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Abstract 

D i o r g a n o m e t a t  f l uo r ides  c a n  be  s y n t h e s i z e d  by  r e a c t i o n  o f  t h e  c o r r e s p o n d i n g  m e t a l l a n e s  
w i th  syn~hons  l ike B F 3 ° ( O E t ) 2  a n d  M e 3 S n F .  A s e c o n d  g e n e r a l  s y n t h e s i s  s t r a t e g y  is t h e  
f l u o r i d a t m n  o f  d i o r g a n o m e t a l  ha l i de s  w i t h  a ika l i  m e t a l  f l uo r ide s  o r  s i lver  f luor ide .  
O r g a n o m e t a l  d i f l u o r i d e s  o f  A k  O a  a n d  I n  a re  e i t h e r  u n k n o w n  o r  c a n  be  o b t a i n e d  in  specia l  
cases  on ly .  A i3 , t t ha l l i um d i f l u o r i d e s  a r e  t h e  resu l t  o f  t h e  r e a c t i o n  o f  a r y l t h a l l i u m  b i s ( t r i f l u o r o -  
ace t a t e s )  a n d  a lkMi o r  a m m o n i u m  f luor ides .  V a r i o u s  t y p e s  o f  sal ts  w i t h  a n i o n s  l ike 
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[R3MF]-, [R2MFz]-, [RMF3]- and [R3MFMR3] - have been synthesized by the treatment 
of the corresponding eduets R3M, RzMX, RMX2 with salt-like fluorides. The IR and NMR 
spectroscopical dw~a and the structural investi~gafion show the mainly ionic character of the 
metal fluorine bond. © 1997 Elsevier Science S.A. 

Keywords: Organometal fluoride; Organoaluminium fluorides; Organofluoro gallates: 
Organogallium fluorides; Organoindium fluorides; Organothallium fluorides 

1. Intr~luet[on 

Organometal fluorides of the Group 13 metals differ in some important features 
from the other organometal halides of this group. One significant difference concerns 
the synthesis of the compounds [ 1-3]. The two commonly used methods for the 
preparation of such species: (1) the commutation reaction of organometallanes and 
metal halides and (2) the treatment of metal halides with lithium atkyls or Grignard 
reagents do not lead to the desired products. This is mainly due to the low reactivity 
of the metal(III)  fluorides. 

The second important difference lies in the highly ionic character of the metal( l l I )  
fluorine bond. This, for example, has consequences for the observed structures of 
the organometal fluorides because of the tendency of the fluorine atoms to folvn 
linear M - F - M  bridges. 

This review lists the various synthesis routes for the organometal fluorides, but 
also gives a comparison of their structures and chemical properties. 

2. Synthesis and reactions of organoalun~nium fluorides 

2.1. Synthesis and chm'acterization of diorganoalmninium fluorides 

Diorganoaluminium fluorides can be synthesized by several well-established routes 
[4-6] (Eqs. (1)-(4)). The routes have been used for the preparation of several 
dialkyl derivatives RzMF with R = M e  [4], Et [4,5], nPr [4], iPr [4,6], nBu [7], 
iBu [4], tBu [6] and nHex [7]. 

RzAICI+NaF~RzAIF+NaCI  [4] ( l )  

2 R z A 1 C I + M F z ~ 2 R 2 A I F +  MCI 2 [51 (2) 

M = Ca, Sr, Ba 

3R3AI- (OEt)2 + BF3'  (OEt)2-~3RzAIF+ BR3 +4EtzO [6] (3) 

R3AI+BF3"(OEt)z-}RzA1F+RBFz+EtzO [6,7| (4) 

Strong, fluorination agents like XoFz [81 and laser photosensitized SFo [9] can 
react also with organoalanes (Eqs. (5)-(7)) to form the corresponding diorgano- 
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aluminium fluorides. 

E . + X e F ,  t3Al ~ EtzA1F (5) 

(iBu}zA1H ~ (iBu)2A1F (6) 

Me3AI .+_s~ ~ MezAiF (7) 

Diorganoaluminium fluorides are colourless air-sensitive compounds. The deriva- 
tives with small alkyl groups are pyrophoric [4]. The compounds RzA1F are tetra- 
meric in solution and the solid state for R = Me [10], Et [ i0], iPr [6], tBu [6] and 
trimeric for R =~Pr [ 11 ], ~Bu [ 11 ]. IR and RE measurements suggest planar mole- 
cules with D4h symmetry for [Me2AlF]4 and [Et2AIF]4 [I0] (Table 1). However, a 
gas phase electron diffraction showed, at least for the dimethyl derivative, a puckered 
ring geometry with Q symmetry [28] (Fig. 1). The trimefic molecules [(nPr)zAtF]3 
and [(iBu)2AIF]3 have a planar geometry with D3n symmetry [ 11 ]. 

The observed A1-F distance in [MezAtF]+ of 181.0(3) pm is expected for a 
~tz-bridging F atom and is significantly longer than a terminal AI-F  bond in gaseous 
monomerie AIF3 (163(I) pro) [30]. The angle AI-F-At  of 146(3) ° is indicating a 
highly ionic character of the AI-F  bond, which agrees well with the high-field WF 
NMR signals of -144.9  ppm [9] ([MezAIF]+) and - 1 6 0  ppm [31] ([Et2A1F]4) (see 
Table 2). 

2.2. Synthesis and characterization o.f organoaluminium d~uorides 

The knowledge of the synthetic methods leading to RMF2 and the properties of 
these compounds is sparse. The reported syntheses are limited to just a few patents, 
with only one exception. This concerns the reaction of EtAICIz with NaF in chloro- 
benzene at 150'~C to give EtAIF2 [35] (Eq. (8)). 

EtAICIz NoV: ~ EtAIF2 (8) 
- N a C !  

Treatment of the sesquihalides R3AlzX 3 with CaFz, SrF2 and BaF2 at 180°C in the 
absence of a solvent leads to a I • I mixture of RzAIF and RAlF2 [36] (Eq. (9)). 

M X a .  

R3AIzX3 ~ R2A1F+RAIF 2 (9) 
- M C l z  

M = Ca, Sr, Ba; R = alkyl 

The reaction of BF3 and R3Ai (R = alkyl) gives the corresponding alkylaluminium 
difluorides RA1F2 [7] (Eq. (19)). 

