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Interest in Organo Sulfur and Dialkylcopper Lithium Chemistry i ETSA
. o] OTMS
® OLi ! TBAF (1 mol%)
0 Li MeLI 0 ' Me\/\/\)lx —_— 3 Me =
J o - SPh JI\/SPh ! Me 0°C Me
R phs” sph SPh o i 91% (E/Z = 14:86)
, 1972, 291. !
: . OTMS TBl'Eo:'F:SA 0 LITMP, OTMS
Ph ' ca
PENCINC s 1 MeLi 00 : ( P\/Me HH TMSCI H\
2. P(OAn)ClI ° :
Q H°>2 D2 0., 0 Ph —VPhJ\P : Me Me Me
Ph”” “Ph : 97% 84 /o
Ph)I\P 0>2 TL, 1972, 649.!  95% w/LAD, HMPA TL, 1978, 2079.
phpr  TL, 1972, 737.1
SPh 5 TMSO__Ph phcHO PhCHO Me
|_|CuR2 ! TBAF (Cat) tBU7\ ZnC|2 Ph
o]
/\)\ —> A epn N\ : Me % 7 - o
z SPh o SPh ; tBu mso” e tBu 0--7,
OAc R =Me, 0 °C, 40:33 R CL, 1974, 625. | competitive

R = nBu, =30 °C, 62:14

Smcdnes

Synthetic Utility of "F~"

OTMS TBAF,
Me\é MS4A Me\© Alkyl-X
"naked enolate"
* TBS group was utilized in synthesis
O ETSA(1-1.1eq) oTMS ,
TBAF (0.003 eq) !
s 98% |
no solvent distilled ;
rt v
OTMS ETSA ETSA
Me TBAF cat TBAF (cat
THF THF
reflux -78°C
6:4

JACS, 1975, 3257.
of prostaglandin in 1972

JACS, 1976, 2346.

OTMS

Eden

stereoelectronic control

exclusive axial attack stereoelectronic/

chelating effects

(o) OTMS 0 OTMS Bh ax/eq =56:44
é/(Ph OoTMS
52% w/ MesSiF (2 eq) acid/base sensitive
3% w/o
Qo Me o  ETSA, TBAF; o0  OTMS
Me COOEt \HL PhCHO
Me Me
Me > Ph
Me COOEt M one pot M
Mukaiyama-Michael e 52% e
stoichiometric TBAF JACS, 1977, 1265. JACS, 1982, 1025.
JOC 1983, 932. Org. Syn., 1983, 61, 122.
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tBu tBu OH ACIE, 1976, 498.
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Reductive Silylation

Aa T e iea® Tmso  otms E
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~— —_— = !
X JU b G
R OTMS THF R OR' cether or benzene R R !
Na, | R =CH,CH.CI ;
TMSCI '=Et :
HCl OTMS
[>< TL, 1976, 1591. CL, 1976, 993.5
OEt Bull. Chem. Soc. Jpn., 1978, 2391.:
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o QO 8- (o) :
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T™S a— RMgBr/ Cl :
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JACS, 1977, 4181. :
TL, 1979, 4095 !
o NaQ:: TMSO TMS

" 0 Na, TMSCI 5
e —> :
@ OE )\)\ Me)\)\ :

TL, 1977, 2001.;
J.C.S. Chem. Comm., 1977, 76..

Ph : o
BuLi BuBr
Me o o e Y b~ )]\/\rPh
\ / Me
Bu

JACS, 1979, 2208.

Utility of 1.4-dicarbonyl surrogate
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MeO OMeTmso oTMS 5 RO OH
i
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o OEtZ 1. DMP, LA
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/> 3. Pb(OAC),
[ °
Me\n/\)1><Me
|
O OH SnCly o Me0” 'Me
H == JACS, 1977, 961.
o Me JOC, 1977, 4166.
Me | CL, 1978, 1431.
(2)-lanceol Me  JACS, 1984, 1750.
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o 2. TFAA COOH
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Q —>|>< My
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o o \ TMSO: M
VinyIMgBr mo 3 TMSQuen
Me )]\ —_— - “
R T™MS TMS R
Me
OTMS CHaly, OTMS
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racemic J. C. S. Chem. Comm., 1979, 708.

