Recent Applications of Chiral Silicon Reagents

a . CuCl (5.0mol%) 2~ dr.=86:14 o~ H%ee
| (3,5-Xylyl)sP (10 mol%s) = | 99% | 99%
X 3 NaOBu (5.0 mol%) X
+ H- ' - +
OH H,C toluene, 25°C _ OH
H,C CH, - H—H, 56% conversion

[Leading Reference:

Kinetic Resolution of Chiral Secondary Alcohols by Dehydrogenative Coupling with Recyclable
Silicon-Stereogenic Silanes, S. Rendler, G. Auer, M. Oestreich, Angew. Chem. Int. Ed. 2005, 44,
7620.
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Silicon to Carbon Chirality Transfer 1

wo-s o B | R
4l en
AN
Entry Time [h] Yield % dr
R =Ph 2 50 3:15:79:3
R =Ch 1 68 21:74:5
R = 2-MeOCgH4 1.5 74 4:5:90:1

Coelho, P. J.; Blanco, L. Tetrahedron 2003, 59, 2451.

For more examples, see: Fleming et al. Chem. Rev. 1997, 96, 20509.
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Silicon to Carbon Chirality Transfer 2

1. 3 mol% Rh(acac)(CO)
j)\/H\ 1,000 psi CO, PhH. 60 °C OH QH OH
H“'"z "N 2 HyOp, NaHCOy, MeOH R“‘"g v N
R 23 R =3
R R
entry R! R? R3 ds? v (%)°
1 H i-Pr H 7723 59
2 H TBSOCH-CH, H 71:29 45
3 H CH,=CHCH, H 69:31 50
4 H i-Pr Me 92:8 59
5 Me Me H 93:7 65
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Zacuto, M. J.; Leighton, J. L. J. Am. Chem. Soc. 2000, 122, 8587.

/" 10 mol% CuCl i R
10 mol% NaO- #Bu N Sy
oH g, . 0”7 H o
A . 10 mol% Ligand /l\ N
=y R2 ;-;S ~H Toluene,12-24 h H‘ R2 R R?
enfry R R? ligand yield (%)? dr®
1 n-Pr CH.CCH (R.R)-BDPP 75 80:20
2 n-Pr CH,CCH (S.5)-BDPP 89 20:80
3 CH,CCH i-Pr (R.R)-BDPP 91 82:18
4 CH,CCH i-Pr (5.5)-BDPP 93 36:64
5¢ Ph CH,CCH (R.R)-BDPP 83 90:10
6° Ph CH,CCH (5.5)-BDPP 82 12:88
7¢ Et Ph (R.R)-BDPP 99 78:22
8¢ Et Ph (S.5)-BDPP 99 12:88
3
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5R=nPr,80:20 ar
6 R=Ph, 8812 ar

i.10 moPs
FBu, /\/ ((PhOYP)2 Rh-
O (CH 3COCH4),*BF,, OH OH
)\/-—/’ CO,PH, 60 iC
R = ii.nBuNF, THFE, A R X A
1R=nPr, 80:20 ar 3R=nPr,55%; 78:22 ar
2R= Ph, 9010 ar 4R = Ph, 38%; 90:10 ar
y i.10moPh
£ B“}’is\-/ ((PhO)sP), Rh-
0~ SH (CH3COCH ) *BFy, OH OH

= - >
R ii. 7-BuyNF, THF, A R = =
7R= nPr, 44%,; 71:21 ar
8 R= Ph, 43%; 88:12 ar

Leighton et al. J. Am. Chem. Soc. 2003, 125, 1190.
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Silicon to Carbon Chirality Transfer 3

R 1 (5.0 mol%) Lb R?

. , .
-Si, Si,
H7P g CH,C, o

R* _55°C R?
2 (RF3-(R)-5 6-8

P
H’Si“f ‘

(R)-3: 98% ee

56

6: traces 7. 20% 8: 58%
exa endo > 991 exc endo > 99:1
d.r. =65:35 = 30% ct d.r. =2 99:1 = 99% ct

(R)-4: 96% ee

(R)-5: 85% ee

H.C

H.C CH,

[(phen)Pd(Me)(OEL)] [BAr
1
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(R)-5: low ee
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Pq]—CH
1

q~CHs

P,
H,C

H,C CH,
13

8: high ee

alkene
coordination

o-bond
metathesis

b“[;d]’sh,

H,C
H.C CH,

migratory

Oestreich, M.; Rendler S. Angew. Chem. Int. Ed. 2005, 44, 1661.
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Dehydrogenative Alcohol Silylation

First efficient system: [(PhsP)3CuH]es (Lorentz, C.; Schubert, U. Chem. Ber. 1995, 128, 1267)

CuOt-Bu (2 mol%)

. . o
Cus/\ . HSiEts, Ligand (2 mol%) CgH17 .

