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2.1 INTRODUCTION

Carbonyl compounds including ketones, aldehydes and carboxylic acid
derivatives constitute a class of carbon acids, the acidity of which falls in
the pKa range of 25 to 35 in dimethylsulfoxide (DMSO).

To generate an enolate from a carbonyl substrate, a suitable base
should be chosen to meet two criteria:

1. Adequate basicity to ensure the selective deprotonation process for
enolate generation

2. A sterically hindered structure so that nucleophilic attack of this
base on the carbonyl centers can be prevented.




2.1 INTRODUCTION

TABLE 2-1. pK, Data for Representative Carbonyl Compounds and Related
Substances in DMSO

Substrate pK, (DMSO) Substrate pK, (DMSO)
H;CCOCHs; 26.5 NCCH; 31.3
PhCOCH; 24.6 EtOCOCH; 30-31
PhCOCH,CHj 24.4 EtOCOCH,;Ph 22.7
PhCOCH,OMe 229 EtOCOCH;SPh 214
PhCOCH,Ph 17.7 Me; NCOCH; 34-35
PhCOCH,SPh 17.1 CH3SOCH3 35.1
HOH 27.5 NH; 41
CH;0OH 27.9 HN(CHj3 ), 44
(CH3),CHOH 29.3 (CH3)3COH 294

galR = JAlEA ()




2.1 INTRODUCTION

The metal amide bases had enjoyed much popularity since the
Introduction of sterically more hindered bases 1-4.

Advantages:

B most suitable and commonly used bases for carbonyl deprotonation.
B quite soluble in ethereal solvent systems.

(Me;Si),N-M
(M%CH)zNLl (Mezcm(C—CGHu)NLl MEQMB 4a M= Li, LHMDS

ILDA 1 LICA 2 Me F_'i Me  4bM=Na, NHMDS
4c M =K, KHMDS
LTMP 3 4d (Et,Si),N-Li

4e (Me,PhSi),N-Li




2.2.3 Chelation-Enforced Intra-annular Chirality

Transfer CHECAZZY B N A XTFRF 5

As illustrated in the equations in Scheme 2-11. A lithium-coordinated
five-membered or six-membered ring fixes the orientation between the
Inducing asymmetric center and the enolate:

A PhCHO on o
/o OTMS | — = pp OTMS + - OTMS
Meﬁ/]\(
+Bu Me -Bu Me {Bu
L 3:1
N | PhCHoBr
Me- 2~ ~N" O 2 Me xc * Me\)kx
\_ 0°C i A
\\.: CHzPh CH,Ph
120:1
AL OH O OH O
o 0O n-CaH,Br /'\/U\ .
)\/L —>™ Et~ Y OEt T Et OEt
Et" Et =
C3H7 03H7
94:.6
Scheme 2-11. Chelation-enforced intra-annular chirality transfer.
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2.2.3.2 Prolinol-Type Chiral Auxiliaries

Evans and Takacs demonstrated a diastereoselective alkylation based
on metal ion chelation of a lithium enolate derived from a prolinol-type
chiral auxiliary. This method can provide effective syntheses of a-
substituted carboxylic acids.

Si—face attack t:.’uR2
___________ R?= Li
e 2 %LND
5 | _OR® oL _OR
L3 ' LDA I3 El*
16R!=Me, R2 —H R=ethyl
17R!=Me, R*=Et R\)L\ /

Re—face attack :E

Scheme 2-14




2.2.3.2 Prolinol-Type Chiral Auxiliaries

TABLE 2-3. Enantioselective Alkylations and Conversions of 16 to Carboxylic Acids

Entry Electrophile a:b Hydrolysis products Yield (%)
O
| CH;CHasI 92:8 /\;)LOH 84
CH,
O
2 1-C4Ho 1 94:6 o 78
CH,
O
3 PhCH,0” ™y ™I 97:3 PhCHZO/\l/\;)LOH 91
CH:a CH:! éHa
\/Jj\
S
. -~ “OH
4 " gr 96:4 &N 87
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2.2.3.2 Prolinol-Type Chiral Auxiliaries

R'CH,COCI Q*cochs

D*co o _ CHgMgl 1.LDA
N 20H3 > .."'
| EtzN 2. R"X
i 's (&0 (&o
R R 18
Q\KOH + Q%OH __H"', R __COOH,

