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First Synthesis of Ynolates -
Fragmentation of Isoxazolyl Lithium

TMSCI Ph
—-
>=c=o
TMS
(41% yield)

Ph Ph Ph
N BuLi N
/‘\b /’\b \$$R\
~ THF S OLi
Ph —-60 °C Ph
H Li

PhCN

Ph Ph

PhCHO (0) PhCHO (0]
—>
3 Phq:& Phe=—
Li O A0
Ph OH
(79% vyield)

Schéllkopf, U.; Hoppe, I. Angew. Chem., Int. Ed. Engl. 1975, 14, 765.



Synthesis of Ynolates via Deprotonation of Silylketenes

- i o)
™S 1) n-BulLi .
\ THF, 25°C, 8 h TMS
/C=C=O > n-Bu
™S 2) H;0* VS
(85% vyield)
RMe,Si n-BuLi RMeaST S TMscl  RMeSi
L=C=0 ——» A — c=c=0
H _100°C ot ™S
(80-90% yield)
Woodbury, R. P.; Long, N. R.; Rathke, M. W. J. Org. Chem. 1978, 43, 376.
TBSCI TBS—=——O0TBS
S
-70°C (65 % yield)
RMEZSi\ n-BulLi RMe,Si S
C=C=0 ——>» \
H THF OLi
-100°C
Ph,SiCl TBS
L . >=c=o
~70°C Ph,Si
(75% yield)

Akai, S.; Kitagaki, S.; Naka, T.; Yamamoto, K.; Tsuzuki, Y. Matsumoto, K. Kita, Y.; J. Chem. Soc. Perk. Trans. 11996, 1705.



Synthesis of Silyl Ynolates from a-Diazoacyllithium

MesSi CO (1 atm) Et,SiOTf MesSi
N, - - »¥=c=0
L _78°C,2h  -78°Ct020°C,3h Et,Si
(85% vyield)
co
Et,SiOTf
Me;Si ~ Me;Si
N=N —— N Me,Si—=—=—OLi
+ X
0 N
. / 7
Li 0) Li N,

Kai, H.; lIwamoto, K.; Chatani, N.; Murai, S. J. Am. Chem. Soc. 1996, 118, 7634.



Synthesis of Ynolates via Rearrangement of
a-Keto Dianions

Classical Hofmann Rearragement

R” N7 T» 0=C=NR

Br-
Carbon analogue of Hofman Rearragement
LiHMDS LiO Br ulLli LiO Li X
> — —_— _ —_— \
R CHBr, -78°Cto0°C > < -78 f’C > < OLi
R Br 5 min R Br
13C labeling experiment
i . . N O
LiO,  Br  tBuli Lio,  Br i Ph” “OH Bl B
13c= = i0—13c=C—t —_— -Bu
/C C\ —_— 13c=C —» LiO C=C—tBu Ph/\O/ ~~

+Bu Br tBu  Li

Kowalski, C. J.; Fields, K. W. J. Am. Chem. Soc. 1982, 104, 321.



Synthesis of Ynolates via Rearrangement of
a-Keto Dianions

Single-step one carbon homologation of esters

9 CH,Br; LiO Br  tBulLi R EtOH 0
A = = e N, L
R OEt Lithium dicyclohexylamide R Br -78 °C OLi OEt
THF 5 min
-78 °C

R = CgHy4: 63% yield

Kowalski, C. J.; Fields, K. W. J. Am. Chem. Soc. 1982, 104, 321.

Homologation of esters using chloromethyl phenyl sulfoxide

o) 1) LDA, THF

1 78 °C, 10 min @ a 1) KH, THF,0°C  Ph MeOH 0
S\Ph > S. : \\ —>» Ph
r 2) PhCO,Me Ph Ph  2) +-BuLl, THF OK OMe
Cl Cl -78 °C o
(75-95% yield) (79% yield)

Satoh, T.; Mizu, Y.; Kawashima, T.; Yamakawa, K. Tetrahedron 1995, 51, 703.
Satoh, T.; Nakamura, A.; Iruchijima, A.; Hayashi, Y.; Kubota, K. Tetrahedron 2001, 57, 9689.



