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Abstract

This communication presents a study of the scope of the catalytic hydrogenation and hydrosilylation of chiral exomethylene-sub-
stituted cyclopentanes and cyclohexanes utilizing the organolanthanide precatalysts Cp; LnCH(SiMe;), (Cp* = C Me,; Ln = Sm, Yb).
Both reaction types are sterically driven and lead to the cis-diastereomer as the major product. Additionally, the hydrosilylation is
regiospecific, the silane being placed exclusively at the terminal position of the double bond.
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Organolanthanides and Group 3 organometallics [1)
are effective homogeneous catalysts for olefin hydro-
genation [2] and hydrosilylation [3). The possibility of
olefin insertion into Ln-H or Ln-C bonds, combined
with a-bond metathesis reactions transpiring through
tour center transition states, permits the development of
a number of useful synthetic transformations. As an
example, both catalytic hydrogenation and hydrosilyla-
tion reactions can be coupled to other organolanthanoid-
catalyzed transformations (e.g., polyene cyelizations
[2g.3d.3¢)) for the construction of carbocycles and hete-
rocycles. Unlike some transition metal-catalyzed pro-
cesses [4], organolanthanide-catalyzed processes are
typically not directed by polar groups, but appear purely
steric in their selectivity patterns.

Building upon these characteristics and our interest
to utilize the potential of organolanthanide and Group 3
organometallic catalysts for selective organic synthesis
[2g.2h,3¢,3d.3], we initiated a program to examine the
stereochemical features of the hydrogenation and hy-
drosilylation of substituted exomethylenccycloalkanes
[5]. The catalytic cycle for both types of reactions
mediated by the precatalysts Cp; LnCH(SiMe,), (Ln =
Sm, Yb) [6] is outlined in Scheme 1. The generation of
the active catalyst ‘Cp, LnH" as well as the individual
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steps in the process for the hydrogenation and the
hydrosilylation respectively, are well  documented
[20,2¢,3a,7).

The hydrogenation reactions were typically carricd
out utilizing 3-5 mol.% of the precatalyst in cyclopen-
tane under 3-4 atm of hydrogen pressure. The reactions
were generally complete within 3 h [8] The results are
summarized in Table 1. In all of the reactions good to
excellent yields were achieved in spite of the fact that
many of the products were volatile and difficult to
isolate.

In cases where bulky substituents flanked the ex-
omethylene group of the cyclohexyl system, (e.g., 5¢
and Se) as well as in the a-substituted methylenccy-
clopentanes (1a and 1b), attack of the catalyst takes
place exclusively from the less hindered Si-face, leading
to the corresponding cis-product (Scheme 2).

For the sterically less hindered methylenecyclohex-
anes (5a, Sb, and 5d) the hydrogenation reaction loses
some of its selectivity and does not lead exclusively to
the cis-product. Improvement of the diastereoselectivi-
ties could be obtained by running the reactions at
= 20°C. Further lowering of the temperature led to a
drastic increase in the reaction times.

Higher reaction temperatures were required for the
hydrogenation of the substrates Se and Sf. Intramolecu-
lar complexation of the electrophilic lanthanide center
with either the arene m-system or the amine is perhaps
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responsible for these results. The methoxy group in 5g
totally inhibits the catalytic reaction, presumably be-
cause a strong coordinative bond between the oxygen
and the lanthanide center forms. There are considerable
precedents for such interactions in lanthanide chemistry
10).

When both a-positions are alkylated, as in cis-1,3-
dimethyl-2-methylenecyclohexane 7, the olefin is virtu-
ally inert to organolanthanide-catalyzed hydrogenation,
even at elevated temperatures (Table 1).

Increasing the distance between the exomethylene
group and the substituent R decreases the stereoselec-

tivity in the catalytic hydrogenation reactions. The best
diastereoselectivities for the B- and +y-substituted meth-
ylenecycloalkanes 8a, 8b, and 10 could be obtained at
—20°C and by utilizing the precatalyst Cp, YbCH(Si-
Me,),. The ratio of cis: trans isomeric products is
2%-3% better with this precatalyst than for the hydro-
genations of these three substrates with the correspond-
ing samarium catalyst under the same conditions. Un-
fortunately, the decreased ionic radius of Yh** com-
pared with Sm** [11] demonstrated no remarkable posi-
tive effect on the hydrogenation of the a-substituted
methylenecyclohexanes.

