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Outline

e Stoichiometric generation of silicon nucleophiles via
reductive lithiation of R;SiCl

e Catalytic generation of silicon nucleophiles via activation of
interelement compounds (R;Si-SiR;, R;Si—B(OR),)

* Rhodium-catalyzed asymmetric conjugate silyl transfer:

e Stereoselective synthesis of the C7-C16 fragment of
(+)-neopeltolide

* Access to stereodefined polyols through two-directional
synthesis




Stoichiometric generation of silicon nucleophiles

conjugate addition 0 Tamao-Fleming

of SiR,X nucleophile Oxidation
o ﬁ ﬁ
N SiRo,X ) OH

X =Hal, OR, Ar

X
Y
X
Y
>

AcO,,
O ’

]
5
PhMe,Si

Hg(OAc),
PMP (5.0 equiv)
AcOOH/AcOH
(1:1)
PhMe,Si rt
93%

Ouabagenin

H. Zhang, M. S. Reddy, S. Phoenix, P. Deslongchamps, Angew. Chem. Int. Ed. 2008, 47, 1272-1275.



Stoichiometric generation of silicon nucleophiles

reductive lithiation:

Li ArR,SiCl, - LiCl
ArR,SiLi < > ArR,Si-SiRyAr
~ LiCl i

ArR,SiCl

Y

e aryl substituents required for the reductive cleavage of the disilane
* silyllithium reagents strongly basic and nucleophilic
— poor functional group tolerance

PhMe,SiLi HO SiMe.Ph
(1.3 equiv) Vo2

1,2-addition favored
(Tetrahedron Lett. 1990, 31, 831-834)

\J

THF
-23°C
o 94%
(PhMe,Si),CuLi-Lil o)
1.0 equi .\ L
(10 equiv) 1,4-addition with silyl cuprates
THF . (J. Chem. Soc., Chem.Commun. 1978, 177-178)
_923°C SiMe,Ph

\J

65%

For PhMe,SiLi, see: |. Fleming, R. S. Roberts, S. C. Smith, J. Chem. Soc., Perkin Trans. 1, 1998, 1209-1214.



Stoichiometric generation of silicon nucleophiles

O

9

S

[ stoichiometric in copper ]

FLEMING 1978
(PhMe,Si),CulLi-LiX (1.0 equiv)
(from 2 PhMe,SiLi + CuX
with X =1 or CN)

THF, —23°C

FLEMING 1984
(PhMe,Si)(Me)CuLi-LiCN (1.0 equiv)
(from PhMe,SiLi + MeLi + CuCN)
THF, —23°C

conditions

[ catalytic in copper ]

LIPSHUTZ 1998
Me,Cu(CN)Li5 (3.0 mol-%)
(PhMesSi)ZnMesLi (1.2 equiv)
(from PhMe,SiLi + MeyZn)
THF, —78°C

OESTREICH 2004
Cul or CuCN (5.0 mol-%)
(PhMe,Si),Zn (1.0 equiv)
(from 2 PhMe,SiLi + ZnCl,)
THF/Et,O/toluene, —78°C

Nozaki 1986,
FLEMING 1994, SINGER 1995
(PhMeySi)ZnMesLi (1.2 equiv)

(from PhMe,SiLi + MeyZn)

THF, =78°C

OESTREICH 2006
(PhMesSi),Zn (1.0 equiv)
(from 2 PhMe,SiLi + ZnCls)
THF/Et,0, —78°C

development of catalytic enantioselective protocols complicated by
presence of excess LiCl and a pronounced background reaction

Overview: A. Weickgenannt, M. Oestreich, Chem. Eur. J. 2010, 16, 402—412.