Synthesis of Ynolates via Oxidation of Terminal Alkynes

Synthesis of ynolates via ynol tosylates

VY
\\ TsO™
OAc TsOH*H,0 OH R Ph_ * CuOTf TsO
. > - N« — X
Ph—I—OAc CH3CN, 25 °C Ph—I—OTs CHzclz, 25 °C \ CH3CN R
5-10 min 12-14 h R 50-60%
(20-60% yield)
MeLi LiO S R = tBu
\ =1
THF or DME N R R = sec-Bu
—-20 °C
(55% yield as

silyl ynol ether) Stang, P.J; Surber, B. W. J. Am. Chem. Soc. 1985, 107, 1452,

Stang, P. J.; Roberts, K. J. Am. Chem. Soc. 1986, 108. 7125.

Synthesis of ynolates vis lithium acetylides

R R : R
LHMDS -BuOOL
\ il \ ;» \ R = alkyl, Ph
Li  THF-PhCH, OLi

(60-72% vyield as
silyl ynol ether)

Julia, M.; Saint-Jalmes, V.P.; Verpeaux, J. N. Synlett 1993, 233.



Synthesis of Ynolates via Cleavage of Ester Dianions

Cleavage of lithium ester enolates

OR’ BulLi OR'’ —_—
R/\n/ LS —_— /—C=0 . RoLi
R
(0] OLi

Haner, R.; Laube, T.; Seebach, D.; J. Am. Chem. Soc. 1985, 107, 5396.
Sullivan, D. F.; Woodbury, R. P.; Rathke, M. W. J. Org. Chem. 1977, 42, 2038.

Cleavage of ester dianions

X . X . Li Li
BuLi BuLi
R)\H/OR' —_— R X OR’ —_— R X _OR’ —_— >=C=0 + R’'OLi
R
(0} OLi OLi
R———OLi

Shindo, M.; Sato, Y.; Shishido, K. Tetrahedron 1998, 54, 2411.



Synthesis of Ynolates via Cleavage of Ester Dianions

Ynolate generation from a-bromoester

Bu OLi

Bu_ _CO,Ph LDA BuLi

\|/ :_: 78°C,1.5h
—78 °C —78 °C, 1.

Br THF Br OPh  “5%c. 05h

Bu
TIPSCI
N
0°C OTIPS

(60% yield)

Attempts at trapping of the ester dianion

Bu OLi t-BuLi TMSCI Bu
’ ’

-78°C,1.5h

Br OPh TMS

OTMS

OPh

Bu OLi Bu
- e N
Li OPh OLi

PhOLi
Bu\
Bu———————OTMS + /C=C=0
TMS

Shindo, M. Tetrahedron Lett. 1997, 38, 4433.




Synthesis of Ynolates via Cleavage of Ester Dianions

Synthesis of a,a-dibromoester

Bu_ _CO,Et LDA Bu OTMS NBS Bu_ _CO,Et
TMSCI THF Brg
Br THF Br OEt r
(51% over 2 steps)
Ynolate generation from a,a-dibromoester
+-BuLi 5 HO__Ph
u o B 0
Bu CO,Et (4 eq) 0°C u PhCHO Bu
K > A oL —> AN —
Br Br -78 °C, THF Li 0.5h oLi -78°C o
3h OEt 20 min Ph

(70-85% vyield)

Shindo, M.; Sato, Y.; Shishido, K. Tetrahedron 1998, 54, 2411.