OH  CgHy7” "OH OSiEt; CgHq;~ “OSiEt;
PAr, PAr, e t-Bu 93%, 99:1
0 A= (with Et;SiCl, Et;N, DMAP 68:32)
Cr

t-Bu
DTBM-Xantphos
Ito, H.; Watanabe, A.; Sawamura, M. Org. Lett. 2005, 7, 1869.

[RuCly(cym)]> (0.1 mol%)
t-BuMe,SiH, 50 °C, 6 h z
X OH N - OTBS

>95% conv

Miller, R. L.; Maifeld, S. V.; Lee, D. Org. Lett. 2004, 6, 2773.
CI

Ph2P/Au\PPh2

o OH OSiEt,
OH
Et;SiH, DMF/CHCl,
5 2h, 97%

compatibile functional groups:
alkene, alkane, -Cl, -Br, ester,
ketone, aldehyde, carbamate, enone

Ito, H.; Takagi, K.; Miyahara, T.; Sawamura, M. Org. Lett. 2005, 7, 3001.
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Dehydrogenative Alcohol Silylation

TBDMSO TBDMSO
HO TBDMSO \-OMe
[Ir(cod)(PPhy),*SbFg] (4.0 mol%)  TBDMSO  OTBDMS nd oTBDMS
H (o]
 orge TEDMSIH (3.5 €), DMA, 70°C 60% 0o,
OH TBDMSO

TBDMSO  OTBDMS
2%

o [Rh(cod)(PPhs),*SbFg] (4.0 mol%) 5 ©
: (o]
OH o TBDMSiH (2.3 eq), DMA, 70 °C E“O_jOTBDMS
OH OTBDMS

79%
Chung, M.-K.; Schlaf, M. J. Am. Chem. Soc. 2005, 127, 18085.

Chung, M.-K.; Orlova, G.; Goddard, J. D.; Schilaf, M.;
Harris, R.; Beveridge, T. J.; White, G.; Hallett, F. R. J. Am. Chem. Soc. 2002, 124, 10508.
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The Concept

R3
[
S -Si, s
R H f ! R
)".’, R/
R™ OH R OH
A B
(S}-B rac-
reductive 99% retention 99% retention dehydrogenative
Si-0 cleavage at the Si atom at the Si atom Si-0 coupling
RS
s .
R RJ /k
P . R- TOH
R 0P
2 (R)-B
C
via pentavalent Si - Does always coupling of silanes proceed
any scrambling of chirality? with retention at the Si atom?

Maciej Walczak 7
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=
e L1f (10 mol%)
S NaOBu (5.0 mol%)
+ fo—.
toluene
OH
50% maximal
conversion
rac-4 (Do = CH) (5'R)-1 (5'8,8)-5 (Do=CH).  (55,5)-7 (Do = N):
rac-6 (Do = N) 30% conversion 50% conversion
50°C for 30 h 20°C for 20 h
1.0 equiv 0.50 equiv d.r. = 60:40 dr. =928
CuCl (5.0 mol%)
7N L1f 9 N
| . (10 mol%) [
A R NaOBu (5.0mol%) X ,
oH Rg toluene ”"O" Si
s q
50% R; R
conversion
rac-6 (5'R)-1-3 (5is,9)-7-9
1.0 equiv 0.50 equiv
~ N = |N Z "N
S ) X -

(518,8)-7: 99%
20°C for8 h
d.r.=92:8

CuCl (5.0 mol%)

(5'S,5)-8: 99%

(5'3,9)-9: 99%

cHs
""O—Si,, "'O-Si,,

20°Cfor4 h 20°Cfor 3 h
d.r. = 66:34 dr. =57:43
8
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R.-R cr 3
& Rep5oy-R |:~nzr:v")‘ﬂ’“'|:-|:~n2
\|_ II'
L1 L2 L3 (n=1-4)
Entry Ligand L L/CuCl TIQ t[h] drF Conv. [%6]"
L1 R
=
1 Lla - | 2:1 20 48 90:10 42

