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Conversion of salts Li[(CgH,Fs_,)B(OMe);] (n = 0, 1) into (Li:-DME)[(CgH,F5_,),B(OMe),]
was studied in dichloromethane-DME solution. The observed rate constants k decrease
from (21.4 £ 0.9) x 107 | mol™ s (Li[C;FsB(OMe),]) over (6.99 % 0.11) x 1073 | mol™ s7*
(Li[(2,3,5,6-C4HF,)B(OMe),]) to (2.94 % 0.05) x 107 | mol™ s (Li[(2,3,4,6-C4HF,)B(OMe),]),
while Li[(2,3,4,5-C4HF,)B(OMe);] does not undergo any transformation. Hydrolysis of
(Li-DME)[(CgH,F5_,),B(OMe),] leads to corresponding borinic acids, whereas treatment of
them with aqueous solution of M[HF,] (M = Bu,N, K) acidified with HF results in
M[(CgH,F5_,),BF,] in high yields.

Keywords: Polyfluorophenyltrimethoxyborate; Bis(polyfluorophenyl)dimethoxyborate; Poly-
fluorobenzene derivatives; *°F NMR spectroscopy; Organoborate salts.

In preceding publications on polyfluoroorganoboron-oxygen compounds
we demonstrated the dramatic qualitative and quantitative differences
between polyfluorinated aryldihydroxyboranes (arylboronic acids) as well
as (trialkoxy)arylborates and their non-fluorinated or less fluorinated ana-
logues®>. For example, it is well known that arylboronic acids readily elimi-

+ For Part 6, see ref.
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nate water giving corresponding anhydrides®’. This pattern is retained
also for (3,4,5-C¢H,F3)B(OH),, (2,4-C¢H3F,)B(OH), and (4-C4H,F)B(OH),,
but fluorinated phenylboronic acids, (CgH,Fs_,)B(OH), (n = 0, 1) and
(2,4,6-C¢H,F3)B(OH),, containing fluorine atoms in both ortho-positions to
boron can be crystallized from boiling toluene without water loss®. Further-
more, a series of borates M[ArB(OH),(OAIk);_,] (n = 1-3; M = Li, Na, K,
Bu,N; Ar = XCgH,) has been obtained in reactions of arylboronic acids,
their esters or anhydrides with MOH or MOAIk in aqueous or alcoholic
solutions’~1%, However, all attempts to prepare analogous trihydroxy-
(polyfluorophenyl)borates M[CgzHF5_,B(OH)3] (n = 0-3) failed owing to
hydrodeboration (formal displacement of boron by hydrogen) of (poly-
fluorophenyl)boronic acids under alkaline conditions (KOH (1 equivalent)/
33% H,0-MeOH). Moreover, (pentafluorophenyl)boronic acid, CzFsB(OH),,
decomposed to form CgFsH even in basic solvents (CH;CN, MeOH,
33% H,0-MeOH, pyridine and 9% D,O-pyridine)*.

Earlier we have found optimal conditions for preparation and isolation of
lithium trimethoxy(penta- and tetrafluorophenyl)borates, Li[(CgH,Fs5_,)B(OMe),]
(n = 0, 1), and used these salts as reagents for palladium-catalyzed cross-
coupling reactions?. The other remarkable property of Li[C;FsB(OMe),]
(1a-Li) is its ability to convert into dimethoxybis(pentafluorophenyl)borate
salts, M[(C4zF5),B(OMe),] (M = BuyN, K, Li-L,,; L = Et,O, THF, DME, TMEDA),
under substitution of Li* cation with Bu,N* and K* or complexation of Li*
with diethyl ether, THF, DME, or TMEDA 3,

Such conversion of [(C4F5)B(OMe),]™ into [(CgFs),B(OMe),]~ provides a
new synthetic approach to compounds containing two C4F5 groups bonded
to boron, whereas the existing methods of their preparation are based on
direct introduction of both pentafluorophenyl substituents with the use of
corresponding tin derivatives!! or elimination of C4F5 group from B(C4Fs),
under the action of water'?, xenon difluoride®3, IF; %4, etc. To our knowl-
edge, such conversion has not been previously reported for any other indi-
vidual trialkoxy(aryl)borates M[ArB(OAIKk);] (Ar # Cg4F5), although the
formation of (MgBr)[(C4F5),B(OEL),] as the main product in the reaction of
CeFsMgBr with B(OEt); was described by Servatowski et al.*®>. An admixture
(=15%) of dialkoxydiarylborate salts, M[Ar,B(OAIK),] (Arg = CgFs5, 4-C5NF;
M = Li, MgBr), was detected in the reaction of ArM with B(OAIlk), 16:17.

