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BrBELTRICRLRRE Table 1. Direct Catalytic Asymmetric Mannich-type Reaction of 1

BETLIZER. Ts 4 Iz N PG 0 ";:ta('“()x &Tl‘;ﬁ) PG, X o

Ber=v b BRIV T 5 ¥ OHHL’D MS A, THF, 1 Q
R (E)-Ph-CH=CH- )

# In(O-iPr)s/linked-BINOL filt i & 1: 2 equiv. PG-p—Ts 4a, o-Ts 6a

- metal time yield dr ee[%]
BRI REREQI S Sy imine o giey  Product g oot (synsanti) (syn)

. _ . 1 - 4a  Et,Zn (40) 6a 96 11 4060 -
ODREFLBRIEICTENOYY 2 4a In(20-lPr)3(20) 6a 96 61 86/14 93

—w b ERBLNS D LA RH 3 5a In(O-Pr)3(20) 7a 96 94 91/9 96
L7= (Table 1, entry 2), 7 b i ﬂbrﬁ;ﬁf‘&;o 7= EtyZn/linked-BINOL filifit ' % v /=35
BICIERRIZIEE A LT LR o7 (entry 1), EHIZo-Ts A IV EZANVDZ & TN -
BIRMEOEH & A ESH2 Z LRI LTz (entry 3),

EE—BEOBRMEZIT o7 R, BTHEE. BETRIIESIVOERSERE R oA
D ap-REFIA I K L TRV TESEM DS Bn FERA I ICEALTRETY
TAT VABREITETT 2600, WThb syn BREDOBOAFRET -7 I /-0-
b FeX v AR BHEERIR LN (Table 2)e —F T, KIGEEE LTNUEVROD
F ML BREDH D EEEA IV ERVEE 25, RIEOYT RF LA BRI
ELOOTRG anti DEFEEEZHOERYN A ¥y — 115 bl (Table3), 2Dk 51T
DT AT VARIRME (syn/anti =91/9-14/86) 1A WDA I VICE DD, RIGIEWT I Ffe
DO EINER (y.68-98%) . BT )L FABIRE (91-98% ee) ZHEIT L7z, 2




Table 2. Syn-Selective Mannich-Type Reaction of 5a-5f Table 3. Anti-Selective Mannich-Type Reaction of §g-51

LoTs o Iqoﬁy%qu@?>°T W o o8 © 'ﬁoﬁ?%gOﬂg?)°T~
igan: mol % igan mol % /\HL
Ot cl;u\ NN TESATHF 3556~ RSY ’D 7 OHHL N™y"MS 5A, THF, 25 °C b))
5 1: 2 equiv. syn B-amino- a—hydroxy ester unit 5 1: 2 equiv. anti ﬁ-aminw-hydroxy ester unit
imine time yield dr ee[%] imine time yield dr ee[%]
entry R ligand product 1" “tot1 (synanty(syn/ant) MY R ligand product 11" “tou1 (antissyn) (anti/syn)
1 (EPhCH=CH- 5a 3a 7a 96 942 91/92 96/832 1 1-Naphty! Sg 3b 79 99 87 77/23 94/89°
2 (E)pto-CH=CH- 5b 3a 7b 97 862 89/112 95/762 2 0-Cl-CgHy 3a 7h 76 87 83/17 93/81°
3 (E}-p-C-CeH-CH=CH-5¢ 3a 7c 97 792 88/122 93/712 3 oBrC¢H, 5i 3a 7i 89 68 86/14 95/90°
4 - (E)-2fury-CH=CH- 5d 3a 7d 99 80 90/10 97/81 4  o-Me-CgH, 5{( 3a 7j 92 76 76/24 93/85
5 Ph 5e 7e 111 98 61/39 91/91 5 o0MeO-CgHy Sk 3b 7k 93 74 77/23 92/86
6 p-Cl-CgsH, 5f 3a 7f 89 97 59/41 96/94 6 Cyclopropyl 51 3b 71 65 86 75/25 98/90
. @ Determined after conversion to corresponding benzoate. b Determined after conversion to corresponding TES ether.
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NI EMD, MEICE DA IVOEBREITIZERRETHL L BOND, 1 I 55 &
FIV RS TS-1 DBBIRIEE & > CEITT BB, sym (R854 Ur —I072 5 LB 2T
Wh, A I 5881 TiE, BHREICE D IAERCA IV OKFRRIABETHRICL > TR
Ui-flids & > TOBREER, TS-1 TRER—ABEDKENE L D0, TS-2 OBEBR
A Lo CRIEPETT AR, anti (fBA VY —c 5L E 2D (Figure 1),

