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AllyIBr, K,CO3, KI

o
o_ _OH
OMe Acetone, reflux, 5 h> ~ Ph3P\)I\ o
then MeOH, HCI (6 M) OMe HO\/\)I\OMe
o O reflux over night o) OH™ "0 Toluene, 85 °C, 2 h, 75%
90% over 2 steps 12
11

1. CH(OMe)3, Amberlyst 15
Q\A MeOH, reflux, 30 min
>
2. Propionic acid, 12

o neat, 3 h

3. Grubbs Il, DCM, reflux
1 h, 78% over 3 steps

4. DBU, Toluene
80 °C, 2 h, 99%

5. LIHMDS, PhNTf,
OMe  THF, -45 °C, 30 min, 96% _
6. Ph—==, Pd(PPh3),Cl,
Cul, Et;N, 60 °C, o.n., 99%

>

7. 18-Crown-6, KHMDS 8. m-CPBA
THF, -78 °C, 1 min DCM, 0 °C to rt
then I/\/OTBS o.n.

-78 °C, 1min, 93%, >20:1 dr




OTBS OH

10. Ac,0, Et;N, DMAP
DCM, 0°Ctort, 15 min AcO™"
then MeOH, rt, 15 min
then TBAF, 65 °C, 30 min
One-pot, 78 % Ph

9. KOAc, DMSO
o) 145 °C, o.n., 44%
-«

19

11. DMP, DCM,
0 °C to rt, 30 min

then CH(OMe);, Amberlyst 15
DCM/MeOH (1:1), 65 °C, 75%

12. DIBAL-H, THF
-78 °C to 0 °C, 15 min

90%, 5:1 dr

13. HCI, THF, 0°C tort,1 h
then Ac,0, Et;N, DMAP
THF, 0 °C to rt, 15 min
96%, 1.59:1 dr

AcOo™




14. SeO,, Dioxane, 110 °C
then DMP

Dioxane/DCM (1:1)
60°C,1h,78%,6.43:1dr

15. t-BulLi, CuCN, THF
-78 °C to -45 °C, 45 min
>

then TMSI, -78 °C, 1 min
then TBAF, -78 °C to rt
30 min, 81%

16. LiBH,, THF 17. 0;3/0,, DCM 18. IBX, MPO, DMSO
0° tort,2h . -78 °C, 15 min 75 °C, o.n., 41%
then NaOH (1M), 85 °C, then Me,S, -78 °C to rt
THF/MeOH/H,0, 0.n. 92% 1h,91%

27

known steps
o

Corey's Intermediate (28) Ginkgolide A (1) Ginkgolide B (2)

@



OMe OMe 2. t-BuLi, CuCN, THF OMe

1. Se0,, Dioxane, 110 °C .78 °C to -45 °C, 45 min
AcOo™" 0 then DMP . AcOo™ o then TMSI, -78 °C, 1 min o™ o
o - o > o
N\7g Dioxane/DCM (1:1) N then TBAF, -78 °C to rt, 30 min ): N
Vi 60°C,1h, 85% /] o then NaOH (1M), 75 °C, Ph A
BH BH THF/MeOH/H,0 (3:1:1), 80%
22 29 30

OMe

3. KHMDS, THF, -78 °C, 15 min 5. RuCl3-xH,0, NalO,,
then Davis' Ox, -78 °C to rt, 92% o““ < CCIl4/MeCN/H,O (1:1:2)>

> S 'll",
4. MOMBr, TBAI, DIPEA )-“ Q/ 50 °C, 30 min
DCM, 55 °C, o.n., quant. OMOM
31
9. DMP, DCM, 0 °C to rt, o.n. 18% 6. I,, K,CO;, DCM 73%
10. PhSeCl, HCI, EtOAC/THF, rt, o.n. | 60 °C, 0.n., 91% A
11. H,0,, Pyr, DCM/H,O (10:1), rt, 1 h
75% over 3 steps
7. NaBH,, THF/H,0 (5:1) OMe OMe
0°Ctort,4h 8. IBX, MPO, DMSO 12. PPTS, Pyr, Ac,0 — 5
then NaOH (1 M), 50 °C HO™" 0 75 °C, o.n., 31% o) ©  phci135°C, 66% O
THF/H,O/Actone (5:2:1 > o é > O, ’ — /\C;/é
ctone .42:1), 0.N.
) ( o) o Ol\l/ o 0/\|/ 0=%4
then AcOH (20% aq), 0 °C to rt OMOM OMOM OAc
1 h, 83%
34 35 36

®



—

o 13.Ph;COOH,DBU 14.EtCOOt-Bu, LDA, THF/HMPA (4:1)

0 DCM, -25 °C, 10 mirl> 0 -78°Cto0-30°C,12 h

o
o) y,, O iy,
o o/\|/ 6 57% 0/\|/ é 15. CSA, DCM, rt, 0.n., 89%

OAc OAc

36 6 37

16. DMDO, rt
Acetone/H,0, 20 h

17. Br,, NaOAc
AcOH/H,0, rt, 20 h
57% over 2 steps

18. K2003, MeOH
rt, o.n., 95%

38 Ginkgolide C (3)
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Stereoselective Ketal Claisen Rearrangement

MeO
OH 0 0
MeO a
-+ X —— [ X + | X
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W Z X o . ..
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H - .
o %/ g major
MeQ = P Ph
0
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O _n

v °
y — )@ 4. less stable boat-like transition state
n/é “ue] w minor
Ph

Ira
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RCM Reaction (Alkene Metathesis)