Catalytic generation of silicon nucleophiles

transition metal-catalyzed activation of interelement compounds:

FMe,Si__ MesSi
2%~ siMe,F 3!~ sic1,Ph

oxidative addition

-Si
o Ho o
)I()j\ X)\j\
\ USi M]O ;
N Si HO I L si [M] Si/SI
Si
k Si
L NG
. Sj Si

H. E. Burks, J. P. Morken, Chem. Commun. 2007, 4717-4725.



Catalytic generation of silicon nucleophiles

transition metal-catalyzed activation of interelement compounds:

PhMe,Si inB. .
2°Ssive,Pph P SiMe,Ph

) B oK o
transmetalation H,O
k ~
AN Si

B
X
L\
Si

R Si

M -

[ ]\Si B
ROH

— . — i
/S/\\ 0

P M ti[w
X
*ﬁ e
Si

k\

Si
S\
M RO

H. E. Burks, J. P. Morken, Chem. Commun. 2007, 4717-4725.




Catalytic asymmetric conjugate silyl transfer

1) [(R)-binap-PdCl,]

0 (0.50 mol-%) o)
MesSi benzene, A
R + 3ol . - R
| SICPh 5 MeLi (2.2 equiv)
R’ Et,0, -78°C R' SiMe,Ph
R, R' = alkyl, aryl (2.0 equiv) 42—-72% e.r.. up to 96:4

T. Hayashi, Y. Matsumoto, Y. Ito, J. Am. Chem. Soc. 1988, 110, 5579-5581.

BF,~ Ph,  Ph

Et
Me Nyt N
C/ Z =
<Apn ET@
(1.1 mol-%)
0] CuCl (1.0 mol-%) o)
B NaOifBu (2.2 mol-%)
Xt PMsive ph - X
ST THF 9. .
—-78°C e SiMe,Ph
(1.1 equiv) 87-97% e.r.: up to 99:1

K.-s. Lee, A. H. Hoveyda, J. Am. Chem. Soc. 2010, 132, 2898-2900.



Catalytic asymmetric conjugate silyl transfer

Ph
Ph

N
H OTMS
(25 mol-%)
0 CuClI (10 mol-%) O
B NaOitBu (5.0 mol-%) Y
H + PpinB__. >
| SiMePh 4 NO,-C4H4COLH (10 mol-%) -
R R CH,Cl,, rt R Rz
(1.0 equiv) 65-80% e.r..up to 97:3

l. Iborahem, S. Santoro, F. Himo, A. Cérdova, Adv. Synth. Catal. 2011, 353, 245-252.

BF4_

Ph Ph
Me Nyt N Me
N
1, ~ 33
o) (7.5—12 mol-%) 0
)H SinE DBU (22-38 mol-%)
X + No > X
. SiMe,Ph >
. ML 2 THF/H,O (3:1) R
rt n SIMGZPh
(1.1 equiv) 50-98% e.r.: up to 99:1

J. M. O'Brien, A. H. Hoveyda, J. Am. Chem. Soc. 2011, 133, 7712-7715.



Rhodium-catalyzed asymmetric conjugate silyl transfer

cyclic a,B-unsaturated acceptors:

[(S)-Binap-Rh(cod)]CIO,4 (5.0 mol-%)

0 (S)-Binap (5.0 mol-%) 0
B Et3N (1.0 equiv)
+ pln NAc - X
X)j SiMe,Ph 1,4-dioxane/H,0 (10:1) (
i 50°C ~"VSiMe,Ph
(2.5 equiv)
0 O 0 O 0
O
SiMe,Ph SiMe,Ph SiMe,Ph SiMe,Ph SiMe,Ph
70% 45% 22% 58% 39%
e.r. = 99:1 e.r.=98:2 e.r.=96:4 e.r. = 99:1 e.r.> 99:1

C. Walter, G. Auer, M. Oestreich, Angew. Chem. Int. Ed. 2006, 45, 5675-5677.



Rhodium-catalyzed asymmetric conjugate silyl transfer

acyclic a,f-unsaturated acceptors:

[Rh(cod),]OTf (5.0 mol-%)

o (R)-binap (10 mol-%) 0 O
B EtsN (1.0 equiv)
+ pinB_ . > X + X
Xﬁ SiMezPh 1,4-dioxane/H,0 (10:1) ,
R 45° C R™ “SiMe,Ph R
(2.5 equiv)
O @] @) O o) O
Etojﬁ EtO EtO EtOJj okNJj
A
Ph”"“SiMe,Ph "'SiMe,Ph “'SiMe,Ph  nBu” “SiMe,Ph Ph” "'SiMe,Ph
MeO Cl
66% 50% 58% 55% 60%
e.r.> 99:1 e.r.> 99:1 e.r.> 99:1 e.r.> 99:1 e.r.> 99:1

e Z-configured a,p-unsaturated acceptors requiered
* major byproduct: reduced acceptor

