


on  [Ru(Salen)(OH)(NO)]

OH air, hv, rt

M

99%, 93% ee



n-CoHyg_ OH n-Cohag \fo
(ON)Ru(salen), hv, air H
+ titati
dg-benzene, rt, 12 h quantiative )
n-C8H17 0
(1:1 n-CgH17)\

Baeyer-Villiger

Ti(salen) (cis-B)

p-CICeHa~ g Me

- <M
p-CICgHy s e

ureasH,0, MeOH, 0 °C

racemate
Krel ~ 2
ong
fast-reacting  ureasfH,0,
isomer
Zr-salen
" (@] rt
O —
'
slow-reacting
isomer

di-u-oxo Ti(salalen)

NL (88% ee)

O
(0]
( 1 : 24 )

(@)
CO=o+ "o
( 39 : \ 1)

o 3)
99% ee, 88%

AL (97% ee)

4
NL= normal lactone

AL= abnormal lactone

30% H,05 (1 eq), rt

®)

e

o) TON= turnover number

of catalyst

>99% ee, 99%, TON= 4,600

(ON)Ru(salen) Ph - )
X 6) SES= B-trimethylsilyl-
Ph o~ . \(II\ISES ©) ethanesulfonyl
SESN3,0°C 92% ee, 99%
1,3-
R,R-DBFOX/Ph+ZnBr, (10 mol%)
o -
T CHO + AgC|O4 PhN-O
Ph\¢NfPh+ §ﬁ/ Ph @)
Br MS 4A (500 mg/mmol) P
2 equiv rtin CH,Cl, Br CHO

99% ee, 96%
endo-isomer only

R,R-BOX/0-HOBnN +

0]
PhN)LN)K/\ + BnONH;

o Cu(OTf), (10 mol% each) )OL O NHOBn
(8)
20 * PhN™ N
CH,Cly, -20 *C L

/

94% ee, 92%



h R,R-DBFOX/PheNi(ClO4)2*Ni(ClO4)» —
N. 7 ; N. 7

i-Pr (10 mol%) )
\/\n/ N i Pr\*‘/\[r ‘N
0o TMP (10 mol%) O,NCH, O
MeNO2,THF = 1:1 v/v at -20 °[C
TMP= 2,2,6,6-tetramethylpiperidine 97% ee, 94%

Rl——siMe, cucl COR?

X

R2cocl

Me3Si-ClI

E OMe

G 1) RLi, cat. Fe'l §j—— <
— 2FE' (E) )—

Si= TBDMS OMe R E
1) RMgX, cat. Fe!l Si—==
2 )R
2)E*

(11)

MeO

1) LDBB E!
Si————= 2)Zn" Si—= \

_ =

Si = TBDMS OMe 3)E!

— COCF3
/ 1) cat. MnBr,/ DEE /\v) COCF3
-~ )\|/
’ or

R™\-0Li 2)(CF4C0),0

P-N Pd
MeO

MeO o
O, — ol
_ . * MeO ‘
ot crid)

(13
Introduction of chirality MeO

—, C1-Substituted

NR tetrahydroisoquinolines

and MeO N
Cyclization N

Lt \ll\l PPh, 2-(Phosphinophenyl)pyridine

9



(1)

[ |
[ 1 D
2)
4)
5)
D
2)
3)
[ 1 D
Baeyer-Villiger
2) [DBFOX]
1,3-
0_
[DBFOX/HOBN- 1

3)

E/Z

3)



4)

[
_“_
2)
3)
4)  -M-
(2)

1D

Baeyer-Villiger

-Lewis

-Lewis

P-N



4
5
6
1.
@
Fig. 1
o 0 0
VIS =M VS
hydroperoxo peroxo 0X0
Fig. 1
-B Fig. 2
metallosalen complex= >/:N Y, N:
0O-N-N-O = salen ligand
N:m\d /I\Ill—jé 6’M\
! (1) Y
trans CIS cis-B (4 -B (4
p B(4) CIS B (4)