[2+2] Cycloaddition with Aldehydes

HO R
O Bu, 0
e Bu + ‘s
o) 0
R R
A B

0 - -
Bu t-BuLi RCHO (1 eq) Bu 0
>H]\ OEt > > =
Br -78°C,3h -78 °C, 20 min 0
Br 0 °C, 30 min
R
Thermal decarboxylation of tri-substituted p-lactone
Ph OH oh
~ Me
H o) PhH, reflux, 1 h OH
Me =
0 Si0, Ph” “H
Ph
(85% vyield)

R A (%) B (%)
Ph 36 0
Et 25 0
iPr 30 0

t+Bu 0 74

cis-eleimination

Shindo, M.; Sato, Y.; Shishido, K. Tetrahedron 1998, 54, 2411.



[2+2] Cycloadditions-Dieckmann Condensation

OH
R=H  H* Ph 0
- Bu
- - 0]
Bu OLi Ph
Bu \ + (0] -78 °C \ —
D U S —
oLi Ph” "R 70
R
Bu o)
R =pentyl H* \—f
»>—
pentyl—| —O
Ph
[2+2] cycloaddition-Dieckmann condensation
OEt ]
Bu ©
\ )]\/\/U\ —78 °C 0
0]
Ph .

S|02

(6% vyield)

PhH reflux

(74% vyield)

Si0, Bu | H
_—
PhH, reflux Ph pentyl
(74% vyield)
2:1E:Z

(0]
Bu o)
_>
0]
Ph

Shindo, M.; Sato, Y.; Shishindo, K. J. Am. Chem. Soc. 1999, 121, 6507.



[2+2] Cycloaddition-Michael Reaction

Synthesis of polysubstituted cycloalkenes

R\ o
\ + J]\/\/\
oLi R Z CO,Et

CO,Et

cycloaddltlon> A

-78 °C
0.5h
LiO
CO,Et
4 OEt
R o H* Sio, R
[ ( > >
PhH, reflux (
ro n R|+
nR'
Synthesis of polysubstituted naphthalenes
CO,Et CO,Et
| Me
Me o) -78 °C H*
+
Me

Me 05h PhH, reflux O

(70% yield)

Shindo, M.; Matsumoto, K.; Sato, Y.; Shishido, K. Org. Lett. 2001, 3, 2029.

OLi Michael addition

an

EtO,C

Me
DDQ

—>
PhCH;
reflux, 1 h

O‘

(40% yield)

Me



Olefination of Aldehydes

R OH
BuXCOZEt t-BulLi \ PhCHO \/ 0
o Bu=—
THF 0
Ph
M el N _ Bu._CO.Li ..  Bu__COH
5 : o) - By : O RCHO Bu OLi ]/ ]/
-78 °C to RT -
o THF (o) 0o Ph Ph
Ph _ Ph Ph _ (50% yield)  E-selective

Synthesis of tri-substituted olefins

Product
R! R2
E:Z Yield
R1>(002Et t-BulLi R! S R2CHO H* ICOZH
> \ —— Bu Ph  >99:1 73
Br Br -78°Cto 0°C Li RT o )
THF OLi R® H
Bu t-Bu >99:1 51
Bu Et >99:1 24
cyclohexyl Ph >99:1 62
t-Bu Ph 20:1 58

Shindo, M.; Sato, Y.; Shishido, K. Tetrahedron Lett. 1998, 39, 4857.



Olefination of Ketones

Synthesis of tetrasubstituted olefins

(0]
JU Bu. _CO,H
Me_ _CO,Et t-BuLi e S R R H* 2
X - \ o
Br Br -78°Cto0°C OLi RT R R'
Ketone Product
R R' E:Z  Yield (%)
a-tetralone 83:17 96 )
Ph Me 80:20 >99
. E-selective with
Ph Et 86:14 89 > aryl alkyl ketones
Ph iPr 73:27 86
Ph t-Bu 85:15 74 J
Ph CHCHPh 21:79 66
Me t-Bu 19:81 67

Shindo, M.; Sato, Y.; Yoshikawa, T.; Koretsune, R.; Shishido, K. J. Org. Chem. 2004, 69, 3912.