C. Walter, M. Oestreich, Angew. Chem. Int. Ed. 2008, 47, 3818-3820.



Stereoselective synthesis of the C7-C16 fragment of (+)-neopeltolide



Rhodium-catalyzed asymmetric conjugate silyl transfer

conjugate
R silyl transfer R Sj R OH application in
* > * * = * * > natural product
HIL/K/\ //K/K// /)\/K// synthesis
EWG
(Si = SiMe,yPh)
nBuMgBr (1.4 equiv)
CuBr-SMe,, (1.0 mol-%) 1) DIBAL-H (3.5 equiv)
o (S,Rp)-josiphos (1.2 mol-%) Me O THF, -78°C Me
Ve 0Me TBME B oMe  2)(COCN, (16 equi) nBu)\Ao
-78° C er. =97:3 DMSO (32 GQUiV)
85% Et3N (6.0 equiv)
CH,Cl,, -78° C
86%
O O
FaC™\ . _F
3 /\OO/P\)J\OMe
FsC pinB-SiMe,Ph (2.5 equiv)  (R)-binap Me Si O
(1.5 equiv) [Rh(cod),]OTf (7.5 mol-%) [— ——>
KHMDS (1.5 equiv) Me binap (15 mol-%) 45% nBu OMe
18-crown-6 (2.7 equiv) EtsN (1.0 equiv) d.r.=97:3
> nBu N
THF 1,4-dioxane/H,0 (10:1)
-78°C MeO™ ~O 45° C (S)-binap Me Si O
80% Z:E=92:8 k;>> kg > :
44% nBu OMe

d.r.=97:3



Rhodium-catalyzed asymmetric conjugate silyl transfer

conjugate

Sj alkyl transfer

e =

(Si = SiMe,Ph)

pinB-SiMe,Ph (2.5 equiv)
[Rh(cod),]OTf (5.0 mol-%)
(R)-binap (10 mol-%)
EtsN (1.0 Aquiv.)

1,4-dioxane/H,0 (10:1)

nBu

/1
EtO (@)

45° C
60%
o)
F>th>§)J\SEt
(1.3 equiv) Si O
CHC(|,3’ A nBu)\/\/U\SEt
90% E:Z=92:8

Si R OH R application in
% s = % % I:> natural product
M /)\)\// synthesis
1) DIBAL-H (3.5 equiv)
Si O THF, -78°C Si
B~ oE | 2)(COGI, (16 equv) nBuJ\Ao
er > 991 DMSO (3.2 quiv)
EtsN (6.0 equiv)
CH,Cl, -78°C
77%
(R,Sp)-josiphos Si Me O
MeMgBr (1.2 equiv) . >
CuBr-SMe, (5.0 mol-%) 80% nBu SEt
josiphos (6.0 mol-%) d.r. = 85:15
TBME
-78°C . -
- Si Me O
ke>> k7 SR JOSIphoi )\/\)J\
80% nBu SEt

d.r.>95:5



Stereoselective synthesis of the C7-C16 fragment of (+)-neopeltolide

16 7

ﬁ MGWWO

(protected C7-C16-fragment)

MeO
OMe Me )\NH \
"9 O o : TBSO  OMe Me
~ N - -

16 13

(+)-neopeltolid U

PGO Si Me O

isolated from deep-water Carribbean sponge: w

SEt
* activity against several cancer cell lines 7 \'\
« antifungal properties construction of the dgg)g(lrgzg\t/iin
stereogenic center
J of the C-Si-bond

(isolation: A. E. Wright et. al., J. Nat. Prod.
2007, 70, 412-416) U

Total synthesis using C7—C16 fragment: I. Paterson, N. A. Miller, Chem. Commun. 2008, 4708—4710.