enantiomeric
Y-Y = bidentate ligand ~HOOH = bidentate ligand
Fig. 2



-B

1999 Belokon -B -M-
(€H)
(Scheme 1) -
@) -B
-M- @ 3)
1 10%
ee 3 76% ee
(UHP) 94% ee, 0 98% ee
_N\%I,N— H0, EtsN O% HOOH (N\/le o
BN — O] | N =T
t-Bu o’¢lo Bu-t I\QTILSNO o 5/0
Bu-t t-Bu o
o/ A
di-p-oxo complex (1) cis-B (4)
. O E‘ concave site
(R
0 W
O R
OQ H,0, EtgN cl)% HOOH o ﬂ
E—— [ TR A
R (Ol . o— o
( ) Ti-O /,g % \
- 52 o
di-p-oxo complex (3) A
Scheme 1
, 1: 30%H,0,, 10% ee
cat. (2mol%), oxidant (1.0 eq) o 3:30%H,0,, 76% ee
Ph™~"Me .St 3: UHP, 94% ee
MeOH Ph™'Me 3" UHP (0 °C), 98% ee
Scheme 2
1,3- 90% ee
(Fig. 3)
o (0} o o
L L L S
Ph”% Me /©/*\Me /©/*\Me ©/*
Cl MeO
98% ee 99% ee 96% ee 93% ee
* M Ph Me Ph
$+ ¢ * Me )\ +* S)\*S;O
o n-C7Hs” S* 3
0,
93% ee 93% ee 99% ee 99% ee

Fig. 3

trans /cis =93 : 7



_”_
Baeyer-Villiger(B-V)
Baeyer-Villigerase
1994  Bolm Strukul
Baeyer-Villiger
B-V Criegee
- o*
- (Scheme 3)
Criegee -
B-V Criegee
-B
B-V
B:|: CQR o
HOOR 9, 0
ROR, T R\L’)f/ﬁs —Rig g,
Cnegee intermediate
Ro‘ﬁ
ﬁﬁ“ e
Scheme 3
( ) @ -B ®)
3- -V (Scheme 4)
B-V
-B ®
Criegee
-B
©)) B-V

catalyst, H 2O2 (0]
Ph—<>=
(@)

CHZCI2 rt
4: 20%, 0% ee O O
5:30%, 57% ee
5: 72%, 77% ee
(ElOH -20°C)
t-B
SbFe SbFe

Scheme 4



Criegee

( )  (® (Scheme 5) B-V

80% ee
Ciegee B-V
o (6]
'Er (matching pair) o] .
(= (e +
slow isomer normal lactone 40:1 ent-abnormal lactone
(racemic) 6, UHP, CICgH5 r.t. o
O o)
- (mis-matching pair)
fast isomer ent-normal lactone 1:35 abnormal lactone
O
6 (5 mol%), UHP
R—<}O - = o
CH,Cly, . R
R= ICgHs: 87% ee, 68%
R= p-MeOCgH,: 84% ee, 43%
R= n-CgHy7: 81% ee, 63% Y
O <
O 1) \
6 (5 mol%), UHP  H H O
- s _
CHCly Tt v=pno { )
94% ee, 99%
Scheme 5
Seebach

Julia-Colonna

Berkessel Pietkeinen

®

( )
Meerwein-Ponndorf-Verley

( ) I C=N

(ar, 9)- @



@
99% ee

4,600
(Scheme 6)

R? 7, 30% H,0, (1 eq) R?
' o]
3 * 3
RlJ\/R CH,Cl, or AcOE, RT RlJQ‘jR

(aR,S)-salaren ligand N
H% O-N-NH-O = Q ©)

(N/‘\, 1) TI(OPr-i)g o Cl’_Ti: =N HN
OH O Tpuo NS, OQ o 0 CQ
(aR,S)-salen ligand o~
7 O O”

.

>99% ee, >99%  99% ee, 87% 88%ee, 64%  95%ee, 75%  93% ee, 90% 82% ee, 70%

Scheme 6
(Fig- 4)
7N
o, ?—T.'_ ( O, |
(N "Ti;o': (o) N Tl—(i !
Fig. 4
CREST ®)
(Scheme 7)
Ph Ph Ph
\{ 8, air, rt \‘/ \( =,
T, N
OH kS/kR: 20 OH o |

65% conversion >99.5% ee

Scheme 7



) 9

1,4- 1,5-
9
(Scheme 8) 3,5- t- t- (10)
>50:1 3,3~
NSNS SNNOH o
+ on 9, hv, air quantitativeo H

\/\/\/\)\ dg-benzene, 1t, 12 h \/\/\/\)J\

0%

\/\/\/\/\/OH \/\/\/\/\(O
cat, hv, air

s-benzene, rt,
Ph)\ ph)l\
9:ky 1 kp=15:1
10: kg : kp=>50:1 =N l}l’O’N_
u
7/ N
R o Mo R
W 9, air, hv m X
OH ———» n p»OH
OH n ether o R R
n=1: 81% 9: R=1t-Bu, X=ClI
n=2: 95% 10: R= CH3(C,Hs),C-, X= OH

