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Synthesis and Characterization of the First Examples of Perfluoroalkyl-Substituted
Trialkyloxonium Salts, [(CH 3)2OCF3]+[Sb2F11]_ and [(CH3)20CF(CF3)2]+[Sb2F11]_
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In the superacidic HF/SkFsystem, methyl trifluoromethyl ether forms a78 °C the new tertiary oxonium salt
[(CH3)2,0CR;] [ShyF11]~, which was characterized by Raman and multinuclear NMR spectroscopy and its crystal
structure. The same oxonium salt was also obtained by methylation gdCH with CHsF and SbE in HF
solution at—30 to —10 °C. Replacement of one methyl group in the trimethyloxonium cation by the bulkier and
more electronegative trifluoromethyl group increases the remainingid bond lengths by 0.037(1) A and the
sum of the G-O—C bond angles by about £.5Methylation of CHOCF(CF), with CHzF in HF/Sbks solution

at —30 °C produces [(ChH),OCF(CR),]"[SkyF11]~. The observed structure and vibrational and NMR spectra
were confirmed by theoretical studies at the B3LYP/6-8%15(2d,2p) and the MP2/6-3#1+-G(2d,p) levels.

Introduction changes from a pyramidal 108.7 trimethylaminé=1° to a
nearly planar 1179in N(CF3)s. It was therefore interesting to
TriaIkon>_(onium com_pounds were exten_sively investigated attempt the synthesis of the previously unknétwperfluoro-
by Meerwein and are widely used as alkylating reagéfitseir alkyl-substituted tertiary oxonium ions and to study the influence

reactivity can be further increased by using superacidic solu- of perfluoroalkyl substitution on the structure of these ions.
tions23 Although the structures of trialkyloxonium ions are of

great interest, only the crystal structures of [{HD][BF4]~,* Experimental Section

[(Et)3O]T[BF4]~, and [(Ph}O]T[B(Ph)y]~ ° are known. The

structures of the Ofskeletons of these cations differ due to . y . )

steric and electronic effects. Thus—O—C angles of 112 reactors and stainless steel vacuum lifeldF- was dried either by
" ' " treatment with fluorine or by storage over B Nonvolatile com-

113 were observed for [(ChlO]", while for [(Ph}O]™ a nearly pounds were handled either in the dry &mosphere of a glovebox or

planar arrangement with-80—C angles of 120.1, 121.5, and  py ysing standard Schlenk techniques.;OBF; was prepared by a

All reactions were carried out using either Kel-F or Teflon-FEP

115.5 was found. literature method?
Since Ck groups require more space than methyl groups, a  Raman spectra were recorded either on an ISA T64000 spectrometer
stepwise substitution of the methyl groups in [(GBI)" by CR; using an Ar laser (Spectra Physics, 514.5 nm) and a CCD detetctor

groups should also lead to a more planar arrangement of the(EEV CCD15-11) or on a Bruker Equinox 55 with an FRA 106/S

OC; skeleton. This principle was nicely demonstrated by Raman attachment usn;g an Nd:YAG Iasderd(Coi;]erent, 939.4 Em). The
. - S ) NMR spectra in HF solution were recorded either-&5 °C with a

Egﬁ:‘geélzggo?]b;?rzr;?;ir f'[?lret)l/ﬁl?c;ﬁ(rjlzliﬁg?mc mm_e(t:hglr":l;?es' Bruker DPX 300 spectrometer or at30 to —10 °C with a Bruker
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AM 360 using heat-sealed 3 mm i.d. Teflon-FEP tube liners (Wilmad Table 1. Crystallographic Data for [(CH.OCR]*[ShyF11] ™
Glass Co.). Single crystals were placed in Lindemann glass capillaries

3
under a cold stream of dry nitrogen, and an X-ray diffraction study gNhem formula Sg;_sgé“osb %a'c"’ g em 2'820
was carried out using a Nicolet R3m/V diffractometer. space group  Cme; (No. 36) AR 0.710 73
Preparation of [(CH3),OCF3]"[SbyF11]~. Method A. In a 50 mL a A 9.293(6) u, cmt 0.4199
Kel-F reactor, Sb&(2 mmol) was dissolvedhi 2 g of anhydrous HF. b, A 12.456(7) T,°C —125
The solution was frozen at196 °C, and CHOCF; (2 mmol) was c A 11.548(8) Re? 0.023
condensed into the reactor. The mixture was warmed 8 °C and v, A3 1336(1) Ri° 0.063

kept at this temperature for 2 h. Volatile materials were removed under  aR. = y(F, — F)/S(Fo). ® Ry = [S[W(FZ — F2A)2/Y (WFs)] Y2
a dynamic vacuum at 78 °C. In the colorless solid residue, crystals

