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Axially Chiral Spirosilanes via Catalytic Scheme 1
Asymmetric Intramolecular Hydrosilation
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Chiral spiranes having axial chirality are of special interest di combined with Z
- . . iastereo-fuce selection
due to their rigid chiral environments &, symmetry by the (assuming full stereocontrol Me
perpendicular arrangement of two plae$he spiranes would at silicon) s*n, <s*> ($¥)5i-(R*)

thus be promising chiral building units for material science,

especially for chiral macromolecules such as molecular scaares 2nd intramolecular

and polymers with main chain chirality.However, there is hydrosilation

only a limited number of optically pure spiranes available, diastereo-face

because optical resolution has been the only method of attaining selection

them?! To the best of our knowledge, asymmetric syntheses of

the axially chiral spiranes have rarely been repoftatfe now

report theyfirst Cata?ytic asymmetric sg//nthesis oFf) an axially chiral m m W m
spirane, spirosilane, d@, symmetry. m m m m
We have designed a 5-silaspiro[4.4]nonane derivatie (

having a silicon atom on the spiro center and two thiophene

—

rings fused with the skeleton as handles for further derivatiza- %«—’
tion. We anticipated that the incorporation of the silicon atom <R*)Sg(5*v5*) ‘R*)Sic*s*vk K (R*XWC'(R*'R*)
-2 -1 2
R S : S R 1a 1b 1c
Z_.Q L/ . The present reaction proceeds sequentially in two steps. Since
Si : Si the two hydrogen atoms on the silicon2rare homotopic, the
U—Z ; /) reaction can start with either-SH bond to give the same result.
s R ' R 5 For simplicity in Scheme 1, the plausible reaction pathways are
1

described as if the reaction starts with the left-handtsbond,
which undergoes oxidative addition to a Rh(l) complex contain-
would enable us to construct the chiral spiro skeleton by ing a chiral ligand to give a chiral intermediate. The first
intramolecular hydrosilatiod. Thus, the Rh(l)-complex- intramolecular hydrosilation involves a diastereotopic group
catalyzed asymmetric intramolecular hydrosilation of bis- selection between the two alkenyl groups combined with a
(alkenyl)dihydrosilane ) has been examined, as shown in diastereotopic face selection of the alkenyl group to generate
Scheme 1. chiral centers on the silicon atom and on the carbon atom
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Scheme 2 Chart 1
(/IB’ /MC PACly(dppb) ( 5 mol% ) OO Me H H
+ B 0
PPh. MeoN PPh
Z ~ZnCl  Et,0, room temp., 15 h 2 2
S e : PPhy PhaP™ Fe ><o PPhy
OO PhaP H
Br .
Vi | 1) ngng_% oeg) (R)-BINAP ($)-(R)-BPPFA (R.R)-DIOP
S =z —> 2
2) H,SiCl, (0.5eq) H
Me .
ReSI0~—=-"pp, . .
3 82% 70 % R3Si = Me;Si: (R,R)-TM-SILOP
R4SIO PPh, 1-BuMe,Si: (R.R)-TBDM-SILOP
(dppb = Ph,P(CH,)4PPhy ) H i-PriSi:  (R.R)-TIP-SILOP
(R.R)-SILOP Ph;Si: (R.R)-TP-SILOP

Table 1. Asymmetric Intramolecular Hydrosilation of

Bis(alkenyl)silane2?

total isomer Me,, s 1) secBuLi(22 eq) Me,, S 5
temp/time yield of  raticf 1a X -Buli( 2. m— i
entry ligand (CO)(h) 1(%)p (lalblc) (% ee) QQ % s
1 (R-BINAP 20/168 37 295813 58 m AT At
2 (9-(R-BPPFA 10/9 51 12:60:28 36 s” “Me ST “Me
3 (R,R-DIOP 0/10 78 82:17:1 83 ] 4 %%
4  (R,R-TM-SILOP 03 78  95:4:1 99 a °
5 (R.R-TBDM-SILOP 0/3 83  96i4trace 99 eton similar to DIOP and various siloxy groups (entriess}
6 (R,R-TBDM-SILOP® —20/3 83 98:2itrace 99 Y 9.
7 (RR-TIP-SILOP 0/9 62 96:4trace 98 (see stru_ctures,_Chart _1). One of the S|gn|_f|cant ff_eatures of_ the
8 (R,R-TP-SILOP 10/3 61 87:12:1 98 SILOPs is the fine-tuning ability of the chiral environment in