In continuation of our systematic research on chemistry of polyfluoro-
organoboron-oxygen compounds, we studied kinetic features of transfor-
mation of lithium trimethoxy(pentafluorophenyl)borate (1a-Li), trimethoxy-
(2,3,5,6-tetrafluorophenyl)borate (1b-Li), trimethoxy(2,3,4,6-tetrafluoro-
phenyl)borate (1c-Li), and trimethoxy(2,3,4,5-tetrafluorophenyl)borate
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(1d-Li) into corresponding salts (Li-DME)[(CgH, F5_,),B(OMe),] (2a-2d) in
dichloromethane in the presence of DME. Using the kinetic data we devel-
oped a synthetic approach to bis(2,3,4,6- and 2,3,5,6-tetrafluorophenyl)-
borinic acids, (CzHF,),BOH, and potassium difluorobis(tetrafluoro- or
pentafluorophenyl)borates, K[(CgH,F5_,)-BF,] (n = 0, 1).

RESULTS AND DISCUSSION

Earlier we elaborated a simple and representative method for analysis of the
reaction mixtures containing [CgFsB(OMe);]~ (1a) and [(C4Fs),B(OMe),]”
(2a) anions. This method is based on fast conversion of salts of 1a and 2a
into corresponding fluoroborates, [C4FsBF;]” (3a) and [(C4F5),BF,]™ (4a),
with a mixture of (Bu,N)HF, and aqueous HF followed by extraction with
CH,CI,. The resulting organic phase is analysed by °F NMR3. As a rule,
fluorodemethoxylation of lithium methoxy(polyfluorophenyl)borates with
(BuyN)HF, in aqueous HF does not affect the monoarylborate:diarylborate
molar ratio®. Using this method we tested the ability of isomeric lithium
trimethoxy(tetrafluorophenyl)borates (1b-Li-1d-Li) to transform into cor-
responding salts (Li-DME)[(CgHF,),B(OMe),] (2b-Li-2d-Li). Starting lithium
trimethoxy(tetraflurophenyl)borates 1b-Li-1d-Li were dissolved in
CH,CI,-DME (5:1 v/v) and after 15 min the solutions were treated with
(BuyN)HF, in aqueous HF. The '°F NMR spectra of the organic phases
showed the formation of (Bu,N)[(2,3,5,6-C¢zHF,)BF;] (3b-BuyN) and
[Bu,N][(2,3,5,6-C¢xHF,),BF,] (4b-Bu,N) (molar ratio 1.5:1) from 1b-Li and
the corresponding tetrabutylammonium salts, (Bu,N)[(2,3,4,6-CcHF,)BF;]
(3¢c-BuyN) and (BuyN)[(2,3,4,6-CgHF,),BF,] (4c-Bu,yN) (molar ratio 3.8:1),
from salt 1c-Li. Under the above conditions, no changes were observed for
the solution of 1d-Li. After the work-up, salt (Bu,N)[(2,3,4,5-CzHF,)BF;]
(3d-BuyN) was the only product (*°F NMR) (Scheme 1). It should be noted
that under the mentioned conditions salt la-Li gave (Bu,N)[C4zF5BF;]
(3a-BuyN) and (BuyN)[(Cg4Fs),BF,] (4a-BuyN) in molar ratio 1:4.03.

Thus, the rates of conversion of salts 1-Li to 2-Li in CH,CI,-DME solu-
tion decrease in the order Li[C4FsB(OMe),] > Li[(2,3,5,6-CzHF,)B(OMe);] >
Li[(2,3,4,6-CzHF,)B(OMe),] > Li[(2,3,4,5-CzHF,)B(OMe),].