R" R‘l X [] N
O R O HR |
= e H

HR HR' 19

major 20

Entry R’ R" Yield (%) ee (%) | Config. of 19 \
1 CH; C;Hs 86 84 R
2 CH; n-C4Hs 77 87 R
3 H-Cqu 'CH3 96 75 S 5‘] lEI LI&
4 CH3 H-CgHw 75 90 R
5 n-Cngq CH3 82 78 h
6 CH; CsHsCH> 87 87 R
7 CeHsCH, CH;, 72 > 99 S

Scheme 2-15
Lin, G. Q. et al 1984, 11



2.2.3.2 Prolinol=Type Chiral Auxiliaries (C,-XJ#R1E)

oY

1) LDA k(j
e o 3 N
BM e = SR RRTR 4 ark = N oy
R o R %
Evans et al 21 Y = CH; or CH,OCH;

TABLE 2-4. Asymmetric Alkylation Using (2R.,5R)-21 in THF at —78°C

Yield de

Entry R in21Y = CHzj R'X (%) (") Configuration™
1 CH; CoHsl 87 =95 R
2 CH] CaHsl 78 =95 S
3 CoHs CHjl 91 =95 S
4 CH,; C4Hol 81 =95 (R)
5 C4Hy CH;l 81 =95 (S)
6 CH; PhCH;,Br 80 =95 R
7 PhCH, CH;l 76 =95 S
8 CieH1 CHasl 6l =95 (5}
9 CH; CH,=CHCH,Br 81 =95 (R)
10 CH; PhCH>OCH-(Cl 74 =95 (R)
I CH; R"”"OCH,CH,CH,Br* 78 =95 (R)

*Tentative assignment in parentheses.
1(285,58)-cnantiomer of 21 was used.
1 " 3
I TBS. 12

de = diastereometric excess.



2.2.3.3 Imide Systems (Fk IV 1214 R)

0 O o O
Evans R\_)L N&’O R \)\NJ\O
j“ / Ph
22 23
O/M 0 O
major R,
4
minor

Ph EI

Scheme 2-17
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2.2.3.3 Imide Systems (Fk IV 1214 R)

0 fJ\ O 0
RN r o
= "
22 23

TABLE 2-5. Diastercoselective Alkylation Reaction of the Lithium Enolates Derived
from Imides 22 and 23

Entry Imide EIt Ratio Yield (%)
I 22 (R = CHy) PhCH,Br 99:1 92
2 23 (R = CHj;) PhCH,Br 2:98 78
3 22 (R = CyHs) CH;l 89:11 79
4 23 (R = C,Hs) CHil 13:87 82
5 22 (R = CHzy) CoHsl 94.6 36
6 23 (R = CH;) C,H:l 12:88 53
7 22 (R = CHy) CH>=CHCH;,Br 982 71
8 23 (R = CH3y) CH,=CHCH;Br 2:98 65

EIt = electrophiles in Scheme 2-17.
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2.2.3.3 Imide Systems (Fk IV 1214 R)

o) 0
R2 R2
OH OCH,Ph
R’ 80 - 90% > 90% R!
OH, Hy0 PhCH.OLI
MeOH o) i THE
RKRLN 0
.
R ¢

0
Rz . e R2
\l/\OH pyridine, $O;, DMSOF H

R racemization < 0.2% R1
LiAlH or LiBH4

Scheme 2-18
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2.2.3.3 Imide Systems (Fk IV 1214 R)

Evans & & BB -Wuts  (S-FER)

o
NH2 CICOzPh HN)J\
HO,C T pHBS5
P HO,C
24
~ 100%

O
— * HN
o’ ©
25
(48)4-isopropyl-2-oxazolidinone, 82%

Scheme 2-19. Synthesis of Evans’ chiral auxiliary 25.

16




2.2.3.3 Imide Systems (Fk IV 1214 R)

Wenglowsky and Hegedus reported a more practical route to a-amino aldehydes via

an oxazolidinone method.
P Ph OCO,CH;, Ph.  Ph c-Hex.

HN 0 . : : 1. Oa, Me,S
hig (PhaP)sPAIDPPE \/\( \[( 2. c-HexNH, T]/
O  DMF, 25 °C, 89-95%
26

Scheme 2-2(0)

TABLE 2-6. Synthesis of a-Amino Aldehydes

1.22eq. KHMDS,RX O Y

JH/ m/ 2. HyO" - H&”\[go

R Me
Entry RX de Yield (%)
1 PhCH;,Br 94:6 62
o 3,4-di-MeOPhCH, Br 90:10 47
3 CH;=CHCH;,Br 92.5:7.5 62
4 (CH3), CHCH,l 93.5:6.5 62
5 (CH3),CHI 97.5:2.5 48
6 n-Bul 92:8 75

17

de — diastercomeric excess; RX = electrophiles in the reaction.