suitable for X-ray diffraction studies were found. Table 2. Selected Bond Lengths (A) and Angles (deg) for
In an 8 mm quartz tube, SPEK1 mmol) was dissolvedni 1 g of [(CH3),OCK;] "[ShoF1] -

anhydrous HF. The solution was frozen-at96 °C, and CHOCF; (1 obsd calcd

mmol) was condensed into the tube. The resulting solution was analyzed

at —65 °C by %F NMR spectroscopy. N gg;:g iiggg; 12;}1
Method B. In a 65 mL Teflon-FEP reactor, containing a Teflon- C(2)-F(10) 1.256(14) 1.312

coated magnetic stirring bar, Spg.5 mmol) was dissolved in 5 mL C(2)-F(11) 1.292(9) 1.303

of anhydrous HF, and C§ff (10 mmol) was added at196 °C. The C(3)—H(6) 1.085

mixture was homogenized at78 °C, and CHOCF; (1.75 mmol) was C(3)—H(10) 1.082

added at-196 °C. The resulting mixture was stirred {78 °C for 2 C(3)—H(11) 1.083

h, and then all volatile material was pumped off at this temperature. Sb(1)-F(4) 2.033(5)

The remaining colorless solid (1.000 g, weight calcd for 1.75 mmol of Sb(2)-F(4) 2.027(8)

[(CH2);0CFg*[ShoF11]~ 0.993 g) was identified by vibrational and g(i)—g—g%a) llllg-g(z) %%4355

multinuclear NMR spectroscopy as [(@rDCR] T [ShaF11] . Sk()()l)—F(4)(—%b(2) 150'_7((4)) :

Preparation of [(CH3),OCF(CF3);] "[ShaF14] . Following the pro-

cedure of Method B, described above for [(4DCF;] *[ShyF1,] ", the with formation of CROH (eq 3), which is subsequently
titte compound was prepared by methylation of O€F(CF), and protonated to the [GOH,]* cation (eq 4).
was characterized by multinuclear NMR spectroscopy.

[CH,OHCF,]"[Sb,F,;]~ + CH,OCF,—

Theoretical Calculations R 3
[(CH,),OCF;] "[Sb,F,;] + CF,OH (3)

Ab initio calculations were carried out for [(GHOCHK;]*, CH;OCF;,

[(CH3)30]*, and CHOCH; using the B3LYP density functional . + -
method® and the 6-31%+G(2d,2p}® basis set on IBM RS/6000 CFOH + HF + 2Sbk, —[CF,0H,] "[Sh,F ] )

workstations. Optimized geometries and isotropic NMR shieldings were i _ o
calculated using the GIAO-MBPT(2) approaChyhich employs the The [(CH;):OCK]"[ShyF1]~ salt can be stored at70 °C

gauge-including atomic orbital (GIAO) solution to the gauge-invariance fOr several weeks without decomposition. When thermally
problem!® Chemical shifts were obtained by referring these shieldings decomposed at40 °C, RCO, CHF, and ShEare formed (eq

to those of the standard reference compounds tetramethylsilane and). The RCO and CHF products were identified in the gas
fluorotrichloromethane, which were computed at the same level of phase by their IR spectra.

theory.

[(CH.),OCF]*[Sb,F,,] - — < COF,+ 2CH,F + 2SbF;

(5)
Formation and Stability of [(CH 3);OCF3] "[SbyF11] ~. CHs- . B
OCF; reacts with SbF in HF solution at—78 °C to give Crystal Structure of+[(CH3)2(_)CF3] [SboF11] ™. The crystal
[(CH3):0CF]*[Sh,F11]~ as a crystalline and highly hydrolyz- data for [(CH),OCR;s]"[SbyF11]~ are summarized in Table 1.

able solid in quantitative yield (eq 1). The use of Asis a Intensity data (Mo kK radiation,a)—29_ scans,—125 °C_) were
converted to structure factor amplitudes and their esd’s by

+ _ corrections for background scan speed, crystal decay, and
2CH;OCF; + 4SbF; + 2HF — [(CHy),0CR] "[Sb,F;y] - + Lorentz and polarization effects. Experimental absorption cor-
[CF30H2]+[Sb2F1]]‘ Q) rections were applied to the data 6cans). The structure was
solved by direct methods and refined by standard least-squares
and Fourier techniques. The positions of all non-hydrogen atoms
mechanism for (1) was establisR&dy multinuclear NMR were refined with anisotropic thqrmal parameters. The H atoms
spectroscopy. It involves the initial protonation of §BCF; were placed at the calculated sites. Selected bond lengths and