their metal complexes by merely changing the bulkiness of the
siloxy groups. For the present hydrosilatio,RQ-TBDM-
SILOP, havingert-butyldimethylsiloxy groups, gives the highest
k, diastereoselectivities and enantioselectivitiesliaup to 98%
and up to 99% ee, respectively (entries 5 and 6). TBDM-SILOP
also gives the highest chemical yield by a fast reaction even at
—20°C in the presence of 2 mol % of cataly8t.As the siloxy
. . . . . groups become bulkier, the selectivities tend to become lower.
mirror image arising from the opposite group selection, there \ypjje the induction mechanism of the high diastereo- and
IS a tptal of six optical isomers. One .Of the six Woul_d be  enantioselectivities is still unclear at this stage, it is noteworthy
selectively formed by the appropriate choice of the chiral ligand. ¢ aimost only one enantiomer among the six possible isomers
Bis(alkenyl)dihydrosilan@ was prepared in two steps starting (e sets of enantiomers) has been selectively formed through
from 2,3-dibromothiophene, as shown in Scheme 2. Thus, the ,ree stereoselection steps using the SILOPs.
cross-(_:oupllng reaction of 2,3-d|bromoth|opheng with 2-pro- £\ rther purification ofl. by HPLC (Wakosil 5sil, Wako) and
penylzinc chloride catalyzed by Pd{tippb) selectively gave - yepeated recrystallizations from benzene gave optically pare
monocoupllng pro_ducS in 82% y|eld, which was subseqyently ([a]p?* = —37.2 € 0.69, CHCY)). The absolute configuration
treated withn-BuLi and dichlorosilane to afford in 70% yield. of 1a has been determined to b)&—(S,S by X-ray crystal-
The asymmetric intramolecular hydrosilationfvas carried lography: the Flack parameter WéﬁO.lA(?).
out in dichloromethane using a catalytic amount of [Rh(1,5-  Tne gptically pure spirosilanes are obtainable via only three
hexadiene)Clj and chiral phosphine ligands. The results are geng starting from 2,3-dibromothiophene. This ready avail-
summarized in Table 1. As expected, the reaction smoothly 4pijity promises a wide applicability of the spirosilanes as a
proceeded to form spirosilangswhich were isolated by column ey chiral building unit. Noteworthy is the advantage that the
chromaltlography as a mixture of diastereomers. WR ( _nositions of the fused thiophene rings can be readily func-
BINAP or (§-(R)-BPPFA?as a ligand (see structures, Chart ionajized via metalation. For examplea was transformed
1), the stereoselectivities are quite low, as seen from the roughin dibromospirosiland in one-pot via lithiation, stannylation,
statistical isomer ratios and thus low % eelaf(entries 1 and and bromodestannylation, as shown in Scheme 3. Molecular
2). However, the use oR/R-DIOP* (see structures, Chart 1) gegjgns and the synthesis of chiral oligomers and polymers and

as a chiral ligand leads to relatively high diastereoselectivity 10 cpirg| molecular assemblies using the spirosilanes are now in
afford laas a major product, whose enantiomeric excess reachesprogress in our laboratory.

83% (entry 3). Quite high selectivities have been attained by
use of the new chiral diphosphine ligands SIL&RR,3-bis-
(siloxy)-1,4-bis(diphenylphosphino)butanes), which have a skel-

a[Rh(1,5-hexadiene)CGl}0.3—0.5 mol %) and ligand (L/Rk= 1.1—
1.3) were used as a catalyst system unless otherwise stasetated
yield. ¢ Isomer ratio and enantiomeric excesslafwere determined
using a capillary GC equipped with a chiral column (Chrompac
Cyclodex 236M). ¢ Absolute configuration of the major isomer is
(R)sr(SS); see the text® Carried out in the presence of 9.0 mol
% of [Rh(1,5-hexadiene)CGlland 4.2-4.3 mol % of SILOP.
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