2.2.3.4 Chiral Enamine Systems (4 lifd £

PhCH} H . O R
f”’:ﬁ 1. LDA, -20 *°C - @-‘LH
2.RX, -78 °C
OMe 3. H"‘
29 30
R-X ee (%)
MezS0, 82 (R)
n-CsHyl > 95 (R)
CH,—CHCH,Br > 90 (8)
Oy, -OBu-¢ t-BuO. O\
Hf.v. H!I
LDA R 1. R'X, THF R R.. .COO-tBu
—_— — FiH + \r
é @ 2. HyO NH5
R R-X ee (%)
I'-C3H7 Mest.s, 84 (S)
I-C4H9 MBgSO'4 08 (S)
t-C4Hy Mel 97 (S) I ?
t-C4Hy n-CyH51 97 () ﬂ[»ﬁ
Scheme 2-21 18




2.2.3.4 Chiral Enamine Systems

(R)-30

Figure 2—1. Transition state for z-alkylation of enamines.
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2.2.3.5 Chiral Hydrazone Systems (F1:#)

In 1976, Corey and Enders demonstrated the great synthetic potential
of metalated dimethylhydrazones as highly reactive intermediates in
regio- and diastereoselective C-C bond formation reactions.

NR* NR* NR*
N ? metalation N % electrophile EI* N 2
= M = EI
R’ R’
(chiral)
enolate equivalent cleavage
a \ R*>NNH,
e electrophilic substitution O

- EI
RJ'K/(H R .
R R’

Figure 2-2. Electrophilic substitution to the carbonyl group of aldehydes and ketones
via metalated (chiral) hydrazones.

20




2.2.3.5 Chiral Hydrazone Systems

o R.» CHO Q
R ~El Eee:-gﬂ% »El
Aldeh
i dehydes I
ee > 90% T ee = 60-99%
Acyclic ketones / Cyclic ketones
O O O OH
R 2 OR — R 2 3 R™
R“ EI Rll RIII
oo = 20-60% High de and ee
pketo esters i Ndol adducts
NH NH
NH, / R 2 e
R')*\Rll T R * T
El El
ee = 50-94% ee > 90% High de and ee
"a-Chiral' amines "B-Chiral" amines "o, B-Chiral® amines

Figure 2-3. Synthetic scope of the SAMP/RAMP-hydrazone method.
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nders, D. ACIE 1979, 397. Rev: T. 2002,

2.2.3.5 Chiral Hydrazone SystEems 2253,

RLFR S 1 JH . \jﬁx‘.}‘/

33 4 SLEEHEEER

H
— SAMP m
//'L ITI OCH,
/ NH,
H-D’?\ ,-—-"IFNQ:N T 1H
Ro--LiT ] =\ \H N

A PR F N 1. LDA N ocH,

— I OCH,
3 . EX \)JW 2. ﬂ'C3HT| \)K#;‘\./

OANE]RERIALAE MR 35

1H \H Q\H H

N’NI N'N N~ NJ'IKl
wa otk \/ﬂ ot \/\‘)H o0t
“H \)E(\/ H = H

major
(Z: Ss S)'35 (Z, Ss R)'35 (E: Ss R)'35 (E, S, S)'35

Scheme 2-22 22




2.2.3.5 Chiral Hydrazone Systems

0 N B s 2 o)
4
R1)H - w — m RV Y OR
26 R2 53 - 74% R2

DXOCHE' recycling O\(OCHE'
N - N

Y
Q\(OCHs 1.LDA, THF, 0 °C U\(OCH‘@.
- N
NH R3 R3 o N.r" R3 R3
1 - I e5°C . or*
R CeHs S0,CeHs R
R? 38 39 R’

Scheme 2-23
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2.2.3.5 Chiral Hydrazone Systems

O
Denmark
N MoN
N 1. PhCH-CH-CeCl,/THF MeQ N
Je-
J\ Ph/\/kl

R~ H 0] 2. CICO,Me '|I2IH 0]
MeO 41 MeO
40
(S)-1-amino-2~(2-methoxyethoxy
methyl)pyrrolidine (SAMEMP)
O
N 1. RCaCIziTHFF Moo AN,Q
. 2. CICO,Me y .
Ph/\)J\H OR 2 PhMH'R OR
R ds (R' = CH>,OCHs) ds (R'=CHj)
Bu 97:3 93 :7
Me 97:3 08 : 2
-Bu >09 : 1 96 : 4
Ph 95:5 06:4

24

Scheme 2-24. SAMEMP mediated reactions.