Table |
Diastereoselective hydrogenation of substituted exomethylenecycloalkanes utilizing catalytic Cpy LnCH(SiMe,),(Ln = Sm, Yb)
Entry Substrate Major product Mol.% cat./ Diastereoselectivity /
(% yield) * reaction temp. (°C) cisitrany ®
é’ " é’ "
1 1aR = iso-Bu 2a(84) 10/rt. ¢ 100: 0
2 1bR = CH,C(H CI-2 2b(32) 10/r. ¢ 160:0
R R

3 3R =n-Bu 4(84) 3/0°¢ 60: 40

4 ZaR = Me 6 (77) 3/=20°¢ 937

5 ShR = {x0-Bu 6b (90) /j=-20° 98: 3

6 8¢ R = tert-Bu 6¢ (95) S/t ¢ 100:0

7 8dR = Bn 6d (95) 3/=20° 93:7

] 8: R = Ph 6e (90) 5750 ¢ 100:0

9 8fR = (CH,)NMe, 6t (76) 3/50¢ 91:9

10 $gR = OMe - 5/70 ¢ -
1 7 - 5/70 ¢ -

., (ik

12 8aR = Me 9% (73) 3/~-2014 61:39

13 8bR = Et 9h (79) 3/=-20¢ 73:27
R R
14 10 R = tert-Bu 11(73) 3/-201 77:23

* Isolated yields of the diastereomeric mixture. ° Ratios were determined on the crude i i ili i

) § 3 reaction mixture by fused silica capillary gas
chromatography. Satlsfncpry sgeetral data ('H NMR, "*C NMR, IR) and high-resolution mass spectrometry amalysis were obtained on the
compounds reported herein [9]. © Cpy SMCH(SiMe,),. ¢ CP; YOCH(SiMe,),.
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Because of the extreme Lewis acidity of the lan-
thanide catalyst, some isomerisation of the double bond
(1%-2%) was observed in each of the hydrogenations
and hydrosilylation reactions performed. The iso-
merised, endocyclic double bond isomers could not be
hydrogenated nor hydrosilylated under the conditions.

Hydrosilylation reactions exhibited the same general

Table 2
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characteristics as the hydrogenation reactions outlined
above. In a typical hydrosilylation reaction, a substi-
tuted exomethylenecyclohexane and 1.1 equiv. of
phenylsilane in the presence of Cp, SmCH(SiMe,),
provided an excellent yield of the corresponding cis-
substituted (phenylsilyl)methylcyclohexane as the major
diastereomer [12). The results for these reactions using a
variety of substrates are listed in Table 2. The reaction
takes place with high regioselectivity, wherein the silyl
group is delivered exclusively to the terminal position
of the double bond. These results are in agreement with
earlier findings that Cp, YCH(SiMe,), mediated the

Dia-tereoselective hydrosilylation of substituted methylenecycloalkanes utilizing catalytic Cp; SmCH(SiMe ),

Entry Substrate Major product Diastercoselectivity /
(% yield) * cis:trans ¢
PhH, Si
R R
14 SaR=Me 124 (92) 88:12
15 &b R = iso-Bu 12b (90) 03.5:6.5
16 SdR = Bn 12d (9D 93:7
17 SR = (CH,),NMe, 120(63) 93:1
PhH, Si
R R
18 7b R = Et 13b(92) 62:38
PhH,Si
R R
19 9R = tert-Bu 14 (95) 60:40

® Isolated yields of the diastercomeric mixture.

T all reactions were per” -med with 5 mol % of the Cp; SmCH(SiMe;), precatalyst at 70°C.

-~ 13
¢ Ratios were determineu on the crude reaction mixture by 1used silica capillary gas chromatography. !aan.sfactory spectrral data ('H NMR, °C
NMR, IR) and high-resolution mass spectrometry analysis were obtained on the compounds reported herein [13].
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hydrosilylation of a variety of aliphatic olefins with
high selectivity for 1,2 addition [3c]. The hydrosilyla-
tions were performed at 70°C in order to achieve satis-
factory reaction rates. At the same time, this leads to a
minor loss of diastereoselectivity in these reactions
compared with the corresponding hydrogenations. Vari-
ation of the lanthanide size, using Cp, YbCH(SiMe;),
instead of the corresponding samarium complex as a
precatalyst, has only a minor influence on the stereose-
lectivity of the reaction.

The observation that the hydrosilylation of substi-
tuted exomethylenecyclohexanes (Scheme 1) takes
precedence over the dehydrogenative polymerisation of
the silane is significant because the latter is reported to
be a facile process [7c,14]. Others have, however, noted
the ability to perform the hydrosilylation selectively
without polysilane formation [15]. Another particularly
notable feature of the current work is that it represents
one of the first successful hydrosilylation reactions of
1.1-disubstituted alkenes [ic,le]. This olefin class is
more sterically demanding than terminal olefins, and
while several others have apparently not investigated
this class [1a,1b), those who have generally report either
very low yields under rigorous reaction conditions or
altogether unsuccessful reactivity [15].

In conclusion, Cp; LnCH(SiMe,), complexes (Ln =
Sm, Yb) are efficient precatalysts for the diastercoselec-
tive hydrogenation and hydrosilylation of chiral ex-
omethylene-substituted cycloalkanes, The reaction toler-
ates functional groups like tertiary amines or chlorides
and proceeds with good yield. Additionally, the sily-
lated products can be easily transformed into useful
organic intermediates. For example, oxidation of the
phenylsilane group proceeds veadily to provide the cor-
responding alcohol [3d.15). Further studies regarding
organolanthanide-catalyzed hydrogenation and hydrosi-
lylation reactions and their application to selective or-
ganic synthesis continue in these laboratories.
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