R DERALFOE A2 R R, N-T oA e — L OERKIS BTV, B
DEREE~ESICERNTETH S Z L &5 Lk (Scheme 1),

oTs, oTs, Scheme 1. C;I'Tr:msformatlons of Mgg_l;\lCh Adducts oTs.
ol v H A% 4 e ””°°
m@%R ' H%@m 7a 2> PhWLOEt Ph’\/-\E)LOEt 7e 1= OtBu
0”7 NN / N~ "0 o-Ts. OH i o o-Ts.
= = . WH o d HN O Q ”=‘
H , € . H
T81 TS-2 7e <> ph/\E)LD = phf"\(N OEt
y y > OH o OTES
. ) a) NaOEt, EtOH, 0 °C-rt, 5 min, y. quant.; b) Pd/C, H,, MeOH, rt, 30 min, y. 92%; c) pyrrolidine, DBU,
syn anti Y THF, 40 °C, 1 h, y. quant.; d) tiphosgene, py., CH,Clz, =78 °C-tt, 1 h, y. 94%; €) Mg powder, MeOH,
. 1t, 20 min, y. 81%; f) LDA, tBu acetate, THF, -78 °C, 10 min, then DBU, CH,Cl,, rt, 5 min, y. 62% (for 2
Figure 1. steps); g) TESCI, imid., DMF, 0 °C, 30 min; y. 87%; h) LiBH,, THF, tt, 30 min, then

Postulated Transition-State Models  (Et0),P(O)CH,CO,Et, LiCl, DBU, CH,CN, rt, 7 h, y. 67% (for 2 steps).
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Z = TR Scheme 2. Mannich-type Reaction of N-Propionylpyrrole (2)
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Table 4. Asymmetric Alkynylation of Aldehydes with 12

‘ : Fef ) - InBr3 (x mol %) OH
%ﬁ[\:f_@‘_% @{T < gg&s—ﬁ@ L-‘C&iqj*%)ga) (] H % OH (S)-BlNSOL (X mol %) H
s J+ \|< Cy,NMe (5xmol %) R\ oH
IRECEEDbOD, A DHFEHFKRT/V RH m® o 0°G Mo
. . . 13 12: 2 equiv. 2 14 Me
= S 3> N ] =y > ) -
T FBXOBWERERT V7T e FICBLT ontry substrate catalyst time )zisld (e/e)
e SR~ o/ (R) xmol%) () (%) (%
| BRI, @REICTEM B LN ; Phenél :gz m TR
. _ _ 4-Cl-CgHy 10 48 87 99
7= (Table 4), *7-. 40mmol R F— /LD 3 4-MeOG-C?3H - 13¢ 10 48 62 99
. 4  2-Furyl 13d 10 40 89 93
RRMZBWT SRS, BIRE L b IChH 5  3-Thiophenyl 13¢ 10 41 87 99
¢ w82 on e
M4 y Sopro
72 < AT L 72 (entry 11), fillfiE B DK 8 Cyt’:)Iorfeyxyl 13'2. 10 S o 99
ALBER LT (entry 12), ° {0 @omam 13 10 3% 40 99
- . 112 Phenyl 13a 5 24 8 99
AR OBRIRELEOBB BTV, ¥ 12> Phenyl 13 2 48 8 98

3 Reaction was performed using 13 (40 mmol) and 12 (80 mmol).

BHRBEICE *@jﬁgé)ﬁ U T, BEfF  °Reaction was performed in dichloroethane (10 M) at 80 °C.
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Scheme 4. Removal of Protecting Group to Give Terminal Alkyne 16a
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