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Abstract

The acetylene biscobalthexacarbonyl complex can catalyze hydrosilylation of acetylenes to produce vinylsilanes.
The regioselectivity is extremely high with phenylthioacetylenes, while it is hardly selective depending upon the
substituents other than the sulfide group. High selectivity with dihydropyranyl-phenylthioacetylene prompted us
to establish a practical convenient route to obtain the electrophilic precursor of vinylsulfones in heteroconjugate
addition. A new empirical rule for the assignment of syn/anti stereochemistry of the products can be formulated,
the 13C NMR chemical shifts of the anti-isomer being higher than those of the syn-isomer. © 1999 Elsevier Science
Ltd. All rights reserved.
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Biscobalthexacarbonyl complexes of acetylenes! are becoming more and more important in synthetic
organic chemistry, not only as protection of intermediate-triple bonds? but also in bond formation
reactions, and sometimes as a key step in natural product syntheses.> We have reported a reductive
decomplexation of these acetylene biscobalthexacarbonyls with tin or silyl hydride to produce the corres-
ponding olefins or vinylsilanes.* Recently, we have succeeded in the hydrosilylation of acetylenes directly
to the corresponding vinylsilanes in the presence of a catalytic amount of either biscobaltoctacarbonyl
or its acetylene complex as indicated in Eq. 1 without isolating the cobalt complex leading to product
formation.
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In the hydrosilylation of acetylenes a platinum catalyst (Na;PtClg) has often been used with triethylsi-
lane to produce vinyltriethylsilanes. This reaction usually proceeds by simple heating of the reaction
mixture under a nitrogen atmosphere, but occasionally occurred extremely slowly, thus awaiting an
alternative method.’ We reported that the acetylene biscobalthexacarbonyl complex reacted with silanes
(Et3SiH or Ph3SiH) by heating at 60°C to obtain the corresponding vinylsilanes.* After this finding, we
searched for conditions to use catalytic amounts of the cobalt reagent.

First of all, we carried out the reaction of 1 under similar conditions as with the platinate catalyst
(0.5 mol%, entry 1) with the biscobaltoctacarbony! (1 mol%, entry 2) and found almost no reaction
(Table 1). Use of double amounts of the catalyst gave 2 in 32% yield (entry 3). By applying 5 mol%
(entry 4) the reaction became very fast, providing 88% yield. This suggests that trace amounts of
Co0,(CO)3 might be decomposed during the early process of operation at a semi-micro laboratory scale.
In addition, the inconvenience of handling air-sensitive biscobaltoctacarbonyl reagent might be avoided
by employment of a stable acetylene biscobalt complex, so we screened several complexes as exemplified
in entries 5-10. Employment of the biscobalthexacarbonyl complex catalyst of thiophenylacetylene
(entry 5) or of 2-methyl-3-butyn-2-0l® (entries 6, 7) afforded good results. On the other hand, the
bistrimethylsilylacetylene complex (entries 8, 9) or diphenylacetylene complex (entry 10) did not provide
high yield of the products using catalytic amounts of the catalyst. These results seemed to indicate that
the possible exchange of the cobalt between the catalyst and the substrate acetylene would be critical in
determining the overall rate of the hydrosilylation.
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Table 1
Effects of the catalysts on hydrosilylation (Eq. 2)

amount temperature period yield
entry catalyst (mol equiv. %) (°C) (min) (%)

1 NayPtClg 0.5 70 25 75
2 Co,(CO)g 1 60 800 5%
3 Co2(CO)s 2 60 800 32*

Coy(CO)
4 (0(2:) Cor Bspn 5 70 25 88
5 Ao~ Oy 19 60 10 99
AcO*
HO_ Co,(CO),
6 il 3 60 30 83
Coy(CO

7 MO sey e 2 60 120 61*
8 MesSi—s1o2mns 2.5 60 60 0*
9 Mo Si—te2mes 100 60 800 39+
10 P n e 100 60 60 57%

The reaction was conducted in dichloroethane as a solvent under nitrogen atmosphere. * Starting material was recovered.
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Table 2
Regioselectivity and yields in hydrosilylation (Eq. 3)
i R OAc OH OTBDPS H Br
ratio 4:5 14 : 1 8:1 3:1 73:1 -
yield (%) 95 92 96 100
SPh EtzSiH
A o/\© Z oS R0 C A e -KrSiEta @
c ) AcO
H CO
S OH 3 mol % of 3—5?5‘-’-2}4 e 96% XA, OI‘?Ph
6 7

(00)5602 SPh

P
6 Co2(CO)s (og)sCO-ﬁ,//s hTfOH 60% Et3SiH SIEt;
96%  AcO v ’\()//
/IJ"' aipe 1:20 dlcthfOB‘hanQ OAS Ph

