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A convenient synthesis of the 1,3-dihydro-1,3,3-tris(perfluoroalkyl)isobenzofuran-1-ols 3a,b was
elaborated starting from commercially available phthaloyl dichloride and trimethyl(perfluoroalkyl)si-
lanes (Me;SiR;) 1a,b (R;=CF;, C,F;s) in the presence of a fluoride source (Schemes I and 3). In a
reaction analogous to alkyl Grignard reagents, double chloride substitution by two perfluoroalkyl groups
and subsequent addition of one perfluoroalkyl group with concomitant ring closure led to this new class
of compounds (Scheme 2). The syntheses of the alcohols and some alcoholates, as well as of the
corresponding trimethylsilyl ethers are described. A combination of special 1D and 2D NMR
experiments allowed the assignment of all atoms of the new compounds. The solid-state structure of
1,3-dihydro-1,3,3-tris(trifluoromethyl )isobenzofuran-1-ol (3a) was elucidated by X-ray diffraction
methods.

1. Introduction. — Trimethyl(perfluoroalkyl)silanes are widely used in different
reactions in organic and element organic synthesis [1]. The diversity of these reactions
spreads from additions to hetero-multiple bonds to nucleophilic substitutions.
(Perfluoroalkyl)silicates [2] intermediately formed in solution turned out as those
reagents of high nucleophilicity which prevent a selective conversion of acid chlorides
into the corresponding perfluoroalkyl ketones [3] but allow a selective synthesis of 2-
alkyl- or 2-aryl-1,1,1,3,3,3-hexafluoropropan-2-ols [4].

On the other hand, already in the early 1970s, 1,3,3-trialkylated 1,3-dihydroiso-
benzofuranols attracted some attention as building blocks for 1-vinyl-1-phthalanpro-
pylamines which were suggested as potential antidepressant agents [S]. The general
method for their synthesis — best elaborated for the fully methylated derivative is
treatment of phthalic esters with methylmagnesium halides — had been established
some years earlier [6]. Due to the unavailability of (trifluoromethyl)magnesium
halides, some related trifluoromethyl derivatives have been prepared starting from 1,2-
dibromobenzene via sequential lithium—halogen exchange and treatment of the
organolithium derivatives with trifluoroacetic acid methyl ester. This reaction sequence
opened an access to 1-(trifluoromethyl)- [7] and 1,3-bis(trifluoromethyl)-substituted
[8] 1,3-dihydroisobenzofuran-1-ols. Also 1,3-dihydro-1-(trifluoromethyl)isobenzo-
furan-1-ols are expected to be esterase and protease inhibitors [7]; therefore, the
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furanols described in this paper may be suggested as new versatile building blocks
either for pharmaceuticals [5][7] or for weakly coordinating anions [9] because they
can formally be seen as space-demanding alcohols with electron-withdrawing
substituents.

The 'H-, BC-, and YF-NMR data of some 1,3-dihydroisobenzofuran-1-ols have been
compiled [7][8][10], but no systematic approach has been made for a complete
assignment although for an understanding of the complex spin systems of some of those
derivatives and especially for the newly generated 1,3,3-tris(perfluoroalkyl) com-
pounds, a complete analysis is essential.

2. Results and Discussion. — 2.1. Synthesis of 2 and Conversions to 3, 4, and §. In
continuation of our previous work [4], we investigated the reactions of phthaloyl
dichloride and trimethyl(perfluoroalkyl)silanes (Me;SiR;) 1a (R;=CF;) and 1b (R;=
C,F5) in the presence of a fluoride source which yielded 2a,b (Scheme 1). The reactions
were performed in 1,2-dimethoxyethane (= glyme) between —60° and room temper-
ature with Me,NF, CsF, and [Cs(15-crown-5),]F as fluoride sources. Best results were
obtained with Me,NF, Me;SiR;, and phthaloyl dichloride in a molar ratio of 3:3:1
(Scheme I). It must be noted that even if a 25% excess of Me;SiCF; (1a) was used, no
evidence for products due to the reaction of 1a with itself was found [11]. CF;H and
C,FsH were detected as the dominant by-products in the YF-NMR spectra of the
reaction mixtures.

