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Abstract:  Tetrabutylammonium  butyldifluorodimethylsilicate
(TAMBS, 1a) and tetrabutylammonium difluorodimethylphenylsil-
icate (TAMPS, 1b) were conveniently prepared from the corre-
sponding substituted fluorodimethylsilanes and tetrabutyl-
ammonium fluoride. Both fluorosilicates 1a, 1b are powerful nu-
cleophilic fluorinating reagents which transform primary or second-
ary halides, tosylates, or mesylatesto the corresponding fluoridesin
moderate to good yields.
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Among three general fluorination methods, namely radi-
cal, electrophilic, and nucleophilic fluorinations, the | atter
is still employed preferentially due to economic reasons
and easy application in the laboratory.! From a practical
point of view nucleophilic fluorinating reagents can be di-
vided into severa groups: a) cheap and easily available
fluorinating reagents, which either display low efficiency
(KF) or require special precautions (HF); b) fluorinating
reagents with acceptable price and moderate efficiency
(TBAF<3H,0, PysnHF, Et;N«3HF, Gingras reagent, KF/
18-crown-6 ether); c) comparably efficient reagents,
which are not commercially available and their prepara-
tion involve some level of risk, e.g. use of hydrogen fluo-
ride or insufficient stability (CuFeBipy, CHCIF-CF,-
NEt,, R,P HF,); d) efficient and commercially available,
but rather expensive reagents (Ishikawa reagent, DAST,
TASF).

Fluorinating reagents either require the presence of agood
leaving group (halogen, OSO;R) inthe substrate, or create
it in the first step of fluorination reaction from the poor
leaving group (OH). While the latter reagents can be used
directly in combination with poor leaving group as hy-
droxyl, selectivity of fluorination by theformer one can be
improved substantially in demanding cases by using effi-
cient leaving group (triflate).

The use of hypervalent silicon compound as the fluorinat-
ing reagent has been first reported by Doboszewski et al.,?
who employed TA SF reagent for fluorination of protected
sugars. The main drawback of TASF isits high price due
toitssynthesisfrom highly toxic SF,. Pilcher® synthesized
tetrabutylammonium difluorotriphenylsilicate by a com-
parably more convenient way using aqueous hydrogen
fluoride, but efficient fluorination required high excess of
this reagent. Moreover, his results were not confirmed by

Albanese and coworkers,* who also reported an improved
synthesis of Pilcher reagent, TAMPS (1b) and other me-
thylphenylsilicates.

Theaim of our work wasto develop a convenient and safe
method for the synthesis of substituted difluorodimethyl-
silicates and to study the scope and limitations of their flu-
orinating abilities.

We started the syntheses from easily accessible substitut-
ed chlorodimethylsilanes, which are available commer-
cially but can be prepared in amore economical way from
cheap dichlorodimethylsilane and the corresponding
Grignard reagents. Small contamination of chlorodimeth-
ylphenylsilane by the corresponding bromide arising from
hal ogen exchange was not significant as both compounds
were transformed by fluorination to the identical product
(see Scheme). The key intermediates, substituted fluo-
rodimethylsilanes, can be prepared by numerous ways.
We preferred the fluorination of the starting chlorides by
akali metal fluorides,® which is a more safe and conve-
nient method than fluorination of the corresponding sil-
anolsby hydrogen fluoride,® and cheaper than fluorination
of silyl hydrides.* The fina step of the preparation con-
sisted of mixing fluorosilane with an acetonitrile solution
of TBAF. We employed a 70% aqueous solution of TBAF
from Aldrich, which after 3 h drying at 3 kPa afforded
crystalline trihydrate of sufficient purity. The presence of
water resulted in formation of small amounts of the corre-
sponding silanols, whose presence did not impede subse-
guent fluorination reactions. The formation of
difluorosilicates could be easily checked by both *H and
9F NMR spectroscopy.®
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i Me, & i Me, & i Me"Sl'_—R
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Scheme i Me,SICl, Et,O, reflux, R=Bu: X =Cl, 3 h, 42%,
R=Ph: X =Br, 2 h, 46%; ii KF, MeCN, rt, 16 h, R = Bu: 76%,
R = Ph: 47%; iii TBAF-3 H,0, MeCN, rt, 2 h, quant.

In contrast to tetrabutylammonium difluorotriphenylsili-
cate (TBAT) reported by Pilcher,® we were not able to ob-
tain difluorosilicates TAMBS 1a and TAMPS 1b in the

Synlett 2001 No. 4, 547-549 I1SSN 0936-5214 © Thieme Stuttgart - New York

Downloaded by: University of Florida. Copyrighted material.



