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Abstract

Tris(perfluoroorgano)bismuth compounds Bi(R;); (R;= CF,, C,F;, n-C;F;, n-
C,F,, n-C.F5, n-CgF,;, C;Fs) are easily prepared in high yields from the reactions
of perfluoroorganocadmium complexes with BiCl, or BiBr; in aprotic solvents. The
perfluoroorganobismuth halides intermediates in these reactions have been detected
by NMR spectroscopy.

Introduction

Although many non-fluorinated organobismuth compounds are known, only a
few perfluoroorganobismuth compounds have been reported. Reactions of CF,
radicals with elemental bismuth carried out by Bell, Pullman and West [1] provided
the first evidence for the existence of Bi(CF,);. In 1977 Lagow and Morrison [2]
obtained Bi(CF,), in 32% yield from the reaction of Bil; with CF; radicals. In a
method described by Juhlke et al. [3], Bi(CF;), was obtained in 31% yield in about
100 h from the reaction of CF; radicals with Bi vapour.

Bi(CF;), was synthesized by Royo and Uson in 1969 [4] and by Deacon and
Johnson in 1972 [5]:

3 C,F;MgBr + BiCl, - Bi(C,F; ), + 3 MgBrCl

In recent years perfluoroorganocadmium complexes have been shown to be excel-
lent perfluoroorganylation reagents. Three different methods for the syntheses of
these complexes have been described [6,7,8]. References to preparations of CF,
element compounds from Cd(CF;), complexes are listed in Table 1.

The table indicates that perfluoroorganocadmium complexes are excellent re-
agents for the syntheses of many new or otherwise not readily available perfluoro-
organoelement compounds. In the present paper we show that a complete series of
tris(perfluoroorgano)bismuth compounds can be obtained in high yields from the
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Table 1

Trifluoromethylelement compounds prepared from element halides or trifluoroacetates and Cd(CFy) -
complexes

Product Starting material Ref.

P(CF) 1, P, o 6« o
Sn(CFy), Bry. | SnBr, 6

Ge(CFy) 1, Gel 6

(CH)SnCF ¢ (CH4);5n0COCF; 49

(CH )y PbCF “ (CH; ), PbOCOCF, 4

Te(CF; ), Te(CF,),Cl, it

Sh(CF; )5 Sh(1,, ShBr,. Shi, i1

Bi(CE,),
AglAg(CEy) 4]

BiC1,. BiBr.
/’\%N():

this work

1
i

Fe(CF;)(COy, Fe(COy X, (X = CL Br. b 13
CotCF),(COxep CotCOwxpl . 14
(CuCFy; Cul 15
M(CF;)-(PR ), (M = Ni. Pd. Pt

MX, (PR}, (X = Br, D) 17

¢ CL R CUF, L CFs derivatives also described.

reactions of bis(perfluorcorgano)cadmium complexes with bismuth trihalides in
polar solvents.

Results and discussion

Perfluoroorganocadmium complexes react with bismuth trihalides in a large
number of solvents to form tris(perfluoroorgano)bismuth compounds: the best
results were obtained using acetonitrile solutions. BiBr; 1s the most suitable starting
material for high vield syntheses. The reactions proceed in a stepwise manner. As
for other recently investigated perfluoroalkylations of elements. the reaction rates
depend on the dissociation of the bismuth trihalides and the partially perfluoroal-
kylated bismuth halides B{R ), , X, . In the case of the trifluoromethvt compounds.
for example, all the intermediates have been identified by ""F NMR spectroscopy
(Fig. 1). The "F chemical shifts depend on the bismuth trihalides used (CH,CN:
external standard CCl,F):

X Bi(CF,)X , * Bi(CFy), X Bi{CF.)
Cl —402 42 378 334
Br ~39342 S36.8 ~334
1 ~384+2 - 355 132

“ Concentration-dependent

The splittings of the '*C satellites allow the assignments of the BiBr,(CF,)+_,
intermediates: BiBr,(CFE;) singlet, BiBr(CF,}, quartet, Bi(CF,), septet. Other NMR
data for these three compounds are:

BiBr,CF. BiBr(CF,), Bi(CF.),

YJ(F.C) (Hz) 3952 389.0) T a0k )
“J(F. F) (Hz) . 4.7 4"

AS(ppm) ¢ 014 0.139 0,139

A, (Hz) 17 7 :

“ Compare Ref. 18.
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Bi(CF,), BiBr(CF,, BiBr,CF,
IA ‘BF (TZ/UC): ‘!A ‘SF (12/‘3c): : Z 19F (12/13c)=
0.139ppm 0139ppm | 0.141ppm
I
b
!
1
(
1% o) % o 0% )
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-3300 -3400 3500 -3600 3700 3800  -3900 4000

Fig. 1. "F NMR spectrum of BiBr,(CF;)3_, (# = 0-2) (CH,CN; standard CCI;F, ext.).