JACS, 1962, 4604.
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Mg homoenolate BulLi + Ti homoenolate OEt HO_~
O VinylMgBr HQ (L1 A rmgoumenLi oLi : { COOEt
-~ —» | l oTmMs TiCl, \, © ¢l E* Br
)I\ R ™S R&) —20°C RJ\/\TMS E D< 3 ;'h;‘CI';T}l‘CI > \/\COOEt (o)
JACS, 1977, 7360. ! OEt o o /\/@
BuLi (6 mol%)1 J. C. S. Chem. Comm., 1979, 708. ; Ve
"enolate dance" ' v X-ray  Eto
TMSO:++++Li TMSO ' *TMSCI from homoenolate
M SM M M : preparation accelerates the
e X ‘—;/‘ e X Ve : addition to aldehyde
o TL, 1980, 2745.
Me Z/E = 98:2 Me : ; 1 Scope and limitations cl
Homoenolate vs alkoxide JACS, 1984,1773. ' o R Cl 0 OCI\.}I'C(;:(R
....... : : —
Mgo, | TMSO Mg R ab : )]\ >|/ I ) R  JACS, 1983, 652.
== )v 000 Bt 0400l R R” "R Et0 JACS, 1986, 3745.
RN TS R CsHyy” * 1000 7 y7* 0:100 Organometallics, 1993, 2845.
a b Et
nPr_ 6337 N \|/LLL'- 0:100 |} 0 TiCl; TI(OR)4 (0.5 eq) Qe ?I iy ketone
MaO \ TBSO:*Mg Y ' | . )|\) — )I\ )V
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: 1. TiCl
R=Me c:d=60:40 ' Me by
R=Et c:d=1580 TMS/Y&&‘ 35:65 T, 1984, 5307. | otms> PEHO.
R=CsHisc:d= 6:82 JACS, 1985, 5495. | 5 KOH
Cu homoenolate 1.4-addition OMe 4 H,0 Ph Ph
0 1. vinylMgBr OTBS : : 28(rac) : 11(rac)
> N Me , ®
Et)LTBS 2. BuLi; Et h E ¢ O-++TiClg
TMS Cu-SMe,; Me OTMS : —— o
TMSCI; enone * require this specific Cu(l) source : Me f) OTMS iPro Me
51% * TMSCI as the key additive \>< — ®
OTBS : Orrvee TiCl
| oTms ) OMe e
™ = OH OTMS !
C7H15 COOMe Me o Me ! iPrO
Ph : Me JACS, 1986, 3745.
¢TBAF Me Me '
0 1,2-addition acid chlorides

56% + 11% desired
C/Hys ~coome TL, 1984, 5307.
JACS, 1985, 5495.
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. Utility of Zn homoenolate 0 OTMS
OMs + JACS, 1984, 3368, Me N
+ JOC, 1985, 2804. TL, 1986, 83.
' JACS, 1987, 8056. ,
COOPr 471, 1988, 1541, /2’/‘;5,0, Me  COOEt
PhX COOiPr i iti
1. KOH(aq): cojugate addition
HCI (aq) Ni(cat) Sn2 CuBr-SMe,,
2. pTSA v allylCl 400y HMPA or DMF CuBr-SMe,,
OEt TMSCI,
CuBr-SMe,, HMPA
\ TMSCI or BFs'OEtZ
Br COOPr
Me COOiPr — 3N
Sn2 with acetal ')
Pd or Ni 3 o\ CO0Pr

tBu \I(\/COOiPr

prepared from
o CuBr-SMe

Znl, (cat)

COOMe TMSCI, RCHO
HMPA
Me 0B
o Hex O Hex n
Negishi 0 B
--------------------------------------------------------------------- o~ EtOOC cookt P
Zn homoenolate EtO Ph COOEt carbonylation TMSO COOEt
(0] o Etoﬁl/\ acid chloride “no racemization homo-reformatsky
oTmMs ZnCl, : OFt Or:Znn0 Zn(Ch,CH,COOPY)
—>»TMSCI| + Zn — I\/Ik M Me CuB -éM 2 i 2 M Me
OEt Et,O Et 0~ - EtQO OEt o e H ubr €o (Ca )’ o e H
2 2 HMPA, BF 5-OFEt,
1. TMSCI, Na Me JACS, 1984, 3368. <1OTMS > -10TMS

o 2. ZnCl, EtO

/j \h E |:| oro0e : |f| ¢¢
: N~
X/\‘)LOMe (o JENIE Znve Io E

Me \\ f kl)\
X=0H 1. NBS OEt

| 2 Nal  Zn,DMA/benzene >95%e.e. Me  TL, 1987, 337.
Ring cleavage regioselectivity

P<OTMS ZnCl, Zn:-0
Ph OEt . 981 Ph)\/kOEt
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TMSO Ph
1. ZnCl, o)
q
2.PhCHO Ph OEt

JACS, 1987, 8056.

