Structure of lanthanoid-sodium-BINOL complexes (LnSB).

OO NaO-tBu
0.3 mol equiv
LaClg7TH,0 + o _ ¢ )
OO Ol THF, 50°C, 72 h
Y

47 (2.7 mol equiv) LLB complex

Buli (3 mol equiv)
OH THF, nt, 14 h

OH then H,O
(1 mol equiv)

La(O-iPr); +

Y §
W

17 (3.0 mol equiv)

Best preparative procedures for LLB.
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LiAlH, + - -

oy e

17 (2 mol equiv)

AlLibis((R)-binaphthoxide)
(ALB)

Crystai structure of ALB: [CH, AILIOJ-3THF.




catalyst 49

RCHO + CHyNO, = L _no,
(t0equyy  THF.—42°C,18h R
2: R = PhCH,CH, 13: 78% (73% ee), R = PhCH,CH,
50: R = 1Pr 51: 80% (85% ee), R = /-Pr
62: R = cyclohexyl §3: 91% (890% ee), R = cyclohexyl

Catalytic asymmetric nitroaldol reactions promoted by catalyst 49.

- CHgNO, (10-50 equiv) A
-LLB (3.3 mol % INAANAN
Arso™~co B¢ ). "o o,
-50°C, THF OH
56 . 57: 80% (94% ee
59 60: 80% (92% ee
62 63: 76% (92% ee
Hz, PtO5, CHyOH J\
o~ Ars 0/\/\” -metoprolol
acetone, 50 °C OH 61 90% -propranolol
64: 88% (S)-pindolol
56, 57, 68: Ar = 59, 60, 61: Ar-“ 62, 63, 64: Ar_ézj
HsCO

Catalytic asymmetric syntheses of p-blockers using (R)-LLB as a catalyst.




Li . R
b8 X [ g9
Zom. | ...«O\Li IOH — OH

o” i Yo~ OH OH
R l /6 R 6

Li R R

R

LLB:R=H 69e: R = C=CPh

69a: R =Br 69f: R = C=CSi(CHj3)3

69b: R = CH,4 69g: R = C=CSiEt;

69¢c: R =C=N 69h: R =C=CTBS

69d: R = C=CH 69I: R = C=CSi(CHs),Ph

Structural modification of LLB.




RCHO +

2: R = PhCH,CH; 80: R'= CH3

R'CHoNO;

89: R = CH3(CHy)4 83: R'=Et

entry

10

11

12

86: R' = CHo,OH
aldehyde nitroalkane
nitroaldols yield (%)
2 80 LLB 75
2 80 65b 75
2 80 694 75
2 80 69¢ 75
2 80 69¢g 75
2 80 69¢g 115
2 83 LLB 138
2 83 69g 138
2 86 LLB 111
2 86 69g 111
89 86 LLB 93
89 86 69¢g 93

Diastereoselective and enantioselective nitroaldol reactions.

catalys
(3.3 mol %)
——

THF

t

QH
R/\E/R
sym  NO»

catalyst

syn/anti

-20 81 +
-20 81 +
-20 81 +
-20 81 +
-20 81 +
~-40 81 +
-40 84 +
-40 84 +
-40 87 +
-40 87 +
-40 S0 +
-40 90 +

+

81(syn), 82 (ant)): R = PhCHaCHp,
84(syn), 85 (ant): R = PhCH,CH,, R' = Et
87(syn), 88 (ant): R = PhCH2CHj,
90(syn), 91 (ant): R = CH3(CHy)4,

R R
anti. NO,
R' = CHj

time (h)

ee of syn (%)

82

82

82

82

82

85

91

91

79

80

77

72

70

21

89

85

62

97

79

96

74:

74:

84:

85:

89:

94:

85

93:

84:

92:

87

92:

26

26

16

15

11

:15

16

:13

R' = CHoOH
R' = CH,OH
temp (%C)

66

65

90

92

93

97

87

95

66

97

78

95
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_ Proposed transition states of diastereoselective and
enantioselective nitroaldol reactions.