Scheme 1
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Directly after the addition of Me,NF to a mixture of phthaloyl dichloride and the
corresponding silane 1 at — 60°, the reaction mixture became turbid indicating the
rapid formation of Me,NCIl. After ca. 1 h of stirring at —50°, pale-yellow, milky
suspensions were obtained suggesting that the conversion of the dichloride into the
corresponding intermediately formed diketones was completed. YF-NMR Spectra
recorded (only for reactions with 1a) at —40° after a reaction time of 30 min showed
exclusively intensive s in the region between 6 —70 and — 74 which should be
attributed to (trifluoromethyl) keton functions in comparison with literature data
[12][13]. This, together with the observation that directly after addition of Me,NF, a
white solid was formed, implies chloride substitution being the first step in the
formation of compounds 2 (Scheme2). Upon attack of the third perfluoroalkyl
nucleophile, the proximity of the two carbonyl functions leads to the formation of the
cyclic ethers via internal nucleophilic attack of the initial intermediate at the adjacent
carbonyl C-atom in a similar manner as outlined by Tamborski et al. for reactions of
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1,2-bis(trifluoroacetyl)benzene  (=1,1"-(1,2-phenylene)bis[2,2,2-trifluoroethanone])
with several O- and N-nucleophiles [8][14].

Scheme 2
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Manipulations to obtain the alcohols 3 (Scheme 3), the silanes 4 (Scheme 4), as well
as the stannane 6a, and the cation exchange to obtain salts 5 (Scheme 4) with the bulky
(Ph;P=),N* cation may be seen as standard procedures making use of the generally
very low solubility of the heavier tetramethylammonium halides in common organic

solvents.

Scheme 3
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2.2. NMR Analysis of 6a. The assignment of the NMR resonances was achieved by a
combination of 3C,'H, *C,F, “F,'H, and F,"F correlation experiments as well as by
YE!H- and “F,"?F-NOE spectra ( Tables 1 and 2). The proceeding of the NMR analysis
is discussed exemplary for 6a (for the (arbitrary) atom numbering, cf. 5a in Scheme 4).

In the 'H-decoupled "*C,F-HMBC spectrum of 6a (Fig. 1), the signals of the
quaternary sp® C-atoms in the five-membered ring are detected at ¢ 85.5 (C(3)) and
111.4 (C(1)) by correlation with the F-resonances of the CF; groups via 2J(CF)
coupling constants. Furthermore, the resonance at ¢ 85.5 correlates to two F-signals at 0
—75.6 (J(CF)=28 Hz) and —75.7 (3J(C,F) =32 Hz), whereas the signal at 6 111.4
shows only one cross-peak to the F-resonance at 0 —82.0 (3J(C,F)=34 Hz). This
correlation offers concomitant identification of the positions of these C-atoms and the
CF; groups. The assignment of the d(C) of the CF; groups is achieved by careful
interpretation of the cross-peaks caused by 'J(C,F) couplings which all three show the
typical absolute value of ca. 288 Hz for CF; groups bond to sp*-hybridized C-atoms.

The orientation of the CF; groups in 6a was studied by °F,'H-NOE spectra. In the
PE'H-HOESY plot (Fig. 2) the proton signal of the Me;Sn group is easily identified by
its highfield chemical shift of 6 0.44 and its Sn satellites. This resonance shows NOE
cross-peaks to the F-signal at  — 82.0 of the CF ; group (C(10)) attached to the same C-
atom and to the F-signal at 6 — 75.6. Therefore, the latter CF; group (C(11)) must be
directed to the same ring side as the Me;Sn group.
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Table 1. C-NMR Data (100.61 or 75.47 MHz) of Compounds 3a—6a in CD;CN (2a/5a and 6a) and
CDCl; (3a and 4a). 6 in ppm, J in Hz. For the arbitrary atom numbering, see 5a in Scheme 4.