H

JOC, 1986, 4323.
JACS, 1989, 6257.

Org. Syn., 1996, 73, 123.

cortisone
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Pd homoenolate

ArOTf,PPh;, O 0 | g\ Se0Ph
otms [PdCl(allyh)], N CHis : NaH e NH{Bu
[>< > | = H . R_EWG
R benzene, 100 °C P ‘ :

PdL,]*OTf Q TL 1983, 4429.
/@/\/COOIPI‘ TMSO ?(){ n
MeO 0% ><

J. C. S. Chem. Comm., 1983, 1514.
iPro

OMe /JACS, 1988, 3296. COOEt

---------------------------------------------------------------------- '0' /
Other successful metals ! COOEt
: (E) 57% 25%

M = B Bi, Te H
Sn, SnBus, Sb, Bi, Te, Ga, Hg, 2) 59%

Cd, Nb, In
TL, 1985, 5571.
RO)U e = = = = = = = = e = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = == ——————————

Metals do not form homoenolate _ : Regio/Stereo Controlled Lithiation
Ge, Si, Pb, Al, Zr, Ta, Cr, Mo, W, Ag Organometallics, 1985, 641. | BuLi

---------------------------------------------------------------------- L BTN El
Se Chemistry Ph OH
OTMS OTMS SPh BuLi; Ph OH
K-Na, TMSCI KNa, TMSCl g, LDBB Bu
TMS Ph OH d.r.>95:5
R, Bull. Chem. Soc. Jpn., 1980, 2634. Bu Synlett, 1990,671.

/
HO

1,3-addition d.r =99:1
Reductive silyl transfer OH

Ph.__OTMS
_— BulLi; BulLi; TMSO
o PHCHO, TMSCI TMSCI ~ o TMSCI . SPh_OTIPS | hgon TMS_OTIPS ™S
x —> Me A : :
A Me —M : A
™S ! OTMS OTMS Ph CL, 1992, 1421.
SePh OTMS SePh - ve ¥

TL, 1980, 3209: ACS, 1993, 9021.

® PhseTMS, or E SPh | DBB; [Tms-cCI- TMS.
T|C|4 - o Li LiO: e Li o) : TMSCI 3
= > N P O OTIPS %%\onps » = NoTiPs
' HO (

d.r. >99:1 TMS

(PhSe),, OTBS SePh SePh ! d.r. >99:1
' M . H
TBSO>2 (PhSe),O <:>S/\ Z\:§7 Z\:xj : e Me_ ,SiR; R= Me 83% WOH
PhSe ; ~ OSiRy—> OH B _ nPr 49% Me Me
TL, 1979, 419. TL, 1979, 3461. “TBHP was used | phs symanti>99:1  dr >99:1

Bull. Chem. Soc. Jpn., 1981, 3510. instead of (PhSe),0: 1,3-addition
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Utility of reductive silylation

1. DMDO Mes, .o
MeS\Si'MeS 1 . LDBB Mes\s.’o 2 CHC|2COOH, Mes—SI
sph H 0 212 Mes—Si Z LAH
— A —_— : Me
= =" Me OH OH
Me TsCl, Et3N; 1. DMP
Na,COg(aq 2. NBS, MeOH;
oH 1.DMP H,O,, NaOH
‘ b d
HO - MMMes—Si ..
* Me
‘.* i Me
o. O “ fo} 0
X o M
Me Me Me Me
1 BuLi- JOC, 1997, 4206.
'tBuu IéiH- tBu_ ,tBu tBu_ ,tBu
220 b _Si ,Si———Hex
OH AlkynylLi 0O \ H.NCOOEt o
2. Swern CSA
o )\/OH >0 )\n/l-l Hex N )\(NHCOOEt
(0] NHCOOEt
¢BF3'OEt2
H H
tBu Bu ex oPTS tBu Bu ex
Si Si
; (0] < ; )
O\/\L ° )\
JOC, 1998, 2422. ¥ “NHCOOEt ¥ N? okt
TL, 2000, 5715. g 5

