Rapid Total Syntheses Utilizing “Supersilyl” Chemistry
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Introduction to "Supersilyl" Chemistry

TMS
TMS—S:i—TMS - First synthesized by Gilman: Gilman, H.; Smith, C.L. J. Am. Chem. Soc. 1964, 86, 1454

™S
(TMS)3Si—©—Si(TMS)3

OTMS OSi
= VS. /
Si = Si(TMS);

... Selectivities observed for [2 + 2] cycloadditions
and aldol reactions with supersilyl-substituted enol
ethers cannot be attributed to electronic effects
but are due to the steric bulk and the umbrella like
structure created by the Si(SiMes); group.

Bock, H.; Meuret, J.; Baur, R.; Ruppert, K. Laub, H. A.; Yamamoto, H.; Mayr, H.
J. Organomet. Chem. 1993, 446, 113-122. Org. Lett. 2010, 12(22), 5206-5209

For use in radical chemistry, see: Postigo, A.; Kopsov, S.; Ferreri, C.; Chatgilialoglu, C.
Org. Lett. 2007, 9(25), 5159-5162 and references therein.
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Diastereoselective [2+2] Cyclizations
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Scheme 1. Proposed r'\-'].IL"I]EIl...‘l-.-'"EJLiUl Mechanism for [2 + 2] entry substrate a a6 yield® (trans/cis)® major product
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CFs 6 [ ~ Ph 84 (>0011)
& CF -
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3
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— 7 oo | Ph 93 (8911, 10/19)
5 TTMSS 2 58 (5/1) EZ e

Boxer, M. B.; Yamamoto, H. Org. Lett. 2005, 7(14), 3127-3129
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Use of "Supersilyl" Groups in the Crossed Aldol Reaction

Mukaiyama aldol reactions:

O
OSi(TMS); . k/Ph
~
1 equiv 1 equiv
O
ositMs); . U pn
X
1 equiv 1 equiv

HNTf, or (TMS)3;SiNTf,
(0.05 mol%)

o
CH,CI,, -78 °C - rt, 15 min

HNTf, or (TMS)3SiNTf,

(0.05 mol%)
o

CH,Cl,, -78 °C - rt, 15 min

Formation of Silyltriflamide

O OSi(TMS rirami
e Ph ) and Its "Self-Repair" Ability:
0
H ':I:' #!J )
86% (>95/5) P /f!---" T e SINT
i S-NT; J
: = e AR
CI) ?SI(T:XIhS)s HNI‘1-~.., Y, yaa
P i -
Bsi H-B iiﬂ Z
87 % (>95/5/0/0)

Cascade Mukaiyama aldol reactions:

O
OSi(TMS), . k/ph HNTf, (0.05 mol%)
N >
= CHQC|2, -78 °C - rt, 1h
2.2 equiv 1 equiv
™S | us ™S
& TMS\éi/TMS
H e H s | s [ 9 H
L Ry H
H@Rf,ﬁo’s"‘ms TMS’S"O/%__H_EH_H@H 4>
Ik EQ ’ A syn B anti :N—rfz H%)
™S “TMS 4 antt ™S | ~TMS
TMS ™S

74% (86/14/0/0)

"The (TMS)3Si group is distinctive in that it
combines the highest Lewis acidity as a silicon
catalyst, high nucleophilic reactivity as a silyl-
enolether, and large steric bulk for superior
diastereoselection."

Boxer, M. B.; Yamamoto, H. J. Am. Chem. Soc. 2006, 128(1), 48-49.
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Further Development of Aldol Methodology

Diastereoselective Sequential Reactions in One Pot:

| 0 HNTF, (0.05 mol%) OH OSi(TMS),
OSi(TMS), . k/ph CH,Cl,, -78 °C, 30 min . . pn
S »> =Z
: then :
1 equiv 1 equiv —=—MgBr,-78 °C, 1 h 79% (86/13/<1/<1)
O HNTF, (0.05 mol% Z 70 0Si(TMS)
. 2 \Y. °) z = 3
ositms); L pn CH,Cl, -78 °C, 30 min *_A__Ph
\ : » O :
5 TBSO then z
1 equiv 1 equiv \ NMe, 78 °C. 1h 63% (95/5/<1/<1)

Boxer, M. B.; Yamamoto, H. J. Am. Chem. Soc. 2007, 129(10), 2762-2763.
Diastereoselective Sequential Reactions in One Pot (ketones):