2a/5a*) 3a 4a 6a
C(1) 126.3 106.6 107.2 1114
C(3) 81.7 86.9 87.0 85.5
C(4) 133.4 131.4 130.8 130.6
C(5) 123.4 123.7 123.5 123.6
C(6) 128.4 132.0 131.2 131.1
C(7) 130.3 132.2 1319 132.3
C(8) 1239 124.2 123.9 1239
C(9) 145.2 136.5 138.5 140.4
C(10) 123.7 121.64 121.7 122.8
C(11) 123.4 121.4 121.7 122.2
C(12) 123.6 121.56 121.5 122.1
C(13) - - 0.8 (\J(C¥Si)=60.4) — 1.5 (J(C,'¥Sn) =430)

2) Shifts are extremely dependent on concentration.

Additionally, NOEs of all three CF; groups of 6a to aromatic protons are found.
Since the ABCD spin system of the aromatic protons shows strong high-order effects,
an easy interpretation of the splitting patterns is impossible. The NOE information
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Fig. 1. BCF-HMBC Spectrum (CD;CN; 'H-decoupled) of 6a, optimized for coupling constants of
30 Hz

offers the best approach to the analysis of the benzene ring. Hence, the proton signal at
0 7.56 (H—C(8)) must be assigned to a proton in the neighborhood of the CF; group
with the F-signal at 6 — 82.0 (C(10)). Consequently, due to the NOEs of the CF ; groups
ato —75.6 (C(11)) and —75.7 (C(12)), the proton signal at ¢ 7.62 has to be assigned to
H-C(5).

By means of 'J(C,H) correlation spectroscopy, the corresponding C-resonances are
found at 6 123.9 (C(8)) for the proton signal at d 7.56 (H—C(8)), and at 6 123.6 (C(5))
for the proton signal at 6 7.62 (H—C(5)). The remaining proton resonances correlate as
follows: 6(H) 7.67/6(C) 132.3 (C(7)), 6(H) 7.64/6(C) 131.1 (C(6)), 6(H) 0.44/6(C)
— 1.5 (Me;Sn).

The final assignment of the resonances of the benzene ring was achieved by a “F-
decoupled BC,'H-HMBC spectrum, taking into account that 3/(C,H) coupling
constants are generally greater than 2/(C,H) coupling constants in benzene rings. On
the other hand, electron-withdrawing substituents increase the absolute values of
2J(C,H) coupling constants making the occurrence of these cross-peaks very likely.
Additional cross-peaks due to “/(C,H) couplings are found.

The signal of H—C(5) at 6 7.62 shows its major long-range cross-peak to the C-
resonance at ¢ 132.3 which is assigned to C(7) (Fig. 3). Moreover, the cross-peak of this
proton resonance to the signal of the quaternary sp? C-atom at 6 140.4 is significantly
more intensive than the corresponding cross-peak of H—C(8) at 6 7.56. As a
consequence, the resonance at 0 140.4 is the signal of C(9). Finally, the C-signals at
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Fig. 2. YE'H-HOESY Plot (CD;CN) of 6a

130.6 and 131.1 are found to be the resonances of C(4) and C(6) which is supported by
the long-range cross-peaks of H—C(8). The 3J(C,H) cross-peaks of H—C(8) to the
signal of C(1) at 6 111.4 and of H—C(5) to the resonance of C(3) at 6 85.5 support the
information obtained from the YF,'H-NOE spectrum.