Recently we have reported the remarkable difference between the 1°F
NMR spectrum of Li[C4FsB(OMe);] in dichloromethane and the spectrum of
freshly prepared solution of 1la-Li in CH,Cl,-DME 2. This difference consists
in deshielding of fluorine atoms in ortho-position to boron and less mean-
ingful shielding of fluorine atoms in the meta- and para-positions in the
presence of DME. Similar changes in the 1F NMR spectra of dichloro-
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methane and CH,Cl,-DME (5:1 v/v) solutions also occur for salts 1b-Li,
1c-Li and 1d-Li (Table I). The observed effect is related to complexation of
Li* coordinated to B(OMe); groups by DME. In the case of salts 2a-Li-2c-Li,
the significant deshielding of F-2 and F-6 (Ad = 1.6-4.5 ppm) and moderate
shielding (Ad = 0.3-1.1 ppm) for fluorine atoms in meta- and para-posions
are observed in comparison with that for salts 1a-Li, 1b-Li and lc-Li in
CH,CI,-DME (5:1 v/v) solutions.

The difference of chemical shifts of the fluorine signals of salts
la-Li-1d-Li and 2a-Li-2d-Li allowed the quantitative measurement of dis-
appearance of salts la-Li-1d-Li and formation of 2a-Li-2d-Li in CH,Cl,—
DME (5:1 v/v) solution at 24 °C using 1°F NMR spectroscopy. The obtained
kinetic data showed the second-order reaction'® for salts la-Li-1c-Li, and
the calculated rate constants k were (21.4 = 0.9) x 102 | mol* s7! (1a-Li),
(6.99 + 0.11) x 1073 I mol* s! (1b-Li), and (2.94 + 0.05) x 102 | mol~* s
(Lc-Li). Li[(2,3,4,5-C4HF,)B(OMe),] (1d-Li) did not undergo any transfor-
mation in CH,CI,-DME (5:1 v/v) solution at 24 °C (Fig. 1).

Both series of experimental data presented in Scheme 1 and Fig. 1 indi-
cate the essential role of many fluorine atoms in the transformation of
trimethoxyarylborate anion to dimethoxydiarylborate anion as well as
the strong dependence of the reaction rate on the position of four fluorine
atoms relative to the trimethoxyborate group. This picture does not contra-

— R1 —
R, F
B(OMe); ] 1- CH,Cl,-DME BF,
F P, F F F F
. 24 °C, 15 min BUN BUN 5F
[ P L +Buy 2
2. (BU4N)HF2 2
R? Fo| ™ inaq. HF R F F F
R' R
R2 F
R
1b-Li (R4 =H,R, = F) 3b-BuyN 4b-BuyN
1c-Li (Ry=F, Ry =H) 3c-BuyN 4c-BuyN
B(OMe); | 1. CH,Cl,-DME BF,
3 (3:1 viv), F
24 °C, 15 min
Li WBU4N
- (BUy 2
F F in aq. HF F F
F F
1d-Li 3d-BuyN