0 HNTf, (0.10 mol%) OH OSi(TMS),
. | o g $ E
/?i(TMS)s . K_/ph CHoCly, -78°C, 5min Ph>\/\/Ph
Ph then MeMgBr, -78 °C, 1 h
1 equiv 1 equiv 79% (91/9)

Boxer, M. B.; Akakura, M.; Yamamoto, H. J. Am. Chem. Soc. 2008, 130(5), 1580-1582.
Diastereoselective Aldol-Polyhalomethyllithium Additions:

o) HNTF, (0.05 mol%) OH OSi(TMS);
OSi(TMS), . L/ph (CH,Cl),, -30 °C, 15 min . A . ph
K : > Y\/\E/
: then dilute with THF and add | :
1 equiv 1 equiv CHols (5 equiv) 76% (82/15/<2/<2)

then LiTMP, -100 °C, 1 h
Boxer, M. B.; Yamamoto, H. Org. Lett. 2008, 10(3), 453-455.
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1,5 Stereoinduction in Aldol Reactions

1,5-Syn Aldol reactions:

(R2S5i)35i ~0

(TES)3Six 1. LIHMDS (1.2 equiv) (TES)3Si~ oM
O O o O O OH
DMF, -60 °C i
- R
2. c-HexCHO
SiR; SiR4
80% (95:5 syn/anti) RSi. sli"SiR3 RaSi. Sli,sma
1,5-Anti Aldol reactions: 0 0
H H >> H H
e c-HexCHO (MS)sSing o OH R : 2> il
> : 0 0
Tf,NH (0.2 mol%) ™ 5 -
toluene, -78 °C
87% (97:3 syn/anti)
SiR; . SiRs _ SiRy.
R3Sixé_,SiR3 R3S"~éi/g'ﬂﬂ SN i,§|R3
?I 0 7
H H
R Hy
TMSO &
R? ?
e
Thll Siktes TN Sittes
D (Anti) E (Anti) F (Syn)

Yamaoka, Y.; Yamamoto, H. J. Am. Chem. Soc. 2010, 132(15), 5354-5356.
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Triple-Aldol Cascade - Rapid Assembly of Polyketides

TH,NH (0.10 mol%)
RCHO + osi Phi (10 mol%) 0si Osi Qs
= CH,Cl, /‘-MCHO
1 (5.0 equiv) Si = Si(TMS),
CHO R——I
; o/ ] 1
Entry Product Yield [%6] d.r. X * (5.0 equiv) TLNH (0.10 mol%)
0Si OSi 0Si CHCl;, -40—-0°C
1 Ha thHO 3b 84 79:10:9: < 2 -
gs: osi 0 Entry R [mol %] Yield [%]"
2 CYW"CHO 3c 87 81:9:8: <2 1 Ph (10) 20
08/ OSi 0Si 2 Ph (2.0) 71
3 BnO A~ _~_-CHO 3d 75 81:9:8: <2 3 Ph (0.5) 65
4 PN 3e 87 na2:2 | |2 P (0.1) -
eSO SN CHO  Be Sl 5 tBu (0.5) 85
QSi 0Si 0Si
50 o NWcHD 3f 89 87:8:3:2 6 tBu (0.1) 7
‘ 05 05 08 [a] Yield of combined isolated diastereomers.
6 PthCHD 3g 54 _ld
TIPSO 05 O& 0S8
7t A _cHo 3h 5T 4
O + SRl
.- . O J o)
Proposed role of organociodides: | R |
J S
A
RI +
' . VL
)OS' — » SiNTf, =——— ___ RISi NTh OSi
HNTf
= 2 /
H-B OSi (I)
B-Si P
Rl
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Tolypothrix Hexaether. Previous Total Syntheses

#o S
1 steP o /j —
#\0 / \/‘\)\S #\
O OMe OMe OMe

3 Steps
0O 4 Steps
\/‘\/CHO 56‘1‘@,0 O
\i OMe A
(|)>\)\/\
X
OMe S
OMe OMe OMe /j OMe OMe OMe OMe OMe OMe
0 n-Pent S
X > n-Pent X
4 steps .
21 Steps (longest linear)
Mori, Y.; Kohchi, Y.; Suzuki, M. J. Org. Chem. 1991, 56, 631-637.
35t OMe OMe OMe
IS0 e NI —
OH OMOM n-Pent
n-BulLi
A _con B3teps g, ?>\)\/\ — PMB
HOC S s o OMOM
. . 2 Steps
L-malic acid L > )\/I\/I\/\ S
S X
<\ ,PMB OMe OMe OMe OMe OMe OMe
OMe OMe OMeS’'s O OMOM 6 Steps >
n-Pent X

n-Pent N 16 Steps (longest linear)