All other compounds derived from the 1,3-dihydro-1,3,3-tris(trifluoromethyl )iso-
benzofuran-1-ol (3a) were analyzed in a similar manner as 6a. The results are compiled
in Tables 1 and 2. As general tendencies, the 6(C) of C(1) in the a series is always
detected downfield from the signal of C(3), the 6(C) of C(9) always downfield from
that of C(4), and the signal of C(1) is shifted to lower field with increasing negative
polarization by the O-containing moiety. The 6(F) of CF5(10) is significantly shifted to
highfield as compared to the signals of the other CF; groups (6(F) ca. —76), by ca.
5 ppm (6(F) <— 80 ppm). It is noteworthy that the signal of C(10) is split into a ¢ by a
formal °J(F,F) coupling of 5—6 Hz to one of the other CF; groups. In the F,'’F-COSY
plot of 6a (Fig. 4), its coupling partner is identified to be CF;(12). As it was found from
the F,'"H-NOE plot ( Fig. 2), CF5(12) points to the same ring side as CF;(10). The "F-
1D-NOE NMR (“F-DPFGSENOE) spectrum (Fig. 5) demonstrates that the spacial
distance is short enough to give rise to a F,’F-NOE. Such a through-space interaction
contributes significantly to the large coupling constant between these CF; groups. This
proposal is supported by the shortest F---F distance of 290 pm of those CF; groups
found in the molecular structure of 3a (cf. 2.3). In future investigations, this significant
coupling will simplify the determination of the orientation of the CF; groups by mere
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Fig. 3. Section of the aromatic signals in the C'H-HMBC spectrum (CD;CN) of 6a, optimized for
coupling constants of 7 Hz

interpretation of the splitting pattern of the F-signals of the CF; groups or by a °F,"°F-
COSY experiment.

The NMR analyses of the 1,3-dihydro-1,3,3-tris(pentafluoroethyl )isobenzofuran-1-
ol derivatives 2b—5b were performed in a similar manner. An additional complication
arises from the fact that the F-atoms of the CF, groups are not chemically equivalent.
The knowledge about the chemical shifts of the ring C-atoms together with the
intensive investigations on the CF; derivatives of the a series turned out to be very
helpful for the final assignment. The results are summarized in 7able 3. A complete
NMR analysis of 4b became impossible because the molecule underwent fast
hydrolysis in solution. It should be noted that also for the molecules of the b series,
some exceptionally large F,F-couplings are observed between selected F-resonances. In
the YF-NMR spectrum of 3b, e.g., a J(EF) of 26.8 Hz is observed between the F-
signals at 0 —116.3 (CF,(14)) and —122.5 (CF,(10)).

2.3. Solid-State Structure of 1,3-Dihydro-1,3,3-tris(trifluoromethyl)isobenzofuran-1-
ol (3a). Compound 3a crystallizes in the tetragonal space group P4,/n (no. 86) with 8
molecules per unit cell. Its bond length and angles do not exhibit any peculiarities in
comparison with related structures [8]. The molecule is quasi-planar with the ring O-
atom deviating marginally from absolute planarity opposite to the OH group (Fig. 6).
The H-atom of the OH group was included as individual atom with free positional and
isotropic displacement parameters. Four molecules of 3a generate a closed ring by way
of four O(3)—H(5) --- O(3") bonds (Fig. 7), thus characterized by an R} (8) motif [15].
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Table 3. NMR Data (400.13, 376.4, or 100.61 MHz, CD;CN) for Compounds 2b—4b. ¢ in ppm, J in Hz. For the
arbitrary atom numbering, see Sb in Scheme 4.