Scheme 8

1,n- 9 10

1,4- 1,2-
(12) 81% ee (Scheme 9)
(11)

3,3’-

(13)
OH

OH 12 (2 mol%) Ojo
OH  hv, rt, air, benzene

80% ee, 67%

Ph of
oy L @moiv) Phj:‘\
HO - 0
/\'!,f\/ air, hv, rt, CHCI3 pp
81% ee, 82%
Ph Ph on
i i 11: Ar= p-(CgHg)CgHa, R= Me, X= OH
YoM 13 (2 mol%) {o 12; Ar= Ph, R= Me, X=Cl
W OH —— /> 131 Ar= p-(TBDPS)CgHg, R= H, X=Cl

Y air, hv, rt, CHCI3
Ph Ph
93% ee, 77%

14: Ar= Ph, R= Me, X= OH

Scheme 9



12 14

12 14
(SET)
(Scheme 10)
Single Electron Transfer Hydrogen atom
R__R' transfer
NO \OrH R\(R' | RUR R._R' R\"/R'
| -NO : OH 0z +00 :IH ."\OrH 00~ o)
[Rureq] — Rh“ + - * —_— *
) hv [)|(u 1 hv [RUM] [Ru [Ru"
f - X
[]=salen ligand @ex@
R R' R R'
T + Hy0, \r
(0] OH
Scheme 10
[121: [ 1=l 1012][0 ]
[141: [ J=k[14[ 1°*°*
(12)
(14)
[ (competitive) (competitive)
(independent) 1

3-7
1.9



catalytic cycle of oxidation of mono-ols HOO- r
:§=N ?,N=§=
SET ﬁR'u'”
0 hv | 0% “of
2 °L

RR'C=0 RR'CHOH

hv, -NO :§:N{Jc?)_|}N=§:

12 0r 14 i < >
u
ROH -§-O/ I'_\o.§- Ligand exchange
Scheme 11
12(L=Cl)
(Scheme 11) 14(L=0H)
(Scheme 12)
R
catalytic cycle of oxidation of diols R\{jo
HOO- oy
SET NN
h /Ru\lll
° S SR

hv, -NO
—_—

120r14 N O N - >~
R i
:COH -§-O/|1\O-§- Ligand exchange
R OH
Scheme 12
3(3")-
[10]
10
10
[101: [ J=kl101[ 1*°

(ArSO,N=1Ph)

Rulll

HOO-  Intramolecular
Hydrogen Atom

transfer

H,0,

HOO+  Intermolecular

Hydrogen Atom
transfer

H,0,

14



Jacobsen Miller

oC
an 15
15
90% ee
[2.3]
(Scheme 13)

ph. _Me (OC)Ru(salen)15 TsN3 pp_ £ e
.

MS, CH,Cly, 1t o
=N CO N=

s
98% ee, 99%
Q 7o !
/\/\ _Ph 1) 15, TsN3 Q f XX

MS, CH2C|2 rt NHTS

2) KOH
86% ee

Scheme 13

16(C1,C(CH;),COCON,)
(Scheme 14)
Ph. Me _ClaCMe,COCONg Ph\$*+,Me
S 1—5> "NCOOCMe,CClg
95% ee, 93%

Scheme 14

7 (TsNy) 16
TsN,

16

TsN, 36 L

16 15
27" C-H .
(Scheme 15) 27~ -
15 X

Scheme 15
18 (Fig.5) 18

19 TsN, .
oo 1 (Scheme



16)

19
p- 0-
(p-NsN, 0-NsN3) 15
5 19 34
15 X
20 20 P-NsN;
746
Ph 19t, p-CH3CgH,SO,N; (1.0 eq.) R 1
MS 4A, CH,Cl, t, N,, 24h NSO,CeH,CH5-p
85% ee, TON= 867
nCoHygr 19 P-CHiCoHaSO,N; (1.0 eq) N-Cobys
MS 4A, CH,Cl, 1t, N,, 24h NSO,CeH,CHzp
86% ee, TON= 10
cat, p-O,NCgH4SO,N3 (1 eq) Ph
Ph~
MS 4A, CH,Cly, 1t, No, 24h NSO,CeHsNO,-p
15: 82% ee, TON=5
19: 84% ee, TON= 34
20: 81% ee, TON= 746
Scheme 16
2- (SES) p-Ns
2- (SESN,)
P-NSN;
SESN,
(Scheme 17)
20, SESN3 (1 eq) R
R
7 \<II\ISES