(eq 2). The resulting [CBOHCR;]* cation then acts as a angles are summarized in Table 2 and are compared to the
values calculated at the B3LYP/6-3t+G(2d,2p) level for the

n _ free gaseous cation.
CH,OCF; + 2SbF; + HF — [CH,OHCR] "[Sb)Fy )] @) The cations and anions of [(GHOCK]"[SkFi]~ are
located on mirror planes and possess the characteristic symmetry
methylating agent to methylate a second;O&F; molecule Cs. They are weakly associated through O(1)- - -F(1) contacts
of 2.998 A that approximate the sum of their van der Waals

Results and Discussion

Lewis acid does not give a stable product. The reaction

(15) Becke, A. D.J. Chem. Phys1993 98, 5648. radii of 2.99 A and extend the coordination of the oxygen atom
(16) Frisch, M. J.; Pople, J. A.; Binkley, J. 8. Chem. Phys1984 80, from trigonal pyramidal to distorted tetrahedral (Figures 1 and
3265. 2). The displacement ellipsoids indicate a rotational disorder

) D ol Bl v 57 Taa that mainly involves the atoms F(5), F(7), F(8), and F(10), which

(19) Hegge, J.; Hoge, B.; Christe, K. O. To be submitted for publication. are located the farthest from the center of gravity of the two
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Figure 1. Structure and numbering scheme of [((HDCR;] " [ShoF1q] .
The displacement ellipsoids are drawn at the 50% probability level.

y

Figure 2. Packing diagram and fluorine bridging in [(GHOCRK;]*-
[szFll]_-

ions. Refinements either in the monoclinic space gr@gm
instead ofCm; or as an inversion twin crystal lead to the
same structural results.

Since the CEgroup is larger than a methyl group, thg-€
O—Ck angle of 115.6(4) in [(CH3),OCFR]* is significantly
larger and the G—O—Cy angle of 112.6(7) is somewhat
smaller than that of 113.1(7pbserved for [(CH)30]* in its
[BF4]~ salt? As a result, the sum of the-@0—C bond angles
in [(CH3),OCR]* is 4.5 larger than that in [(Ch)30]*.
Whereas for the first-row-element species [(H#®]" and-
(CHa)3N the replacement of hydrogens by fluorines significantly
increases the repulsion among the methyl grdifpse pro-
nounced effect was observed for the corresponding phosphoru
and arsenic compounds due to decreased steric crofitay.
Obviously the repulsive effects of the fluorine lone pairs are
more pronounced when combined with small central atoms such
as nitrogen or oxygen.

Fluorine substitution in the trimethyloxonium ion also causes
a shortening of the ©Cr and a lengthening of the-0Cy bonds
by Ar = 0.03(1) A, relative to the ©Cy bond of 1.477(7) A
in [O(CHgz)3] ™. This change is comparable to that of 0.032(6)
A observed for the NC bonds in (CH)3N and (CF)sN.6 The
increased © Cy bond length in [(CH),OCF;]* indicates that
the latter should be a stronger alkylating agent than [Qjg}H
In the strongest previously known methylating agent, the
methoxythionyl cation ([OSOCH'),?* the G-O bond length
of 1.49(2) A is similar to the value of 1.508(6) A found for
[(CH3),0CR;] T[ShyF11] ™. Since [CHOHCHR;]™ was shown in
our study to readily methylate GBCR; to [(CH3).OCR] ™ (eq
3), the [CHOHCRK]* cation should be an even stronger

(20) Bartell, L. S.; Brockway, O. LJ. Chem. Physl96Q 32, 592.

(21) Marsden, C. J.; Bartell, L. $norg. Chem.1976 15, 2713.

(22) Springall, H. D.; Brockway, L. OJ. Am. Chem. S0d.938 60, 996.

(23) Bowen, H. JTrans. Faraday Socl954 50, 463.

(24) Gillespie, R. J.; Riddell, F. G.; Slim, D. R. Am. Chem. S0d.976
98, 8069.
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Figure 3. Calculated structure of the free gaseous [(EECRK]*-
[ShoF14]~ cation showing the eclipsed nature of the fluorine and
hydrogen ligands.

methylating agent, although not as powerful as theflBbk
system itself from which it was formed. Extrapolation of the
observed trends suggests that the methylating power of the
[(CH3),OCR]* cation should further increase when a second
methyl group is replaced by a trifluoromethyl group.