TBDM HO %{‘8‘3‘,,}3 :‘q)) TBDMSO 0,
mou:::(?:o THF, -60°C,67h TBDMSO "
entry  cat. yleld (%) ee (%)
1 (S5)-SmLB* 74 A 92
2 (S)-SmLB* + H,0 + n-Bull 03 82

Catalytic Asymmetric Nitroaldol Reactions Using SmLB*

Hp, 10% Pd-C mD/t/ 15
ElOH, t, 20 h DEFC, EtgN, DMF, 0 °C - it

LIAIH,
otho;. reflux

H
TBDM HCI

Catalytic Asymmetric Synthesis of (R)-Arbutamine Hydrochloride

g



Optical purity of nitroaldols (ee %)

100

Gd Pr
Yb Y Tb| |Sm Nd| La

a g

0 -
0.8 0.9 1.0 1.1

+3 lonic radius of rare earth elements (A)

Effects of the ionic radil of rare earth elements
on the optical purities of nitroaldol derivatives.




R'CHO

A possible mechanism for catalytic asymmetric nitroaldol reactions.

1 Urease




QH
catalyst AR
RCHO + R'CHNO, — R %

NO»
52: R = CgHyq 12:.R'=H 5§3: R=CgHy1, R'=H
2: R = PhCH,CH, 80: R'= CH3 81: R = PhCH,CHy, R' = CH3
83: R' = Et 84: R = PhCH,CHjy, R' = Et

86: R' = CH,OH 87: R = PhCH,CHg, R' = CH0
entry substrate catalyst (mol %) time (h) temp (°C)

productyield (%) (syn/anti) ee (%) of syn

1 52 + 12 LLB (1) 24 -50 53 5.6 88
2 52 + 12 LLB-II (1) 24 -50 53 73 89
3 52 + 12 LLB-IT (3.3) 4 -50 53 70 90
4 52 + 12 A (1) 42 -50 53 86 51
5 2 + 8069%g (1) 113 -30 81 25 (70/30) 62
6 2 + 80 69¢g-II (1) 113 -30 81 83 (89/11) 94
7 2 + 83 69g (1) 166 ~-40 84 trace -
8 2 + 83 69g-II (1) 166 -40 84 84 (95/5) 95
9 2 + 86 69g (1) 154 -50 87 trace -
10 2 + 86 69g-IXI (1) 154 -50 87 76 (94/6) 96

LLB-II: LLB + H,0 (1 mol equiv) + BuLi (0.9 mol equiv)
Catalyst A: LLB + H,0 (1 mol equiv) + BuLi (2 mol equiv)

69g-II: 69g + H,0 (1 mol equiv) + BuLi (0.9 mol equiv)

- Comparisons of catalyst activity between either LLB and

second-generation LLB (LLB-II) or 69g and 69¢g-II.

e e




Ui _— F
cl),.. ?:}\ RCH,NO, 0\3’\;

_ RICHO _ High ee
*CO"E?“O ~Li <_s_—l;>___ EH Prgducts
ow
L!/ \)‘ Reaction be\j ZPCHR
0] . R'CHO Racemic
RCHNO,Li ————— pacerme
K o]

LS

I o’\ RCH,NO, (‘0\9 R'CHO High ce

C La\ OSlietion | =

Fast -u
{3
73 Ay

Second-Generatlon
Ls I1: Self-Assembly of
LLB and Li-nitronates

Proposed mechanism for the catalytic asymmetric nitroaidol reaction promoted by
LLB, LLB-II or LLB-Li-nitronate.




M\CHO

820 N

108

H (SHLPB*
(20 mol %)
FPINO,

THF,-50°C Bz0
y. 65%, 88% de

o7

O/D/‘LH SmLB (cat.)
o oo,

111:100g Scheme 17

Lo

112: 120 g, 90% ee
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A greatly improved catalytic asymmetric Michael addition of 32 to 17

Q (F)-ALB (x mol %) 0
<COOCH, KO-+Bu (0.9 eq to ALB)
+
COOCH, MS 4A, THF, it . COOCH3
17 - a3  COOCH;
entry ALB(xmol%) KO-tBu MS4A time (h) yleld (%) ee (%)
1 10 - - 72 80 93
2 5 + - 48 87 08
3 03 + - 120 74 88
4 03 + +* 120 o4 29
s° 1.0 + +° 72 _ oT 09

a) MS 4A (8.3 g) was used for ALB (1 mmol); b) 109 scale reaction;
c) MS 4A (2.0 g) was used for ALB (1 mmol).

CHaOH CH’O>—\

CHO" uN DDQ (1.1 equiv)
R degassed THF u R

38:R=H

(T7%)

37:R2==‘1\“

(66%)

Catalytic asymmetric syntheses ;>f 20-deethyttublfolidine (38)
and tublfolidine (30)

[~