2.2.3.6 Oxazoline Systems (= 4: M ik ipk )

ﬁt)\]—i: R 8] Ph
JERL G &, et H N
3 L~GeH,
BT ARBR B4 ‘ﬂgf Ph (%“ R“FSHf LI R
Rehe \N H o._»Ph HE \N:K HIR)\ COzH
. O RHN OCH;8 (S)4d
L~oCH,
(£)43

Scheme 2-25. Alkylation of chiral oxazolines to carbonyl acids 44.

TABLE 2-7. Alkylation of Chiral Oxazolines to Carbonyl Acids 44

Entry R R'X ce (0) Config. Overall Yield (%)

| Me Etl 78 S 84

2 Et Me, SOy 79 R 83

3 Me n-Prl 72 S 79

4 n-Pr Mesr SOy 72 R 74

5 Me PhCH,Cl 74 S 62

6 PhCH> Me, SOy 78 R 75

ee — Enantiomeric excess: R = R in 42; R’X = R’X i Scheme 2 25. 25



2.2.3.6 Oxazoline Systems

Figure 2-4. Oxazoline methodology as a tool in organic synthesis. 26




2.2.3.6 Oxazoline Systems

RSB 1. ARFRKEE

o Ph o 1. LiAIH,
1. LDA/CgHqsl C<H 2. TsCIJ'pyridinB
815 CgH
CHaGHz’A\‘;\ 2 H,S0s OH73mer . ° "5]/\5"
OCHg4
45 46
1. Li
—_—— ) OH 4. NHJ/KOH OAc
H15Ce { » H,sCy
5 ﬁz ! 5 2. Ac;O/pyridine
47
European pine saw-fly
sex pheromone

Scheme 2-26. Synthesis of European pine-saw fly pheromone.
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2.2.3.6 Oxazoline Systems

RIFSEf] 2. 1, A-FEHIINAL

route a Ph
Ph 1. LDA/BuLi Oiﬁ
O -
2. RCHO ™
Hac/é‘wi\\ /(LN OCH
OCH, R™oH 2
1. LDA iTFA
route b _
2. (FPrO),POCI on
Ph o
O 1. +BuQ” or MeQ’ “
fé\ 2. RCHO ~ { N
i-Pro. N 5e ' R 48 OCH;3
HPro-Pag Ha
l RLi
R Ph
H:: H* 0
N coH ) g
BR N
49 HY; OCH,
R R

Scheme 2-27. Preparation of f3, -substituted carboxylic acids. 98




2.2.3.6 Oxazoline Systems

RIFSER] 2. 1, 4-FEHEINAL

Ph o Ph R
fﬁ\ = P
N N R’

/ Hw R'
R

48 OCH; OCH,

R

TABLE 2-8. Preparation of §, f-Disubstituted Carboxylic Acids 49

Entry R R’ ee (70) Config. Yield (%)
I Me Et 92 R 30
2 Me Ph 98 S 34
3 i-Pr n-Bu 99 R 53
4 -Bu n-Bu 98 R 50
5 c-hexyl Et 99 R 73
6 MecOCH,;CH; n-Pr 99 S 50
7 0-MeOPh n-Bu 95 R 75

ee — Enantiomeric excess: R — R in Scheme 2-27: R’ = R’ in Scheme 2-27.

29
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2.2.3.7 Acylsultam Systems Bk JEFifk N ki)

Oppolzer HEHAI---a, a—- —BURIRER

H
RI R“x

;3 O MLn % HMPA
NF’L ) E o N

. N7 CHR i o Re

10 SO

SO, 2 /

50 - MLn

A 51

NaH, R'CH,COCI
or AlMe;, R'CH,CO,Me

LiAIH,
LiOH, H,0,
R’ R
NH Hoj(LR., HO\/LR"
SO, 0 55
53 34

Scheme 2-28. Reprinted with permission by Pergamon-Elsevier, Ref. 53. 30




2.2.3.7 Acylsultam Systems Bk JEFifk N ki)

Oppolzer EHHI

\%] : R"X R
o W HMPA X

CH,R’ >
sG,

0

50 - MLn | - 52 crystal

TABLE 2-9. Asymmetric Alkylation of 50

R’ R"X ML de (%o, crude) de (%o, crystal)
Me PhCH-I NHDMS 96.5 98.4

Me PhCH,I KHDMS 92.9

Me PhCH-I BulLi 96.9 98.5

Me CH,=CHCH;I NHDMS 94.2 94.5

Me CH>=CHCH;I BulLi 96.6 96.6
Me CH,=CHCH;Br BulLi 98.8 =99

Me HC-CCH>,Br BulLi 98.3 =99

de — Diastereomeric excess; ML — ML, in Scheme 2-28: R’ = R’ in 50; R”"X — R"”X in Scheme
2-28. 31



