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Masamune F2EE45-&R57

“BRELE vs RERZA”

Tebl e 3. 1FAFEBTISHIIERS RLE A BRRE 46 & R ML

Aldehyde symanti ds for syn Yield (%)
EtCHO 93:7 97:3 95
PrCHO 94:6 =97:3 93
(E)-CH;CH-CHCHO 93:7 =>97:3 98
PhCHO 94:6 95:5 97

ds = diastercoselectivity.
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Mukaiyama# k& 8] ATiICl,fe st St A BREARZOHBEEF P L
Rt TRALGRERSAE (1973 %)
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(1R, 2S)-N-FI 3 bR 3 Bt- O - P BR B AT A2 R 7 - VR 25

Cl

Me;SiO CI\ I / N I /
o OA\ PhCHO >_/1)\ >—’[/K

I: T|CI4
H“““"Me NMe; Me,N

H CH3 H CH3
anti-product 77% syn-product 23%
Scheme 4.15
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(1R, 2S)-N-H E R EH-O- N EREEAT-

= IR IR

RN AE

RO _~__R
Y

R*ome

R’°7K'\r“

O OH O OH O OH O OH
A B C D
Table4 4 gt i AFRER DB G AL
Entry R*OH RCHO anti/syn(A + C)/(B + D) A/C
1 H PhCHO 85:15 97:3
Ph-.,] OH
Me“"IfNMez
H
2 " n-C3;H;CHO 80:20 95.5:4.5
H
Ph-, ] OH
3 ‘ PhCHO 77:23 93:7
H' I\/NMez
Me
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Mukaiyama¥z2B& fz N -F M LewisER 4L

t-Bu Tl(OPH)4
O(SLI Toluene
) 27

(0 :
Nz, 1. WOPr-i - R/\)I\O/\

Ti SiMes
<o" | Y0 @o"

o
/ -
R OEt R/\)J\ 0/\

Scheme 4.16 #| A 4 4L #]| 29 & # foc.c. {h A8 4K
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Mukaiyama¥z2B& fz N -F M LewisER 4L

“ H Ti(OPr),
t-Bu
N

HO COOH
%o f”‘°
‘O Br t—Bu y )
t-Bu <
30 By
j\ OSiMes 1. 2.5 mol% 30, -10 °C, Et,0, 4h OH O

WA OR 2 BUN'F B R'MOR

R =FEt, cc 88 - 94%
R =Me, ec 94 -97%

Scheme 4.17




424 & Kk AshAR R 4 £ 4 F HH#

O-HEpe 2465 B 45 5

LPrCHO @ O@H
N(ASO,Ph ——» R*D)K(\( + syn
O._OTBS TiCly Me
j 32
31 66% yield, 96% de
anti :syn=93 .7
Me
o \1) RCHO, TiCl, 0 ?H
Lot g ¢ o
OTBS Vo
SO2N(c-CgH11)2 34
RCHO de,agnti anti:syn
PhCHO 90 81:19
n-PrCHO 85 94 :6
i-PrCHO 85 98:2
i-PrCHO o OH
—_— * + Syn
O >~me TiCL, RO %
OTBS Me
SOLNR, 36

* Scheme 4.18
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Et,BOTf RCHO R*N. . R R*NTH\/R
N TIPrNEL N> T ¢ + :
4™ HPrNE 4~ TiCl, O OH O OH
S O S OBEf,
0, 0, 39 40
37 38
N mol. equiv. of
Lewis acid Lewis acid/EtCHO 40/39/others
Et,AlCI 2 27/37/36
Et,BOTf 2 78/0/22
TiCl, 2 98/0/2
TiCl, 1 97/0/3
TiCly 0.5 93/0/7
Scheme 4.19
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> . —_— y R
I ProNEt, CH,Cl, £ E
tBu Me28| tBuMe,Si tBuMe,Si

/ OBBu;, O  OH
\)H -Bu,BOTf HSC\N RCHO ¢

de: 92-98%; ee: 98%

Scheme 4.20
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431 @ FHh ML FFOEBRS