Total Synthesis of Taxusin and its Synthetic Study

Me

o
Me Me
. M&Q.
H TMS TiCly, ¢).9n ...snCl, H
SnCl, 7% OMe
e Me _ e —yo H/ — o
o { S d wo{ S

JACS, 1989, 8277.
Tet, 1992, 6975.

oTBS o-TiCly o-TiCly
Me I Me Me
H OMe TiCl e ‘
X g H OMe > H \.wOMe
Me Me OMe 'ﬂ Me Me ®
OMe OMe ~OMe
PRSIy S
OoTBS OoTBS 0¢

Me Me Me
H ‘ LiorNa H ‘ H ‘
OMe < OMe —-—— OMe
. tBuOH, . )
“OMe NH4 “OMe “OMe
o9 " a5 wa LS

dead end

Tennen Yuki Kagobutsu Toronkai Koen Yoshishu. 1989, 31, 104.
Avoiding late stage Birch
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OTES

slow protonation 0 .

from concave face
dead en

Li, BuOH H
—>

JACS, 1996, 9186.
JACS, 1999, 3072.

d

OAc

internal/directed
H+ delivery

Total Synthesis of Taxol and its Synthetic Study

2. HF/KF
Me 69%
OMe
“OMe

Synlett, 1994, 584.

OTIPS
Me
HO
HO N SPh——
OHC »HO
Me Me
Aring o
TL, 1994, 7813.

Avoiding C4 ketone 1. DIBAL dead end OH
2. TBSOTf TL, 1999, 4235.
3.0y hv OTBS OTBS
4. AIBN, : H

Me  By,SnH Me S
o) —>
,s| R,Si7
o
“'OH
T e

CHol,, EtoZn
unreactive w/ C1-C2
benzylidene acetal due
to C2 chelation to Zn

Li,NHg;
Me . Me
g
-

»Hgn.
-~. - "OH
MeOH H\
o

dead end

TYKTKY, 1996, 38, 119.
JACS, 2000, 3811.

Pre-protection of C2
oTBS

1. Sml, OH

Me 2. TBAF, ;
_BHI |
Phl..,(o
-1OH o---'
o ol S

JACS, 1998, 12980. JACS, 2000, 3811.
Synlett, 2000, 1385.
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/
Bu Sn OBn
\;[ Me,AlOTf “OOCJ;:\E BusLl
DCM, —78 °C DMI
OTBS EtOOC (o] 200°C EtOOC

Me Me

1. LAH
2. ACZO
3.PCC

|
-

Me Me
1 K5COg,

OTIPS MeO ’> " H MeOH
Me Me o) E NN e 2 Swern
OTIPS 1. H
1 2. KOfBu, TIPSCI

0Bn TiCly(iOPY) Xx0Bn 2 TESCI, Im Me 350,
—fc OB —f
C2a:f=18 OHC X n OHC

I

—~——————— MeO,

0 —-781t00°C
_7 Me Me Me Me
C10 a at =78 °C o
OH C10epimerat0°C
1. CBry, PPhj
2. DIBAL
3. TBSOTH, lutidine
OMe (:)TBS
1. HCI - Me
2. PPTS,
3. CuBr-SMe,, MelLi H

HMPA, TMSCI @
> 0 ,
M

1. TBAF; MeOH
2. TBSOTf lutidine
3. LAD, TBSOTf

HF-pyridine Me Na
-

0 Me  cE.CH,OH

no reaction in EtOH

\_>70 taxinine TYKTKY, 1999, 41, 463.
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Vinyl Sulfide Chemistry Sulfur directed [2+3]
(0] M ® o OTBS 0\
no)l\) -~ 0 OTBDPS  MeoAIC Me) Q SPh
. —_—
SPh >
Sulfur directed ene SR MeJ\A» Me XM 4 =84:16 TBDPSO”: Me
TBSO Me TBSO OH SR Me/
(0} |_A RS OTBS TL, 1993, 6077.
\) I\ »Rl /\)\/ SCsH" BnO :SC5H11 TIPSO :SC5H11
SR "' Me Me TL,1990, 2165. \

(E) gives better d.r.
OH SR

chirality transfer

99-80% e.e. oTPS
TL, 1992, 1337.
TL 1994, 7965.

MeO

TIPSO (:)H SMe
approach towards anthracyclines
JOC, 19983, 4189.

C-C bond cleavage C-C bond formation

OMe O

OMe Me

—3% brassinolide

X =H: daunomycinone
X = OH: adriamycinone

CL 1992, 1425.

