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1.1 Flavonoid Compounds - Flavonoids & Isoflavonoids
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1.1 Flavonoids & Isoflavonoids - Biogenetic Relationships
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1.1 Flavonoids & Isoflavonoids - Biogenetic Relationships
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1.1 Flavonoids & Isoflavonoids - Structural Diversity
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1.1 Flavonoids & Isoflavonoids - Structural Diversity

HO HO HO (0]
T ) L)
OH OH (0] ]

Equol Glabrene Tetrahydrodaidzein
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e pi e
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1.2 Bioactivities - Hormonal Activities as Phytoestrogen

Phytoestrogen:

v' -OH with proper configeration
v' A critical space of 1.2 nm

* Agonism: stimulating the estrogenic action

* Antagonism: blocking the estrogenic action

*  Selective Estrogen Receptor Modulators (SERMs)

17 -Estrogen
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1.2 Bioactivities - Hormonal Activities as Phytoestrogen

Prenylation of isoflavonoids

* position
* modification

*  multi-prenylation

Glyceollin |

Glyceollin Il

Glyceollin Il
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1.2 Bioactivities - Non-Hormonal Activities as Antioxidant

* Reactive Oxygen Species (ROS)
* ROS scavenging by polyphenolic compounds
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1.3 Synthetic Strategies

* Enantioselective methodologies for introduction of C-3 chirality:

Cycloaddition Sn2' substitution
with Chiral Auxilliary with Chiral Auxilliary

Asymmetric
Protonation

Asymmetric
Dihydroxylation

Isoflavonoids

Asymmetric
Alkylation with
Chiral Auxilliary

Asymmetric
Hydrogenantion



1.3 Synthetic Strategies — Pettus et al.’s strategy

Cycloaddition
with Chiral Auxilliary

E—
(0}

ol e

PPh,CI

CHO O
Ph

&
=gl

OH 0\ (-)-Medicarpin
BnO o
Pb3;0,4, AcOH, benzene;
Pd/C, H,, EtOH;

K,CO,, EtOAC

BnO (0]
DALz o
BF3Et20 Q
Et,SiH BnO o

DCM

BocO (o)
_
ether, MeMgBr,

Z. G. Feng, W. J. Bai, T. R. R. Pettus, Angew. Chem. Int. Ed., 2015, 127, 1884-1887.
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1.3 Synthetic Strategies — Takashima et al.’s strategy

S\2' substitution
with Chiral Auxilliary

HO (o)
\(D/\J"//

(S)-Equol

st o WIRTO
OH ‘

CO,Et CHO
OH OTBDPS

(0] 33 20

K,CO3,
acetone

OR'

R = OH
o | cBr, PhyP

R Me | BBr;, DCM

\

o)
> OR
R = TBDPS
R=COPy —=

30

CuBr-Me,S
~

Os0O,, NMO,
acetone, H,0

Y. Takashima, Y. Kaneko, Y. Kobayashi, Tetrahedron, 2010, 66, 197.
Y. Takashima, Y. Kobayashi, Tetrahedron Lett., 2008, 49, 5156.
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1.3 Synthetic Strategies - Guiry et al.’s strategy

Asymmetric
Protonation

o i ArPb(OAc);
RO o) /L ~ NAPO o pyridine NAPO 0
HO OH CI/\)I\CI N o= CHCI,
> > B 3
\©/ AlCly LiHMDS, THF COallyl A COallyl
0

Nitrobenzene (o] (o)
R=H
R = NAP
4 \
Pd/C, H,, NAPO o
EtOAc
H
B, o
o
70% 88%
. J

M. P. Carrall, H. Mueller-Bung, P. J. Guiry, Chem. Commun., 2012, 48, 11142-11144.
R. Doran, M. P. Carroll, R. Akula, B. F. Hogan, M. Martins, S. Fanning, P. J. Guiry, Chem. Eur. J., 2014, 20, 15354-15359.
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Asymmetric
Dihydroxylation