Cl)Tf (l)Tf

45a (-)-(Ipc),BOTf

45b (+)-(Ipc),BOTT

e J’
@OMe

-

’ RO
OH O
47

<

\

R\
\ OH O
48

OBn

OBn

45a OBn 45b
RCHO 0 RCHO
(5)-49
.‘i : OBn ﬂb
RCHO RCHO
O
(R)-49
Scheme 4.21

R OBn
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L( Hpc)BOTI ‘)< . RGHO Rj)""\e

- +
N%* i-PrNEt > 2.3NH,S0, CO,Me
3. CH,N, OH
52 syn-53
RCHO ce (%) for anti | anti:syn

n-PrCHO 77 91:9

c-HexCHO &4 95:5

t-BuCHO 79 94:6

Scheme 4.22
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432 Corey K #2464 L # A&

Ph Ph

CH3000NH4 N;f \:N Li/Liq. NH3
—
120 °C O
Ph Ph tartaricacid Ph :Ph Ph: Ph
" NH s \/ \/ resolution > 7 and \
H2N NH2 H2N NH2 H2N NH2
54 (R,R)-54 (5,5)-54

55a Ar =p-CH3C6H4

~N.__N-
AI'SOE B SOzAI’ 55bAr=p—N02C6H4

|
Br

55 Coreyidl
Scheme 4.23
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Fh

|
Br

~n

ArsO,~N-g-N~50,Ar

S55a Ar zp-CH3C6H4
55b Ar = p-NO,C H,

35
(R, R)-55b 7 HOH
RCHO + Et,CO ——mm> ,
!-PI'QNEt “
H Me
Scheme 4.24
Table 45 # 5 = 2 k#4714 ¢ & & o R A M5 (R,R)-55b & &
RCHO Yield (%) syn:anti ee (%)
PhCHO 95 94.3:5.7 97
Me,CHCHO 835 98:2 95
EtCHO 91 >98:2 >98
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432 Corey K #2464 L # A&
Coreyid 71 M -Fift Z R E P

PR Ph

-

55a Ar :p—CH3C6H4

~N.__N-~
AFSOQ B SO2AT SSbm:p—NOEC6H4

|
Br

55 Coreyi®i

f'\ (R, R)-55a O H ,OH
CgHsS RCHO CGH5SJJ\/<R
57 58

R =Ph, 91% ee
R =i-Pr, 83% ee

O (R R)-55b Q HQ H
e -
CBHssJ\/ RCHO C5H5SJI_?{<R
59 60

R = ph, 95% ee¢; syn/anti =98.3 : 1.7
Scheme 4.25 R =1i-Pr, 97% ee; syn/anti =94.5 : 5.5
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> 75 [B] RN
Me

R
R0  SOAr

' I -1CsH
C6H5_S H /N 65
ArSOs
CeHs
Scheme 4.26
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4.4.1 Mukaiyama 4 %
i Sn(OTf), Tfogi: " RCHO pofoq
S\)_J\/NJJ\ > > S| \O —_— S\)_J\/N/U\/'\R
68 (Nj Q’\“D SJ\N& 70
Et Ve RS
k] >
Scheme 4.29

» Divalent tin has vacant d orbitals that enable it to form complexes with amines.

» The tin(II) metal is bonded with two nitrogen atoms, leaving onc vacant orbital
coordinatable to an aldehyde without losing the favorable chiral environment.




4.4.1 Mukaiyama # %

OSiRg promoter Q QH
PhCHO + -
get  CH)Clp, -78 °C‘h EtS)J\/\Ph
7 72
Table4.6S-Z AR LG L A AR HEATRGALE

Promoter Yield (%) ee (Vo)
Sn(OTf); + chiral diamine A 74 0
Sn(OTf), + chiral diamine A+ n-Bu;SnF 78 82
Sn(OTT ), + chiral diamine C+ n-Bu;SnF 74 78

ee = Enantiomeric excess.

A S s

B

Mukaiyama, T.; Uchiro, H.; Kobayashi, S. Chem. Lett. 1989, 1001.
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OSiMe; Sn(OTh,
PRCHO + /—( PhJ\])L )\)J\

SEt ch|ral diamine

SnBujsF
syn-714 anti-74
Scheme 4.31
Tabled.7 #H =g e4 /£ A
Chiral Diamine Time (h) Yield (%) syn:anti ee (%0)
O/\Q 20 80 93:7 80
N

O .