2.2.3.7 Acylsultam Systems Bk JEFifk N ki)

E";‘%%a_ﬁg MeO,C  SMe Me Al JCJ)\/
D N
B4 ik N + LN//LSMe 6% N s -SMe
o, s S0, SMe
53 57
A
83-100% NH,
LioH | fon ”Oj(sLR B
aq. THF | /exchange o n-Buli
Y SMe
SMe B H ~/~SMe
NH,HC! A sve (.)}/Z‘”
X' u\‘H X! ‘\\H P S N (\
SR H* N SR R-X S‘b ? Si
2~.
o 0 L "MLn
58 59
Scheme 2-29

TABLE 2-10. Alkylation of Glycinate Equivalents

RX ee (V)
Mel >99.8
PhCHaI >99.8
CH,=CHCH,I >99.8
1-BuOOCCH;Br >99.8
(CH3),CHCH,I >99.8
(CH3)>CHI 99.5

ee — Enantiomeric excess; RX

R-X in Scheme 2-29.

32




2.2.3.7 Acylsultam Systems Bk JEFifk N ki)

1, 4-FEHEm % -
.R"M X'Nw(sl\:/R' XN ﬁYR'

2. aq. NH40I o R O R

soz
R' 6la 61b
60 \
NH
/

Xy R X AR
HO._ %L, R \ W%\( RY
B o R o R

0O R" 6lc 61d

Scheme 2-30

TABLE 2-11. Sultam 53 in the Preparation of 60c¢

R’ R” Cu(1) salt Ratio (a:b:c:d) Crystal purity (7o)  Config.
Me Bu Cu(l 2.1:0:86.3:11.6 97.7 28.38
Me Bu CuCN 2.5:0:83.7:14.4 28.38
Me Et Cu(l 2.3:0:85.4:12.3 98.6 25.38
Et Bu Cu(l 0:0:91.5:8.5 99.8 2S8.3S8
Bu Et Cudl 0:0:97.3:2.7 99 2S5.3R
TBSOCH;» Bu Cu(l 0:0:97.0:3.0 99.4 28.38
Bu Me Cu(l 10.5:8.2:68.6:12.7 2S.3R
Me Ph Cu(l 2.7:3.2:72.5:21.6 25.3R

R’ = R’ in Scheme 2 30; R” = R” in Scheme 2 30. 33




2.3 PREPARATION OF QUATERNARY

CARBON CENTERS (FMZ=mrOof i)

Mayers et al \t I f R ﬁ A
oo Ebe

S IR by Ry o)

62 63
OH R W'Q
1. LDA, THF
+ O —_—
\rENHz }j i 2 R'X /}
HOOC

(S)-valinol vketo acid

bicychclacta.m endo fex‘f{ 9P h30 1
R = Me, Ph or k=
1-1.5:1forR=Me
R
1.LDA OW{:" H,SO4/BUOH _ )OKREQRI
2.R"X 0 (R =Ph) Ph 66 COzBu
75-95%de for R=Ph
90 - 93% de for R = Me o
| 1. Red-Al ,ﬁgjél?' ok
_ .
- ~ Me CHO _
. U4NH2P04 z R
67 R
68

34

Scheme 2-31




2.3 PREPARATION OF QUATERNARY

CARBON CENTERS

Mayers et al
AXTFRI R AL
¥
Me M Me
\ﬁ) 3 steps \@ ° CHz;=8Me, f
N ~ N | > N
R R R
O 0 9
72 73

Scheme 2-33
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2.3 PREPARATION OF QUATERNARY

CARBON CENTERS

Seebach et al
“FHEFOLEBBAEE”  (self-regeneration of stereocenters, SRS)

PhCO_ PhCO\ £-Bu PhCO t-Bu

o

$ Ny
NH |, +-BuCHO NjN LDA N
R’STN‘“M& R"ST “Me R’%/N“‘Me
o O OLi
77 78 79

PhCO  tBu PhCO_
R 3

— - N - H
R", N-Me R":‘%{N"‘MB
R' R

O O
80 81

Scheme 2-35
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2.4 PREPARATION OF a-AMINO ACIDS