SCHEME 1

Collect. Czech. Chem. Commun. 2008, Vol. 73, No. 12, pp. 1681-1692



1685

Polyfluoroorganoboron-Oxygen Compounds

T'TET- L'SET~ 2991~ GT9T- 2991~ L'SeET-  CI0°HD N"ng-eg ([f48°4°0](N"ng)
¥'60T- TovI- 8'69T- 6621~ CI9%HD 17792 [F(e0)gé("4H%0-9' e 2)1("@wa)r)
LLET- TEVI- TEVI- L2eT-  Y0°HOD  171-az [Feno)gé("4H%o-9's e 2)1("@wa)r)
£9eT- 1691~ €191~ LG9T~ €9eT-  YI0%HD 17-e2 ([C(en0)a*(¢1°0)1(“"@nwa)i)
TvvT- v’ 19T~ €€9T- LTy~ 19°HD Eeno)a("4H%-s'v'e' 1M @na)r)
6€TT- 0'6ET- 6891~ GIET- 19 HD E(eo)a("4H%0-9'r'e 1M @na)r)
LOovI- SZYI- SZYT- LOvT- S19%HD Eleno)a("4H%0-9's'e 1M @na)r)
v'8eT- v'G9T- 6°09T- ¥'59T- ¥'8eT- °I19%HD E(eo)g®s°21("@wa)r)
- 80V~ 6'85T- Z'09T- Z'8vT- ‘1o%an 17-pT ([E(e0)a(*4H%D-5'v '€ 2)]1
€6TT- 11T~ 0'89T~ 0'GET~ ‘19%an 17-9T L[5 (e0)a(*4H%0-9'p ' 2)I1
Lvyi- TIvI- TTvT- LT ‘19%an 1791 [E(e0)a("4H%0-9's'e 2)I1
6EVT- 6°€9T- Z'65T- 6°€9T- 6EVT- ‘1o%an 17-eT [(en0)a°4°01
49 94 G- - e z-4
1UBA|0S punodwo)

wdd ‘sy1ys resiwsyd

ZT=uiH

‘BNO = X) ["7"x8"("4H%D)IN pue ["Pxg"(54°0)]N Jo en0ads YIAIN dg;

| 31av ]

Collect. Czech. Chem. Commun. 2008, Vol. 73, No. 12, pp. 1681-1692



Adonin, Bardin, Frohn:

1686

A I ) LR

Tvel- Z'80T- 8'6ET- G0LT- 1821~ NOfao -0t [¢48°("4H%0-9' '€ 2)IM
SYET- v'9ET- TErT- TEeVT- ¥'9eT~ NOfao M-ay [4g94("4H%0-9'5'€ )
TOvI- £9eT- €691~ G091~ €691~ £9eT- NOfao M-ey [(48°(54°0)IM
8'SYT- S'SET- S'S9T- 1091~ G591~ G'GeT- HO3N e [f494(51°0)IM
L'€ET~ S 20T~ €6ET- 9691~ v'82T-  NOFad M-0€ p[€4a("4H%D-9'v'€ 2)I
8'€eT- 8'GeT- A4 zeyt- g'seT-  NOfao M-ag p[f48("4H%0-9'5'€'2) I
v'eET- Z'GET- €697~ £°09T~ €697~ Z'SET- NOfao M-eg ,[f4a°4%0]
LovT- 0'60T- 90T~ 8°0LT~ 9'62T~ °19%HD N"ng-o [f4g%("4H°0-9'v'€'2)](N"ng)
rAVA zLET- verT- v'erT- ZLET- °I19%HD N'ng-qy [f4g%("4H°0-9'5'€"2)](N"ng)
0'6ET- L9gT~ G991~ 6'T9T- G991~ L9ET~ %19 HD N'ng-ey [¢49°(°4°0)1(N"nq)
Tvel- Z'801- 8'6ET~ G0LT- 1821~ °19%HD N'ng-og [E4a("4H°0-9'v' 2)I(NPng)
SYET- v'9ET- TerT- TevT- v'9eT~ I19%HD N'ng-qg [f48("4H%0-9'5'e'2)](N"ng)
49 94 G- v-d €4 z-4
JUBA|OS UC:OQEOO

wdd ‘sy1ys jesiwayd

(panunuo))
| 31av]