MS 4A, CH,Cly, Np, 24 h

R=Ph: 91% ee, TON= 260 (rt)
R=p-BrCgH,: 92% ee, TON= 98 (0 °C)
R=PhC=C: >99% ee, TON=51 (0 °C)
indene: 98% ee, TON= 13 (reflux)
R=n-CgHq3: 77% ee, TON= 6 (reflux)

Scheme 17

20



[n.1,0]

[n,1,0]
Doyle
(Fig. 6)
R O 1
H H R = RS Tl ©
(o] o/ R2 | (e} Rz ‘IQ/
=M= =mZ >wm =y
| - |
X X M X
Doyle's proposal possible transition states
15: M= (ON)RuCl, R= Ph
21: M= (ON)RUCI, R= Me
22: M= Co, R=Me
2 2
15
21 22 (Scheme 18)
RL R?
15 (5 mol%), hv
R3 THE (5 ml), r.t., 16 h

CHN,
O  R!=Ph, RZ R®=H: 94% ee, 78%
R1= (CH3),C=CH(CH,),, R?= Me, R® =H: 90% ee, 70%

H ©

1 2
R R 22 (5 mol %) R2
. o
R3I/O\”/CHN2 N-methylimidazole RY
O

THF, r.t. R3

R1= Ph, R? R3=H: 97% ee, 67%
R1= Ph, R?= Me, R® =H: 90% ee, 70%

Scheme 18

2’



5)

Baeyer-Villiger

23

23, UHP
Ph{}o - -
AcCOEt, rt
UHP= ureasH,0,

U 23, CgHgSH

A~ N
Y \IOI/ CH,Cly, 1t, 24 h

(0]
(Y

82% ee, 62%

Y

(o}

CeHsS O

92% ee, 81%

Baeyer-Villiger

7

N-(E-2-

(Scheme 19)

Scheme 19

Jacobsen

25

24

23

1,2-



Mukaiyama-aldol reaction

Ph(CH;)3CHO 1) 24 (2.5 mol %)
+ i-PrOH (1 eq.) Ph(CH,)3 - o
\_OTMS  26:ClaCsHzN(1 eq) W
Y\( toluene, -20 °C OH O O

o><o 2) CF3COOH ><

97% ee, 87%
Sakurai-Hosomi reaction

Ph(CH,)3CHO
25 (5 mol%) OH
+
Sn"Bu PN
AN N TBME/ CH,Cly, Ph(CH2)3
(1.1 eq) -20 kC, 3 days

92% ee, 80%

24 25
Scheme 20
Cozzi 3,5 t-
80% ee
(Scheme 21)
(ar,R)
(ar,S)- 26
o] MeoZn, Ph—==, 26 (8 mol%) OHR
Ph)K Toluene/CH,Cl, , r.t., 2days Ph AN
Ph

R R=Me: 80% ee, 74%
©) ; i R= Et: 81% ee, 49%

R=n-Pr: 87% ee, 61%

—N N=
QO OH HO OQ R=n-Bu: 86% ee, 34%

Ph Ph
(aR)

O
Scheme 21



La Al (LLB ALB)
Kee
Baeyer-Villiger
B
-B
Kol
-B
Kol
27 X
-B
27
(Scheme 22)
0 o OH
)J\ . ||:I>\ 27 (10 mol%) . /OMe
oA H e THF, -15 °C, 48 h R E“OME

—N N
Al
RN
t-Bu O ¢l O Bu-t
Bu-t t-Bu
27
Scheme 22
N-
3- -4-

R= Ph: 90% ee, 87%

R= p-(0,N)CgHy: 94% ee, 95%
R= PhCH,CHy: 91% ee, 94%
R= (CHg),CH: 89% ee, 89%

(Scheme 23)

Jacobsen



OMe
OMe )<>\
/@ o) NH
N Il

27 (10 mol% OMe
PR * wDome : : R)\PLOMe
R OH OMe THF, -15°C, 48 h ('5
R= Ph: 87% ee, 85%
R= p-BrCgH,: 95% ee, 100%
R= p-(CH3)CgHg: 90% ee, 92%
(N-protecting group= CH(CgHs), R= CH3(CH>)7: 89% ee, 79%)