3R3AI + 2BF3-~ 3RAIF2 + 2R3B (10) 
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Table 1 
Vibrational spectroscopic data and symmetries of organometal fluorides 

Compound VmF (cm- t ) Localsymmetry Reference 

1R RE 

MezA1F 638, 614 D,]h, ~ [10] 
EtzAIF 872 875 D.]h [ 10] 
(nPr)2A1F 620 620 D~h [ i I ] 
(iBu)zAIF 650 615 D~, [ 11 ] 
MezGaF 511,498, 439 518, 501,555 /9~3h d [12] 

490 D~i, ~ [ 13] 
EtzGaF 490, 429 484, 430 D~h [ 12] 
(ipr)zGaF 488, 398 517 D]h [ 14] 
(PhCH2)zGaF 496 493 ~ [ 141 
MeszGaF 473, 450 440 D ¢, [ 14,15] 
K !(PhCHr)zGaF2] 513, 485 r [ 16] 
Cs [(PhCH2)2GaF.,] 519, 483 -f [ 16] 
K[MesGaF3] 533, 510 -f [ 17] 
Cs[MesGaFa] 563, 521 -f [ 17] 
K [ MeaGaF ] 380 D.~ h [ | 8 ] 
K [ EtaGaF ] 361 D~h [ 18] 
[ NMe4][( MeaGa)zF ] 379 D~a [ I8] 
[NMe4][(Et3Ga)2F] 429 D~ h [ 18] 
[ Mes6Ga6F,~O4] 407, 426 C~ [ 15] 
[ Mes2Ga( F)N Ht, Bu] 460 ("~ [ 19] 
(iPr)2ln F 386 _r [ 20] 
(PhCHz)zlnF 347 ('~ [21 ] 
Mes2InF 385 (~ [ 19,21] 
[{(iPr),lnF }.~{CsF. 2MeCN }] 359 -: [22] 
(C6F~)aTIF 318 _r [ 23, 24] 
PhTIF 2 525, 499.5 C~ [25,26] 
[NMe4][(Me3TI )2F] 250 D~h [27] 

Proposed. b Gas phase electron diffraction, c Dimeric. d Trimeric. ~ Tetrameric. f Polymeric. s "Fheoretical 
considerations. 

Fig. 1. Computer-generated plot of [Me2AIF]., (SCHAKAL [29]) according to gas phase electron 
diffraction. 
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Tab le  2 
I°F N M R  d a t a  o f  o r g a n o m e t a l  f luor ides  a 

73 

C o m p o u n d  os ( p p m )  R e f e r e n c e  

Me2AIF  --  144.9 [9] 
E tzAIF  - 160.0 [31 ] 
N a [ ( E t s A I ) z F ]  b - t60.6 [32,33] 
[ C p * ( M e ) Z r F 3 A I M e z ] z  - 108.1, --  69.5, - 32.5 [34] 
( iP r )zGaF - 186.4 [ 14] 
( P h C H z ) 2 G a F  - 169.7 [ 14] 
M e s z G a F  - 152.7 [ 14] 
K [ M e s G a F 3 ]  - 174.0 [17] 
Cs  [ M e s G a F 3 ]  - 170.0 [ 17 ] 
K [ ( P h C H ~ ) z G a F 2 ]  -- ! 77.6 [ 16] 
C s [ ( P h C H 2 ) z G a F z ]  --  171. I [ 16] 
[ M e s z G a ( F ) N H z ( t B u ) ]  - 170.3 [19] 
[Mes6Ga6F404]  -- 104.0, -- 90.7 [ 15] 
(ipr)21nF - -201 .5  [20] 
( P h C H 2 ) z l n F  - 186.0 [21 ] 
M e s ~ | n F  - 173.0 [21 ] 
[{(iPr)2!nF }s{CsF" 2 M e C N  }] -- 183.3 [22] 
[ ( M e s l n F z ) t o M g F z ]  -- 160.4, -- 150.0, - I51.5,  -- t34 .6  [22] 

a S t a n d a r d :  CFCI3.  b M i x t u r e  Na[(Et3AI) , ,F] /Et3A1.  

A variety of organoaluminium difluorides can be obtained by reacting R3AI with 
HF [ 371 (Eq. ( 11 )). 

R3AI + 2HF-~RAtF2 + 2RH (11) 

R=Me,  Et, nPr, iPr, iBu, C6Hll, Ph, CHzPh 

Ziegler and K6ster reported in 1957 the synthesis of EtAIFz by a commutation 
reaction of AIEt3 and freshly prepared AIF3 (Eqs. (12) and (13)) [4]. 

AIEt3 + BF 3 --~AIF3 -~- BEts (12) 

AIEta + 2AtFa-o3EtA1Fz (~3) 

However, there is almost no data on the characterization of the above mentioned 
compounds available. 

The mixed fluorine-chlorine compound EtA1CIF can be obtained by the reaction 
of Et2A1C| with XeFz [8]. 

The reaction of [Me2AIO] - with C6F 6 in the gas phase gives the methyltr~luoro- 
alanate [MeAIF3]- in 20% yield [38]. Theoretical studies of MeAIFz suggest the 
molecular symmetry Cs [39]. 
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2.3. Reactions and derivatives of organoaluminium fluorides 

Fluorotriorgano alanates can be obtained by reaction of triorganoalanes with 
alkali fluorides (Eq. (14)) [40,41 ]. 

R3AI + MF ~ M  [R3A1F ] (14) 

M =Na; R = Me, Et, nPr, nBu, ~Bu 

M = K; R -  Me, Et, nPr, nBu, ~Bu, nHex, nOct 

An electrochemical variant is the electrolysis of organoalanes in the presence of 
fluoride ions [42]. 

The diorganodifluoro alanate Na[MezAIF2] is the product of the reaction of 
Me2AIF with NaF in boiling xylene (Eq. (15)) [4]. 

R2A1F + NaF ~Na[RzA1F2] (15) 

The already mentioned reaction of [MezAIO]- with C6F 6 in the gas phase leads, 
besides other products, to [Me2AIF2]- in 20% yield [38]. 

The fluoride ion can be introduced as a nucleophile either having a terminal 
function as shown above, or as a bridging ligand in an M-F-M framework. 
The reaction of fluoride ions with two equivalents of a triorganoalane gives the 
dialanofluorides [RzMFMR~]- (Eq. (16)) [40]. 

R3M + R ~M + M F ~ M  [R3MFMR ~] (16) 

M = Na; R = R '=  Me, Et, nPr, nBu, ~Bu 

R=Me,  R ' = E t  

M---K; R = R '=  Me, Et, nPr, nBu, iBu, noct, iOCt 

R=Me,  R ' = E t  

R=Me,  R'=iBu 

R -- Et, R ' =  iBu 

M=Rb;  R = R ' = E t  

Despite the fact that the first synthesis of a organofluoro alanate was carried out 
about 35 years ago, little spectroscopic data and structural parameters have been 
reported to date. The IR spectra of salts of the types [R3AIF ]- and 
[R3AIFAIR~]- were recorded in the region of 4000 to 400 cm-1 [43,44]. However, 
in both cases the interesting vibrational modes, AI-F stretch and AI-F-AI stretch 
respectively, are below 400 cm -~. This is caused in M[RaAIF] by additional M-F 
interactions, which weakens the A1-F bond. In M[R3AIFAIR~] the AI-F-AI bands 
should be observed below 400 cm-~ because of the taz-bridging mode of the fluo- 
rine atom. 
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The facile exchange between Na[(EtaA1)2F] and AiEta has been investigated at 
variable temperature by xgF and 2VA1 NMR studies. The dissociation enthalpy of 
the ion [EtaAIFA1Eta]- was determined to be 85.4 kJ tool -1 [32,33]. 

