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Target: | New catalysts. )
New catalytic asymmetric reaction.
Useful chiral building block.
New synthesis methods of bioactive compounds
Why Manzacidin: To apply my research results:
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One of Nature compounds contant a,a-disubtituted amino acid: Manzacidin
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Manzacidin C: R=H
Manzacidin D: R = Me

Manzacidin B

Manzacidin A

Isolation: Isolated from the Okinawan sponge Hymeniacidon sp. (Kobayashi et al. JOC. 1991, 56, 4574.)
Bioactivity: a-adrenoceptor blocks, actomyosin ATPase activators
Structure: C4, 6-tertiary-quarternary carbon center



Typical total synthesis of Manzacidin:

1 Ohfune Group: JACS. 2000, 722, 10708.
(Diastereoselective Strecker reaction
First highly stereoselective synthesis)

Before Manzacidin

2 Du Bois Group: JACS. 2002, 124, 12950. ﬂ
(Oxidative C- H insertion)

Synthesis of Manzacidin

3 Li Deng Group: JACS. 2006, 128, 3928.
(Tandem conjugate addition-Protonation) ﬂ

4 Maruoka Group: JACS. 2006, 128, 2174. After Manzacidin
(1,3 Dipolar cycloaddition)

1 Ohfune Group: (Diastereoselective Strecker reaction, First highly stereoselective synthesis)

( Concept: Synthesis of a-substituted threonine:
Diastereoselective Strecker reaction S NG
JACS. 1994, 116, 7405. $ b
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Scheme 1 Diastereoselective Strecker reaction Scheme 2 Total synthesis
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Scheme 3 Total synthesis of Kaitocephalin

Boc-L-Phe-OSu- JOC. 2005, 7, 4165.
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2 Du Bois Group
i Before Manzacidin

a Background of C- H activation around 2001:
Chem. Rew. 1998, 98, 911.
Journal of Organo Metallic Chemistry 2001, 618, 47.

Scheme 5 Carbene C-H insertion mechanism
speculated by Nakamura group

JACS 2002, 124, 7181.
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Also see literature Seminar of
Yamaguchi(2006) and Tanaka (2007)

b A Rh-Catalyzed CH Insertion Reaction for
the Oxidative Conversion of Carbamates to

Oxazolidinones™* Angew 2001, 40, 598.

Scheme 4 Rhodium Tetracarboxylate-catalyzed C-H bond

activation/C-C bond forming reaction of an
u-diazoacetate with an Alkane
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Concept:
New convenient way: in-situ generate L4Rh;=NHR

Scheme 6 Optically pure carbamate
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Scheme 8 Conversion reaction

Scheme 7 Mechanism
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ii Synthesis of Manzacidin
Enantioselective Synthesis of the Bromopyrrole Alkaloids Manzacidin A

and C by Stereospecific C—H Bond Oxidation JACS. 2002, 124, 12950.
Scheme 9 Retro-synthesis
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iii After Manzacidin

a Novel Iminium lon Equivalents Prepared through C—H Oxidation for the
Stereocontrolled Synthesis of Functionalized Propargylic Amine Derivatives JACS. 2003, 725, 2028
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Scheme 12 Scheme 13 Application
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¢ Catalytic Intermolecular Amination of C—H Bonds JACS. 2007, 129, 562
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d A Chiral Rhodium Carboxamidate Catalyst for Enantioselective C-H  JACS. 2008, 130, 9220
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3 Li Deng group:
i Before Manzacidin Scheme 15 Proposed catalytic cycle
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b Highly Enantioselective Conjugate Addition of Malonate and fi-Ketoester to
Nitroalkenes: Asymmetric C—-C Bond Formation with New Bifunctional SABS AN, 250000
Organic Catalysts Based on Cinchona Alkaloids
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ii Synthesis of Manzacidin

Dual-Function Cinchona Alkaloid Catalysis: Catalytic Asymmetric Tandem
Conjugate Addition—Protonation for the Direct Creation of Nonadjacent