Scheme 23
@)
@
DBFOX/Ph
an an o an an an
an
. an an DBFOX/Ph

1,3-

an



1,3-
. DBFOX/Ph
L ]
)
1,3-
DBFOX/Ph <)) an
2-
/ﬁ J'ID\/\ + R\Nfo_ hiral Complox  F~”
| e B (ea 1)
O~ L Ylgn
Ph R=PhorBn M1 ‘ﬁrN\ﬂ/
o]
Ph Ph 45- trrns-lao:grolidine
“\’><r o ( endo —cycloadduct)
I I
gr'"- .N} X L
Mg 2 K
PR, Ph Ph Ph
10 mol% 79% ee 50 mol% 93% ee
[JYrgensen (1996)] [JYrgensen (1996)]
Ary
", Pd(MeCN),
2
Ar = g~Talyl

10mol%9 1%ee Ph10 mol% >80 Xee 20 molk 96 ee

[Furukawa (199 6] [Kanemasa (1998)] [Kobayashi (1998)]
2-

an an

1,3-
_ R,R-DBFOX/PheZnX, (10 _
CI) CHO mol%) + nAgCIO, 2 PAN—Q
PNt + Y > (6q.2)
~Z"Spp B MS 4A (500 mg/mmol) PH 1
r rtin CH,Cl, s *cho
2 equiv

and exo-isomer

n (equiv) Time/h Yield/% endoiexo % ee

ZnBr, Uncatalyzed 41 23 49:51 -/-
0 10 65 81:19 16/3
1 3 90 95:5 94/51
2 6 91 88:12 97/94

DBFOX/Ph 2-



R = Me, By

g Ph

MOBFOX/Ph-Zn(OTH,

{eq. 3

\ Fay
M-Ray Structure of BOBFOMXFh=Zn{0T1)aH0

1,3-
o R R-MDBFOX/Ph + Metal PhN—O
[ CHO  salt (10 mol% each) (eq. 4)
Ph 2N + ﬁ/ eq.
M Br MS 4A (500 mg/mmol) Ph 1
in CH,Cly atrt Br CHO
2 equiv .
01M and exo -isomer

Metal salt Time/h Yield/% endo.exo % ee

Mg(CIO 4)» 0.75 39 53/47 12/8

Cu(0Tf) , 4 31 56/44 10/3

Ni(ClO 4), 6H,O0 45 59 94/6 18/-1

CoCl, +2AgoTf 0.75 51 92/8 85/14

Co(ClO 4), 6H,0 2 90 99/1 95/33

Co(BF4), 6H,0 1 92 99.4/0.6 98

Zn(OTf) , 0.75 quant endo only 97/-

Znl, 15 98 endo only 99/-

ZnBr, 20 73 85/15 26/9

ZnBr,+AgCIO 4* 2 96 99/1 99/69

ZnBr, +AgCIO 4** 2 96 endo only 97/-

Preparation of the complex: * 3 hatrt. **43 har rt.

1,3-
T
; 1587
-4 iR 2573 (eq. 5)

359.1

359.9

In the transition structures of Lewis acid-catalyzed reactions,

Hw N e

heteroatom  single bond.

The forming and cleaving bonds need the highest stabilization.
The maximum stabilization is secured by the full conjugation.
The transition structure should be conformationally very rigid.
The only exception is the free rotation around the coordinati

ng metal -




(on PhN—O

I, CHO  RR-DBFOX/Ph Zn(OTf) , -
AUNGZL N Additive (20 equi (eq.6)
Ph e ( equiv ) Ph
r at rt (0.1 M) B “cHo
2 equiv

Additive (equiv) Cat/mol% Time/h  Yield/% endoexo % ee

None 2 21 58 86:14 23/12

MeOH (20) 2 10 64 80:20 45/22

None 2 7 (SA) 63 95:5 91/ 45

MeOH (20) 2 7 (SA) 76 96:4 94 /55

None 2 1(SA) 37 86:14 78/43

MeOH (20) 2 1 (SA) 59 91:9 92/ 25

None 0.5 25 (SA) 39 - 3/12

MeOH (20) 0.5 25 (SA) 32 - -3/12

SA: Slow addition of nitrone. The reaction is quenched as the

addition of nitrone is  complete .