D/\ 20 77 88:12 44
N
N P
Me
C
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4.4.2 Y. toFRiE i =

= PR - £ (1) IR X PR PR R R B

CO,CH
1 mol% R, ,CH, R, COCH,
RCHO + CNCH,COOCH, - + [\
[Au(c-C¢H,NC),JBF,/81 O~ _N O.N
_H R = Ph yield 90%
@ ' trans . cis =89 : 11
NMeCH,CH,NR
(‘\,Q’\\/sthz SLZ N > 90% ee for trans
PPh, ‘
81 R=Meg, Et
Scheme 4.33
7\__PPh,
D
PPh
S-NMeCH,CH,N )
H
(S)-(R)-82 OH 9
\ P(OR) NO
1 mol% [Au(c-HexCN),IBF, R~ ,JFOR:  p ? 2
R'CHO + CNCH,PO(OR), - — NHCO
(R)-(S)-82, CH,CI, oN
NO,
Scheme 4.34
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e
D-FR-HHEBEATEY Aul)  "CrHon_a  £OOMe
n-CizHzz A~ ,,+ CNCH,COOMe ——» \/»—\ —
cHo (SHR)-82 O__N
NHo-HCI NHR
n'C13H27\//I\H\COOMe _""_’_ n'C13H27\/Y'\CH20R
OH OR
R=H, Ac
Scheme 4.35 & (1) %4 A LG At B E L E
B-prdk-p-FRER L FRNTEY
R'OC R"OC
AuyRHsyes Ry (O Ry
R'COCOR" + CNCH,COX = BN + O_N
33a cis-, major 83b trans-

H RO COX R"OX cox
) Mo = RALT L TR

" een, 848 erythro 84b threo
(RH(S)-85 7
Scheme 4.36
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Chiral Lewis Acids

Several factors must be considered when designing the catalyst:
» mode of binding of the carbonyl group to the Lewis acid;

» the regiochemistry of complexation of the two available C=0 lone
pairs;

» establishing a fixed diastereofacial bias, therefore directing the
cnol/enolate addition to one of the two carbonyl p-faces.

stabilizing interactions:

£ N
2 R’\
X—M==l
Y =g L
R H
H-bonding chelation
“ J

Asymmetric Synthesis




silyl enolate-mediated aldol reactions

O

otms 1) cat, -78°C, CH,Cl, OH QO
> BnO
B”O\)LH * )\SfBu 2) 1 mol/L HCI/THF \MR
yield: 99%; ee: 99%
'd _|2+ N
o) 0
| \\> 2SbFg
N Cu N—v
PH cat Ph
\ J
Evans, D. A. JACS 99, 121, 686.
Me Me
Me  Me 2 mol% [CuF{(S)-Tol-BINAP}]
p'e THF, -78°C oH 07 o
@) O + RCHO > z
G idi k R X O
OTMS acidic workup
up to 98% ee
Carreira, E. M. JACS 98, 120, 837.

Asymmetric Synthesis




Organotin (1V)

0coCl, (R)-BINAP-AgOTT (5 or 10 mol%) o OH
R3SnOMe (5 or 10 mol%)
MeOH (100 or 200 mol%) Ph
+ PhCHO .
THF, -20°C, 8 h, thenr.t. 12 h
anti syn
3 anti/syn: up to 94/6
i QSnR OCOR ee (anti): up to 96%
R1JJ§8\R" AR ( O  OSnR®
R? R R
3
R j’ R* MeOH
R'CH 4 R2 R3
0SnR’ o ocor [RfCHO
R? 3
R1)\‘/ . » OSnR 2 o
R3 RZ R? R R
‘KoMeOCOR R3 R3*SnOMe R R4
MeOCOCCI 2R3
R3SnOMe e 3 ococ:c|z R> R
OCOR 2 NG
R']/%/R R3
Rrs A possible catalytic cycle An alternative possible catalytic cygle

2017/7/25

o

Yamamoto JACS 99, 121, 892.
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L_ewis Bases

1) (S,S)-L*, 10 mol%

OSiCls CHO -78°C, CH,Cl,
/& + » n-Bu
n-Bu 2) NaHCOj aq.

yield: 98%; ee: 87% _(SS-L J

Selected examples:

h-Bu

h-Bu n-Bu

yield: 79%; ee: 89%

n-B U/H\/ﬁ<

yield: 81%; ee: 92%

Denmark JACS, 00, 122, 8837.