Olefination of Ketones - Stereoelectronic Effect

Acetaphenones

Benzophenones

Bu CO,Me
1) RT, 0.5 h
'
2) Mel, HMPA
RT, 18 h
X
Bu_ _CO,Me
1) RT, 0.5 h
e
2) Mel, HMPA Ph
RT, 18 h
X

Shindo, M.; Sato, Y.; Shishido, K. J. Org. Chem. 2000, 65, 5443.

X Yield (%) E:Z
NO, 61 40:60
cl 68 70:30
F 88 80:20
H 82 85:15
Me 89 91:9
MeO 80 95:5
Me,N 64 >99:1
X Yield (%) E:Z
NO, 92 25:75
cl 92 40:60
F >99 50:50
H 82 -
Me 90 60:40
MeO 99 67:33
Me,N 90 83:17




Torquoselective Olefination of Carbonyl Compounds

CO,H

B
Bu_ _COEt  tBuLi RCHO _ H* ":[[
X » \ F
Br Br -78°Cto0°
THF R™ H
E-selective

Houk's torquoselectivity inward

., _/—\>
D A A outward (

Electrocyclic ring-opening of 3-alkylcyclobutenes and p-lactone enolates

R | CO,Li
outward ( —> outward ( —> j[
> y |
i R H

H inward mward

Shindo, M.; Sato, Y.; Yoshikawa, T.; Koretsune, R.; Shishido, K. J. Org. Chem. 2004, 69, 3912.



Olefination of Esters

0 Me S AT Me ~OU H+ HO,C._ _Me
T, &, = | .
R” TOEt OLi 1h EtO——O
R R OEt
R = alkyl: >99:1 (44-99%) - - E-selective

Ph: 89:11 (94%)
p-MeO-CgH,: 77:23 (90%)
p-O5N-CgH,: 98:2 (95%)

0 X HO,C._ _Me
OLi H+
= . o Vi
Ph/\‘)j\ o~ \F >3 >99:1 (92% yield)
RT,1h Ph o N\F
NBn2
NBn2
Me S HO,C Me
> OEt >99:1 (>99% yield)
CNan RT,1h
NBn

Shindo, M.; Kita, T.; Kumagai, T.; Matsumoto, K. Shishido, K. J. Am. Chem. Soc. 2006, 128, 1062.



Homologation of Thioesters

R2S OLi (0]
o] Me RT
J]\ + % —_— R1><n/Me > R1Jl\|rMe
R'” “SR? OLi 1h c \
I ﬁ
o R2SLi o
R! = Me, Ph
R2 = Ph, Cy,Hos5
Y
(o)
O O . Ve
H R1
R1Jk(lLSR2 -
Me LiO SR2

(55-85% vyield)

Shindo, M.; Kita, T.; Kumagai, T.; Matsumoto, K.; Shishido, K. J. Am. Chem. Soc. 2006, 128, 1062.



Olefination of Acylsilanes

R? OLi
R! 0o N\
RT — 1=
\ e 2 = I R _a:ty: ;h Is;:'yl
OLi R2” “TMS 1h R°—T—0O Sile, alkyl, bn,
™S
- = (80-99% yield)
>99:1 Z:E

CO o orbital

U

Si vacant orbitals

Me CO,H Me Stille Me
I > DpiBAL I\OH I, Ag(TFA) ~"SOH  Coupling jE:OH
— > —_—
Bn - 88% ~ F
3

SiMe SiMe; Bn | Bn
t+BuOCu Heck
allyl bromide Reaction

Me Me
Bn X Bn Z CO,Et

Shindo, M.; Matsumoto, K., Mori, S.; Shishido, K. J. Am. Chem. Soc. 2002, 124, 6840.



Decarboxylative Olefination of Acylsilanes

Decarboxylation of disubstituted g-lactone

Ph OH %
N Me
H o) PhH, reflux, 1 h OH
Me _ > cis-eleimination
0 Si0, Ph” “H
Ph
(85% yield)

Shindo, M.; Sato, Y.; Shishido, K. Tetrahedron 1998, 54, 2411.