Collect. Czech. Chem. Commun. 2008, Vol. 73, No. 12, pp. 1681-1692



Polyfluoroorganoboron-Oxygen Compounds 1687

dict the previously assumed scheme for the conversion of la-Li to 2a-Li
via dissociation of the former to CgzF;B(OMe), and MeO~ and subsequent
formation of key dinuclear methoxy-bridged borate intermediate such as
[CeFsB(OMe),(u1-OMe)B(OMe),CgFs]~. The migration of both the aryl and
methoxy group in the latter species results® in [(C4Fs),B(OMe),]~ and
B(OMe),;. The dramatic decrease in the transformation rate of anions
[(2,3,5,6-C4HF,)B(OMe);]- (two ortho and two meta fluorines),
[(2,3,4,6-C4HF,)B(OMe);]~ (two ortho and one meta fluorines) and
[(2,3,4,5-C4HF,)B(OMe);]~ (one ortho and two meta fluorine atoms) can be
elucidated by the decreasing Lewis acidity of the corresponding boranes
CgHF,B(OMe), because of the weakening of joint inductive effect of fluo-
rine atoms in the same order. It should be noted that the observed first-
order rate constants of hydrodeborylation of fluoro-containing dihydroxy-
(phenyl)boranes in aqueous pyridine* change from (2,3,5,6-C¢HF,)B(OH),
[k(32 °C) = (6.0 £ 0.6) x 102 min~] over (2,3,4,6-C4HF,)B(OH), [k(32 °C) =
(0.83 + 1) x 102 min™] to (2,3,4,5-C4HF,)B(OH), [k(32 °C) = 0.009 x 1072
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Rates of transformations of lithium trimethoxy(tetrafluoro- and pentafluorophenyl)borates
into corresponding dimethoxybis(penta- or tetrafluorophenyl)borates: B Li[CzF;B(OMe),]
(1a-Li), @ Li[(2,3,5,6-C¢HF,)B(OMe);] (1b-Li), A Li[(2,3,4,6-C4HF,)B(OMe);] (lc-Li),
® Li[(2,3,4,5-C¢4HF,)B(OMe);] (1d-Li)
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min~1]. In both cases, the driving force of the processes can be associated
with qualitative changes in Lewis acidity of arylboranes (CgH,Fs_,)B(OR),
(R = H, Me) when n decreased from 5 to 0.

The kinetic measurements of la-Li-1c-Li to 2a-Li-2c-Li were utilized for
development of synthetic approach to fluorinated diphenylborinic acids
and K[(CgH,Fs_)-BF,] (n = 0, 1) salts. Salts la-Li-1c-Li were generated by
the reaction of corresponding polyfluorophenyllithium reagents with
trimethoxyborane at —75 °C followed by in situ treatment of the resulting
salts with excess of DME at 25 °C (Scheme 2).

— R1 —_
R? F
RN F  1.BuLi-70°C . .
, 2. B(OMe);, -75 °C
R H K BF,
3. DME, 24 °C, 3-12 h
4. KHF, in aq. HF F F
R2 F
R F
L rR'
4a-K R'=F,R = F)
4b-K (R'=H,R2 = F)
4c-K (R" =F,R? = H)

SCHEME 2

The last procedure was performed for salt 1a-Li within 3 h, and for salts
1b-Li and lc-Li within 10 and 12 h, respectively. The estimation performed
using the kinetic data showed that contamination of salts 2a-Li-2c-Li with
residual amounts of 1la-Li-1c-Li must not be higher than 4%. The resulting
solutions of salts 2a-Li-2c-Li were treated with aqueous solution of KHF,
and aqueous HF. After removing organic solvents and neutralization of the
aqueous phase the desired products were isolated by mere filtration. For pu-
rification of compounds 4a-K-4c-K, the salts were treated with 48% aque-
ous HF at 60 °C for 1 h.

Salts 4a-K-4c-K were obtained as white solids in 62-74% overall yields
calculated relative to BuLi used for generation the (polyfluorophenyl)lith-
ium reagents. They were characterized by multinuclear NMR spectroscopy
(for *°F NMR data, see Table 1) and elemental analysis.

CONCLUSIONS

The rates of conversion of Li[C4FsB(OMe),], Li[(2,3,5,6-CzHF,)B(OMe);] and
Li[(2,3,4,6-C¢HF,)B(OMe);] to the corresponding salts (Li-DME)[(CgH, Fs_)o
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B(OMe),] (n = 0, 1) in the presence of the coordinating additive DME
decrease in the above order. This can be elucidated by the related decrease
in Lewis acidity of intermediate dimethoxy(polyfluorophenyl)boranes
(CH,F5_,)B(OMe), because of the less cooperative inductive effect of fluo-
rine atoms in this series. Consequently, the salt Li[(2,3,4,5-C¢HF,)B(OMe),]
(one fluorine atom in ortho-position to B) did not form the corresponding
dimethoxybis(tetrafluorophenyl)borate. This phenomenon was successfully
used for preparation of diarylborinic acids, Ar,BOH, and potassium diaryl-
difluoroborates, K[Ar,BF,] (Ar = C4Fs, 2,3,5,6-CgHF, and 2,3,4,6-CzHF,).

