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SOLID STATE REACTIONS OF ORGANOPENTAFLUOROSILICATES WITH COPPER(I) AND COPPER(II) SALTS!

Jun-ichi Yoshida, Kohei Tamao, Toshio Kakui, and Makoto Kumada*

Department of Synthetic Chemistry, Kyoto University, Yoshida, Kyoto 606, Japan

Summary: Two types of solid state reaction of K;[RSiFs] have been developed: (1) CuCl promoted
homo coupling of alkenyl- and phenyl-silicates, and (2) formation of RH from alkyl- and alkenyl-
silicates by heating with CuF;-:2H,0.

Recently we have shown that organopentafluorosilicates react with various electrophiles such
as halogens,2 NBS,2? MCPBA,3 CuX,," PdX,,%:% and AgX.” These reactions all proceed apparently
heterogeneously, since dipotassium organopentafluorosilicates are virtually insoluble in common
organic solvents, and this property constitutes one of the advantages of the reactions of sili-
cates in that the organic products can easily be separated by simple filtration. Possibly these
reactions may take place at the solid surface of the silicate, Therefore it seems to be quite
interesting to investigate the solid state reactions of silicates, which may not only be useful
in organic synthesis but also contribute to the study of solid state organic chemistry.®

We have now found two types of solid state reaction of organopentafluorosilicates: (1)
copper(I) promoted homo coupling of alkenylsilicates and (2) "protonolysis" of alkyl- and alkenyl-
silicates by heating with copper(II) fluoride dihydrate.

Reactions with copper(I) chloride: (E)-Alkenylpentafluorosilicates were heated with copper-
(1) chloride?>1° under reduced pressure to give symmetrical (E,E)-1,3-dienes.!l The isomeric
purity of the (E,E)-isomer is higher than 92%, but the products were contaminated with substan-
tial amounts of dialkenyldifluorosilanesl? in some cases. Representative results are summarized
in Table I.

1) HSiCl4

1 2
N HoPtCT R _R? CuCl (solid state) R~ R
RIC=CR > Ky | c=C > AN
2) KF B NsiFg 200-300°C W ¥
H,0 or EtOH 3-20 mmHg

A typical procedure is as follows. In the bottom bulb of a bulb-to-bulb distillation appara-
tus was placed a finely powdered mixture of (F)-l-octenylpentafluorosilicate (312 mg; 1.0 mmol)
and copper(I) chloride (99 mg; 1.0 mmol). The apparatus was evacuated to 3 mmHg and the bottom
bulb was heated at 250°C., A colorless liquid (71 mg) came out during 1 h from the solid mixture
which turned to dark brown in the course of the reaction. GLC analysis of the product showed
that (E,E)-7,9-hexadecadiene was formed in 56% yield (E,E 95%), together with ca. 8% yield of
dioctenyldifluorosilane. The diene could be purified by passing through basic alumina (eluent:

t 35% yield).
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Table I. Solid State Reaction of Alkenyl- and Phenyl-pentafluorosilicates with CuCl

to Give Homo Coupling Products.?

R in K, [RSiFs] Temp. Pressure Yield (%)

(°c) (mmHg) of R-RC (8,F %)°
n-Cyllgn 200 20 30 46)d  (96)
G SENGZN 250 3 35 (56)¢ (95)
CH 30CH ;2N 250 20 (65)F (97)
Cells 2 300 3 649 (>99)
n-CyHg n-CyHg 200 3 439 (92)
CeHs- 300 20 539

% Carried out on a l-mmol scale as described in the text. b Isolated yield. GLC
yrelds are given in parentheses. ¢ Determined by GLC. d R,SiF, 15%. ¢ RyS1F, 8%.
£ R,SiF, 5%. 9 purity is higher than 99%.