2b%) (c=0.18m) 3b (c=0.20m) 4b (c=0.18m)
o(C) o(H)") O(F) 3(C) o(H)") o(F) o(F)
c(1) 1251 108.9
C(3) 84.2 89.2
C(4) 1349 130.9
H-C(5) 1245 751 1248 7.77
H-C(6) 1282 7.41 1322 7.80
H-C(7) 1300 7.46 1322 7.80
H-C(8) 124.6 7.44 124.8 7.81
C9) 1447 135.8
CF,(10) 1123 —118.3, —119.4 (br., 1112 1225, —122.8 (2m, —121.5, —123.1 (2m,
2J(FF) =266) 2J(FF)=275) 2J(FF)=275)
CF4(11) 1202 — 1785 (m) 1187 ~179.7 (m) ~79.4 (m)
CF,(12) 114.0 —115.8, —118.4 (br., 112.1 —116.0, — 1172 (2m, —113.6, —115.9 (2m,
2J(FF)=282) 2J(FF)=291) 2J(FF)=291)
CF,(13) 1188 — 1785 (br.) 1182 ~179.6 (m) ~179.7 (m)
CF,(14) 114.0 — 1143, —116.5 (br., 112.1 1163, —117.3 (2m, —116.3, —117.3 (2m,
2J(FF) =289) 2J(FF)=295) 2J(FF)=295)
CF4(15) 1189 —78.9 (br.) 1182 ~1792 (m) ~179.1 (m)
OH 651 (d,
“J(FH)
=18)

) Shifts are extremely dependent of concentration. *) ABCD Spin system displaying strong effects of higher

order.

All contacts fall into the range of characteristic O—H --- O bridges with the H-bonding
geometry D—H 0.80(3) A,H--- A 2.07(3) A, D--- A 2.827(2) A, D—H--- A 156(3)°. A
view along the crystallographic c-axis (Fig. 8) shows this R}(8) motif within the crystal
structure. F-Channels are oriented parallel to the crystallographic a-axis.

Generous financial support of this work by the Deutsche Forschungsgemeinschaft is gratefully
acknowledged (436 UKR 113/26). We are indebted to Dr. Mathias Schifer (Institut fiir Organische
Chemie, Universitit zu Koln) (ESI-MS), Astrid Baum (EI-MS), Daniela Naumann (NMR), Nurgiil
Tosun (elemental analysis), and Silke Kremer (materials, EI-MS, elemental analysis).

Experimental Part

General. All reactions were carried under dry Ar or N, by using Schlenk techniques. Me;SiCF ; was
purchased from ABCR and phthaloyl dichloride from Acros. Me;SiC,Fs was prepared from C,Fl,
Me;SiCl, and P(NEt,); following the Ruppert procedure [16], Me,NF from Me,N(BF,) and KF [17], and
bis(triphenylphosphoranylidene Jammonium iodide ((Ph;P=),NI) from the chloride by halide exchange
with Nal [18]. With the exception of glyme (=1,2-dimethoxyethane; Aldrich), all solvents and reagents
were purified according to literature procedures [19]. The {[1,3-dihydro-1,3,3-tris(trifluoromethyl)iso-
benzofuran-1-yl]oxy}trimethylstannane (6a) was prepared only for NMR investigations following the
procedure for 4 but was not further characterized. M.p.: Stuart SMP-10 apparatus; one-end-open glass
capillaries; uncorrected. NMR Spectra: Bruker Avance-11-300 or Avance-400 spectrometer; Avance-11I-
300: ATM BBFO probehead, detection coil tuned to the frequency of 3C of 75.47 MHz (90° pulse:
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Fig. 6. Molecular structure of 3a. Thermal ellipsoids (except for H) are drawn at the 50% probability
level; selected bond lengths [A] and angles [°] (with estimated standard deviations in parentheses):
C(2)—0(5) 1.427(2), O(5)—C(6) 1.427(2), C(6)—C(9) 1.507(3), C(1)—C(9) 1.375(3), C(1)—C(2)
1.501(3), C(6)—C(7) 1.530(4), C(6)—C(8) 1.531(3), C(2)—C(4) 1.530(3), C(2)—0O(3) 1.394(2),
C(9)-C(1)—C(2) 109.7(2), C(1)—C(2)—0O(5) 104.7(2), C(7)—C(6)—C(8) 112.0(2), C(4)—C(2)—O(5)
109.3(2), C(2)—0(5)—C(6) 111.4(2), O(5)—C(6)—C(9) 105.2(2), C(6)—C(9)—C(1) 108.4(2).