Stereoselective synthesis of the C7-C16 fragment of (+)-neopeltolide

1) TIPSCI (1.1 equiv)

imidazole (1.1 equiv) o H, (balloon)
P CH,Cly, t Pd/CaCO; TIPSO*%/\I
HO Z > OEt >

\Mn/ 2) nBuLi (1.1 equiv) TIPSO, _Z quinoline EtO” X0

CICO,Et (1.5 equiv) n 1-hexene, rt

-78°C —rt

(n=1) 82% (n=1) 87% Z:E>95:5(n=1)
(n=2) 79% (n=2) 93% Z:E > 95:5 (n=2)

pinB—SiMe,Ph (2.5 equiv)
[Rh(cod),]OTf (7.5 mol-%)
(R)-binap (15 mol-%)

TIPSO~ EtzN (1.0 equiv) Si O
" _ - meso AN
EtO” YO 1,4-dioxane/H,0 (10:1) OEt

n

45° C
Z.E>955(n=1) 73% er.>99:1(n=1)
Z:E>955 (n=2) 72% e.r.>99:1 (n=2)



Stereoselective synthesis of the C7-C16 fragment of (+)-neopeltolide

1) DIBAL-H (3.5 equiv)
Si 0 THF, -78° C Si

> TIPSOW > TIPSO\H)\/\)J\
T'PSONOE 2) (COCI), (1.6 equiv) "0 CHCl, N skt

DMSO (3.2 equiv)
EtsN (6.0 equiv)

n

CH,Cl, ~78° C
(n=1) 66% (n=1)
(n=2) 75% (n=2)

Si 0
TIPSO_ wsa

E:Z=92:8
(n=1)

MeMgBr (1.2 equiv)
CuBr-SMe, (5.0 mol-%)
josiphos (6.0 mol-%)

TBME
-78°C

0
Ph3P§)J\SEt
(1.3 equiv) Si O
n
A

91% E:Z=92:8(n=1)
92% E:Z=88:12 (n=2)

(R,Sp)-josiphos Si Me O

509, TIPSO\)\/l\/U\SEt
d.r. =65:35
(S.Rp)-josiphos Si Me O

o, TIPSO\)\/'\)J\SEt

d.r. =92:8



Stereoselective synthesis of the C7-C16 fragment of (+)-neopeltolide

0]
PhsP
1) DIBAL-H (3.5 equiv) ’ Vj\sa
Si O THF, -78° C Si (1.3 equiv) Si O
= Tipso A~ = Tipso, A~
T'PSONOE 2) (COCI), (1.6 equiv) - ~0 CHCl, ! X" “SEt
DMSO (3.2 equiv) A
Et;N (6.0 equiv) 91% E:Z=92:8(n=1)
CH,Cl, -78°C 92% E:Z=88:12 (n=2)
(n=1) 66% (n=1)
(n=2) 75% (n=2)

(R,Sp)-josiphos TIPSO Si Me O

MeMgBr (1.2 equiv) ) >
CuBr-SMe, (5.0 mol-%) 82% SEt
TIPSO  Si @) josiphos (6.0 mol-%) d.r. =68:32
X SEt TBME
E:Z=88:12 rec (S,RpHjosiphos TIPSO~ Si Me O
(n=2) 79% SEt

d.r. = 89:11



Stereoselective synthesis of the C7-C16 fragment of (+)-neopeltolide

. TBSO
TIPSO Si Me O TBSO  OMe Me TBSO i
J\SEt <: nPr/13\ 1M>"9 ~0 nPr/\M i nPr/\/l
1) H, (5.0 bar)
[RUC|2‘06H6]2 (012 mOl-%)
(S)-binap (0.24 mol-%) 1) DIBAL-H (1.2 equiv)
O O EtOH, 100° C TBSO O CH,Cl,, -78°C
I’IPFMOE'{ 2) . TBSC' (1 2 GQUiV). nPr OEt 2) (CF3CH20)2P(O)CH2002M6
imidazole (2.0 equiv) er. =982 (1.5 equiv)
Dg";/’ t KHMDS (1.5 equiv)
° 18-crown-6 (2.7 equiv)
THF , -78° C
65%
pinB-SiMe,Ph (2.5 equiv)  (R)-binap TBSO Si O
[Rh(cod),]OTf (7.5 mol-%) ——— > -
TBSO binap (15 mol-%) 95% nPr OMe
- EtsN (1.0 equiv) d.r. =955
nPr/\/i
1,4-dioxane/H,0 (10:1)
Meo™ ~0 45°C (S)-binap TBSO Si O
Z.E>955 e - :