548 J. Kvicalaet al. LETTER
(CF3CH,0 Bu,,N+
(standard) F
Me"sl"—B
Me” |I ’ Bu
1 F Me//S/.
a |
t TBAF } Me” \
70C ﬂ J‘L J
A A "
70°C
1 TN
1
L
-70°C
A Al L .
70°C
YT T T T T T T T T T T T T T ‘I""!""AI'"'Y""T""TTY"| 'l"L"l""Y'l"'Y"'
-60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170
Figure Monitoring of the reaction of butylfluorodimethylsilane with TBAF by low-temperature *°F NMR spectroscopy

crystalline state. To confirm that both fluorination re-
agents are not mixtures of TBAF and the corresponding
fluorosilanes, we performed low-temperature titration of
fluorosilanes with TBAF in an NMR tube and observed
F NMR spectra of the mixtures formed (Figure). Step-
wise formation of difluorosilicates could be easily ob-
served. Complexes of two molecules of fluorosilanes with
one TBAF containing bridged fluorine in analogy to
bridged complexes of 1,2-bis(fluorosilylated)benzenes’
were not detected. In the case of TAMPS, no signal of flu-
oride anion could be observed before all fluorosilane was
consumpted. On the other hand, the signal of the fluoride
anion appeared before reaching the equivalent point for
TAMBS (Figure) indicating that the stability of the latter
silicate is lower and that it exists in equilibrium with the
mixture of TBAF and fluorosilane. At room temperature,
a rapid exchange of fluorine atoms between difluorosili-
cates 1 and TBAF resulted in coalescence of both signals.

We then compared the fluorinating ability of both difluo-
rosilicates 1a and 1b with that of TBAF. Octan-1-yl and
octan-2-yl mesylates and bromides were employed as re-
presentative primary and secondary compounds. The re-
sults are listed in the Table® In al cases, the mesylates
proved to be more efficient substrates than the corre-
sponding bromides. In agreement with published data,*
the secondary substrates are prone to elimination and flu-
orinated products were accompanied by the correspond-
ing alkenes. Fluorinations with difluorosilicates 1 were
superior to TBAF in al cases. The use of TAMPS 1b led
to better results than TAMBS 1a. Fluorinations of octan-
2-yl mesylate with TAMBS 1la and TAMPS 1b (87/13
mixture of 2-fluorooctane/octenes) were more selective
than fluorinations of octan-2-ol with Ishikawa reagent
(71/29 mixture) or of oct-2-yltrimethylsilane with DAST
(71/29 mixture).! Fluorination of 2-bromooctane with
TAMPS 1b (44% prep. yield) afforded results comparable
with fluorination with copper(l) fluoride (51% prep.
yield).!

Table Resultsof fluorinations with difluorosilicates 1

Substrate/Reagent Products (% rel.) Prep. yield (%)

Octan-1-yl mesylate [ 1-Fluorooctane ~ Oct-1-ene Oct-2-ene | 1-Fluorooctane
TAMBS (1a) 100 - - 81
TBAF 100 - - 77

1-Bromooctane |1-Fluorooctane  Oct-1-ene Oct-2-ene | 1-Fluorooctane
TAMBS (1a) 90 10 - 67
TAMPS (1b) 98 2 - 73
TBAF 81 19 - 62

Octan-2-yl mesylate | 2-Fluorooctane ~ Oct-1-ene Oct-2-ene  |2-Fluorooctane
TAMBS (1a) 89 3 8 66
TAMPS (1b) 87 3 10 68
TBAF 72 8 20 40

2-Bromooctane |2-Fluorooctane  Oct-1-ene Oct-2-ene  |2-Fluorooctane
TAMBS (1a) 27 9 64 20
TAMPS (1b) 63 2 35 44
TBAF 12 13 75 10

Products (% rel.)*
2-Fluorooctane  Oct-1-ene Oct-2-ene Octan-2-ol

TAMPS + 5 H,0 34 9 40 17

@Based on GLC anaysis of crude reaction mixture

The major advantage of difluorosilicates 1 as compared
with DAST is their good tolerance to water. When water
was added to the fluorination mixture (five-molar excess
to TAMPS 1b), 17% (rel. yield) of octan-2-ol was formed
together with still acceptable yields of 2-fluorooctane
from 2-bromooctane.

In conclusion, we have developed a method for the prep-
aration of nucleophilic fluorination reagents, which are
safe, convenient, and suitable for laboratories without any
specia equipment. The fluorination reagents prepared, es-
pecialy tetrabutylammonium difluorodimethylphenylsil-
icate (TAMPS, 1b), are comparable with or superior to
commercially available reagents.
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Representative example of a preparative fluorination
experiment: 4.79 g (15.2 mmol) of crystalline TBAF-3H,0O
was dissolved in 40 mL of dry acetonitrile, followed by the
addition of 2.42 g (15.7 mmol) of fluorodimethyl phenylsilane.
Themixturewas stirred for 1 h at room temperature and octan-
2-yl mesylate (1.41 g, 6.77 mmol) was added to it. The
mixture was heated to gentle reflux (90 °C) for 24 h, cooled,
partitioned between water and pentane, pentane extractswere
dried over anhydrous MgSO, and pentane was removed by
careful fraction distillation. Final vacuum distillation afforded
700 mg of crude product boiling at 35-39 °C/2.5 kPa,
consisting of (analysis by *H NMR) 87% of 2-fluoroctane
(68% prep. yield), 3% of oct-1-ene and 10% of (E)-oct-2-ene.
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