=~ ~OTBS

TL, 1993, 477. SMe

OAc

OH OH

R T™S
OAc H

H 24%
Phs SCSH11 msHTI
18%
SMe TL, 1996, 5943.

AICI3

EtAICl,/  Me
P 2 C1on1 O omips
J N—oTIPs —
R

CioH21
SMe SMe

: l §C1OH21 Me C10H21

H Synlett, 1996, 157.

B BnO Me BnO Me
RCHO R > SMe! :
SM
otes  TiClOPY | H—K Bu Me ° EtAC> e SMe e
*.Bu E— H: "0 vel —> Me 830/ o]
d.r. >99 )< e °
Z "Me R TI \
S 1. EtAICI
SMe Me/ SMe OH o TBAF2
- = JACS, 1993, 12635. OBn BnQ
o) Me H Me P H Me 3. PhSH, H
SMe : wo PhSLi Me><:E§_
Bu
e v L —a O n —~
OTIPS -
1,4-addition ‘coome Heliotridane TL \007. 465
Synlett 1995, 173 SMe Me OTES Mannich coriolin , ; .

JOC., 1994, 518.

JOC, 1999, 2648.
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Total Synthesis of Ingenol and its Synthetic Study

AcO SMe

N

Me

@

OTIPS

z

OMe

MeAl

LA*= \me

EtAICI,
——

OAc 86%

EtAICI2
OAc 82%

@ YN ‘_E)\/

Synlett, 1999, 647.

)=

Me

Me,AICH gy, STES
Tns _EtoAIC] -

o(c0)3
Co(c0)3

75%
d.r.=98:1
1. BuLi; (CH,O)n . AcO
2. Ac,0 Me
Cl 3. Coy(CO)g
NO,

CO(C )s ———>

SMe
2 Ho
0«9
Me

Co(CO);

\
s~Co(CO);  LA*

<_, JOC, 1997, 3032.

AcO SMe
CIE '»

single dlastereomer

JACS, 2003, 1498.
Chem. Rev., 2005, 4661.

Synthesis of Bioactive Molecules
o o Ar

- OH OH
Me Meo Me MeO Me MeO
1. TPAP, NMO Cla
2. NaBH,4 I—: B

arisugacin A
Me OH Tet, 2004, 7845. e 0H OL, 2002, 367.
Me Me

BnO X Br

Me PdClz[P(O'tOI)S]Z BnO AN COOMe
oms ——— T T
68% Me Me
OMe

Me

kazusamycin A
Tet: Asymmetry, 2004, 733.
OL, 2004, 2845.
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Me Me Me Me Me OHM
» - HOI N €
Me. Me+ /)\CHO
. 0 Nafuredin s Y
cHo TiCly Zn Me™ " TL, 2001, 3017. Me
—_— . .
THF, pyridine (o) OL, 2001, 2289. citreoviral
,67% S. Kobayashi
ACIE, 2004, 3175.
(o) OH OH pinellic acid

CHO

Lett., 2003, 937.

Synlett, 2005, 1691.
JST CREST 1999 research report GKK1032A,
http://www.jst.go.jp/kisoken/crest/report/sh_heisei11/molecule/kuwashima.pdf

Borrelidin
~COOH 5" 2004, 1865.

; )W TL, 2002, 1265.
+ HO Me Bioorg. Med. Chem.

e e A S T e
Me OH Me OH Me OMe | molecules he/his group might be working on
~—~
-- -3 OH
0 ---» 0 0
N N N N N N |
i HN 1 HN 1 HN
MeO MeO MeO o OH
0 o ( JN o ¢ |
. N ) N NH
OL, 2005, 841. neoxaline H oxaline H HN

HO Me »/0 Me
) R Me Me Me Me
b }o j
O Rg- % %

HO K

N H N N
Oﬁlﬁ Me Me terpendole A terpendole C
Me Bu

Me Me .
0 R: madindoline A Physovenol physovenine

S: madindoline B

i1 H 1 H
JST CREST 1999 research report
OL, 2002, 501. TL, 2005, 1459.

http://www.jst.go.jp/kisoken/crest/report/heisei15/pdf/pdf15/15_2/001.pdf

MeHN 5 herquline A herquline B
i http://www.jst.go.jp/kisoken/crest/report/heiseil4/pdf/pdf13/13_2/006.pdf