Asymmetric Synthesis



I4.4.3 dRLEAUMNRAGLBORARERAE

a chiral or aldehydes or
achiral enola v OK unmoditied ? H ow
ketones
----Shibasaki 44 4 -
> BESSBRILaCI 4 RIS B A i C O:“;‘O‘&
> SBal& BE &Y R? \/ ! \ B}
oO—M . O—M—O’%
I\Iﬂ\?”\ C ot C i =X
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B BB S AL

B FRE  BL
Og OMe DME DME

— \ >~ » |(R)-BaBM

OH
1) Jo @

> EBaN&BEC &Y
O 5 mol% (R)-BaBM 91 OH O
Y

RCHO + )Lph DME, -20 °C RM Ph

Ba(OPr'), +

88 89 90
Scheme 4.38
Table4.8 487 #t ¢ A # R F AL

Entry R in 92 Yield for 94 (%) ce for 94 (Y0)
| -Bu 77 67
2 PhCH,(CH3),C 77 55
3 (.‘-C6H“ 87 54
4 i-C3H; 91 50
5 BnOCH,(CH3;),C 83 69
6 BnO(CH;),C 99 70
ee — Enantiomeric excess.




Enamine Catalysis-Organic molecule-direct Aldol reaction

The Hajos-Parrish-Eder-Sauer-Wiechert Reaction

o) 0 (S)-Proline N -
(3 mol%) m H* intramolecular
99% o reaction

OH
o Enantiogroup
Differentiating 93% ee

7 o
Enamine Catalysis Wieland-Miescher-Ketone
(Jung, Eschenmoser, Agami) (71% ee) OH
Hajos, Parrish Eder, Sauer, Wiechert
DE 2102623, July 29, 1971 DE 2014757, Oct. 7, 1971
J. Org. Chem. 1974, 1615. Angew. Chem., Int. Ed. 1971, 496.

Asymmetric Synthesis



Enamine Catalysis-Organic Molecule-direct Aldol reaction

0O OH

o OHC 002H
)J\ \©\ (30 mol%)
-
O, DMSO, 4 h, rt NO

yield: 68%; ee: 76%

2

0 0
o 0 - o 0
“ /7 .
A u e intermolecular
lmajo,, lmmr reaction
0 HO 0 HO

List, B.: Lerner, R. A.; Barbas, C. F. JACS 2000, 122, 2395.




Enamine Catalysis-Organic Molecule-direct Aldol reaction

|

(S)-Proline @ QH
O @] _ 0
. )k 10-30 mol% R1MR3

a HT R DMSO R?
R? -
excess t,2-72h up to >99% ee
62%, 72% ee 97%, 96% ee 85%, >99% ee 34%, 73% ee

(Reachon in Acetone)

60%, >20:1dr  77%, 2.5:1dr 68%, >20:1dr ~ 98%, 3:1dr, 97% ee

>09% ee 95% ee 97% ee Syringe Pump
’ ° ° MacMillan, JACS 2002, 6798-9.

JACS 2000, 2395 JACS 2000, 7386  Org. Lett. 2001, 573




The First Proline-Catalyzed Asymmetric Mannich-Reaction

@] HoN (S)-Proline 0 ISHPMP
5-35 mol%
+ +
R‘IJ\‘ HJI\Rs —— R1JI\E/\R3
R2 OMe DMSO ;2
O NHPMP
80%, 93% ee
35%, 96% ee 56%. 70% ee

(Reaction in Acetone)

Q  NHPMP O  NHPMP

NO, OH

90%, 93% ee
92%, >20:1 dr, >99% ee

57%, 17:1 dr, 65% ee (Reaction in Acetone)