These data lead us to propose the following reaction sequence (the complexing
solvent molecules are omitted):

2 BiX, 2BiX,"  +BiX,"
BiX," + Cd(CF,),+ X~ - BiCF,X, +Cd(CF,)X
BiCE,X, 2 BiCF, X" +X~
BiCE,X* + Cd(CF,), + X~ — Bi(CF,),X + Cd(CF,)X
Bi(CF,),X 2 Bi(CF,)," +X~

Bi(CF,),* + Cd(CF,), + X~ - Bi(CF;); +Cd(CF,)X
Cd(CF;)X similarly also undergoes trifluoromethylation reactions, e.g.:
Bi(CF,;),X + Cd(CF; )X — Bi(CF;), + CdX,

The formation of the higher perfluoroalkyl- and of the perfluorophenyl-bismuth
compounds involves analogous sequences. The tris(perfluoroorgano)bismuth com-
pounds can be isolated readily after the solvent is distilled off. Bi(CF;); and
Bi(C,F;), are purified by vacuum distillation, and the other perfluoroorganobis-
muth compounds by vacuum sublimation. The compounds, which are mainly new,
were identified by their ’F NMR and mass spectra.

Bi(CE;); (b.p. 50°C/1 torr) and Bi(C,F;); (b.p. 65°C/1 torr) are volatile
colourless liquids, the other Bi(R;), are white to pale yellow solids. Bi(C,F,, )3
(n=1,2,3) compounds are somewhat unstable, but can be stored in solvents like
CH,CN or C,H,CN for several days, while the other solid perfluoroorganobismuth
compounds are, when pure, stable for several weeks. All these compounds smell like
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chlorine. On exposure to the air they all rapidly decompose. They react slowly with
water or alcohols to form R, H, which can bhe identificd from their P NMR
spectra.

In order to investigate the trifluoromethvlation properties of BiCF . we chose
the reactions with 1odobenzene. silver nitrate and 1odine monochlonde as examples,

No reaction took place with 1odobenzenc, Reaction with AgNGh forms the same

products as those from CdiCE ), complexes (125 AglAg(CF L {AgCH) LD and
CF,NO were identified from their NMR spectra. The reaction wach [CT vields CF
as [hL only Ch-containing product. These resufts demonstrate that Bt Py, enters

into polar rather than radical wifluoromethyvlation reactions, and that s chemical
properties are comparable with those of the Cd-CF, comploxes

Experimental
Chemicals. Cd(R;), complexes were prepared as previousty  described [71
BiCl (Fa. Fluka. Buchs) was dried in vacuuni. BiBr, was prepared by standard

method Ilh]. CHON(Fa. Merck, Darmstadty was dried over 2,0,

NMR specrra. Bruker FTONMR spectrometer AM 3000 7F NMR: #,, 282.41
MHz, "C NMR: H, 75.47 MHz; Standards: CCHT ¢ext. "FL TMS est. 7Oy
Mass spectra: Finnigan MAT 8230, (70 ¢V Raman spectras Coderg Modell PHO
and exciter Spectra Physies (K ';.a.\‘::g: Ay, 488 nmil
Al reactions were carried out under drv nitrogen.

General procedure for the preparations of tris(perfluoroatkviibisnach compounds

Te a suspension of the bismuth trihalide o scetonitrile a1 - 307 C is added a
small molar excess of solid Cd(R, ), - 2CH ON. The mixture s stirred for several
hours. and F NMR spectrascopy used 1o find when the reaction is complete.
Detatls are summarized in Table 2.

PI‘(?])CII’CIII(HI of B Fo o 184 ¢ (411 mmol) BiBr, and 353 g (.00 mmol)
Cd(C. F )y, diglyme were dissobved 1n 10 m] CHLON and the solution i heated 10
50°C for L h. The solvent and traces of diglvme and O F0H are distifjed off, The
aooHz

)] tory. ke give 07

grey solid residue 15 sublimed twice at 60772 >
mmol: 71%) of pure BiuC, F.)

Spectral darua fur zris‘('pe'rﬂzmr«mrgmz0)lvi.s‘muf/z compounds

Bi(CFy) "NMR. A solution in CHLON (CCLF. inty 8 REN 73 ppm,
singlet; Y(F. 39().5 Hz. s‘p}iuinw of the "'C satelhtes into septets, “(F, Fy 4.7 Hz.
A8 0.139 ppm A 5 Hz, WO NMRL BI(CF ) neat: P 189.8 ppm. quartet of hnud
multiplets (F. C) 391 Hz. Solvent dependence of M "Fy(ppmi pure 331 DMF

3227 CH,CH —32.730 diglvme = 33460 CH.ON 3377 pyridine - 3382
glyme — 3395 DMSO - 355

Vibrational spectra; IR identical to {20 Raman spectrum (om 3 205vs, 313a
720s, 1080s,br. 1150m, 1445w, Mass spectrum identical 1o [2].