FEEAFTERE
—PRRBE-FHES Ju AR
Me,, OMe .Buli Me:,, N, OMe ..ot CO;Me
LT W T T
“M MeO “ HN °
Me
90 92-95% ol-amino acids

—- y
X H-N H
N™ "R 7 R

91 > 98% de o-amino acids
Scheme 2-37

) /[ ]/OM31 BuLi )f;,_ NR OMe H30+ Cone

37




&R IENRIa=T5 240 ) M

Buchwald, JACS 2002, 35(

Ni(COD), (5 mol%) o)
(S)-BINAP (8.5 mol%) R
@ + ArCl > v
R NaHMDS (2.3eq.)  Q Ar
ZnBrs (15 mol%)
80°C, PhMe
(@]

e Me

Me

'r.,,””© O

86% yield, >97% ee

Me

i
o ""'W©\
Q OMe

95% vyield, 94% ee 76% yield, 94% ee

ONa

7N

PRh, Cl

PPh, Ar

38




& BN BIa—T5 240 [ W Buchwald, JACS 2009, 99(

4 mol% TMEDA, PdMes,

Me
4 mol% ligand
o + 2 eq. NaO'Bu
N Br -
\
Me

cyclohexane, 50 °C, 24 h

p=Ph PCy, P(i-Pr),
O ‘ NMe; l ] NMe, ! l OMe

76%, 97% ee 54%. 74% ee 81%, 78% ee
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R ENRIa=T5 F R P

) ArOTf

[S]
OTMS (L-L"YPdAr OTf =

(L-L")Pd(0)

LiOAG
OTf = OtBu
JO 01 - o oy
MeO 2 mol% PdMe,(TMEDA)  peo L\ ,Ar )fRo CX
2 M

2.4 mol% ligand 14
LiOAc, PhCF3, 50 °C 99%, 90% ee l\

" OAc
I - I
OSIMBa‘k ; H

OCH,(2-Naph) l)\ L Ar L k
o™ S
Me e
'l
727 TMsoAC
~si
M83

~ tertiary chiral center easily racemized
~ t-Bu ester is important for high ee
~ big group in the ligand is important

Huang, Z.-Y.; Liu, Z.; Zhou, J. S. J. Am.

Chem. Soc. 2011, 135, 15882. 10




AL a=FEEEtk = B

Om

Sy Sy
N\)]\ Cat. (1 mol% N\)I\
= O-t-Bu ( ) > = : O-t-Bu
RX (5eq., X=Br, 1) =
0°C, 2~12 h, toluene/CHCl;
50% KOH

O Aol Qo QO
N\)I\ N\)I\ N\)I\ N\)J\
Z O-t-Bu “ O-t-Bu Z O-t-Bu = 0O-t-Bu
A ph “ph-4-t-Bu _\])4
Me
90%, 98% ee 80%, >99% ee

95%, 97% ee

95%, 97% ee

4507.

O’'Donnell, M. J. Tetrahedron. 1994,
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AL a=FEEEtk = B

HT X
0 | =2
HJ\ H,0 kx
R1
Ny Sy x©
N T |
® "._ o ﬂm H)\I%/\Rz
\I\[/Xe H)I\é/\Rz
AL
- ETIHEX
» TONI&
> RFRRIE BRI RN TS
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ﬁﬂ{%{/h B(Ja_%iﬁg,f/t)i& List, B. J. Am. Chem. Soc. 22(5)3,

OHC

OHC
w Cat. (10 mol%) })
o ) .‘“\\Me
Y- l NEt3 (1 eq.) v C>\
H
Y CHCla N 0
-30~0 °C, 24~216 h

OHC, OHC, OHG,
E“’QC""}O B“OZC"'";O
EtO,C BnO,C
EtO,C CO,Et
90% yield, 94% ee 94% vield, 95% ee 92% yield, 96% ee
OHC, OHC,,

‘,

TSNO _’
EtO,C COEt

52% yield, 91% ee 70% yield, 86% ee

43




SOMO

Singly Occupied 0 Me . Hort
Molecular Orbital - frﬁ\é _
Activation ol H
(20 mol%) 0
Q R CAN (2 eq.)
)I\/R + )\/Siwles . HJW
H NaHCO;, 24h R R
aldehyde allylsilane DME, -20°C .
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»(Cooperative catalysis

»Relay catalysis, sequential catalysis
(metal/organo)

> Chiral anion directed catalysis (ACDC by
[ist)
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