. G. Thiele. H. Rotter. D. Honert. H. H. Limbach, F. 
MPnnle. Angew. Chem. 1991. 103. 1376-1378; Angnv. Chrm. Inr. Ed. Engl. 
1991.30, 1372-1374. 

[I R. Link. R. Schwesinger. Angew. Chem. 1992,104,864; Angeu. Chem. h r .  Ed. 
Engl. 1992, 31, 850. 

[8] K.  M. Harmon, B. A. Southworth. K. E. Wilson, P. K.  Keefer. J.  Org. Chem. 
1993.58, 7294-7295. 

[9] G. Slomb. Jr., M. Inatorne. C. E. Bowers, J. M. Derfer. K. W. Greenlee. C. E. 
Boord, J. Org. Chem. 1960.25. 514-518; H. K.  Hall, Jr.. ibid 1964.29, 3135- 
3138. 

[lo] H. J. Johnson. P. Tsakotellis. J. 1. Degran. J.  Pharm. Sci. 1970. 59. 278- 
280. 

1111 piptF-,2CH,F,:  a =1191.2(2). h =  861.6(1). c =1565.0(2)pm. p = 
95.18(2)’. P2,/c. Z = 4. piptF-.1.5CH,F2: a = 2802.3(3), 6 =1294.1(2). 
c = 901.4(2) pm, p =104.47(2)”. C2/c. Z = 8. 

1121 T. Miiller, D. Mo, P. Mingos, D. J. Williams, J.  Chem. Soc. Chem. Comm. 1994, 
1787- 1788. 

1131 D. M. van Seggen. P. K. Hurlburt, 0. P. Anderson. S. H. Strauss. Inorg. Chem. 
in press. 

[14] J. Bittner. J. Fuchs. K. Seppelt. Z. Anorg. Allg. Chem. 1988. 557. 182-190; 
A.-R. Mahjoub, D. Leopold. K.  Seppelt. &id. 1992, 618, 83-88: Y. V. 
Kokunov. Y E. Gorbanova. V. M. Afamasjev, V. N. Petrov. R. L. Davidovich. 
Y A. Baslaw. 1 Fluorine Chem. 1990, SO, 285-298. 

1151 F. Seel, H. Massat. Z. Anorg. Allg. Chem. 1955,280, 186-196; A. F. Clifford, 
A. G. Morris, J. Inurg. Nucl. Chem. 1958. 5. 71 -75; E. E. Aynsley. R .  D. 
Peacock, P. L. Robinson, J.  Chem. SOC. 1952. 1231-4; R. D. Peacock. Progr. 
Inorg. Chem. 1960. 2. 193-249. 

[16] E. D. Whitney. R. 0. MacLaren. C. E. Fogle, T. J. Hurley. J. Am. Cfiem. SOC. 
1964,86. 2583-2585. 

1171 K. 0. Christe. R. V. Chirakal. J. C. P. Sanders. G. J. Schrobilgen, W. W. 
Wilson. Inorg. Chem. 1990, 29, 3506-3511. 

1181 A. Kniep. L. Korte, R. Kryschi. W Poll, Angew. Chem. 1984. 96. 351-352; 
Angew. Chem. Inr. Ed. Engl. 1984, 23, 388-389. 

1191 A. J. Edwards. F. I. Hewaidy, J. Chem. SOC. [London] A. 1968, 2977-2980. 
I201 P. Born, R. Kniep. D. Mootz, M. Hein. B. Krebs. Z. Nalurforsch. 1981. 366. 

1516-1519; R. Kniep. L. Korte. D. Mootz. ibid 1981. 366. 1660-1662. 
[21] L. S. Bartell. J.  Chem. Phys. 1%7.46,4530-4531; R. M. Gavin. L. S. Bartell, 

ihid. 1968. 48. 2460-2465. 
1221 K. S. Pitzer. L. S. Bernstein, J Chem. Phw.  1975, 63. 3849-3856. 
[23] A. R. Mahjoub, A. Hoser, J. Fuchs. K.  Seppelt. Angew. Chemie 1989. 102, 

1528 ~ 1529; Angew. Chem. l n f .  Ed. Engl. 1989.28. I526 - 1527. 
1241 K.  0. Christe. W. W. Wilson, Inorg. Chrm. 1989,28.3275-3277; W W. Wilson. 

K. 0. Christe. ihid 1989, 28. 4172-4175. 
I251 R. J. Gillespie and G. J. Schrobilgen. J.  Chem. SOC. Chem. Comm. 1974.90-92; 

horg .  Chem. 1974, 13, 1230-1235. 
1261 R. J. Gillespie. R. S. Nyholm, Q. Rev. Chem. Soc. 1957. 11, 339; R. J. Gillespie. 

Angew. Chem. 1967, 79. 885-896; Angew. Chem. Inr. Ed. Engl. 1%7. 6. 819; 
R. J. Gillespie. Cheni. SOC. Rev. 1992. 59-69. 

1271 0. Knop. A. Linden. B. R. Vincent, S. C. Choi. T. S. Cameron. R. J. Boyd. 
Can. J.  Chem. 1989, 67. 1984-2008; W. Abriel. Z. Narurjorsch. 1987. 406. 
1691 - 1697; ihid. 1987,42b, 415-420; W. Abriel. E. J. Zehnder. ihid 1987.42h. 
1273 - 1281 ; W. Abriel. Acra Cry.~fallogr. 1986, B42. 449-453; W. Abriel. H. 
Ehrhard. Angrw. Chem. 1984,96.965-967; Angew. Chem. In:. Ed. Engl. 1984. 
23. 963-965. 

1281 K. Seppelt. G. Kloter. D. Lentz, Inorg. Sjnthesis 1985. 24, 27-29. 
[29] J. M. Winfield. J. Fluorine Chem. 1984, 25. 91-98. 
130) H. Veith, H. Barnighausen. Acra Crysrallugr. 1974. B30.1806-1813; H. Schu- 

mann. W Genthe. E. Hahn. M.  B. Hossein. D.  v. d. Helm. J.  Organomer. 
Chern. 1986, 299. 67-84. 

1311 N. Walker. D. Stuart. Acra Crysrullogr. 1983, ,439, 158-166. 
[32] M. Sheldrick. Program for Crystal Structure Solution. GBttingen 1986. 
[33] G. M. Sheldrick. Program for Crystal Structure Determination, Cambridge 

1976. 

Chem. Eur. J. 1995. 1. No. 4 VCH Verlag.rgerellschaJi mhH. 0-69451 Weinheim. 1995 0570-0833/95/0404-0265 $40.00+ .25/0 265 