— H,C
H
q
N @
8 AN
Q
o T
X H,Cs H
X s _CsoiRe
ROMP H a R™ °C
" :): ~Cs s ——— H
n R1 CH2 CM +
HQC:CHQ
- PCy3 CysP C T
«Cl R WCl A=
| |[+PCy, C—Ri=" . c—Ru CH,=CHR
R'j\/ R
ITCy3 . TCMCI R" cis
\\C] \R " T J\\ ) R
Ru=—=" R , C|/_RU'_' metallocyclobutane
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_ _ ‘
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trans
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¢
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Sonogashira Cross-Coupling

Pd® or Pd") (cat.) / ligand

R'-X t H—=——R? >
Cu(l)-salt (cat.) /b / solvent
u(l)-salt (cat.) / base / solven Coupled product
R! = aryl, alkenyl, R2 = H, alkyl, aryl, Pd-catalyst: Pd(PPh3),Cl, or Pd(PPhs),
heteroaryl alkenyl, SiR3 Cu(l)-salt: Cul or CuBr

base: Et,NH, Et;N, (Chx),NH, (i-Pr),NEt

X=Cl,Br, |, OTf solvent: MeCN, THF, EtOAc

[amine base]H X"

R'-X s 1o
L,Pd{
oxidative transmetallation H— Rz
addition CuX | +
amine base
(0) (1)
Pd"/ or Pd"" complexes " LnF'd(OJ

(precatalysts) &

R'————R?
Coupled product

reductive
elimination



Prilezhaev Reaction

0O

o,

R "0 H

0-30 °C, inert organic solvent

I

R? R*
alkene solvent: CHCI,;, CH,Cl,, benzene,
R4 = H, alkyl, aryl ether, acetone, dioxane
alkynyl, CO,R R® = Ph, m-CI-CgHy4, CH3, H, CF3, 3,5-dinitrophenyl
B 4 5_ ¥
RSR’:" ;O—-.. R
N~ ] - R°COOH
1 |/ ~ /O\ IO
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3 4 <
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Riley Oxidation

Selenium dioxide oxidation of ketones and aldehydes (Riley, 1932):

o) Se0, * , O
fyl\a/m (> 1 equiv) MR ; Oﬁ%\g R?
solvent/heat R’
R’ H,0 © R’
ketone Regioisomeric 1,2-diketones

Selenium dioxide oxidation of olefins (Guillemonat, 1939):
R3

R3 R?  CHj

8602
Q (= 1 equiv)
M r? -
H solvent/heat
aldehyde H0
R2 CHj

X (E) i R3 - R3
HgCrr\) H C/MOH .\/)\/ - I\/l\|/ e
3
1,2-disubstituted trisubstituted OH terminal alkene
alkene alkene
Oxidation of carbonyl compounds:
O
O ) OH ) 2 Pummerer-like O H.0 o OH 9
QHJ\H/ R o A _R? Se0y IRJ\&( R reanangemem:: o ¢ R2 2 N RZ - H>SeO
R! RT R' _se -H20 . 1 SdH
0" "OH R 7S¢ R o7>°
Oxidation of alkenes:
= HO,
OH
Se=0 : : HO__ ¥ / ]
Ene 3 t R OH
reaction ( [2.3]-sigmatropic Se=—=0 \(E)

W
\Se:O
R! S (‘H
W\\_f<

R2 R2
allylseleninic acid

envelope-like TS

- R 0—Se :
R1W<b)_2\ = - R’W R? \(E) hydm,ws'

R2
allylselenite ester

O

QRZ
H

@]
a-Keto aldehyde

5 OH
N
r‘1
R

Allylic alcohol



Nicolaou Dehydrogenation

O
R1MR3 g JJ\/‘\R?,

IBX = o-iodoxybenzoic acid R’

2
@) R? tautomerization HO/R\ l“
HO~
R1MR3 = R1J\/kR3 e}
O
O R?
o A2



Davis’ Oxaziridine Oxidations

RCO4H

3 or
R Oxone

s
=
A
Y

R'=H, alkyl, aryl,

acyl, SO;R, and Davis'
SOsAr, CF; R2 or R%= aryl oxaziridines
R R B R
(N Sp2 O R2
GO/ ¥ 2 oG
aM R' 2 R'
R R N:oopm
R‘l
enolate oxaziridine — hemiaminal -
lwhen M =Li
R R?
R3 R se
Sl + oM
@) N M 0
R | -

imino-aldol product

when R' = SO.Ar

O Ar
/
/NA/
AFOQS
O3 N
X s”\/
N\ 0, O
(0]
R
Davis' oxaziridines
R R? R3

a-Hydroxylated
carbonyl compound
(acyloin)