EXPERIMENTAL

NMR spectra were recorded on a Bruker Avance 300 (FT *H: 300.13 MHz, 1!B: 96.29 MHz,
13¢C: 75.47 MHz, 1°F: 282.40 MHz) spectrometer. The chemical shifts (3, ppm) are referenced
to TMS (*H, 3C), BF;-OEt,/CDCl; 15% v/v (*'B) and CCIF (*°F, with C4F, as secondary
reference (-162.9 ppm)). Coupling constants (J) are given in Hz. The C, H elemental analysis
were performed with an EA3000. The F analysis was performed in the N. N. Vorozhtsov
Novosibirsk Institute of Organic Chemistry. High-resolution mass spectra were recorded on
a Finigan MAT 8200 spectrometer (EI mode, 70 eV).

Pentafluorobenzene (ABCR), tetrafluorobenzenes 1,2,3,4-C4;H,F, (ABCR), 1,2,3,5-CgH,F,
(ABCR), 1,2,4,5-C¢H,F, (ABCR), 2.5 m BuLi in hexanes (Aldrich), 48% aqueous HF (Fluka),
KHF, (Riedel-de Haén), and anhydrous ether (Baker) were used as supplied. B(OMe); (Fluka)
was distilled over sodium. Dichloromethane (Baker) and 1,2-dimethoxyethane (DME)
(Riedel-de Haén) were purified by standard procedures and stored over molecular sieve (3 A).
Salts Li[C4FsB(OMe),] (1a-Li), Li[(2,3,5,6-C4HF,)B(OMe),] (1b-Li), Li[(2,3,4,6-C4HF,)B(OMe),]
(dc-Li), and Li[(2,3,4,5-C4HF,)B(OMe);] (1d-Li) were prepared using the literature method?.
Borates K[C4FsBF,] °, K[(2,3,4,5-C¢HF,)BF,] *°, K[(2,3,5,6-C4HF,)BF;]*° and K[(2,3,4,6-C4HF,)BF,]*°
were identified in mixtures by 'B and °F NMR spectra (see also Table 1). All manipulations
with lithium trimethoxy(polyfluorophenyl)borates were performed under dry argon.

Conversion of Lithium Trimethoxy(polyfluorophenyl)borates to
Lithium Dimethoxybis(polyfluorophenyl)borates (Kinetic Measurements)

NMR tube was charged with Li[(C4zHF5_,)B(OMe);] (n = 0, 1) (0.10 mmol) inside a glovebox.
Then dichloromethane (0.500 ml), C;H;CF; (internal quantitative reference, 5 ul, 0.041 mmol),
and DME (0.100 ml, 0.86 mmol) were added in this order dry argon. A sample (transparent
colourless solution) was immediately placed into a probehead of NMR spectrometer (24 °C),
and the composition of the reaction solution was monitored quantitatively by °F NMR
spectroscopy.

Reaction of Li[(CgHF,)B(OMe);] 1b-Li-1d-Li with DME in CH,CI, and
Subsequent Substitution of a Methoxy Group by Fluorine

Salt Li[(C4zHF,)B(OMe);] (260 mg, 1.0 mmol) was dissolved in CH,CI, (1 ml) and DME
(0.312 ml, 3 mmol) was added in one portion under atmosphere of dry argon. The colour-
less transparent solution was stirred at 24 °C for 15 min. Finally, CqH;CF5 (quantitative
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standard, 5 pl, 0.041 mmol) and (Bu,N)HF, (prepared from 48% HF (1 ml, 28 mmol) and
40% Bu,NOH (1 ml, 1.53 mmol)) were added successively. The two-phase system was stirred
for 20 min and then kept without stirring for 15 min. The °F NMR spectra of the separated
organic phase showed the formation of 3b-Bu,N, 4b-Bu,N (1.5:1), 3c-Bu,N, 4c-Bu,N
(3.8:1), and 3d-Bu,N from lithium salts 1b-Li, 1c-Li and 1d-Li, respectively.