A comparison of the observed and calculated bond lengths
in [(CH3),OCR;]* (see Table 2) shows fair agreement. As
expected, the density functional calculation slightly overesti-
mates the bond lengths. Again, there is a pronounced difference
in the lengths of the G—O and G—O bonds, and the -O—

Chy bond angle is larger than they€0—Cy bond angle,
although the calculated differences are somewhat smaller than
the observed ones. Although the methyl hydrogen atoms were
not directly located by the crystal structure determination, their
calculated positions are in good agreement with those predicted
by the theoretical calculations for the minimum energy structure
of the free gaseous ion (see Figure 3). As can be seen, the
fluorine atoms are perfectly eclipsed with the methyl hydrogen
atoms, indicating a positive interaction between them.

The geometry observed for the [$i]~ anion in [(CH)2-
OCHR;] "[ShyF11] ™ is similar to those observed for this anion in
other salts. The two SkFoctahedra are linked by a common
corner with an Sb(}F(4)—Sb(2) angle of 150.7(8)and are
staggered with respect to each otPe’?

Nuclear Magnetic Resonance Spectralhe experimentally
observed and calculatetH, 13C, and 1 NMR spectra of
[(CH3)20CR] ", [(CH3)20CF(CR)2]", and [(CH;)30]* and of
their parent ethers are summarized in Table 3 and confirm the
identity of the new cations. As was previously pointed But,

$he methylation of an ether results in a pronounced deshielding

of the a-methyl protons by about 1 ppm and of themethyl
carbons by about 1530 ppm. However, the shielding effect
of the additional CH" group on the perfluorinated-carbons

is small and its direction is hard to predict. Similarly, the fluorine
atoms of a perfluorinated-methyl group are little influenced
by the methylation, but the single example of &CF group

in our study exhibits a significant deshielding of about 16 ppm.
A second parameter that permits us to distinguish the parent
ether from its methylated oxonium salt is thé&r coupling
constant of ther-CF, group. In the ether it has a value of about
250 Hz, whereas in the oxonium salt it ranges from about 280
to 290 Hz.

(25) Bernhardt, E.; Bley, B.; Wartchow, R.; Willner, H.; Bill, E.; Kuhn,
P.; Sham, I. H. T.; Bodenbinder, M.; Broechler, R.; AubkeJ FAm.
Chem. Soc1999 121, 7188.

(26) Willner, H.; Bodenbinder, M.; Broechler, R.; Hwang, G.; Rettig, S.
J.; Trotter, J.; von Ahsen, B.; Westphal, V. J.; Thiel, W.; Aubke].F.
Am. Chem. So001, 123 588.

(27) Drews, T.; Seppelt, KAngew. Chem., Int. Ed. Engl997, 36, 273.

(28) Mootz, D.; Bartmann, K.Angew. Chem1988 100, 424.

(29) Burgess, J.; Fraser, C. J. W.; McRae, V. M.; Peacock, R. D.; Russel,
D. R.; J. Inorg. Nucl. Chem., Suppl976 183.

(30) McKee, D.; Adams, C. J.; Zalkin, A.; Bartlett, N. Chem. Soc., Chem.
Commun.1973 26.
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Table 3. Observed and Calculate8iMR Parameters for the Oxonium Salts [(§H¥DCF] ", [(CH3).OCF(CR)2]", and [(CH)sO]* and Their
Parent Ethers

chem shift, ppm coupling constant, Hz
compd O(*H)  O(*3CHy) O(BCR) O(*CF) O(CY¥F3)  O(CY¥F)  LJ(3CYF3)  WJ(BCYF)  3J(R3CHF)
CH3;OCRP 3.47 53.7q 123.7q —65.6 252.3 4.03
3.7) (56.3) (132.6) €68.3)
[(CH3),OCF;] " be 80.2q 120.7q —66.9 287.0 2.4
(4.8) (81.0) (132.8) €67.9)
CH3;OCF(CR)2b 3.13 525s 119.0q 102.4d —81.0 —146.8 287.9 248.0
[(CH3),OCF(CR),] ¢ 3.79 83.9 115.8q9,d 106.2dsept —76.1 —131.1 2915 280.5
CH3OCHd 3.24 59.4s
(3.2) (62.9)
[(CH3)s0]+¢ 458 79.3s
(4.4) (82.2)

a Calculated values (given in parentheses) at the MP2/6-3%3(2d,p) level using the B3LYP geometriés/alues from this study recorded at
—30°C in HF solution.© Signals due to [Sff11]~ and [Sbk]~ were observed in th€F spectra at-93.1,—124.5, and-141.2 ppm with area ratios
of 1:8:2 and at-124.5 ppm, respectively. The HF signal was observed at ab®86 ppm.¢ Values from: Olah, G. A.; Doggweiler, H.; Felberg,
J. D.; Frohlich, SJ. Org. Chem1985 50, 4847. Olah, G. A.; DeMember, J. R. Am. Chem. S0d.97Q 92, 2562.