Dialanofluorides K[EtaAIFAIEta] [45,46] (Fig. 2) and K[MeaA1FAIMea]. C6H6 
[47] (Fig. 3) were characterized by X-ray structure determinations. Both compounds 
show linear AI-F-AI backbones, which once more points to an ionic character 
of the AI-F bonds. The A1-F distances are in the same range as observed 
for [Me2AIF]4 [28], 182.0(3) pm in [EtaAIFAIEt3]- and 178.2(2) pm in 
[MeaA1FAIMea]- (see Table 3). The potassium ions are not involved in the coordi- 
nation sphere of the fluoride ligands; hov~ever, there are contacts between the K + 
ion and the aromatic ~r system of the benzene rings (K---C: 330 to 395 pm) in 
K[MeaAIFAIMe3]  "C6H 6. 

Another way of obtaining compounds with organoaluminium fluoride subun/ts is 
the reaction of reactive organometallic alurMnium compounds with molecular fluo- 
ride donating agents. The reaction of Cp*ZrF3 (Cp*= MesCs) with Me3AI gives the 
Zr-AI-F complex [Cp*(Me)ZrFzAIMezh (Eq. (17)) [34,49]. 

2 [Cp*ZrFa ] + 2A1Me3 -* [Cp* (Me)ZrF3AIMea] 2 (17) 

o -5 
F I,,g, 'v--~C 2 

Fig. 2. Graphic representation (SCHAKAL [29]) of the anion in K[Et3A1FAIEt3]. 

C3 © c2 
CI 

Fig. 3. Graphic representation (SCHAKAL [29]) of the anion in K[Me3AIFAIMe3]- C6H6. 
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Table 3 
M - F  distances (pm) in organometal fluorides 

Compound Terminal ~t2-Bridge ~ ~%-Bridge ~ Reference 

[MezA1F]4 u 181.0(3) [28] 
K [( MeaAl )zF ] '  C6H6 178.2 ( 2 ) [47 ] 
K[(Et3AI)zF] 182.0(3) [45,46l 
[Cp*( Me)Z rF3AIMez]z 1 "!7.6(4), 178.6(4) [ 34] 
[{(Cp*AIF)zSiPh2 } 2] 184.3 ( 1 ), 184.8 ( 1 ) [48 ] 
[ MeszGaF]z" T H F  194,7(2) [ 15] 
Cs[MesGaFa] 178.4(7), 180.7(4) [17] 
Cs[(PhCH2)zGaF2] 184 ~ [ 16] 
[MeszGa(F)NH~Bu ] . 2 .5THF 183.8(3) [19] 
[Mes6CM6F40,d-THF 214% 252.I (3) ° [15] 
[ MeszInF]a 2 ! 2 ~ [ 19] 
[(iPr2InF)5(CsF. 2MeCN ~] 223% 259 ~'a [22] 
[ (Mes |nFg,oMgFz] '  5Toluol 210 c 223 ~ [22] 

a Bridge connecting the metals AI, Ga, In, Zr, Mg. b Gas phase electron diffraction, c Average value. 
a Pseudo-la~-bridge. 

One methyl group is transferred to each Zr atom and all fluorine atoms have a 
ptz-bridging function (Fig. 4). The molecule has almost perfect C2v symmetry with 
AI-F distances of approxhnately 178 pm [50,51]. NMR experiments at variable 
temperature show that only the cis product is represented in solution and in the 
solid state. Therefore, the tgF NMR spectra exhibits only three signals (intensity 
4: I : 1) at -108.2 ,  - 6 9 . 5  and -32 .5  ppm respectively. 

The treatment of  the AI(I) compound [(Cp*AI)4] with two equivMents PhzSiF2 
leads to a formal insertion of PhzSi units and F atoms into the AI-AI bonds of the 

C 
23 

25 28 

¢ 

C21 

"3 

) 

) 

Fig, 4. Plot of one of the crystaUographicaUy independent molecule~ [Cp*(Me)ZrFaAIMe2h 
(SCHAKAL [29]). 
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educt (Eq. (18)) [48]. 

[(Cp*Al )4] + 2PhzSiF2 --*[ {(Cp*AlF )2SiPh2 }2] (18) 

The molecule of the point group $4 formally still has the tetrahedral arrangement 
of the A1 atoms of the educt [(Cp*Alh]. All four F atoms are ~tz-bridging ligands 
with the expected large A1-F-A1 angle of 149.0(1 )° (Fig. 5). 

The Lewis acidity of the diorganoaIuminium fluorides can be used in various 
reactions. An obvious reaction is the formation of donor- acceptor complexes by 
combining RzAIF with amines cr ethers to give e.g. [EtzAIF(NMe3)] [52] or 
[(tBu)zAIF(dioxane)] [6]. 

3,3-Bis(chioromethyl)oxetane (BCMO) undergoes a slow ring-opening reaction 
with EtzAIF to form polymeric BCMO [53]. This low reactivity can be attributed 
to the great strength of the A1-F bond [53] and the resulting low Lewis acidity [6]. 
In general, AI-F compounds are expected to be weaker Lewis acids owing to 
stabilization of the sp z hybridized AI atom through AI-F n interactions. Ring- 
opening and installation of a fluorine function in one step is possible when anhydro- 
thymidine is treated with EtzAtF [54]. The real importance of organoaluminium 
fluorides lies in their employment as co-catalyst in Zieger-Natta-type reactions 
[5,36,55-57]. Owing to the lower Lewis acidity of fluorides in comparison with the 
other halides, the organoaluminium fluorides could not displace the conventional 
co-catalysts. Diazomethane polymerizes in the presence of EtzAIF [58]. 

3. Synthesis and reactions of organoga||ium fluorides 

3.1. Synthesis and charac~eri=ation o f  diorganogallium fluorides 

Although both BF3" (OEt)a and Me3SnF arc important agents for the preparation 
of organoga[lium fluorine derivatives, the first synthesis of such compounds was 

Fig. 5. Schematic drawing of the molecule [{(Cp*A1FhSiPh2}2] (SCHAKAL [29]). 
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carried out in the system Et2GaCI/KF at high temperature without solvent (Eq. (19)) 
[59]. 

Et2A1CI + K F ~ Et2AIF + KC1 (19) 

Under these conditions the halide exchange process is feasible only in those cases 
where the organometallic educt is thermally stable [60]. 

The reactions with BF3" (GEt)2 and Me3SnF can be carried out at mild conditions 
in EtzO (Eqs. (20) and (21)) [61~ 12,14]. 

R3Ga + Me3SnF-oR2GaF + Me3SnR [61] (20) 

R = Me, Et 

3R3Ga + BF3 • (OEt)2 ~3RzGaF + R3B + Et20 [12,14] (21) 

R = Me. Et, ~Pr, CHzPh, Mes 

Mes = 2 A,6-trimethylphenyl 

The slow decomposition of [Me2GaOP(NMe)F2]2 also leads to MeaGaF [62]. 
A variation of the halide exchange reaction (Eq. (19)) is more suitab!e for the 

syathesis of the thermally sensitive gallium and indium compounds (Eq. (22}) [ 14]. 