53% nPr OMe

d.r. = 99:1



Stereoselective synthesis of the C7-C16 fragment of (+)-neopeltolide

TBSO Si O TBSO OH O
- - — z
nPr OMe KBr (15equiv) |64%  nPr™ > OMe
NaOAc (30 equiv)
AcOOH/AcOH (1:1)
TBSO Si O rt TBSO OH O
z z _ L z z
nPr OMe 60% nPr OMe
0]
1) DIBAL-H (3.5 equiv) PhoPs skt
TBSO Si O THF, -78°C TBSO  Si (1.5 equiv)
nPr OMe 2) (COCl), (1.6 equiv) nPr 0 CHCl;
dr. =955 DMSO (3.2 equiv) A
Et;N (6.0 equiv) 88%
CH,Cl,, -78°C
68%
MeMgBr (1.2 equiv)
CuBr-SMe,, (7.0 mol-%)
TBSO S o) (S,Rp)-josiphos (8.0 mol-%) TBSO Si Me O
nPr/\ X SEt TBME nPr _ - SEt
E:Z =955 -78°C d.r. =955

90%



Stereoselective synthesis of the C7-C16 fragment of (+)-neopeltolide

iPrMgCl (3.9 equiv)
KBr (1.5 equiv) 0 Me(MeOINH-HCI oy o4 Me ©

TBSO Si Me O NaOAc (30 equiv) (2.0 equiv)
/\)\/\)J\ ~ TBSO O > nPr/\)\/\)J\N/ONIe
nPr X AcOOH/AcOH (1:1) : THF |
nPr Me -15°C Me

d.r. =955 rt
95%

(o)
NaOMe X = SEt 5%
(2.0 equiv)
MeOH, rt
X = OMe

99%

1) Me3zOBF,4 (4.0 equiv)
proton sponge (8.0 equiv)
4 AMS, CH,Cly, rt

2) DIBAL-H (3.0 equiv)
THF, —78° C
71%

TBSO OMe Me
- | ol 16
~ et Me

nPr713>"11 9 ~0

(+)-neopeltolid

|. Paterson, N. A. Miller,
Chem. Commun. 2008, 4708—4710.

E. Hartmann, M. Oestreich, Angew. Chem. Int. Ed. 2010, 49, 6195-6198.



Stereoselective synthesis of the C7-C16 fragment of (+)-neopeltolide

TBSO  OMe Me TBSO  OMe Me
nPr j Cr(lll)* (10 mol%) ~ nPr” >
~ >
O 4 A ms

8 d
PMBO/\/\)J\OTES then acidified CHCl3 PMBO
78%

MeO
J—NH \
@) 0 \
~ N
Cr(llh)* = l\\l p
5 ‘?r\CI OH
OO A
DIAD, PPh3
benzene
53%
-

(+)-neopeltolid

|. Paterson, N. A. Miller, Chem. Commun. 2008, 4708—4710.



Access to stereodefined polyols
through two-directional synthesis



Two-directional synthesis

OPG
EWGWEWG
n n
Nu OPG OPGNu
EWG o EWG EWG., ~_EWG
n n n n
Nu OPGNu Nu  OPGNu Nu OPGNu
EWG \/I\M/I\H/I\/ EWG EWG\)\H)\H/_\/ EWG EWG - -
n n n n n n
meso m meso
(syn,syn) (anti,anti)
OH OPG OH
EWG._ ~_EWG
n n

1,3,5-triol (n = 1)
1,4,7-triol (n = 2)

