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Synthesis of Aminomethyl Substituted Silacyclohexanes from Divinylsilanes:
An Unusually Selective Hydroformylation / Aldol Condensation Sequence
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The preparation of aminomethyl substituted silacyclohexane derivatives starting from
divinylsilanes and secondary amines is achieved in a selective one-pot tandem
hydroformylation / condensation sequence starting with a double olefin carbonylation and
proceeding with an enamine generation followed by an aldol condensation step. Final

hydrogenation leads to the silacycle in medium up to quantitative yields.
© 1999 Elsevier Science Ltd. All rights reserved.
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1,4-Dienes of type 3a are known to react under hydroformylation conditions to form cyclopentanone derivatives
1a [1]. If performing the hydroformylation of 1,4-dienes 3a in the presence of secondary amines, these undergo
hydroaminomethylation [2,3] at both double bonds leading to heptamethylene diamines 2a [3b]. This overall
double hydroaminomethylation of the diene as a one-pot multistep procedure includes hydroformylation,
followed by condensation of the intermediate aldehyde with the secondary amine to generate the enamine and a
final hydrogenation step leading to the saturated amine.

Continuing our work on hydroaminomethylation [3] of olefins, we examined the conversion of the corresponding
divinylsilanes 3b under hydroaminomethylation conditions. Surprisingly and in contrast to the reaction pathways
presented above, the sila analogues 3b under these conditions lead to silacyclohexanes of type Sb with a new
type of a CC-bond forming and ring closing tandem procedure.
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Scheme 1: Hydroformylation of diolefins in presence of secondary amines
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As sumarised in table 1 conversion of divinylsilanes 6 to substituted silacyclohexanes 7 can be applied to a
variety of different amines and silanes. Best results are achieved with cyclic amines like morpholine, pyrrolidine
and piperidine. With acyclic amines like diethylamine generally lower yields are obtained. Unsymmetrically
substituted divinylsilanes 6c and 6d with high regioselectivity are exclusively converted to the 2,5-disubstituted
silacyclohexanes 7f and 7g whereas the 2,3-disubstituion pattern is not observed (entry 6,7). With the n-butyl
derivative 6c the reaction proceeds with moderate diastereoselectivity leading to the trams-substituted silacycle
T, whereas by increasing sterical demand with a phenyl group instead of the #-butyl group the trans-isomer is
formed exclusively. The relative configuration of 7g was established by NMR
spectroscopy. The large coupling constant between H' and H? (~ 13.5 Hz)
indicates an antiperiplanar configuration of these atoms and consequently an
equatorial position of the aminomethy! moiety. Furthermore the equatorial
position of the phenyl group was established by a NOESY experiment showing
interactions between the ortho-protons 3, H* and the protons of both SiMe,

groups.
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Table 1:  Hydroformylation of Divinylsilanes 1 in the Presence of Secondary Amines [4]
entry R R? reactant R , R conditions product GC-yield [%)
1 Ph H 6a -(CH),-O-(CH,)- 2d,100°C Ta 95
2 Ph H 6a Et Et 4d,90°C Th 41
3 Ph H 6a -(CH,)4- 20 h, 90 °C Tc 79
4 Ph H 6a -(CH,)s- 3d,90°C 7d 54
5 Me H 6b ~(CH).-O«(CH,),- 2d, 90 °C Te 92
6 Me n-Bu 6¢c «CHy);-0«(CH,),- 3d,90°C i) 64 (de = 50)
7 Me Ph 6d «CHy)-0-(CH,),- 20 b, 90 °C 78 68 (de > 95)

Under mild conditions (60 °C) two key intermediates of the reaction sequence can be isolated (substrates 9 and
10). This indicates a mechanism involving an aldol condensation as ring closing step (scheme 2). The ring closure
may proceed kinetically favored as illustrated by transition state 8, that is in good agreement to known aldol
reactions of rhodium enolates [5]. This could be the reason for the suppression of the hydroaminomethylation
normally observed. The overall reaction may be explained as follows.

In the initial step a double n-selective hydroformylation of 6 leads to the dialdehyde. In a subsequent conversion
the a,B-unsaturated aldehyde 9 is generated via aldol condensation presumably supported by morpholine as a
base and probably passing transition state 8 (X=0OH). Alternatively, the cyclisation can interpreted to proceed via
an enamine of 8 (X=NR). This assumption is supported by a control experiment with triethylamine instead of a
secondary amine (no formation of enamines), that exlusively leads to a complex product mixture.
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In all cases the ,f-unsaturated aldehyde 9 then undergoes hydrogenation to the silacyclohexane derivative 10,
that subsequently forms 11 by enamine condensation. A final hydrogenation then concludes the multi-step
reaction sequence with the generation of rac-7.
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Scheme 2: Proposed mechanism for the generation of rac-7

Based on this mechanism the observed regioselectivity in the case of silanes 6¢,d is reasonable. Here, the first
carbonylation proceeds at the less hindered vinyl moiety with a fast formation of the corresponding enamine. The
consecutive hydroformylation predetermines the choice of the electrophilic and nucleophilic centres for the
condensation step defining the 2,5-disubstitution pattern of product 7f,g. The hydrogenation of 11 to rac-7
obviously determines the diastereoselectivity of the overall reaction. Stereochemical consideration supported by
MM2 force field calculation illustrate, that no matter which conformer of 11 or 11° reacts, the final reaction step
should force the aminomethyl group to occupy the axial position. Therefore it can be concluded, that the
thermodynamically less favored conformer 11’ reacts predominantly to silacycle 7°, which then interconverts to
adopt the all-equatorial #rans-situation in 7. This unexpected result may be due to a stereodirecting effect of the
phenyl group precoordinating the catalyst. This interpretation is in line with the observed lower selectivity if
butyl as substituent is used instead of phenyl. The reaction described above represents one of the rare examples
[6] of a selective hydroformylation / aldol condensation sequence. Usually condensation reactions following
hydroformylation of olefins are only unintended and unselective side reactions [7].

In conclusion we here report a new and effective procedure of a tandem hydroformylation/ condensation
sequence which is not observed with carbon analogues and should be applicable to other double unsaturated
silanes.

Silacyclohexanes have attracted interest from both pharmaceutical and synthetical points of view, since they
proved to be of high spasmolytical [8] and antiarthritic [9] activity. Furthermore silacycloalkanes serve e. g. as
reactants for ring enlargement reactions [10] or as synthons for the generation of silylenolether [11]. Several
approaches for the generation of functionalised silacyclohexanes have been made [12]. Therefore our approach
represents a promising additional new entry to this class of compounds, with the option to introduce
aminofunctionalities in a stereoselective way.
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