"OAc
8
OAc H  EtsSiH dichlorosthane OAC OAc  SiEty
o_ & - S SiEty o_.A
3 mol% HO C°ﬁc°)6 + - (6)
X =35
OAc - “OAc N-""OAc
1 12 (1:2) 13

More aspects of this hydrosilylation were studied with reference to the regioselectivity of similar

sugar acetylene derivatives 3, 6, 9 and 11 (Eqs. 3-6). With the phenylthioacetylenes (1 and 6) all of the
resultant vinylsilanes were produced in a highly regioselective manner; thus, no trace of the regioisomer
was detected under the same catalytic conditions with a 2-methyl-3-butyn-2-ol complex (Egs. 2 and 4).
On the other hand, regioselectivity with 3, having a C-substituent was examined (Eq. 3). The products
4 and § were obtained with variable regioselectivity as presented in Table 2. Another sugar acetylene
having a terminal hydrogen (11, Eq. 6) afforded a 1:2 mixture of 12 and 13; thus, the major product 13
had the triethylsilyl group next to the bulkier dihydropyrane ring. These examples exemplified the subtly

different effects of steric and electronic factors.

Epimerization of the x-acetylene biscobalthexacarbonyl complex 8 gave the B-isomer 9 as 1:20 equi-
librium mixture via trifluoromethanesulfonic acid treatment.” The consecutive hydrosilylation provided
10 as a sole product (Eq. 5) and these sulfide products 7 and 10 were used for the following studies.

OTBDPS, Me 1)5% PU/C Hy AcoEt ~ OTBDPS, Me
2; Im,C=8 toluene (o) (7)
\ W 0,Ph3) n-BuzSnH AIBN toluene 02Ph

20 21
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The results presented above were applied to heteroconjugate addition methodology (Scheme 1);
thus, 14 and 15 were prepared (& and B vinylsulfone substituents, respectively). As had been reported
previously, the addition of nucleophiles (MeLi, MeMgBr, EtMgBr, Me3SiC+CLi or Me3SiC+CMgBr)
afforded exclusively syn or anti products after removing the triethylsilyl group. The stereochemistry
of the Me adducts (20) was assigned via comparison with authentic samples (21)? after reducing the
hydroxy group and the carbon—carbon double bond (7), while structures of the alkynyl adducts (22) were
tentatively assumed only on the basis of the o or B chelation mechanism (Fig. 1).% For the ethynyl adducts
22 the stereochemistry was confirmed by conversion into the reduced ethyl derivatives as 23 (Eq. 8).
Alternatively, addition of EtMgBr to 14 (X=SiMes or H) and following desilylation with TBAF afforded
16 with exclusive selectivity, and it was further converted into 30 for comparison. An old empirical
rule for syn—anti assignment was based on the '*C NMR chemical shifts of the carbon of the incoming
anionic center; thus, the methyl group usually appears at 14 ppm and 17 ppm for the syn- and anti-
isomer, respectively.” Among all of the products with/without 2’-hydroxyl groups higher chemical shifts
of the carbon indicated with ‘"’ were observed as illustrated in Table 3. One of the compounds 26 was
crystallized and analyzed by X-ray crystallography to prove the anti stereochemistry (Fig. 2). These facts
established that the stereochemistry of the heteroconjugate addition products can be assigned from '3C
NMR; the anti-isomer showing higher 13C NMR chemical shifts than syn-isomer.

OR OR
H . H .
7 O, N SiEt, 10 O N SiEt,
N mox>02Ph X >02Ph
14 15
R'Li, R"MgBr | or R*-C=C-Li (-MgBr) R'Li, R'MgBr | or R"-C=C-Li (-MgBr)
B-chelation (X= H) o-chelation (X= SiMe3) B-chelation (X=H) o~chelation (X= SiMe;)
R R, R R
0. 0 o
OHsozph X OHSOZPh 0 I_FOZPh 0H802Ph
16 17 18 19

Scheme 1. Synthesis of 4 diastereoisomers
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Figure 1. Chelation mechanism in the heteroconjugate addition
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Table 3
A new empirical rule of assignment for syn/anti stereochemistry

OR OR
H./'\'/\soaph > R7 Y so,ph C NMA Chemical Shifts
Me” h:lle* of anti > syn
OTBDP% Mé‘ OTBDP% Me* OTBDPSH* OTBDPSH*/
o.: (NP O: 0. A
NG LL I N O2Ph "o
anti 18.7 syn 13.6 anti 26.2 syn 20.8
24 25 26 27

OTBOPS, Mé* OTBDPSH M OTBDPSH */ OTBDPS
2 o}

H
A 0.
SO2Ph $OzPh SO2Ph SO2Ph

ant/ 16.6 syn14.6 antl 22.7 syn 21.5
28 29 30 31

Figure 2. X-Ray structure of 26
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