Reaction of Li[(2,3,5,6-C¢HF,)B(OMe);] (1b-Li) and Li[(2,3,4,6-C4HF,)B(OMe),] (1c-Li)
Dissolved in DME with Aqueous HCI

Li[(CgHF,)B(OMe),] (520 mg, 2 mmol) was placed into an one-neck flask supplied with a
magnetic stir bar and inlet septum in a glovebox. DME (1 ml) was added with a syringe un-
der dry argon, and the resulting transparent colourless solution was stirred at 20 °C within
18 h. The solution was hydrolysed with aqueous HCI and extracted with ether (5 x 2 ml).
The extract was evaporated under reduced pressure, and concentrated aqueous HCI (2 ml)
was added to the oil. The mixture was kept in air over a period of 1 week at 20 °C, and then
a white precipitate was filtered off. After drying in air, a mixture of (CzHF,)B(OH), and
(CgHF,),BOH (220 and 230 mg starting from 1b-Li and 1c-Li salts, respectively) (molar ratio
18:82 in both cases) was obtained. Boronic acids, (2,3,5,6-C;HF,)B(OH), and (2,3,4,6-CgHF,)-
B(OH),, were identified by their 'B and *°F NMR spectra®.

(2,3,4,6-C4HF,),BOH. 1B NMR (96.29 MHz, CH,Cl,): 40.00 bs. *°F NMR (282.40 MHz,
CH,CL,): -107.2 bs, 1 F (F-6); -126.3 dd, 1 F, 3)(F-2,F-3) = 22, J(F-2,F-6) = 8 (F-2); -127.6 m,
1 F (F-4); -166.6 dddd, 1 F, 3)(F-2,F-3) = 21, 3)(F-3,F-4) = 21, 5)(F-3,F-6) = 12, 4)(F-3,H-5) = 6
(F-3). Calculated for C;,H;BF5O 326.014923, found 326.01541.

(2,3,5,6-C4HF,),BOH. 'B NMR (96.29 MHz, CH,Cl,): 37.56 bs. °F NMR (282.40 MHz,
CH,CIl,): -134.7 unresolved m, 2 F (F-2,6); -139.6 unresolved m, 2 F (F-3,5). Calculated for
C,,H;BF;O 326.014923, found: 326.015009.

Synthesis of Potassium Difluorobis(pentafluorophenyl)borate 4a-K

(Pentafluorophenyl)lithium was prepared from pentafluorobenzene (10 g, 60 mmol) and 2.5 m
BuLi in hexanes (20 ml, 50 mmol) in ether (100 ml) at =78 °C, and B(OMe); (5.7 g, 55 mmol)
was gradually added with a syringe. The resulting solution was stirred at -78 °C for 1 h, and
then DME (25 ml) was added dropwise keeping temperature below -70 °C. After additional
stirring for 1 h, the solution was slowly warmed up to 20 °C. The conversion of
[CsFsB(OMe),]™ into [(C4Fs),B(OMe),]” was complete in 1 h (**F NMR, Table 1). The reaction
mixture was poured out into a solution of KHF, (16 g, 0.2 mol), 48% aqueous HF (10 ml) in
water (100 ml). Volatiles were removed by evaporation under reduced pressure, and the re-
sulting white suspension was stirred at 20 °C for 4 h. The suspension was neutralised with
solid K,CO, to pH 8-9. A white precipitate was filtered off, washed with water, dried in air,
and extracted with acetonitrile (5 x 10 ml). The combined extracts were filtered and evapo-
rated to yield 4a-K contaminated with K[C4FsBF;]. The crude product was stirred with 48%
aqueous HF (20 ml) at 60 °C for 1 h. The hot suspension was filtered, the filtration cake was
washed with water and dried in air. After drying in a vacuum desiccator over P,O,, over-
night, pure K[(C4Fs5),BF,] (7.2 g, 68%) was obtained.