. Stereocenters JACS 2006,728, 3928.
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Scheme 18 Asymmetric synthesis of (-)-Manzacidin A
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iii After Manzacidin

a  Control of Diastereoselectivity in Tandem Asymmetric Reactions Generating JACS 2007,729, 768.
Nonadjacent Stereocenters with Bifunctional Catalysis by Cinchona Alkaloids

Scheme 19 Proposed model Scheme 20 Reaction using Q-2
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b Catalytic Enantioselective Peroxidation of «,f-Unsaturated Ketones  JACS 2008, 730, 8134.

Scheme 21 Mechanism of epoxidation Scheme 22 Proposed catalytic cycle
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Summary: Development of the catalysts

Chiral Lewis
Base Catalysts:

OH OMe
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4 Maruoka group
i Before Manzacidin

a Bis(((S)-b.inaphthqu)(isopropoxy)titanium) Oxide as a y-Oxo-Type Chiral  JACS 2003, 125, 1708.
Lewis Acid: Application to Catalytic Asymmetric Allylation of Aldehydes
e

Background: Keck et al.
JACS 1993, 115, 8467. OO OH ? OO o
OH o T~g
OO 2eq O@ QO

.

+ Ti(OiPr),

Maruoka group: Ti-O-Ti

chiral bis-Ti(IV) oxide OH
i 0,
RCHO + o~ SmBu, —(SS100mot) b N Table 8
CH,Cly, 0 °C R™* = ) T ) T
3 4 T catalyst A
entry aldehyde (mol %) tme () % yield” (conlig)”
OO | PhOTLCHLCTO 1 (1 4 84 99 (R) o
g | % 3ol gy b
o o 2 1(10) 16 n2 98 (1)
S IF OO 0. opd 3 1(5) 2071 770951 98 98] (R)
g 0 T’ 4 CHACHCHO 1¢10) 12 83 99 (Ry"
Oo O~4* o' Copr s 2020 12 14 81 (R
0 O 6 1(5) 240120 86921 99 98] (R)*
Pr'o GO 2 7 (CH-CHICHO 1(10) RIS TL[91] =99 [99] (8)
(5,5)1 b 2(20) 28 7 85 (8
9 PhOH=CHCHO Ity 15 70 95(8)
Ag,0 2 (S)-binaphthol 10 PhCHO 11y 7 0 96 (Y)
. : 2 11 110y 24 81 96 (S)
[A] 2 (Pr'O)3TiICl ——= (Pr'0),Ti-O-Ti(OPr)g———— (5,5)-1 =
{PrO)s ChaCh (PrO)s OPr)3 () 12 1(3) [9F [94] 19719
13 p-bromobenzaldehvde 1 (10) 15 83 98 ()
14 furtural 110} 18 926 97 (5)
2 (S)-binaphthol O B Agz0
[B] 2 (PrO)TiICl —————— = 2 i, —
CH,Cly O o orr

b Asymmetric 1,3-Dipolar Cycloaddition Reaction of Nitrones and Acrolein with JACS 2005, 127, 11927.
a Bis-Titanium Catalyst as Chiral Lewis Acid

entry catalyst {moal %) conditions yield ee (%)7
Table 9 Ti catalyst for 1,3 dipolar cycloaddition ('c,h %P [configle
i (5.5)-1 10 0.2 78 89 [5]
Bn salyet EEH Bn 2 TH(Qi-Pry, 20 0.2 40 60 5]
- abHy s_N. (5)-BINOI
_,c-N o o+ OHC o AR 0 3 ClTUO-Prs 20 0.2 36 60 5]
i L (5)-BINOIL.
Ph 2 CHaClz  EtOH HO— 4 (5.8)-1 10 ~20,17 90 91 (5]
5 (5.5)-1 10 ~40, 24 29 93 [5]
ii Synthesis of Manzacidin A: The most efficient route. JACS 2006, 128, 2174,