Since the inorganic solid residue could not be fully characterized,!3 the mechanism is not
clear yet, but, speculatively, the present reaction might proceed through the intermediacy of an
alkenylcopper species which thermally decomposes to give the diene product, being analogous to
the copper-promoted homo coupling reactions of other alkenylmetallics,15 Thus the initial step
must involve the transfer of an alkenyl group from silicon to copper. The high degree of reten-
tion of configuration must exclude a free radical mechanism,

While the phenylsilicate also gave a coupling product, biphenyl, similar solid state reac-
tion of alkylsilicates with copper(I) chloride gave an almost 1 : 1 mixture of alkane, the
protonolysis product, and l-alkene, the B-elimination product, rather than the homo coupling
product. This observation also seems to be compatible with the mechanism involving an alkyl-

copper intermediate which undergoes disproportionation reaction.1%3 FE. g,

CuCl, 250°C
Ko[CH30,C(CH,) 1STF 5] > CH30,C(CHy)1gH  +  CH30,C(CH,)gCH=CH,

16-20 mmHg 56 : 44 (63% total yield)

Reactions with copper(II) fluoride dihydrate: In contrast to the copper(I) salts, copper(Il
salts, especially copper(II) fluoride dihydrate, gave almost exclusively "protonolysis products"
both from alkyl- and alkenyl-silicates16 (Table II)., While the action of protic acids on alkyl-
pentafluorosilicates causes dissociation of the ate complex giving alkyltrifluorosilanes rather
than protonolysis of the carbon-silicon bond, the present reaction provides a convenient route

to the protonolysis products from organosilicates.
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Table II. Solid State Reaction of Alkyl- and Alkenyl-pentafluorosilicates with Copper(II)

Salts to Give ''Protonolysis Products'?®

. . oD c
R in K, [RSiFg] CuX, (equiv.) Yield (%) RH/R(-H)
n-C12H25— none 3 79/21
CuF,+2H,0 (1.00) 85 95/5
n-CygHz7- CuF,-2H,0 (0.50) 69 92/8
CuF,°2H,0 (1.00) 94 86/14
CH302C(CH2)10- Cqu'ZHzo (0.25) 50 99.7/0.3
CuF,-2H,0 (0.50) 75 99.8/0.2
CuF,+2H,0 (0.75) 79 99.8/0.2
CuFj*2H,0 (1.00) 76 99.8/0.2
CuF,+2H,0 (1.50) 66 99.6/0.4
n-CigHz a2~ none 49 d
CuFy+2H,0 (1.00) 90 d
CuCl,* 2H,0 (1.00) 66 d
CuCl, nDy0 (ca. 1.0) 71 d
CH302C(CH2)8\\;¢>\ CuF,*2H50 (1.00) 74 d
n-CgHi 3 n-CeHi3 CuFj+2H,0 (1.00) 78 d

@ A solid mixture of a silicate and CuX,-nH,0 was heated at 250°C under reduced pressure

(16-20 mmHg) for 1-2 h. b Isolated yield. ¢ R(-H) stands for l-alkenes from alkyl-

silicates, Ratios were determined by GLC. d Only alkenes were formed. ¢ Deuterium

content 24% based on NMR and MS spectral data.

CuF,-2H,0
Kz[RCHchzsiFs] - RCH2CH3 + RCH=CH2
A, solid state major minor
R{\ /,RZ CuF,+2H,0 R{\ /,Rz ) .
Ky C=C Je=c_ (R2 = H or R1)
HY NSiFs A, solid state H H

The following points should be noted. (1) A half equivalent of copper(II) salt seems to be
enough for the protonolysis. (2) Reaction with copper(II) chloride containing D50 instead of
Hp0 formed a deuterium incorporated product, the D-content being rather low (24%). (3) In the
case of alkenylsilicates, the protonolysis occurred stereoselectively with retention of configu-
ration as shown by the formation of (Z)-7-tetradecene.

Although the mechanism has not yet been clarified, it may be envisaged that the organo-
copper(II) intermediate is hydrolyzed by water possibly contained in the copper salt and/or in
the silicates.
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While the elucidation of the mechanism of solid state reactions is quite difficult, the

present development, from a synthetic point of view, may open a new field of solventless organic

synthesis, 18
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