10.6 us) or Si of 59.63 MHz (90° pulse: 10.5 ps), decoupler coil tuned to the frequency of either 'H
(300.13 MHz; 90° pulse: 11.7 ps) or “F (282.4 MHz; 90° pulse: 13.5 us); Avance-400: triple-resonance
'H,"F,BB TXI-probehead; broad-band coil tuned to the frequency of *C of 100.61 MHz (90° pulse:
12 ps) or of “Sn of 149.21 MHz (90° pulse: 9 us), detection coil simultaneously tuned to the 'H
frequency of 400.13 MHz (90° pulse: 11.5 pus), and the "F frequency of 376.4 MHz (90° pulse: 13 ps);
chemical shifts rel. to SiMe, (‘H,*C,»Si), CCL,F (**F), and Me,Sn (1°Sn), respectively. MS: Finnigan
MAT 95 (20 eV) for EI and Finnigan MAT 900 for ESI (MeCN, flow rate 2 pl/min); in m/z (rel. %).
Elemental analyses: HEKAtech Euro EA 3000.

Tetramethylammonium 1,3-Dihydro-1,3,3-tris(trifluoromethyl)isobenzofuran-1-olate (2a). To a well-
stirred mixture of phthaloyl dichloride (2.60 g, 12.8 mmol) in anh. glyme (50 ml), Me;SiCF; (1a; 6.00 g,
42.3 mmol) and Me,NF (3.60 g, 38.7 mmol) were added at — 60°. Stirring was maintained for 1 h at — 50°
and for additional 24 h at r.t. The formed Me,NCI was filtered off, and all volatile materials were
condensed in vacuo at r.t.: 4.49 g (85%) of crude 2a, contaminated by up to 5% of Me,NCL. Attempted
further purification by crystallization unfortunately failed. Colorless solid. ESI-MS (neg.): 339.2 (100,
M).

Tetramethylammonium 1,3-Dihydro-1,3,3-tris(1,1,2,2,2-pentafluoroethyl)isobenzofuran-1-olate (2b).
As described for 2a, from phthaloyl dichloride (0.76 g, 3.8 mmol), Me;SiC,F5 (1b; 2.37 g, 12.3 mmol),
Me,NF (1.00 g, 10.7 mmol), and glyme (15 ml). Recrystallization from Et,O/hexane 1:1 (v/v) yielded
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1.31 g (62%) of 2b. Colorless solid. M.p. 83 -85° (dec.). ESI-MS (neg.): 489.2 (100, M~). Anal. calc. for
CgHysF1sNO, (563.30): C 38.38, H 2.86, N 2.49; found: C 3741, H 3.02, N 2.55.

1,3-Dihydro-1,3,3-tris(trifluoromethyl)isobenzofuran-1-ol (3a) and 1,3-Dihydro-1,3,3-tris(1,1,2,2,2-
pentafluoroethyl)isobenzofuran-1-ol (3b). To a suspension of 2a or 2b (2 mmol) in Et,O (10 ml), 3x HCI
(15 ml) was added. After stirring for 15 min, the aq. phase was extracted twice with Et,O (10 ml). The
combined org. phase was washed with H,O (10 ml), dried (MgSO,), and concentrated, and the residue
purified by vacuum sublimation (3a) or vacuum distillation (3b).

Data of 3a: Yield 70.6% (0.48 g). Colorless solid. M.p. 69-70° (dec.). EI-MS: 271 (100, [M —
CF;]"). Anal. calc. for C;;HsF,0, (340.2): C 38.83, H 1.48; found: C 38.96, H 1.54.

Data of 3b: Yield 67.0% (0.75 g). Colorless liquid. B.p. 52—53° (1.2-10-2 mbar). EI-MS: 371 (100,
[M—CFs]t), 252 (15, [M —2 C,Fs]*). Anal. calc. for C,HsF,50, (490.2): C 34.30, H 1.03; found: C
34.47, H 1.09.