Decarboxylation of disubstituted g-silyl-p-lactone

R 0 THF  sat'd NH,CI Si0 R’
\ + JL > 4 - 2 |
N R2” >TMS  -78°C o vi
OLi (91% vyield) PhH reflux 2
25h 29 h R TMS
cis-eleimination
R R2 Z:E Yield (%)
Me Bn 98:2 72
iPr Bn 94:6 78
Me Ph 92:8 62
Me CH,=CH(CH,); 94:6 72

Shindo, M.; Matsumoto, K.; Shishido, K. Chem. Commun. 2005, 2477 .



Reactions with Imines

Barrett
Al A NHR
Ph \=N‘ Y 0
/N\ ﬂ» Ph \ —_— Ph : Ar = Ph, p'O2N'CGH4, m-Me'CGH4
0 N R = p-O,N-CgH,, Et0,C-CgH
~ THF oLi -78°C NR = p-O2N-CgHy, 2L-LgHy
Ph —78°C THF A
r
(58-89% yield)
Adlington, R. M.; Barrett, A. G. M.; Quayle, P.; Walker, A. J. Chem. Soc. Chem. Comm. 1981, 404.
Shindo
Ph\_
N Bu OLi Proton  Bu 0
Bu_ _CO,Et t-BuLi Bu Ts — Donor
' \ _— E——
Br Br THF oLi -78°C NTs NTs
-78°Cto0°C THF Ph Ph

Proton Donor cis/trans Yield (%)

Sat'd. NH,CI 3:1 58
AcOH 4:1 73
PhOH 11:1 68

Shindo, M.; Oya, S.; Sato, Y.; Shishido, K. Heterocycles 1998, 49, 113.



Reactions with Isocyanates

R Ph 78 °C Ph, O . Ph, O
\ N—/ N— R = Me: 33%
\ _+ N=C=0 —> — —> Bu: 30%
OLi - \\ )—\ t-Bu: 29%
o) R o R

Evidence for ketene intermediate

Ar (0] Ar (0] Ar (o]
Me A \ )
Bu CO,Ph Bu S —78°c LIiN LiN LiN
)( \ o+ /C/,O —_— Bu 7—» / Bu —» Bu
Br Br OLi N” //c LiO o
PhOLi Me (o) PhOLi OPh OPh
R = Me: 59%
iPr: 44%

Formal [4+2] cycloaddition

Ph N. O N. _o
R J/ ~100 °C z H* R = Bu: 42%
A + —_— R —» — | 550
N . 0.5 h —Z P t-Bu: 22%
OLi : Ph R Ph R Me,Si: 26%
0 OH

Shindo, M.; Harada, A.; Matsumoto, K.; Shishido, K. Heterocycles. 2005, 66, 39.

=2

=0

o



[3+2] Dipolar Additions with Nitrones

Normal 1,3-dipolar cycloaddition Inverse electron-demand 1,3-dipolar cycloaddition

0]
w AN )\\+
. l;l \_ + N/ — — o
X (o) (o) I ’

R2
k. .0
N+ R! OLi R! 0]
R'. _CO,Et t-BuLi R! Bn — -BuOH
X > \ —_— >
Br Br ~78°Cto 0°C oL 0°C1h R27\ -0 -78°Ctoo°C R2" N\ -0
| |
Bn Bn

R! = Me, Bu, iPr

R2 = Me, Et, iPr, +-Bu, Ph, CO,Et (15-85% yield)

Synthesis of g-amino acids

1
R o Pd-C (10%)
1
o) ki - R coM R! = Me, R? = Me: >99%
2 1_ 2 _ 3

R™ N7 10% H,O/dioxane ‘ R' = Me, R? = Et: >99%

! : 2° R' = Me, R = Ph: 89%

Bn 60 °C, 16 h R2" S NH, = Me, . 89%

Shindo, M.; ltoh, K.; Tsuchiya, C, Shishindo, K. Org. Lett. 2002, 4, 18, 3119.