Nu = SiMe,Ph or Bpin

e

EWG



Double 1,4-addition of silicon nucleophiles

1 SiMe3
) Ban\/
(3.0 equiv) 1) K,CO3 (1.5 equiv)
O THF, RT Me;Si OTBS __SiMe; MeOH, rt
M - S = . —
H "OEt 2) TBSCI (1.2 equiv) 2) nBuLi (2.1 equiv)
imidazole (1.3 equiv) CICO,Et (3.0 equiv)
CH,Cl,, rt THF, -78°C — rt
88% 67%
H, (balloon) OTBS
Q oS Q Pd/CaCO;
- 7 AN
EtOJ\MOEt quinoline
1-hexene, rt O~ "OEt EtO” O
85% Z,7:Z E>955

pinB-SiMe,Ph (5.0 equiv)
[Rh(cod),]OTf (10 mol-%)

OTBS (S)-binap (20 mol-%) 8BS
Et3N (1.0 equiv) - 4 ;
f\)\/i - o ¢ o 5§ 09
1,4-dioxane/H,0 (10:1) W
O~ "OEt EtO” ~O 45° C =10 OF!

60% e.r.>99:1,d.r. =99:1



Double 1,4-addition of silicon nucleophiles

pinB—SiMe,Ph (5.0 equiv)
[Rh(cod),]OTf (10 mol-%)

1 o)
OTBS rac-binap (20 mol-%) 1BS
EtsN (1.0 equiv) . / .
= X > )(J)\ SS O Si O
ot N 1,4-d|oxa:5e!I-(|:20 (10:1) EtO OEt
d.r. =50:44:6
60%
TBS 5
o S O Si O
,TBS
0O S O Si O
with (S)- binap EtO OEt with rac-binap
syn,syn
(meSO) \
T
,TBS
O Si O S O
LA
- anti,anit \5
ﬁ (meso) MJL*
Peak# RcLTimc Area Height Area% Peak# Ret. Time Area Height Area%
25,100 398728 45161 99,6242 1 25,066 115666 13335 50,0243
2 25928 1504 228 03758 2 25462 14907 1486 64469
Total 400232 45389 100.0000 i 3 25943 ig‘]’gﬁg - 719%‘(‘? ](4)%3(3)32



Double 1,4-addition of silicon nucleophiles

1) SiMe;
Bizn_Z
(3.0 equiv) 1) K;CO3 (1.5 equiv)
O THF, rt Me;Si OTES SiMe; MeOH, rt
Y > R = . .
R™ TOEt 2) TESOTT (1.9 equiv) 2) nBuLi (2.1 equiv)
2,6-Lutidin (2.0 equiv) R CICO,ELt (3.0 equiv)
CH,Cl,, rt THF, -78°C — rt
(R =Me) 66% (90% brs) (R =Me) 64%
(R =Ph) 42% (61% brs) (R =Ph) 66%
O O H, (Balloon) OTES
OTES Pd/CaCO4
Et0” " = OEt > = 2N
R quinoline
1-hexene, rt O~ "OEt EtO” ~O
(R =Me) 74% Z,Z.Z,E > 955 (R = Me)
(R =Ph) 80% Z,Z:Z,E > 955 (R =Ph)
pinB—SiMe,Ph (5.0 equiv)
[Rh(cod),]OTf (10 mol-%)
OTES (S)-binap (20 mol-%)
. ,TES
EtsN (1.0 equiv.) O Si o S o
- TR T oINS AN
1,4-dioxane/H,0 (10:1) EtO OEt
07 NOEt  Et0” YO 45° C R
(R=Me) (R=Me)
(R =Ph) (R =Ph)

L
’



Double 1,4-addition of silicon nucleophiles

pinB—SiMe,Ph (5.0 equiv)
[Rh(cod),]OTf (10 mol-%)

OH (S)-binap (20 mol-%)
EtsN (1.0 equiv. ; i
_ N 3N ( ) _ O Si OH Si O
1,4-dioxane/H,0 (10:1) EtOJ\/K/WJ\OEt
0”OEt  Et0YN0 45° C R
(R =Me) (R =Me)
(R =Ph) (R=Ph)
O
O OH Si O
O S O
EtO R OEt
Si R OEt
(R =Me)
(R =Me) (R =Ph)
(R =Ph)
O O
Si R OEt R OEt
(R =Me) (R =Me)

(R = Ph) (R = Ph)