MeCN; - 20°C 
(~Pr)2GaBr+ KF ~ (iPr)zGaF + KBr (22) 

All diorganogallium fluorides are colourless, very hygroscopic and air-sensitive 
liquids or solids. Molecular weight determinations give the degrees of aggregation 
in solution shown in Fig. 6. 

The proposed solid state structures and symmetries of all derivatives except the 
mesityl compound are based on IR and RE data (see Table 1). The region of 500 
to 400 cm-1 is characteristic for the ring-stretching vibrations [12,14,13]. Although 
the analysis of the vibrational spectra of solid (~Pr)2GaF suggest a tfimer, it should 

R 
.= 

.""" I f 
F F F.~ _ ~Ga,,,,.u R 
~ G a  / ~3a..__F.1- ~, 

' ~  "%" R ~  "%% R R R R 

(a) (b) (e) 

Fig. 6. Degree of aggregation for diorganogallium fluorides in solution: (a) R=CH2Ph [17], Mes [17]; 
(b) R~Me [631, Et [63], iPr [171; (c) R=Me [64l. 
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be mentioned that the El mass spectra show fragments of hexamers and heptamers 
[ 14]. This implies the possible existence of a polymeric structure for (~Pr)2GaF. Once 
again, the 19F N M R  spectra are a useful probe to prove the ionic character of the 
metal fluorine bond (see Table 2). Values found for the iPr, the CHaPh and the Mes 
derivatives are - 186.4 ppm, - 169.7 pprn and - 152.7 ppm respectively. 

The confirmation of the spectroscopically derived structures turned out to be 
difficult, owing to the needle-shaped crystals which were unsuitable for an X-ray 
structure determination. An exception is the mesityl derivative which can be recrystal- 
lized from T H F  as [MeszGaF]z 'THF (Fig. 7) [15]. The molecule possesses /)2 
symmetry with a planar Ga2F2 rhombic distorted four-mernbered flag. All four 
equivalent G a - F  are 194.7(2) pm long. Equivalent G a - F  bonds also have been 
observed in solid state compounds containing Iaz-bridglng F atoms [63]. The angles 
in the Ga2F2 ring are 101.1(2) ° for G a l - F 1 - G a l a  and 78.9(I) ° for F I - G a l - F I a .  

3.2. Synthesis and characterization of organofluoro gallates 

The synthesis of compounds of the general formula RGaFz has proved to be 
difficult. The common fluorinating agents applicable for the synthesis of many other 
diorganogallium fluorides, Me~SnF and BF3-(OEt)z, are not practicable for the 
preparation of the diftuoro derivatives. The intermediates R2GaF are not reactive 
enough to undergo further alkyl(aryl)-fluorine exchange. The treatment of 
RzGaF with those synthons, leads to the isolation of the starting materials. 

The only known derivatives are the organotr/fluorogaltates M[MesGaF3] (M = K, 
Cs) [17], obtained by halide exchange in acetonitflle (Eq. (23)). It should be noted 

r , l ~  f,xFl 

ci2d  c,s 
£I3 CI6 

e l f  cI6 

Fig. 7. Structure of the molecule [MeszGaF h in [Mes2GaF h • THF (SCHAKAL [29]). 
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that only the very reactive and air-sensitive MesGaBr2 could be employed in this 
reaction. 

MF. - 15°C, MeCN 
MesGaBr2 - ~ M [ MesGaF3] (23) 

-MBr 

M = K ,  Cs 

It should be mentioned at this point that the analogous reaction of MeslnBr2 with 
K F  does not yield the difluoro derivative but the organotribromoindate 
K[MesInBra] [ 17], which shows the basic structural principles of Cs[MesGaF3]. 

The structure of Cs[MesGaF3] consists of layers of gallate units parallel to (100) 
(Fig. 8). The layers are separated by the bulky mesityl groups (Fig. 9), whereas the 
interionic contacts are formed in the centre of the layer. Every caesium ion possesses 
the coordination number (CN) eight (see Fig. 10). The coordination sphere is divided 
into two different sides, a tripod-like arrangement of three F atoms and an arrange- 
ment of five F atoms which lay approximately in one plane. The Cs -F  distances are 
in the range of 322.9(5) to 291.0(7) pro, compared with 300.5 pm of crystalline CsF 
[66]. The mesityl ligand is disordered. Two positions of the aryl ring could be 
refined. The G a - F  bond lengths of 187.4(7) and 180.7(4) pm are the shortest 
measured in organogallium fluoride chemistry to date. 

The bulk of the mesityi substituents are responsible for an acceptable solubility 
of K[MesGaF3] and Cs[MesGaF3] in solvents like acetonitrile. The observed high- 
field 19F N M R  signals of -174 .0  and -170.0  ppm indicate the ionic character 
of the G a - F  bonds. The short G a - F  bond lengths correspond to the position of 
the G a - F  valence vibrations of 553 (v,~GaF3) and 510 cm - l  (v~GaF3) 
(K[MesGaF3]) or 563 (va~ GaF3) and 512 cm - l  (v~ GaF3) (Cs[MesGaF3]). 

Triorganofluorogallates can be synthesized easily by the reaction of the corre- 

S 

c 0 c 0 

Fig. 8. Stereoscopic view of the unit cell of Cs[MesGaFa] parallel to (100) (ORTEP [65]). 
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F~ IF d~ ~ Jr~ ~m 

Fig. 9. Plo~ of one layer of Cs[MesGaF3] (SCHAKAL [29]). 

sponding fluorides and gallanes without solvent (Eq. (24)) [64,67,68, I8]. 

R3Ga + M F ~ M  [R3GaF ] (24) 

M-~K; R = M e  [18], Et [64,67,18] 

M =NMe4; R = E t  [67] 

M ~ Me3NCH2Ph; R = Et [67,68] 

M -- Et3NCHzPh; R = Et [68] 

Polymeric chains with local D3h symmetry are proposed for the potassium salts 
K[R3GaF] ( R = M e ,  Et) [18] by the interpretation of the IR spectra (Fig. 11 ). The 
asymmetric stretching vibrations are observed at 380 (K[Me3GaF]) and 361 cm -a 
(K[Et3GaF]).  

Quite similar reaction conditions form salts like [NMe4][R3GaFGaR3] (Eq. (25)) 
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[67,68,181. 

2RaGa + [ NMe4] F - ,  [NMe4 ][ R3GaFGaRa ] (25) 

R=Me[18]  

R = E t  [67,68,18] 

The interpretation of the vibrational spectra gives rise to D3h symmetry for the 
anions [R3GaFGaR3]- (Fig. l l ]  (R=Me,  v~s(GazF)=379 cm-~; R=Et ,  
v.s(GazF) =429 era- 1). 

