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Table 1. Catalyst Screening

0 X
o O Catalyst (10 mol %) OO OO
’ M )J\/U\OM THF (1.0 M), 1t OH HO
€ € R OH HO
SSaee
6b 7a
- - (S,S)-X-linked-BINOL
entry catalyst time (h) yield (%)2
1 (S)-LSB 39 72 6 (8,9)-1:X=0
2 (S)-ALB 94 24 0 (S,9)-2: X =NH
3 (S,S)lLa-1 60 66 74 (S,9)-3: X = NMe
4 (S,9)-Pr-1 42 19C 51 (S,S)-4: X = NEt
5  (S,5)-Sm-1 36 nr - S,S)-5: X = NCH,CF
6 (S,S)-La2 24 65 90 S5 2CF3
7 (S,S)-La-3 24 77 92
8 (S,S)-La-4 24 60 88
9 (S,S)-La-5 24 1 24

a |solated yield. b Ee was determined after derivatization of 8ba.
¢ No reaction.

NR-linked-BINOL 2-5

La 1 La 2(entry 6) La 3(entry7)
92% 8ba
4 Lewis
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Lewis
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2
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Table 2. Catalytic Asymmetric Michael Reaction of -Keto Esters to Cyclic Enones

1) La(O-i-Pr)3 (10 mol %)
O O (S.S)-NR-linked-BINOL (10 mol %)
W P g
ESI-MS R OR? solvent (1.0 M), rt
La 3 n (L0 eq)
(1.0 eq) 7a: Rt = Me, R?= Me

6a:n=0 7b: Rl = Me, R2 = Et
6b:n=1 7c: RI=Et, R2= Me
6c:n=2 7d: Rl = n-Pr, RZ2= Me
7e: R! = (CH,),CH=CH,, R? = Me

- 7f: RY = (CH,),CCH, R? = Me
B 1 2
79: R* = CH,-cyclo-Hex, R“ = Me
B- entry enone [-keto ester ligand solvent time (h) yield (%) ee (%)?
La 1 6a 7a 3 THF/DME, 9/1 24 94 73
2 6a 7b 3 THF/DME, 9/1 24 85 80
3 3 6b 7a 3 THF/IDME, 911 24 82 92
4 6b 7b 3 THF/DME, 9/1 42 71 88
5 6b 7c 3 THF/DME, 9/1 24 71 91
6 6b 7d 3 THF/DME, 9/1 36 81 87
7 6c 7a 3 THF/DME, 9/1 42 83 92
8 6¢c 7b 3 THF/DME, 9/1 24 88 89
9 6a 7d 2 THF 24 75 75
10 6a° 7e 2 THF 48 84 72
1 6b° 7e 2 THF 48 73 80
12 6b° 7f 2 THF/HFIP, 19/1 48 65 73
13 6b 79 2 THF b 48 67 73
14 6¢c 7c 2 THF/HFIP, 19/1, 24 91 90
15 6C, 7d 2 THF/HFIP, 19/1 24 87 88
16 6c, 7e 2 THF/HFIP, 19/1 48 83 83
17 6c, 7f 2 THF 48 74 77
18 6C 79 2 THF 48 82 69
a Ee was determined by GC after derivatization of 8. booM.¢1.2 eq of 6 was used.
50 mol %
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Scheme 1. Synthesis of the Key Intermediate of (—)-Tubifolidine and (-)-19,20-Dihydroakuammicine
OMe
HN/\(OME (<0Me

R
LB come 25teRS L__co,me 2SS OMe
[e] - —0 H —
A A
O~ 'Me
9

8ba
Total 5 Steps

(R) 2 steps | 3 steps
OQ\(COZMe £5°p3 y :

A A
CO,Me CO,Me
13 14

HH

(-)-Tubifolidine (-)-19,20-
Dihydroakuammicine




(Scheme 1)
2 3 4
3
4
La 2
La 3
Table 3,
entry 1-3 -
o
3
18
10M 16 6c
65%
Et
5 7

1
o -B-
Table 3. Ligand Screening
o o o La(0-i-Pr)3 (10 mol %) Q
M ligand (10 mol %) H O
+Me OEt P
Ve THF (1.0 M), 1t, 48 h Me
Me co,Et
(1.0eq) (1.35eq)
6¢C 16 17c
entry ligand yield (%) dr@ ee (%)°
minor/major minor/major
1¢ 1 4 34/66 -127
2 2 19 35/65 30/8
3¢ 3 25 3763 48/25
Me
COTT0
O OH HO O 58 30/70 43/41

OO OH 18HO OO

a pr was determined by H NMR. b Ee was determined by GC after derivatization.

¢ Enantiomer was obtained.
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Table 4. Effects of the N-Substituent

o) P R
6 O La(O-i-Pr)3 (5 mol %) o ,'\l
i 0,
+ Me)H/U\OR' ligand (10 mol %) I-i OO OO
Me DME (1.0 M), t, 24 h e Me OH HO
CO,R'

(1.0eq) (2.0eq) 2 OH HO

6c 16: R' = Et 17¢: R = Et

19a: R'= Me 20ca: R'= Me
entry ligand (R) B-keto ester yield drd ee (%)P o
(%) minor/major minor/major 18: R =Me
21:R=H

2 18 (R =Me) 16 72 24/76 72/55 23' R = CH,CF

3 22 (R=Et) 16 86 17/83 81/75 NG

4 23 (R=CH,CF3) 16 33 20/80 20/8° 24:R=n-Pr

5 24 (R =n-Pr) 16 88 2377 76/61 25:R=i-Pr
6 _25(R=iPr)_______ 6 82 ______ 21079 _______77/59 __

7 18 (R = Me) 19a 67 25/75 76/81

8 22 (R=Et) 19a 89 14/86 82/82

9 24 (R =n-Pr) 19a 86 16/84 79/75

10 25 (R=i-Pr) 19a 80 13/87 79/80

a pr was determined by 'H NMR. ? Ee was determined by chiral GC after
derivetization of 17c and 20ca. ¢ Enantiomer was obtained.
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Table 5. Catalytic Diastereo- and Enantioselective Michael Reaction of o-
Linked-BINOL substituted-B-Keto Esters to Cyclic Enones
o o o La(O-i-Pr)3 (5 mol %)

ligand 22 (10 mol %) y o
+ Meque DME (1.0 M), rt nR * Me

o

R

. n
Lewis (1.0 eq) (2.0 eq) COzMe
= 19a: R = Me
B- 6a:n=0 o5 R = allyl 20
6b:in=1" o R= propargyl
B 6CnN=2 194 R=Et
entry enone pB-keto ester time yield dr? ee (%)P
(h) (%) minor/major  minor/major
1 6a 19a 24 quant. 2476 73179
2 6b 19a 24 92 14/86 80/86
3 6c 19a 24 89 23/77 82/82
4 6a 19b 48 61 25/75 54/57
5 6b 19b 48 75 28/72 84/62
o~ 'B' 6 6C 19b 96 69 26/74 72/42
7 6a 19c 48 45 26/74 61/63
8 6b 19c 48 64 21/79 64/83
9 6¢c 19c 96 58 16/84 84/70
10 6b 19d 24 19 24/76 65/64

a pr was determined by H NMR. b Ee was determined by chiral HPLC analysis.
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