B NMR (96.29 MHz, CD,CN): 4.34 t, 1 B, Y)(BF) 59. *C{**F} NMR (75.47 MHz, CD,CN):
122.3 (C-1); 137.9 (C-3,5); 140.4 (C-4); 149.0 (C-2,6). For C;,BF;,K (422.02) calculated:
34.15% C, 54.02% F; found: 34.64% C, 54.71% F.
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Synthesis of Potassium Difluorobis(2,3,5,6-tetrafluorophenyl)borate 4b-K

(2,3,5,6-Tetrafluorophenyl)lithium was prepared from 1,2,4,5-tetrafluorobenzene (9.0 g, 60 mmol)
and 2.5 m BulLi in hexanes (20 ml, 50 mmol) in ether (100 ml) at -78 °C. After an addition
of B(OMe); (5.7 g, 54.9 mmol) and stirring at —70 °C for 1 h, DME (25 ml) was added
dropwise. The solution was kept at =70 °C for 1 h and left standing at 20 °C over a period of
10 h. The reaction mixture was worked up with a solution of KHF, (16 g, 0.2 mol) in water
(100 ml) acidified with 48% HF (10 ml), and an impurity of K[(2,3,5,6-C;HF,)BF] was re-
moved with aqueous HF at 60 °C as described above. Evaporation of the acetonitrile extract
under reduced pressure and drying the residue in a vacuum desiccator over P,O,, overnight
gave pure salt 4b-K (6.0 g, 62%).

'H NMR (300.13 MHz, CD,CN): 6.97 tt, 1 H, 3)(H-4,F-3;H-4,F-5) = 10, *J(H-4,F-2;H-4,F-6) =
7 (H-4). B NMR (96.29 MHz, CD,CN): 4.33 1 B, 'J(BF) = 63. *C{**F} NMR (75.47 MHz,
CD4CN): 104.0 m, 1 C, J(C-4,H-4) = 168.0 (C-4); 130.0, 1 C (C-1); 146.6, 2 C (C-2, C-6);
148.9, 2 C (C-3,5). For C,,H,BF;,K (386.04) calculated: 37.34% C, 0.52% H, 49.21% F;
found: 38.09% C, 0.83% H, 49.40% F.

Synthesis of Potassium Difluorobis(2,3,4,6-tetrafluorophenyl)borate 4c-K

(2,3,4,6-Tetrafluorophenyl)lithium was prepared from 1,2,3,5-tetrafluorobenzene (9.0 g, 60 mmol)
and 2.5 m BulLi in hexanes (20 ml, 50 mmol) in ether (100 ml) at -78 °C. After addition of
B(OMe); (5.7 g, 54.9 mmol) and stirring at —=70 °C for 1 h, DME (25 ml) was added dropwise.
The solution was kept at =70 °C for 1 h and left standing at 20 °C overnight. The reaction
mixture was worked up with a solution of KHF, (16 g, 0.2 mol) in water (100 ml) acidified
with 48% HF (10 ml) and an impurity of K[2,3,4,6-C;HF,BF;] was removed with aqueous HF
at 60 °C as described above. Pure salt 4c-K (7.18 g, 74%) was obtained after evaporation of
acetonitrile extract under reduced pressure and drying in vacuum over P,O,, overnight.

'H NMR (300.13 MHz, CD,CN): 6.64 dddd, 3J(H-5,F-4) = 11, 3)(H-5,F-6) = 9, *J(H-5,F-3) =
6, °J(H-5,F-2) = 3 (H-5). 1'B NMR (96.29 MHz, CD,CN): 4.45 t, 1 B, 1J(BF) = 66. *C{*°F} NMR
(75.47 MHz, CD,CN): 100.8, 1 C, %J(C-5,H-5) = 167 (C-5); 122.7, 1 C (C-1); 137.7, 1 C (C-6);
150.0, 1 C (C-2); 154.3, 1 C (C-3); 160.6, 1 C (C-4). For C,,H,BF; K (386.04) calculated:
37.34% C, 0.52% H, 49.21% F; found: 38.41% C, 0.90% H, 49.29% F.
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