Table 4. Low-Temperature Raman Spectrum of [(§#DCR;] [ShF11]~ and Its Assignments Based on the Frequencies and Intensities
Calculated at the B3LYP Level for the Free Gaseous Cation in Point GZoup

calcd (B3LYP) free [(CH).OCR]* obsd [(CH).OCF]*[ShsF11] -
approx mode descrign freq, cnr?t [Raint] (IR int)¢ freq, cmt
v1(A") va{CH,) in phase 3229 [38.7] (8.0) 3110[3]
v19(A"") vad CHy) out of phase 3227 [21.2] 3.7)
vo(A") vad{CH,') in phase 3212 [52.2] (3.9) 3100[2]
v20(A"") vad CHZ') out of phase 3210 [4.2] (0.45)
v3(A") vsym(CHa) in phase 3099 [199.6] (0.44) 3002[9]
v21(A") vsym(CHsz) out of phase 3096 [0.05] (0.45)
combination bands 2859[1]
2841[0+]
v4(A") dsym(CHg) in phase 1498 [0.98] (58.7)
vs(A") Oscis{ CH') in phase 1491 [4.5] (29.7)
ve(A") Oscis{ CH') in phase 1484 [2.5] (0.76) 1444[2]
v22(A") Oscis{ CH2) out of phase 1479 [7.6] (0.18)
v23(A"") Oscis{ CH2') out of phase 1472 [0.17] (13.3)
v24(A") dsym(CHs) out of phase 1451 [0.42] (2.6)
vas(A"") vad CFs) 1347 [0.75] (325.9)
v7(A") va{CF3) 1294 [0.81] (312.0)
vg(A") dwag(CHs) in phase 1253 [0.98] (30.6)
vo(A") Oroc(CHs) in phase 1188 [0.97] 1.2) 1183f0
v26(A"") dwag(CHs) out of phase 1161 [0.78] (0.71) 1166{D
v27(A"") Oroc(CHs) out of phase 1133 [1.2] 1.4) 113540
v1o(A") vsym(CFs) 1042 [0.47] (275.3) 1096(6]
v2g(A") vad OC,(H)) 899 14 (85.1) 894[1]
v12(A") v(O—CHRy) 806 5.8 (224.5) 858[2]
v12(A") vsym(OCy(H)) 756 8.6 (55.7) 759[8]
676[100]
Sb—F stretching 652[24]
616[5]
v13(A") 0a{CF3) 607 11 (5.3) 610[2]
V29(A") 0a{CF5) 583 1.9 (4.1) 594[2]
V14(A") Osym(CF3) 536 5.5 (3.4) 551[4]
v15(A") Orock(CFs) 427 0.97] 2.3) 438[6]
v3o(A") 0a{OCR) 402 1.4] (15.8) 415[2]
v16(A") Osyn(C30) 348 [1.1] (1.1) 367[1]
306[12]
Sb—F deformations 294[10]
276[1]
v31(A"") 824 C50) 274 [0.001] (0.45) 231[14]
v17(A") 6(C30) out of phase 215 [0.30] (5.8) 210[1]
v18(A") 7(CHg) in phase 157 [0.10] (0.22)
v3(A") 7(CHs) out of phase 133 [0.08] (0.27)
v33(A") 1(CF) 56 [0.23] (0.44)

aMode description is based on the potential energy distributi@alculated Raman intensities irffAmu.¢ IR intensities in km/mol.

The observed NMR shifts of these compounds were con- Vibrational Spectra. Figure 4 shows the low-temperature
firmed by theoretical calculations at the MP2/6-3HG(2d,p) Raman spectrum of solid [(GHOCRs]*[ShyF11]~. The ob-
level. As can be seen from Table 3, the agreement between theserved frequencies and their assignments in point gagre
observed and calculated values is very good and supports thesummarized in Table 4. The assignments were made by a
above conclusions concerning the changes one might expecttomparison with the frequencies and Raman intensities calcu-
when methylating such ethers. lated for the free [(CH),OCRK]* cation at the B3LYP/6-
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Figure 4. Low-temperature Raman spectrum of [(HCR] [ShFiq]

T
2000

311++G(2p,2d) level of theory. The agreement between the
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require any further discussion. The remaining bands are due to
the [SkF14]~ anion and are in reasonable agreement with those
of other [ShF11]~ salts?526:31.3%articularly if the large variation
in the structures of [Sr11] ~ in its different salts is kept in mind.
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