3)
DBFOX/Ph ) an oan

an an an
an

)

e BOX/Ph
0
BOX/ 0-HOBn
. (n
. DBFOX/Ph an
Michael
. 1,3- Michael

Michael
e 1,2- 1,3,5-



1,3-

Michael
@)
BOX/ 0-HOBN an
BOX/Ph
0
BOX/ 0-HOBn
Y = ~9°ﬁ\
{ oo = Ox N (ea.
& =
R,R-BOX/0o-HOBn Possible structure for the
substrate complex
an
EL Jj\/\ H%arr:‘;l)l;{’ ‘-?a\;(g";'fh j’\ 0 NHOBn
PhN + BNONH i inCHiCh, 20°C PhN” N (eq. 2)

0.03M

o2
LN X Catalyst/X  Time/h  Yield/% % ee®
Cu OH 5 92 94
[o} H i none 5 83 38
OMe 19 72 36
8Determined by chiral column HPLC,

X = OH, none, or OMe The BOX/o-HOBN complex was especially effective.

DBFOX/Ph an

Michael



Double Catalytic Activation

Electrophile
Y Michael N X (eq-3)

o . addition R

umMtIL CN
- LA catalyst Up to 94% ee
J Nucleophile

. H

Amine + MtlLn* ;O\ J\

N NC CN Amine NC CN

Base catalyst

R\/\H/N\N/ —_ R\‘/\H/N\N/ (eq. 4)
(0] NO,CH, O

R,R-DBFOX/PheNi(ClO,4),*3H,0 (10 mol%), TMP (10
mol%) in MeNO,/THF = 1:1 v/v at -20 °C

R X Time/h  Yield/% % ee
Me H 96 85 94
Me Br 96 97 95
Me | 96 62 96
Et H 120 84 95
n-Pr H 96 96 91
i-Pr H 168 74 97
c-CgHyy H 168 90 91
t-Bu H 168 39 95

1,3- Michael

5
X R (0]
+ R N —_ (eq.5)
\/\n/ N
O o O (6]
2 equiv (e}

R,R-DBFOX/PheNi(ClO4),*3H,0 (10 mol%), TMP (10
mol%), Ac,0 (2 equiv), THF (0.1 M), rt

R X Time/h  Yield/%  ee/%®
Me Br 5 93 96
Me | 6 62 98
Et Br 8 73 93
n-Pr Br 24 94 92
i-Pr Br 96 71 96
c-CgHyp Br 96 53 95
1-Propenyl Br 48 85 90
2-Furyl Br 168 73 89
CO,Me Br 3 77 nd®
Ph Br 12 94 99

aDetermined by chiral HPLC, bnd: not determined.



Q,
2 “Nitn
LG

— @ Acetate is more basic

H
o/

a-Proton is more acidic

Me
No additional bases are — ‘1
needed ® v
ﬂ Trapping agent
Isolable, but decomposed by treatment — +  AcOH (eq. 6)
with MeCOMe, EtOAc o NiLn

@ Nickel(ll) enolate

Michael
7
— a —
—_— eq. 7
N A S N (eq.7)
N N H
o] O  CHyNO,
ADBFOX/Ph + Ni(OAC),+4H,0 (10 mol%), Additive, MeNO, / Solvent=1/1, rt

Solvent Additive mol% Time/h Yield/% Y%ee
THF none - 72 42 >99
THF TMP 10 24 15 83
THF MS 4A b 24 quant 98
t-BuOH none - 24 95 98
t-BuOH TMP 10 22 quant >99
t-BuOH CH3;COOH 40 24 46 >99
t-BuOH CF3COOH 50 48 - -
t-BuOH MS 4A b 3 quant >99
t-BuOH MS 5A b 24 quant >99

5500 mg/mmol.

1,2- 1,3,5-
1,3-
Michael
8

Suggestited Mechanism for the
Direct Aldol Reactions




Box/Ph 2

1,2- 2-
€))
DBFOX/Ph an
@
)
Rl— SiMe3X cucl Rl—==—COR?
Me;Si—Cl Rl—==—cCu R2COCI
-Lewis
Lewis
Lewis

E/Z



H 1]
G 1) RLi, cat. Fe S —— <
2)EY E) )—
Si = TBDMS OMe R E
1) RMgX, cat. Fell  Si—== 3
2 R
2) E*
MeO
2 lithium 4,4"-di-tert-butylbiphenylide
(LDBB)
vic-sp? Et,Zn
cls-
Grignard
1) LDBB E!
Si——= 2) zn'! Si—=
Qe N\
Si = TBDMS OMe 3)E!
MeO
endo/ exo endo/ exo = 71/ 29 endo
4- -1- MnBr,
_ COCF
/ 1) cat. MnBr,/ DEE /\% $  GOCRs
A or =
R*“OLi 2)(CF;C0),0 X0 R/\/ o
N,N,- (DMF)

Michael



vic-sp2

M

-Lewis

-Lewis

-Lewis
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