JACS 2000, 9336

JACS 2002, 827 Synlett 2003, 1903

Asymmetric Synthesis




Catalyst screening: proline derivatives

);COZH Q" HN\S
+TIOH “Ph

L_)\{”
1
aa‘

HN-N
155,156

151!52 15}154

88% ee

A-Prﬂ L_%,
ffs\\

91 92
Barbas 2001 Yamamolgoﬁfom 2002 Gong and Wu 2003 Arvidsson 2004, 2005 Berkessel 2004
% 66%
86% ee

gsm

CO,Et
HN. O

00251

Ph\(

N‘— ’
D~<(NH 2 \\0
-HBr

0

sm 182 153 164 o71%
Landais and Vincent 2004 Gong 2005 Chimni 2005 Gryko 2005 Ley 2005
% 87% 86% 62% 100%
93% ee 79% ee 95% ee 82% ee 99% ee 50% eo 84% ee 92% ee
’ZB O Q Ph_Ph
H
o= N HNJ OEt Q . D‘co H N\)LOH
-0 H HOC™ 2 :
o=§ N-. 'P —OEt FBu
3 wo o o \H HND -TFA COH o
N
gg'™H  OH 101" 102'™ 10:"" 104" 108"
Kokotos 2005 quuﬂ)s 2005 Zhau 2005 Amedijkouh 2006 Sun and Wu 2006 Zhao 2006 Wu 2006 Singh 2006
71% 88% 69% 95% 87% 91% 70%
90% ee 20% ee 98% ee -82% ee 96% ee 95% ee i 29% ee
O \ 2 mh
o 3 o}
i el N 0
o, (o} H N Ph
N‘i" HN H NH HN NH H HN
CFy NMe, m HJ “nph
o 99 o
106" 1077 108" 109' 1107 117172180 112181 11382
Xiao 2006 Benaglia 2006 Najera 2006 Zhou and Zhou 2006 Hayashi 2006 Lattanzi 2007 Xiao 2007 He¢ and Gong 2007
57% 2% 92% 80% 63% 99% 71% 57%
77% ee 90% ee 88% oe 51% ee 67% ee 70% ee 66% oo 91% pe
- N
. ) (Ph0);P=0 D‘( C)‘(o &
H N =
o?\ NH % D“T D*{ H HN N(""'Canb O‘{
: j OFt I'J“A -TFA
112" 0OMe g 4™ 17" Aucofe 118 \é 119'% 120" 121" HO
luliano 2007 Li2008  Shirai 2008 Gong 2008 1 Xiao 2008 MNajera 2008 Da 20098 Fu 2009
., >09% conversion  65% 90% 85% 97% 80% 96% 90%
HO" ‘OH -80% ee 72% ee 85% ee 71% oo 92% ee 80% ee 94% ee 80% ee

Trost et. al., Chem. Soc. Rev., 2010, 39, 1600.

2017/7/25
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OS - MaRT(3.3.1] L9-BEEE)
SPh

[1]

Scheme 4.38
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PRSP AR

OBR,
RCHO + \_X
TBSO H

: OTBS OTBS
R' : : N R 1.HForF @ OH
101 102 103
(S) lﬂﬂa BR2 B:D (S) 100b R= n'C4H9, (S) 100(‘. R= C'C5H9
Scheme 4.39
Table4.9 # &5 M et &k 69 A &
Aldehyde R’ Boron Enolate 102:101
99a PhCH,OCH,CH» (5)-100a 16:1
(S5)-100b 28:1
99b (CH3),CH (S)-100a >100:1
(S)-100b >100:1
(5)-100c No reaction




1

LR TR A

UL Be Xt 5 85 UL EC XY
I 3 100 T R, PN o
Me0,C~ " “CHO MeO,C . MeO,C~ > <Y
96 OH O OH O
104 105
96 + (5)-100b: matched pair 104 : 105> 100:1
96 + (R)-100b: mismatched pair 104 :105=1:30
OBR»
Ye
TBSO H
100
R=n-C,H
Scheme 4.41 v
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4.6 X =t #  Ju KALA &