The ""F NMR spectra of the other compounds are summarized in Table 3.

Mass specrra (only Bi conganing fragments; /el BUCEoyy 7 3007Cy 446
(Bi{(C-Fo), 7. 16%), 347 (BiC-FOF™, 36%y 328 (BiC.F 7 6% 247 (Bl 379,
228 (BiF 7, 35%). 209 (BT, 100% ). Byn-C F, ), (7 30°Cy S47(ByC . P 119,
459 (BiCF,, "0 44%), 457 (B L 40%). 397 (BiCFT 105, TR RO 49

5
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Table 3

"F NMR spectra of tris(perfluoroorgano)bismuth compounds

5(CFy) ChaCF T Other
BC.Fop. - 8L71 79994 A
Bi(n-C,F-), ~79.48 - 98.61 ~119.45
Bi(n-C,F)). 80.84 97 46 11571
Bi(n-C,F, ) ~82.19 9517 11550 1243
Bi(n-C.F, ). - R1.69 97.73 1189

- 126.6

5(F,) 5(E,) B(F, ) S

Bi(C, Fe) “117s2 S16037 - 15239
11818 -~ 15855 - 149.67 in ¢, H, solution

118.4 1588 ~ 1497 Ref. &

4 Satvent CH,CN; standard CClLF (exty

247 (BiF,'. 6%). 228 (BiF '. 23%). 209 (Bi . 100%). Bi(n-C,F, ), (T 50°C): 647
(Bi(C,Fy). . 23.9%). 509 (BiC, F,, ', 57%). 507 (BiC,F,, . 59%). 447 (BiC,F,, . 8%).
309 (BiC,F, ™. 7%). 290 (BiC.F, . 40%). 247 (BiF. . 15%). 228 (BiF . 21%). 209
(Bi™. 100%). Bi(C,Fo)x (T 115°C): 710 (Bi(C, Fy)y . 22%). 543 (Bi(C F.), . 62%),
395 (BiC,F,~. 15%). 376 (BiC, F. . 100%). 247 (BiF,". 8%). 228 (BiF . 12%). 209
(Bi ™. 80%).

Acknowledgement

The support of the Minister [ir Wissenschaft und Forschung des Landes
Nordrhein-Westfalen and the Fonds der Chemischen Industrie is gratefully
acknowledged.

References

I T.N. Bell. B.J. Pullman and B.O. West, Aust. J. Chem., 16 (1963) 722,

2 RJ. Lagow and J.A. Morrison. Inorg. Chem., 16 (1977) 1823,

3 T. Juhtke. R. Braun, T.R. Bierschenk and R.J. Lagow. 1. Am. Chem. Soc.. 101 (1979) 3229,

4 P. Rovo and R. Uson, Rev. Acad. Cience. Exactas, Fis.-Quim Natur. Zaragoza. 24 (19693 119, C. AL 77,

101 807 p.

(5.B. Deacon and J.K. Johnson. Inorg. Nucl. Chem. Lett., 9 (1972) 271, 927

6 LJ. Krause and J A, Morrison, I Chem. Soc., Chem. Commun., (1980} 671 1. Am. Cheny. Soc.. 103

(1981) 2695,

H. Lange and D. Naumann. J. Fluor. Chem.. 26 (1984) |

P.L. Heinze and D.J. Burton, J. Fluor. Chem., 29 (1985) 359.

9 H. Lange and D. Naumann., J. Fluor. Chem.. 27 (1985) 309,

10 D, Naumann and B. Wilkes, J. Fluor, Chem., 27 (1985) 115,

11 D, Naumann, W. Tyrra and F. Leifeld, J. Organomet. Chem.. 333 (1987) 193,

12 W. Dukat and D. Naumann, Rev. Chim. Min, 23 (1986) 589,

3 W, Dukat and ID. Naumann. unpublished.

14 C.D. Ontiveros and J.A. Morrison, Organometallics. 5 {1986) 1446.

15 (ay DM Wiemers and DU Burton, 1o Am. Chem. Soc. 108 (1986) 832: (by W. Struuss. Dissertation
Universitidt Dortmund (1986).

16 V. Mever. Liebigs Ann. Chem.. 264 (1891) 122,

17 LJ. Krause and J.A, Morrison, J. Chem. Soc., Chem. Commun., (1981) 1282,

18 R.W. Harns. J. Mol Spectr. 10 (19631 309,

o

~1

o

5