2 Lib Fal 50 48 2a1 37
3 Llc 21 70 60 2317 32
4 Ld 2 70 60 2614 344
5 Lle 2: 20 - - -
6 Lf 2: 20 20 918 50
7 Llig 15 20 24 21:19 33
3 L1h 2 50 B 75:25 2=

L2
9= L2a 11 25 2 55:45 10
10% L2b 11 60 2 ToZzd 40

CHy
IMes-HC|

(kL n
1 3a (dppm) 1 11 45 48 82:18 12
12 3b (dppe) 2 1 45 43 87:13 20
13 B¢ (dppp) 3 11 45 48 80:20 20
14 13d (dppb) 4 1 45 43 79:21 18
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Scope of the Silane Resolution

CuCl (5.0 mol%)
L1 (10 malz) C =N
- | H MatiBu (5.0 mal%:) Jj L s
H C toluene D 5|
HiC CH, G0% maximal R O
CONVErsion HqLG CH3
rac-6, (SiR)-1 - (Fs8)7, (R)-6.
rac-10-rac-15 (¥'5,5)16-(°'5,8)19,  (R}-10-(R)-13,
1.0 equiv 060 equiv .;5'5,&}-20. [S'S. Sr21 (S)-14, (R)-15
Entry  Alcohol R Silane (*'R)-1 Silyl ether Conv. [24)) Alcohol
ee [26]7 Product?  Yield[25)?  d.r® Product”  vield 24)®  ee [26F (a)o)™
1 rac-6 g 96 (*5,57 99 86:14 56 (R)-6 99 84 (+)
B
2 rac-10 = | 93 (*5,5)-16 97 84:16 58 (R)-10 99 80 (+)
i
3 rac-11 S 95 (*5,5)17 92 88:12 50 (R)-11 99 70 (4)
-
4 rac-12 93 (*5,5)-18 99 87:13 57 (R)-12 99 74 ()
=
58 rac-13 93 (*5,5)-19 99 74:26  64M (R)-13 840 89 ()
6 rac14  HiC 93 (*S,R)-20 98 76:24 58 (5)-14 9% 73 (4)
H4C
7H rac-15 Haffﬁ{; 94 (*5,5)21 87 94:6" 46 (R)-15 99 68 (—)
3
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Final Deprotection

~ N Z N
“ | DIBAL-H |
(2.0 equiv) A
—_————— +
1,,,0__.Si,” CHzclz ”1,OH
H,C 25°C
HsC CH,3
(518,8)-7: d.r. = 86:14 (S'R)-1: 96% ee (S)-6: 71% ee
98% 78%

However, pentaorganosilicates are prone to undergo pseudorotation

D, % % 39“@ %
o R e Al

1 2a M* = [Li(thf),]"

2b M" = (nBu),N" D

A-II A-II

See: Lammertsma at al. Angew. Chem. Int. Ed. 2004, 43, 3440.
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Synthesis of Chiral Silanes

/,///

Clsg,-C!
RSiCl; + (-)-menthol — R o Si
Mg, THF, relfux, 14h PH O
R = Me, Ph, 1-Np 30%, dr 55:45
yield 40-68%
DIBAL, CH5Cls,

-78°Ctort, Cly, CCly, 1t
pentane, -78 °C, E:(j 89%, 100% retention 99%, 100% retention
60%, dr>96:4 s er 98:2 ©\/j er 97:3 .

PR 'O Si.
H PR H
LiAIH,, Et,0

Ph 'ClI

0°Ctort, 55%
94% inversion,
er 6:94

Si
Ph

Oestreich, M.; Schmist, U. K.; Auer, G.; Keller, M. Synthesis 2003, 2725.
See also: Sommer at al. J. Am. Chem. Soc. 1964, 86, 3271.
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Conclusions

- Chiral silanes have been successfully applied in the kinetic resolution of secondary alcohols

using Cu-catalyzed dehydrogenative coupling.

- Only cyclic silanes have been found to transfer chirality efficiently; the same observation is also

true for the kinetic resolution process.

- Future developments may involve extension of the scope, applications in related reduction

processes.
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