Formal [3+2] with Oxiranes and Aziridines

Reaction with oxiranes

TMS

AN

1) MezAl, =78 °C to 0 °C
THF, 1 h

OLi

2)
(P

B ™S ™S |
-| O = (-
o g

-78°Cto20°C,12h

Reaction with aziridines

TMS
H+
o)
g
93%

Complete trans
89:11 dr at a-carbon

Kai, H.; lwamoto, K.; Chatani, N.; Murai, S. J. Am. Chem. Soc. 1996, 118, 7634.

i -Bu i
\[: TMS ™S OLi
TMS S N-Ts +BuCHO e +BuCHO TMS
\ v So —> N—oLi —> (o
OLi THF —-78 °C _Li
-78 °Cto0 20 °C to0°C Me N M N N
12 h | e \ Me \
Ts Ts Ts
t-Bu O
A\
; N‘Ts
TMSOLi
(100:0 E:2)

lIwamoto, K.; Kojima, M.; Chatani, N.; Murai, S. J. Org. Chem. 2001, 66, 169.




Benzannulation with Silyl Ynol Ether and Vinyl Ketenes

0] 4r-electrocyclic
cleavage

Me

. OH
6x electrocyclic

closure Me
o

MeO Me

Resorcinol Synthesis

TIPSO

[2+2] Me //0

O\
\C cycloaddition |
| >  \ ( Ve >
MeO
Me Me

~

4x electrocyclic
cleavage

OMe
R. L. Danheiser; Gee, S. K. J. Org. Chem. 1984, 49, 1672.
R’ '
80 °C TIPSO R R = alkyl, aryl
—_— R’ = alkyl
PhCH; R

OH
(75-90% yield)

Kowalski, C.; Lal, G. S. J. Am. Chem. Soc. 1988, 110, 3693.



Benzannulation with Ynolates and Silylvinylketenes

o) iPr3SiOTf, i-ProEtN (o) 0\\0 SiR,
N, Et,O-hexane N hv (300 nm)
RN Z > RN 2 >
o PhH 2 R2
R? 0°CtoRT R Si(iPr)g RT, 4 h "
H R3
(75-89% yield) (72-92% yield)
1) MeLi, THF, RT OSiR3

R‘\ 0.5-4 h R
AN >

S|R3 HO R2
3

R3 (43-70% vyield)
RT,0.5-1 h
i OLi ] OLi OSiR
e SiR ] . 6x electrocyclic 1 . ’
R1\ . 8 R Xy SiRs closure R SiR; R
X
C
OLi Z “R2 3 = R2 [0} R? HO R,
3
R B R3 _ R3 R;

Austin, W. F.; Zhang, Y.; Danheiser, R. L. Org. Lett. 2005, 7, 18, 3905.



Natural Products

Formal total synthesis of oudemansin

1) CH;CHBrCO,Me, Zn
PhH, A Me 1) LICHBr,; BuLi Me
Ph -~ » Ph__— » Ph__—
CHO ' 5) kH, Me,SO, \/Y'\cone 2) MeOH, HCI
OMe OMe CO,Me
36% yield 65% yield
Me OMe ( yield) ( yield)
—>  Ph
— = Z oudemansin
OMe CO,Me

Kowalski, C. J.; Haque, M. S.; Fields, K. W. J. Am. Chem. Soc. 1985, 107, 1429.

Total synthesis of cucumin E

2 BrCH,CO,Et : NalO,
' _
CO,H (45% yield) (85% yield)
0] COZEt Me
A - .
OLi SiO,
—_ —_— .
cucumin E

THF, -20 °C PhCH;

1h reflux

(54% yield over 2 steps)

Shindo, M.; Sato, Y.; Shishido, K. Tetrahedron Lett. 2002, 43, 5039.



R._ _CO,Et

Br Br

Conclusion

rR—7©

R
N

R
R
HO

X
X
Pa
X

\)

CO,H(R)

R

CO,H

TMS

o

o)

o)

R
NR
+* N
Bn
OSiR;
R
R
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