While the reaction of (ipr)zGaBr with KF gives the diorganogaUium fluoride 
(iPr)zGaF [14], (PhCH2)zGaF is not the product of the halide exchange of 
(PhCH2)2GaC1 with KF or CsF respectively. In both cases the diorganodiflaoro 
gallate M[(PhCH2)2GaF2] can be isolated (Eq. (26)) [16]. 

MF; MeCN 
(PhCH2)2GaC1 -----, M[(PhCHz)zGaFz] (26) 

- -  MCI 

M = K ,  Cs 

CI5 

C ~CI3 

j .  
c Pv111 

2C 2F 
Fig. 10. Coordination sphere of a Cs + ion with disorder behaviour of tile Mes group (SCHAKAL [29]). 

L ~ '~ J d~ L "" a 
R ~-R R R 

Fig. 1 I. Possible structures of the anions in K[R3GaF] and [NMe4][R3GaFGaR3]. 
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The moisture-sensitive gallates show the typical high-field 19F NMR resonances of 
-177.6 ( M -  K) and -171.1 ppm (M =Cs) in acetonitrile. This points to solvated 
gallate units of the type [M(MeCN)~][(PhCHz)2GaFz]. The CN four for the gallium 
centre dominates the organogallium-fluorine chemistry, causing a distorted tetrahe- 
dral coordination sphere for the Ga atom. This leads to two bands for the asymmetric 
and the symmetric stretching vibrations respectively. Indeed, two absorptions are 
found for K[(PhCH2)GaF2] (513, 485 cm -1) and for Cs[(PhCH2)2GaFz] (519, 483 
c m -  1). 

The structural data of Cs[(PhCH2)2GaF2] confirm this interpretation. The solid 
state structure consists of ladder-type polymeric chains. The ladder is build up by 
small and large Cs-F four-membered rings. The range of the Cs-F bond lengths 
covers a regicm from 293(1 ) to 357(1 ) pro. The gallium: rentres have the CN four, 
while the Cs + ions show a CN of five concerning the F -  ions. This topological way 
of describing the structures is only one interpretation. The polymer can also be 
described as a ~tring of CsaF2 and Cs2F4Ga 2 tings by omitting the long Cs-F 
contacts (Fig. 12). The Ga-F  distances are somewhat longer (183(1)-186(1) pro) 
than the comparable values in Cs[MesGaF3], owing to the higher number of electro- 
negative fluorine ligands in Cs[MesGaF3]. The coordination sphere of the Cs + ions 
is completed by the coordination o~" two phenyl rings from two different gallate 
units ( C s - C ~ , :  370 pro) (Fig. 13). This causes the polyn:-~tic chain to be shielded 
by an 'organic hose', which separates the different chains with interionic contacts in 
the centre of the string (Fig. 14). 

3.3. Reactions and derivatives of  organogallium fluorides 

DiorganogaUium fluorides react with proton active agents like primary amines or 
water. The adduct [Mes2GaF{NH2(tBu)}] is th,~, " result of the reaction of (tBu)NH2 
and MeszGaF (Eq. (27)) [19], while the reacthm of HzO with Mes2GaF yields the 

Fig. 12. Basic skeleton of the F-Cs-Ga chain in Cs[(PhCHe)2GaFz]. 
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C4 
C3 ~ Ga 

2 

Cl ~ ~ 
C2 

Fig. 13. Section of the infinite chain of Cs[(PhCHz)aGaF2] with Cs-aryl-coordination (SCHAKAL [29J). 

i 
c 

0 a 0 a 

Fig. 14. Stereoscopic view of the unit cell of Cs[(PhCHz)2GaF2] along the b axis (ORTEP [65]). 

hexanuclear organogallium fluoride oxide [Mes6Ga6F404] (Eq. (28)) [ 15]. An elimi- 
nation of mesitylene was also observed when [MeszGaF{NH2(tBu)}] was heated in 
boiling toluene. The product of this reaction is an oligonuclear complex of unknown 
composition [60]. 

Mes2GaF + (tBu)NH2--~ [ Mes2GaFNH2(tB u)] (27) 

6Mes2GaF + 4H20 ~ [  Mes6Ga6F404] + 2HF + 6Mesh (28) 

The formation of the fluoride oxide is on the one hand due to the higher acidity of 
water compared with the amine. On the other hand, the Ga-F  bond is strong enough 
to resist a further attack by water. The compound can also be obtained by a careful 
hydrolysis of Cs[MesGaFa] [60]. 

[Mes2GaF{NHa(tBu)}] crystallizes from THF as [Mes2GaF{NHa(tBu)}] • 
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2.5 THF and forms dimers {[Mes2GaF{ NH2(tBu)}] • THF }2 in the solid state, held 
together by hydrogen bridges (Fig. 15).The dis.tance N...F(a) of 288.9(5) pm indi- 
cates a N-H. . -F  bridge, while the long distance O1..-N of 323.1(6) pm suggests 
only a weak N-H.-.O interaction. The adduct possesses a remarkably short Ga-N 
bond length of 204.9(4) pro, considering that it is a donor-acceptor complex [69, 70]. 
The most likely reason is due to the electronic pulling effect of the terminal fluo- 
rine ligand. 

[Mes6Ga6F404], which crystallizes from THF as [Mes6Ga6F40~'THF, can be 
described as a distorted Ga6 octahedron, in which the faces are capped by eight 
electronegative ligands. The molecule has C3 symmetry with the atoms Ol and F2 
on the threefold axis. All electronegative ligands have a ~3-bridging function, except 
for FI and the symmetry-equivalent atoms, which have a pseudo-g3-brid#ng func- 
tion, recognizable by two short Ga-F  distances of t97.3(3) and 222.3(2) pm and a 
weak Ga.. .F interaction of 252.1 {3) pm (Fig. 16). 

Recently, two complexes [Mes6Ga6(OH)404] [7t] and [(tBu)6AI6{OH)404] [72] 
have been reported, which basically have the geometry of [Mes6GaeF404]. The sites 
of the F -  ions are occupied with the isoe|ectronic O H -  ions. Which position in the 
complex is occupied by an 0 2- anion, and which by an anion with one negative 
charge, can be determined from different metal ligand distances, or by an estimation 
of the valence according the me~hod of Donnay and Allmann [73, 74]. The molecular 
weight determination and the tgF NMR spectra suggest that the hexanuclear com- 
plex [Mes6Ga6F4Oq] is stable in THF solution. The two signals at -90.7  (3 F)  and 
- 1 0 4 . 0  ppm (I F)  are also consistent with the bridging function of all F atoms. 
The terminal F atom in [Mes2GaF{NH2(tBu)}] gives rise to only one signal at 

0t 

( 

Fig. 15. Centrosymmetric dimer of [MeszGa(F)NHz(tBu)] in [Mes2Ga(F)NHz(tBu)] • 2.5THF|} 
(SCHAKAL [29]). 
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FIB~ 

2B 

C2 

F2 2fl 

Fig. 16. Schematic drawing of the Ga-O-F skeleton in [Mes6Ga6F404]" THF. The mesityl substituents 
are represented by the ipso-C atoms (SCHAKAL [29]). 