{[1,3-Dihydro-1,3,3-tris(trifluoromethyl)isobenzofuran-1-yl Joxyjtrimethylsilane (4a) and {[1,3-Dihy-
dro-1,3,3-tris(1,1,2,2,2-pentafluoroethyl )isobenzofuran-1-yl Joxyjtrimethylsilane (4b). To a suspension of
2a or 2b (2 mmol) in Et,0 (20 ml), Me;SiCl (0.27 g, 2.50 mmol) was added. The mixture was stirred for
1h at r.t. The formed precipitate (Me,NCl) was filtrated, and the solvent and excess Me;SiCl were
evaporated. The product 4a or 4b was extracted with pentane and purified by column chromatography
(silica gel, pentane).
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Data of 4a: Yield 78% (0.64 g). Colorless oil. EI-MS: 397 (100, [M —Me]*). Anal. calc. for
C,H3F 0,81 (412.3): C 40.79, H 3.18; found: C 40.64, H 3.11.

Data of 4b: Yield 72% (0.81 g). EI-MS: 547 (100, [M — Me]*), 473 (15, [M — OSiMe;]*). Anal. calc.
for C,;H5F;50,Si (562.3): C 36.21, H 2.33; found: C 36.43, H 2.39.

Bis(triphenylphosphoranylidene)ammonium 1,3-Dihydro-1,3,3-tris(trifluoromethyl)isobenzofuran-
1-olate (5a) and Bis(triphenylphosphoranylidene)ammonium 1,3-Dihydro-1,3,3-tris(1,1,2,2,2-pentafluoro-
ethyl)isobenzofuran-1-olate (5b). To a soln. of 2a or 2b in CH,Cl, (10 ml), (Ph;P=),NI (0.66 g,
1.0 mmol) was added. The mixture was stirred for 1 h at r.t., while white Me,NI precipitated which was
filtered off. The solvent was evaporated giving the salt 5a or 5b.

Data of 5a: Yield 95% (0.83g). Colorless solid. M.p.208-210° (dec.). Anal. calc. for
C,H;3,FoNO,P, (877.8): C 64.30, H 3.90, N 1.60; found: C 63.57, H 3.99, N 1.67.

Data of 5b: Yield 87% (0.90 g). Colorless solid. M.p. 86—-87° (dec.). Anal. calc. for Cs)H3,FsNO,P,
(1027.8): C 58.43, H 3.33, N 1.36; found: C 57.36, H 3.45, N 1.42.

X-Ray Crystallographic Analysis of 3a. C;;HsF,0, (340.15 g mol™!); diffractometer IPDS-I, Stoe &
Cie. Darmstadt, Germany; Mo-K,, (graphite monochromator, 2 0.71073 A); T 293(2) K; 26, = 56.30°;

Fig. 8. The packing diagram of 3a viewed along the crystallographic c-axis
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125 images, 0° < ¢ <250°; A@ =2°; indices: —22<h<22, —22<k<22, —11<I<11; Peu.=1.765¢
cm~?; 29837 reflection intensities measured of which 3128 were symmetrically independent; R, = 0.0686,
F(000) = 1344, p=0.206 mm~'. Tetragonal, P4,/n (no. 86), a=173142(17), c=8.5421(11) A, V=
2560.8(5) A3, Z=8. Structure solution and refinement were carried out with the programs SIR-92 [20]
and SHELXL-97 [21]. H-Atoms were all identified in a difference Fourier synthesis. They were included
as individual atoms with free positional and isotropic displacement parameters in the refinement. A
numerical absorption correction was applied after optimization of the crystal shape (X-RED [22] and X-
SHAPE [23]). R, and wR, value for 1404 reflections with I, >20(1;) 0.0416 and 0.1002, and for all data
0.1075 and 0.1184; §,,;=0.937. CCDC-651118 contains the supplementary crystallographic data for this
paper. These data can be obtained free of charge via www.ccdc.cam.ac.uk/data_request.cif from the
Cambridge Crystallographic Data Centre.
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