Enantioselective 1,3-Dipolar Cycloaddition Reaction between Diazoacetates
and «a-Substituted Acroleins: Total Synthesis of Manzacidin A

Table 10 Titanium BINOLates
Scheme 23 Retro-synthesis anie ftanium

titanium N—NH
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CHE ! e - roc AN i fbi
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N,CHCOzR | entry R catalyst {mol %} conditions {“C. h) yield (%)® ee (%)°
Br ! 1 Et - rt. 40 16
N%NH A NH, NH, 2 Et 2a (1l 0.1 -
| 9 [ P R 2a (10) —40,4 £ 88
HO_,cfl\/.-'l\/O N HOzCJ\-/.:'K/OH 4 Et 2b (10) ~40, 2 54 90
Z Mée H Me 5 Ft 2¢(5) —40.3 52 95
0 6 1-Bu 2h (10 —40. 1 52 91
1a manzacidin A 2 r-Bu 2¢ (5) —40, 1 43 04
1b manzacidin C (CY epimer)
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Table 11 Substrant scope Scheme 24 Total synthesis

titanium N—NH T2 OMe )
R? BINOLate 2b-¢ N7 ne ad
7 ; /i R “NH NLo L
| + N,CHCO.BU' — : M ab PN\ 3 :
2 2 n Bu'O. CM e a il ¢
ZeHo CH,Cl, —40°C 2 CHO ElO C’K){mo o BRG] O
entry R: catalyst (mol %) tme (h) yield (%)° ee (%) 3a Me 6
i Me 2b (10) 1 52 914 N7 NH
i Me 2¢(5) I 43 94 1. on
3 Lt 20 (10 3 63 83 . Ho.h.c)‘vf ~ 1a
f 5 ; . N NH Mé d
EE 2 (5) 3 8 84 L - } Ee 4
5 BnOCH-CH, 2b (10) 1 8l 80 EtO.C M‘f o ~
0 Ph¢ HaCHa 2h (L) 4 63 82 e N7 "NH o
7 i-Pr 2h (10) 3 82 92 7 \\-K/-_J\/UH
; . < HO.,C =
8 Or 2b (10y 5 77 94 ? M
‘ 2¢ (5 5 75 ¢ )
) Cr c(5) 5 5 94 8 (dr =85:15)
“Conditions: () Nal3H . FiOAC, 73%: () PRTS, HOC(OMe)s. 890 (¢
Ranev-Nio 1L PrOIFTHLOL (d) d-bromo-2-tnchloroacety Ipyrrale, Nall
DML 50% (1wo steps).

Summary of total synthesis of Manzacidin A

-

1 Ohfune Group: Diastereoselective Strecker reaction, Chiral catalyst is used as chiral source,
First highly stereoselective synthesis. (Page 2)

2 Du Bois Group: Oxidative C- H insertion, Chiral catalyst is used as chiral source,
New synthesis method. (Page 4)

3 Li Deng Group: Tandem conjugate addition-Protonation, Chiral catalyst is used as chiral source,
Stereoselective efficient method. (Page 8)

4 Maruoka Group: 1,3 Dipolar cycloaddition, Chiral catalyst is used as chiral source,
The most efficient route. (Page 10)

Ohfune 's
Red intermediate
{One-pot) NOZ NOZ Mo-Cat NO; NOZ
. ,, — Total: 5 steps
tBuO,C’ ‘CO5tBu tBuO,C + CO5tBu
| Control two stereocenters in one step, at same time introduce two "N".
Possible problom: NO2
NO, NO, NO, NO5 CO,tBu NO, NO, NO,
tBuozc“M}:coztBu tBuOZC"MCOQtBu ? tBuozc“W ““CO,tBu
B i CO,tBu
Solution a (Solution b: Other Electrophiles
Ph
NO, NO —
i Ph/& BF
tBuO,C * CO,tBu N or NH o O7 >\ 0
excess amount slow addition )\COQtBu %\0021‘Bu )\Congu