Fig. t7. Space-filling model of [Mes6Ga6F404] in [Mes6Ga6F404]-THF (SHELXTL-PLUS [75]). View 
along the threefold axis. 

-- 170.3 ppm. The acceptable solubility of  [Mes6Ga6F404] in toluene is due to the 
protecting effect of  the mesityl g~oups, which can be demonstrated by a space filling 
model (Fig. 17). 

4. Synthesis and reactions of organoindium fluorides 

4.1. Synthesis and characterization o f  diorganoindium fluorides 

BF3- (OEt)2 and tr iorganotin fluorides are not only useful synthons in organogal-  
lium chemistry, they can also be employed in the preparat ion of  the indium ana- 
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logues. Diorganoindium fluorides can be isolated from the treatment of 
t riorganoindanes with BF3- (OEt)2 ( Eq. (29)) [ 76, 21 ] 

3Rain + BF3- (OEt)z ~3RzlnF + BRa + Et20 (29) 

R = Me [76], CH2Ph [21], Mes [21 ] 

The reaction is free of detectable by-products, except for the Mcs derivative, in 
this case a small amount of the boroxin [MesBO]3 is always found. This could be 
the result of an ether cleavage caused by MesBF2 [77,78]; however, a reaction with 
traces of water cannot be excluded. Surprisingly, the formation of a boroxin can 
only be observed in the presence of a Mes ligand. 

The reaction of Etaln with EtaSnF yields the diorganoindium fluoride Et21nF 
(Eq. (30)) [79]. 

Et3ln + EtaSnF-~Et2InF + SnEt4 (30) 

The treatment of (iPr)aln with BFa" (OEt)2 does not lead to the desired product 
(iPr)2InF but to the salt [(~Prhln][BF4] (see Section 4.2. On the contrary, stirring of 
(iPr)zlnCl in MeCN at -15°C in the presence of KF gives the product (Eq. (31)) 
[20]. 

iPr2lnCi KF; MeCN; -15~C 
. . . . . . . . . . .  , iPr2InF (31 ) 

- KCI 

The use of crown ethers is not helpful in optimizing the yield of (iPr)2InF because 
of the formation of the salt iK(15-crown-5)z][(~Pr)zlnCl2| (Eq. (32)) [20]. 

2(iPr)2lnC ! KF; IS-~,ow~-5;McCN • [K(15-crown-5)2][(iPr)2InC12]+(iPr)2InF (32) 

Diorganoindium fluorides are colourless, air-sensitive, very hygroscopic solids. 
According to their solubility [20], cryoscopic data and NQR spectra [80-82] the 
Me and Et derivatives are polymeric, while (PhCH2)2InF and Mes2InF are dimers 
in solution (Fig. 18). The iPr derivative shows an average degree of aggregation of 
3.9, but there is evidence for the presence of different molecule sizes in solution. 
This is supported by the low solubility even in donor solvents like MeCN. 

[R21nF| n 

(a) (b) (e) 

Fig. 18. Degree of aggregation for diorganoindium fluorides in solution: (a) R =  CH2Ph [21], Mes [21]; 
(b) R= iP r  [20]; (e) R ~ M e  [76], Et [79]. 
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The structures of [(iPr)2InCl ], [20] and [{ (ipr)zlnF } s {CsF" 2 MeCN } ] [22 ] show 
a polymeric ladder-type arrangement of the indane units also assumed for 
(iPr)zlnF. The graduation of the 19F NMR signals is identical to the corresponding 
Ga compounds ((iPr)21nF: - 201.5; (PhCHz)2InF: - 186.0: MeszlnF: - 173.0 ppm) 
but shifted to higher field. This is in accordance with the higher ionic character of 
the ln -F  bonds in comparison with the G a - F  bonds. An extreme example is 
(~Pr)zlnF, because of the ~t3-bridging function of the fluorine ligands. This leads to 
an easy release and transfer of F -  ions [ 16]. Solutions of (iPr)zInF, (PhCH2)zlnF 
and MeszlnF in MeCN show low-field shifted 19F NMR resonances ((iPr)zlnF: 
- 186.4; (PhCHz)zInF: - 163.8; MeszInF: - 173.0 ppm) caused by the solvate com- 
plexes [RzlnF(MeCN),,]. This is surprising because aluminium and gallium com- 
pounds exhibit high field shifts by reducing the function of the fluorine atoms from 
a bridging mode to a terminal one. There are two explanations for this effect. On 
the one hand, the AI and Ga centres are harder Lewis acids than the corresponding 
In centres, and a connection to two or more metal centres reduces the partial 
negative charge on the fluorine Latom which causes a down-field shift of the NMR 
signal. On the other hand, there is a strong tendency of the higher homologues In 
and TI to form linear cations RzM ± [21,83] which are valence-isoelectronic to the 
linear mercury species R2Hg. Thus, in In compounds the bridging halogen atom 
possesses a higher ionic character than a terminal halogen function (see Table 2). 

Broad strong absorbances in the region of 350 to 390 cm-  t are characteristic for 
solid diorganoindium fluorides (see Table i). Despite the fact that MeszlnF is a 
dimer in solution, the X-ray structure analysis determines a trimeric molecule [ 19] 
(Fig. 19). The six-membered ring is strongly distorted to a boat form (Fig. 20) 
caused by small inner ring angles F - In -F  of 85.6 ° (average) and large angles In -F- In  
of 139.2 ° (average). A mean In-F bond length of 212 pm is typical for ~t_,-bridged 
F atoms [33,63]. The sterical demand of the Mes groups force a face-to-thee 
arrangement of the aryl substituents with an average distance of 360 pro. 

If (ipr)zlnCl is treated with CsF, only impure (iPr),h~F is isolated. Even after 
recrystallization from acetonitrile, traces of excessive CsF are detectable. Apparently, 
more fluoride ions are transferred to the indium centres because of the higher 
fluoridation potential of CsF compared with KF. Therefore, the reaction of 
(Tr)zInCl with an excess of CsF in boiling MeCN yields, after hot filtration, the 
unusual compound [{(iPr)21nF}s{CsF-2 MeCN}] (Eq. (33)) [22]. 

5iPrzlnC 1 C~V:M~CN:.~J ~ [(iPr,lnF)s(CsF-2MeCN)] 
-CsC[ 

(33) 

The compound loses the weakly coordinated acetonitrile molecules completely in a 
low stream of inert gas. The I~F NMR signal of - 183.3 pm is almost identical with 
that of (iprhlnF. This points to a complete solvation of the indane and indate units 
with a rapid F -  exchange. The cryoscopic weight determinations in benzene suggest 
the existence of [{(iPr)21nFIsCsF] units; the determined average molecular weight 
is 1671 g tool-1. The ln -F  bonds give only one broad IR band at 359 cm -I. 

The structure of the compound was elucidated by X-ray structure analysis. From 
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Fig. 19, SCHAKAL [29] plot of the trimer [MeszlnFh. 