Me” "M OH OH
R-CHO PN
Me —_—— R <X + R/'Y\
X M Me Me

where M = SiMes; SnBuj; BR>; AIR>; MgX; Li; CrXs; TiCp, X; ZrCp, X,

LT RRE

Asymmetric Synthesis



4.6.1 Rouch & &

Rouch B
COOR COOR ~OOR
0]
0 o\, . )*ICOOR
b "R e g "OOR B
Me
(R, R)- or (S, S)-110 (R, R)- or (S, S)-lll (R, R)- or (S, S)-112
COOR RCHO OH
@) - R - R/k/\
Me \%\/é\ S coo 4A molecular sieves :
111 anti-113
COOR OH
gg--ncocm RCHO - = N
f\/ 0 4A molecular sieves
Me 112 syn-113
Scheme 4.42

Asymmetric Synthesis



A BEHIHLEE

> TN (EERR)
> Z [R] ;LA RE

COOR

o

4o g ]
Mo /IS PO
' 0
R »)
H
A favored B unfavored
COOPr-i

H
p R stereochemically j’\/\
- R AN

H g
/{}Eg No~ “coopr-i  favored pathway
R

A A 8 T At F /B AR A B A
Scheme 4.43

(S) — & i 7




A 5K PR N Y- LB MR EC A AR A & E X

COOR COOR SOOR

o/g o"g [ )"mCOOR
] COOR I 1ICO0OR B-
—~~~-B~g Me\/\/B“O K\/ ©

M
(R, R)- or (S, S)—110 (R, R)- or (S, S)-lll (;, R)- or (S, S)-112

»L 110 \Lo \Lo
O\)\/\/ 0
0 79-91% . = + \/kl/\/
OH

OH

matched case, (R,R)-reagent, 98 : 2
mismatched case, (5,5)-reagent, 7 : 93

S m -

0 O Me 0 Me
O o 0\)\/'\/ + o\)\l/:\/
CHO 80-87% H
OH OH

(R,R)-reagent, 91 : 9
(S,S)-reagent, 2 : 98

Scheme 444 5 X £ A 4H B G AL

O
CHO

Asymmetric Synthesis



Tk I F AR N R

COOR COOR FOOR

Q7 N.icoor

o) 0]

| HICO0R | 1COO0OR B-

/\/B‘O Me\%\/B__O (\/ 0
Me

(R, R)-or (S, S)-110 (R, R)- or (§, 5)-111 (R, R)- or (S, §)-112

Me 110 e We
RO\):\ _ - ROW + RO\/W
CHO 71-72% =
OH OH
Aldehyde Reagent Selectivity
R =TBS (R,R)-110 (matched) 89:11
(5,9)-110 (mismatched)  19: 81
R=TBDPS (R,R)-110 79:21
(5,8)-110 13:87
R=Bn (R,R)-110 83:17
($,5)-110 20 : 80
Me 111 We e Yo Me
M, ro AL + ROAAF
RO~"cHo  80-87% H M e
CH OH
R=TBS (R,R)-reagent (matched) 97:3
(5,8)-reagent (mismatched) 16 :84

Scheme 4.45 b A% 2 GG H A EMNEAE
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Masamunei®Fl| (RF 45 Evs [ G IE)

OH
! Buli 114
o~ HBUOKINBULI PN -
THF R Y™ R A
B—OMe

(E, R, R)-115 116a 116b

-
-
e

a - i 114 /\) RCHO
114 N/ BuOK/n BuL| /[\l/\ .

THF

(Z, R, R)}-115 116¢ 116d
Scheme 3.46
Table 3.10 & & £ M A & RB(ERR)-1154= (ZRR-TS HR A Mt F F HB 6 A &
Major Product
Entry  Crotylborane Aldehyde Yield (%)  anti/syn Ratio ee (%)
1 ( )-115 C,HsCHO 81 93/7 96
2 (E)-115 i-C;H7;CHO 76 96/4 97
3 (E)-115 -CsHoCHO 72 96/4 95
4 (Z£)-115 C,HsCHO 73 7/93 86
5 (Z)-115 i-C;H,CHO 70 4/96 93
6o17/7/05 \[Z£)-115 i-C4HyCHO 75 5/95 97

ee — Enantiomeric excess.
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