Lui, K.; Arico, J.W.; Taylor, R. J. Org. Chem. 2010, 75, 3953-3957
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Tolypothrix Hexaether. Yamamoto's Total Synthesis

OSI(TES)s Me,AINTf, (0.5 mol%) Q  OSI(TES)s
+ OHC\/\ > N
1.2 equiv CH,Clp, 0°C (+1-) 75%
CHO 0Si TfaNH (0.05 mol%) 0Si OSi 0QSi
Pent” + >
n-pent A Ph—=—1 (10 mol%) n-Pent CHO
5 equiv CH,ClI,, -40 °C (+/-) 79%
(80:12:5:3 dr)
O  OSI(TES);
N LIHMDS, LiBF, OSi OSi OSi OH O OSi(TES);  NaBH,
OSi OSi OSi DMF, -60 °C n-Pent X MeOH, -20°C
CHO — (+1-) 64%
n-Pent dr ~70:20:7
UV light
OSi OSi OSi OH OH OSI(TES);  MeOH/CH,Cl, (4:1), 23 °C OMe OMe OMe OMe OMe OMe
>
n-Pent N then Mel (40 equiv), NaH n-Pent X
(+/-) 89%, dr >10:1 THF, 0 °C - rt (+1-) 61% (2 steps)

7 Steps (longest linear)
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Anti-cancer Agent EBC-23. Previous Total Synthesis

(0]
1. 12 . OH O
sq THF/EO, 30°C I(Sj)\sgzs/ﬁ Hg(ClO4)2*H20, CaCOs> MJ\/U\/<(I)
TMSXU > HVPA, Do g THF, H,0, rt, 6 min -
-50 °C - rt, o/n 61% 79%
1. Et,BOMe, NaBH,, MeOH X S::S
THF,-70°C, 4 h - 0”0 o 1. 185 i, THF/EL,O, -30 °C, 1h
>
2. g/ll?ﬁgfoweizhpp-rs \Mi\M 2 HMPA’ ?>\'/\'50 oC tO I"[, O/n
(dr >95:5, ee 92%)
0
1. CH,CHCOCI, Et;N
TBS 2 o3 B
oXo ko) sq OH CH,Cl,, 0°C, 2h _ OXO 55 sq o
12 N 2. Grubbs-Hoveda cat.
78% OTBS uW, 150 OC, tOI, 4h 53% OTBS
o)
HF (aq), CH5CN o on ol o CAN, CHsCN
S__S >
CH,Cl,, rt, 16h H,0, rt, 30 min
OH EBC-23

54% (2 Steps)

11 total linear steps
Williams, Craig M. and co-workers, J. Am. Chem. Soc. 2008, 130, 15262 - 15263 | Overall yield = 8.6%

Nolan Griggs @ Wipf Group Page 10 of 11 4/16/2011



Anti-cancer Agent EBC-23; Yamamoto's Total Synthesis

. . OSi
. 0Si 0S
oo 99 ToNAMe, (0.2 mol¥e) T 1 cho | A~ (1:8equiv), THNH (0.30 mol%)
12 / CH2C|2, 40 °C \(\/)1/2\/\/ — - .
. Ph—=—1 (10 mol%), CH,Cly, -40 °C
2.3 equiv (+/-) 85%
dr 15:1

LiIHMDS, toluene, -40 °C - rt
-

OHC.

12 then  GpmB, DMF, -78 °C
(+1-) 97% 63% (95% brsm)

dr 77:16:6:<1 dr 48:43:7:2

LiIHMDS, -78 °C, CH,CHCOCI DDQ (2.3 equiv)

>
then cat. A (6 mol%), toluene, 95 °C,
then HF=py (xs), py, THF, 0 °C - it CHZCl, HR0, 1t
[\
Mes—=N___N-Mes Available from Strem Chemicals
CI':,,,Q/
Sl Patents: US 2007/0043180A1
EBC-23 Y hIl WO 2007/003135A1
72% S: -~
A oo Other uses: ACIE 2009, 48, 7428 - 7431.
7 steps (longest linear) Zhan Catalyst - 1B
Overall yield = 12%
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