Cl F3 

C4 

Fig. 20. Distorted boat-form of the lrtaF3 framework in [MesztnF]3. The mesityl substituents are reduced 
to their ipso.C atoms (SCHAKA[  t[29]). 

a topological point of  view [{(iPr)2InF}5{CsF.2 MeCN}] consists of  a polymeric 
ladder-type chain with an alternate arrangement of {(iPr)2InF}s and CsF units 
( Fig. 21 ). The 'rungs' of the ladder are always shorter (212.1 ( 5)-215.6 ( 5 ) pro) than 
the sides (223.1(5)-260.7(5) pin). The coordination geometry of  the In atoms is a 
distorted trigonal bipyramid, while the coordination sphere of  the Cs ÷ ions is built 
up by three fluorine contacts (287.2(5)-311.0(6) pro) and three molecules of  ace- 
tonitrile. One molecule has a terminal (317(1) pin), two molecules have a 
lxz-bridging function (320.9(9), 334( 1 ) pm) forming a centrosymmetfi¢ four-mem- 
bered Cs2N2 ring (Fig. 22). Although the Cs-N interactions are weak, the MeCN 
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F 
5B Cs 

C 
IOB 

4 
its 

Fig. 21. Part of the polymeric chain of [{(iPr)zlnF}s{CsF- 2MeCN} ] (SCHAKAL [29]). 

24cc 

~ Cs ~ k~,,~iC 2 C ~ C  
s o ~ : ~ ' p - - - - - . - - ~  23c 

C F 

C Fl F 26 6B 
Fig. 22. Centrosymmetric dimer formed by Cs + ions  and acetonitfile molecules in 
[{(iPr):,InF}s{CsF.2MeCN}]. The complete coordination sphere of the caesium cations is shown 
(SCHAKAL [291). 

molecules are important  to stabilize the resulting polymeric double chain which is 
aligned along the b axis (Fig. 23). 

From a chemical point of  view, the structure consists of  indane [{(iPr)zinF}3 ] and 
indate (Cs[{(iPr)2InF }zF]) subunits. 
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Fig. 23. Stereoscopic view of the unit cell of  [{(~Pr)zlnF }s{CsF, 2MeCN }] along the b axis. 

4.2. Synthesis and characterization of organoindium difluorides 

The only known derivative of  this class of compound is the complex 
[(MeslnF2h0MgF2]. The substance can be isolated as a by-product during the 
synthesis of Mes2inF, if the educt Mesaln still contains traces of magnesium ~Its  
from the Grignard reaction of InCl 3 with MesMgBr (Eq. (34)) [22]. 

toluene, 80°C 
20Mes2lnF + MgF 2 - - - - -*  [ ( M e s l n F 2 ) l o M g F 2 ]  + 10Mes3in (34) 

The complex crystallLzes from toluene as [(MeslnF2)10MgF2] • 5 toluene. The complex 
framework is build up by two half-spheres of (MesInFe)s which enclose- a linear 
MgF2 unit (Fig. 24). Four V.3-bddging fluorine atoms, belonging to the equatorial 
plane of the MgF6 octahcdron, hold the spheres together. The MgF6 octahedron is 
distorted because of a weak In-F  interaction of 252.2(3) pm (In4---F11), and the 
existence of four ~3-bridging and two terminal F tigands. All ~tz F atoms show a 
large In -F- In  angle of about 135 °. The In ccntres possess a distorted squar¢ pyr-,mfi- 
dal coordination sphere, in which the Mcs ligands arc protecting the In -Mg-F  core 
(Fig. 25). 

The tgF N M R  spectra of [(MesinF2)toMgF2] show four signals for four geometri- 
cally different F positions ( -  150.0, 8 F; - 151.5, 8 F; - 134.6, 4 F; - 160.4 ppm, I 
F),  indicating that the cage is stable in solution. There is a topological relationship 
between [(McslnF2)1oMgF2] and oxometallate complex ions iike [W6019] 2- [84] 
and [V~VV~rsOs2] t°- [85-87]. 

Attempts to synthesize the salt K[McslnFa] fared. The reaction of  MeslnBr2 with 
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Cl 

Ill 
F3 

Fig. 24. Plot of the molecule [(MeslnFz)~oMgF2] in [(MeslnFz)xoMgFJ • 5toluene. The mesityl substituents 
are represented by the ipso-C atoms (SCHAKAL [29]). 

Fig. 25. Space-filling model of [(MeslnFzhoMgF2]. 
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KF and crown ether leads to the compound [K(15-crown-5)2j[Mes2InBrz] formed 
by a ligand distribution [ 17]. In the absence of crown ether, an insoluble fluorine- 
containing material besides the indate K[MeslnBr3] can be isolated (Eq. (35)) [17]. 

MeslnBra KF;MeCN:-IS°C ~ K[MeslnBr~i+.. .? (35) 

The structure of K[MeslnBr3] possesses the same characteristics as Cs[MesGaF3]~ 
although the coordination sphere of the K + ion is different (Fig. 26). The potassium 
ions are surrounded by seven bromine atoms. Two bromine atoms of two indate 
units bond in a chelating fashion, while three bromine atoms belong to three different 
indate units (average distance K-Br: 342.5(5) pro). K[MesInBr3] forms layers paral- 
lel to (100), having the intefionic contacts in the centre of the layers and the 
hydrophobic protection of the Mes groups on the surface of the layers (Fig. 27). 
The layers are stacked along the c axis (Fig. 28). 

4.3. Reactions and derivatives of organoindium fluorides 

The synthesis of [Me3NCH2Ph][Me3InF] by reacting lnMe3 with 
[Me3NCH2Ph] F is mentioned in the patent literature, but no further characterization 
is reported [88]. 

8r3 

In Br~ 

2E 

3[" 

IB 

Fig. 26. Coordination sphere of the K + ion in K[MeslnBr3] (SCHAKAL [29]). 
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In 
I8 
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F~.~.~27 . Part of one layer in K[MeslnBr3] ($CHAKAL [29]). 

o~ 

8 8 

Fig. 28. Stereoscopic view of the unit cell of  K[MesIn~!;r3]. The layers are stacked along the b-axis. 
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CL I 
Fig. 29. Segment of the chain of [(iPr)InClz(dioxane)]~ with disor:ler behav/our of  the iPr group 
(SCHAKAL [29]). 
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Fig. 30. Stereoscopic view of the unit cell of  |(~Pr)InCIz(dio:~an¢)]~. 

The tendency of (iPr)2inF to transfer F -  ions could be demonstrated by the 
treatment of (iPr)21nF with SnCl2(dioxane) [19]. The halide exchange gives an 
insoluble Sn-F compound and the coordination polymer [(iPr)InClz(d/oxan¢)]~ 
(Eq. (36)). 

iPr2InF + [SnCl2(dioxane)]--, [~PrlnCl2(dioxane)] + ...7 (36) 

The product consists of' polymeric chains w/th an alternating arrangement of donor 
solvent molecules and indane units, rq~orted also for [Me3In{S(CHa)4S}L [89] 
(Fig. 29). The polymer/c s~ngs are d/rected along the b axis (Fig. 30). The iPr 
group is disordered and occupies two positions. 