Double 1,4-addition of silicon nucleophiles

SiMePh,
/\/
Br o o
(2.2 equiv) Ph,MeSi SiMePh,
O Mg (2.3 equiv) _ % 4 o EtO \\ é OEt
A THF -
OEt
A OH OTBS

56%

pinB-SiMe,Ph (5.0 equiv)

[Rh(cod),]OTf (10 mol-%)

H, (Balloon) (S)-binap (20 mol-%) ) )
Pd/CaCOj M EtsN (1.0 equiv) j)\ S/ S' Q
quinoline oot O™BSEioN0  1.4-dioxane/H,0 (10:1)  E© woﬂ

1-hexene, rt 45° C OTBS

64% 777 E> 955 56% e.r.>99:1,dr.>95:5



Double 1,4-addition of silicon nucleophiles

TBS ,TBS
O Si O Si O _ 56% O OH O OH O
EtOKWOEt Etowoa
e.r.>99:1,d.r. =99:1 KBr (3.0 equiv)
NaOAc (30 equiv)
AcOOH/AcOH (1:1)
rt
O Si Si O O OH OH O
EtO OEt — — > :
44% EtO OEt
OTBS OTBS

e.r.>99:1, d.r. >95:5



Differentiation of pseudo C,-symmetric compounds

,1BS JBS

O SS O Si O _ O Si O Si O
EtO OEt EtO OEt
/IE C, operation .
pseudo C,-symmetric
TBS — dllfferentlatlor.1 of
O S O S O diastereotopic
EtOJ\/l\/-\/-\/U\OEt groups required

HCI (10 equiv)
in MeOH
THF, rt
99%

O @

O Si O + O Si Q)j\
st J\OMe MeOJ\/I\/\ Si

75 : 25



Differentiation of pseudo

C,-symmetric compounds

EtO

Si

TBS

@)

Si

@)

OEt

,TBS
o S O S O
EtO OEt
/IE C, operation
,TBS

o s O S O

ao)kv)\vj\v/\v)koa
!

OH OH OH

s %

OH O O

ASAAA

pseudo C,-symmetric

— differentiation of
diastereotopic
groups required




Differentiation of pseudo C,-symmetric compounds

1) KBr (3.0 equiv)

. 1) DIBAL-H (6.0 equiv) B NaOAc (30 equiv)
o si o & o THE-78°C pvo s O & opy _ACOOHACOH (1) it
EtO ' OFEt 2) pyridine (6.0 equiv) K/'\)\/\) 2) TBAF (1.4 equiv)
DMAP (10 mol-%) THF, rt
PivCl (4.0 equiv) 38%
CH,Cl,, rt
72%
4-MeO-CGH4CH(OMe)2 PMP
OPivOH OH OH OPiv (3.0 equiv) PY
: CSA (15 mol-%) PWVO OH O~ 0O OPiv
CH,Cl, '
" d.r. = 94:6
87%

OH OH OH OH OH OH OH

- . 25 -
Me X \!\/23\ 21 19 PMP PMP
17

) w > ﬁ SPY! A
M AN NSN NN OH 25K/23\/2|1\/1|9\/\OH

Dermostatin A

T. Sammakia et. al.
J. Org. Chem. 2011, 76, 7641-7653.



Double 1,4-addition of boron nucleophiles

M/\/ c —) E WEWG — EWGJ\H/H/\/

conjugate

boryl transfer B OPG B

B = Bpin

CuCl (2.0 mol-%)

0O (R,Sp)-josiphos (4.0 mol-%)
, NaOifBu (3.0 mol-%)
X + PBgo, -
o P MeOH (2.0 equiv)
o THF
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J.-E. Lee, J. Yun, Angew. Chem.

Int. Ed. 2008, 47, 145-147.



Double 1,4-addition of boron nucleophiles

pinB—Bpin (2.1 equiv)
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Double 1,4-addition of boron nucleophiles

2) NaH (2.8 equiv)

O O
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Double 1,4-addition of boron nucleophiles
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MeOH (2.0 equiv) EtO OFt
THF, rt OTBS
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Double 1,4-addition of boron nucleophiles
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E. Hartmann, M. Oestreich, Org. Lett. 2012, 14, 2406—-24009.