The ability of d/organoindium(thall/um) compounds to form stable l/near 
R2M + cations has already been mentioned [3,21,83]. (PhCH2)2InF and McszInF 
can donate F -  ions to a Lewis-aciddike BFs-(OEt)z (Eq. (37)) [83] at 80°C in 
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toluene. 

R2InF+BF3"(OEt)2 80°C:t°luene ' [R2In][BF4]+Et20 (37) 

R = CH2Ph, Mes 

(iPr)a|n reacts with BFa- (OEt)2 directly to [(iPr)2In][BF4] at room temperature [21 ] 
(Eq.(38)).  An analogous compound can be obtained by the reaction of 
(PhCH2)3In or MesaIn with BF 3 • (OEt)z at 80°C. 

3Rain + 4BFa" (OEt)2 -o3 [R2Ir~][BF4] + BRa + 4Et20 (38) 
R = ipr, CH2Ph, Mes 

All mentioned compounds are very moisture sensitive colourless salts. The solubil- 
ity in donor solvents like MeCN is based on the formation of [R2In(NCMe)~] + 
ions. Only [Mes2In][BFa] is slightly soluble in toluene. The prediction of the C- In -C  
angle in R2In-fragments is possible for R = Me because of the quantity of structural 
data [90]. For a linear arrangement of the sequence [R-In-R] + the difference 
between the asymmetric and the symmetric stretching frequency is a maximum. The 
large Av in [(iPr)zIn][BF4] (vas 519, vs 474 era-1) points to a linear, or almost linear, 
C-In-C-axis  [21]. The IR spectra of the benzyl and mesityl derivative show only 
one i n -C  band. Structural data of the solvent-free [Mes2In][BF4] do not allow to 
determine, whether the Meszlr~ + ion is linear or not because of a disorder of the 
ligands (Fig. 31) [83]. 

k.) 

Fig. 31. Coordination of the In centre in [Mes21n][BF4] with disorder behaviour of the [Meszln] + fragment 
(SCHAKAL [29]). 



B. NeumCdiler / Coordination Chemistry Reviews 158 (1997) 69-101 97 

Fig. 32. Chain formed by [(iPr)zln(THF)~+ and [BF,d- ions (SCHAKAL [29]). 

However, a linear sequence can be assumed considering the linear geometry of 
the ion Mes2Tl + in [Mes2T1][MesTlCl3] [99]. The coordination sphere of  the In 
centre contains the two Mes ligands and four weakly bound fluorine a~:oms On.--F 
271.3(7) pro) from two different BF~ ions. Every following R2In + fragme~t is 
perpendicular to the fragment before, and all units are arranged perpendicular to 
the direction of the strings formed by the ions (c axis). 

An infinite chain is also the principle for the structure of  the solvate 
[(iPr)zIn(THF)z][BF, d (Fig. 32) [21]. The metal centre possesses a CN of six. Two 
iPr groups (trans configuration, C - I n - C  160.3(4)°), two T H F  molecules in a cis 
configuration and two long In---F interactions (259.1 (6) and 264.6(4) pro) complete 
a strongly distorted octahedron. The connection of  the [(iPr)zIn (THF)2] + ions with 
BF£ ions ensues along the a axis forming an infinite chain in a z igzag fashion. 

5. Synthesis and reactions of organothamum fluorides 

5.1. Synthesis and characterization of diorganothallium fluorides 

Surprisingly, diorganothallium fluorides were synthesized about 30 years before 
the first corresponding alurninium compound was published [4,91]. The reason is 
probably based on the fact that the thallium derivatives are usually stable towards 
air, water and alcohols. 

Therefore, the synthesis can be carried out without working under an inert gas 
atmosphere. Halide exchange in combination with the formation of  silver salts is 
the principle of the synthesis (Eq. (39)) [91-93,23,24]. 

RaT1Br + A g F - ,  MezT1F + AgBr (39) 

R =  Me [91 ], Et [91 ], nBu [921, iAm (Am =amyl )  [92,93], iBu [93], ~Hex [93], 

Ph [911, 06F5 [23,241 
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The reactions can be carried out in water, which first gives water-contairfing products. 
The water can be easily removed by drying the products in the presence of P4Oto [91 ]. 

The formation of Me2TIF in low yield could be observed in the reaction of 
Me3TI with F3CI [94]. EtzTIF is obtained in good yield by treating Et3T1 with 
F2HCNO2 [95]. 

The diorganothaUium fluorides are colourless, thermally stable and not very air- 
sensitive compounds. None of the derivatives has been structurally characterized. 
However, the presence of the 2°5T1 isotope gives the possibility for 2°ST1 NMR 
measurements as a helpful analytical probe (6(Me2TIF): --3420 (DMSO), 
-3500 ppm (H20); standard TINO3). 

The IR data of (C6Fs)2TIF support the existence of four-membered T12F2 rings 
connected to a coordination polyrner in the solid state (VTtF: 318 cm -t)  [23,24]. 

The cryoscopie molecular weight determinations of nHex2TIF, iAm2TIF and 
iBu2TIF at various concentrations [93] are interesting. The n-hexyl and the isoamyl 
derivative contain species ranging from n =2 to n = 7.6. The degree of aggregation 
is nearly independent of the concentration in the case of the isobutyl derivative. 

5.2. Synthesis and characterization of organoti:allium difluorides 

The organothallium difluorides are limited to the aryl-substituted derivatives to 
date. The hydroxide PhTI(OH)2 can be used to form the desired fluorides (Eq. (40)) 
[96]. 

PhTI(OH)2 ~ PhTIF2 (40) 
-HzO 

The most commonly used synthesis method is the reaction of organothallium triflu- 
oroacetates with various fluorides [97,98] (Eq. (41)). 

MF 
RTI[OC(O)CF3]2 ~ RTIF2 (41) 

-MIOC(O)CF,] 

R = Ph, 4-CI-C6H4, 2,4-Me2C6H3, 2,5-Me2C6H3, 2,6-MezC6H3, 

Mes, 4-MeOC6H4 [97], 4-Me2NC6H4 [98] 

The reaction medium may be water or alcohols. According to IR spectra and a 
normal coordinate analysis, the absorptions of PhTIF2 at 525 and 499.5 era-t  can 
be assigned to the asymmetrical T1F2 and the symmetrical TIF2 vibrations respec- 
tively [96,25]. Theoretical considerations suggest a molecule with C2,, symmetry, a 
TI-F distance of 187.8 pm and an F-TI-F  angle of 116 ° [26]. 

5.3. Reactions of organothallium fluorides 

There is only one salt known which contains an anion of the type 
[R3TIFTIR3]-. The synthesis takes place according to Eq. (32) in toluene [27]. 

2Me3TI + [NMe4] F ~ [NMe4][ Me3TIFTIMe3 ] (42) 
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The IR spectra give rise to an anion with Dah syrtl~etry with an asymmetric 
stretching vibration v~(T1-F-TI) of 250 era- t. 
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