OR; l2, Selectfluor, OMOM
MeOH, RT /YQ/
_— T
1

O OR, O OBn
R1 =
R, = MOM <
R2 =H
Rz =Bn
OR, NaBH, OBn
MeOH, RT
H 27 Aee Lmd
(o) (0], OH OH

R3=Bn

Glyceollin |

acetone

reflux

1.3 Synthetic Strategies — Erhardt et al.’s strategy

OMOM

BnO (o)
Seldl
Ph3P, HBr, CH;CN;
t-OBuNa, MeOH BnO
R; = MOM
R, = TBDPS

polymeric, base,
4A MS, EtOH

4

R. S. Khupse, P. W. Erhardt, Org. Lett., 2008, 10, 5007.
A. Luniwal, R. S. Khupse, M. Reese, L. Fang, P. W.Erhardt, J. Nat. Prod. 2009, 72, 2072-2075.

‘ OR,
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1.3 Synthetic Strategies — Versteeg et al.’s strategy

Asymmetric
Alkylation with
Chiral Auxilliary

o) o)
TBAF /
~vA o) OMe paen  “nA 0
| N-TMS + _— | N
( cl (e
Br
LICA
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0 o) Ph,P, DEAD, | N /
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", 31 O\ - X
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M.Versteeg, B. C. B. Bezuidenhoudt, D. Ferreira, K. J. Swartb, J. Chem. Soc., Chem. Commun., 1995, 1317.

M.Versteeg, B. C. B. Bezuidenhoudt, D. Ferreira, Tetrahedron, 1999, 55, 3365.
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1.3 Synthetic Strategies - Yang & Zhang et al.’s strategy

Asymmetric
Hydrogenantion

e

(S)-Equol

K,CO;, PPh,-HBr, 0
acetone RT MeCN 90 C O 0\*©\
@L o

PPh,Br

NaOEt, ‘
EtOH, RT

Py-HCI /0 (o) /O (o}
150 C
[ | DM
OH o~ o~

Z.Ding, J. Yang, T. Wang, Z. Shen, Y. Zhang, Chem. Commun., 2009, 571-573
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1.3 Synthetic Strategies — Kinetic Resolution of Flavanones (Metz Group in 2013)

Asymmetric Transfer Hydrogenation (ATH):

OR; O OR, O
rac-flavanone Flavadé (2S)-flavanone Isoflavanone (2R,4R)-flavanol
Ph N 41-50% yield, 45-50% vyield,
Rh 0 95->99% ee 95->99% ee
p N H

(R,R)-catalyst

M.-K. Lemke, P. Schwab, P. Fischer, S. Tischer, M. Witt, L. Noehringer, V. Rogachev, A. Jager, O. Kataeva, R. Frohlich, P. Metz, Angew.
Chem., 2013, 125, 11865-11869.
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1.3

Our Strategy - The Proposal of Dynamic Kinetic Resolution for Isoflavonoids
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2. Enantioselective Synthesis of Isoflavonoids




2.1 Synthesis of rac-Isoflavonoids

Route A:

N OH
RA_I/
+
S
7 [$ie08
ci A
o N
| OH >
HO e

Isoflavone derivatives Isoflavone

22



2.1 Synthesis of rac-Isoflavonoids

Route A: Synthetic Example - Single-substituted derivatives

BF5-Et,0, DMF

60 ‘C, 40 min;
AICI3, DCE methanesulfonyl
40°C,12h, HO OH chloride HO
Lo 0 o
—>
Cl
I
MOMCI, EtzN Isoflavone Derivatives
CH2C|2, rt,
3h
HCHO, Et,NH
MOMO (0] | ethanol, reflux, MOMO
3 h, 81% (2 steps)

IS 5

Isoflavanone Derivatives
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2.1 Synthesis of rac-Isoflavonoids

Route A:  Prenylation

5 mol% Pd(PPh3)4,
THF, 0 ‘C to rt,

o
24 h, 92% />< O
2K
o

5 mol% Eu(fod)s,
toluene, 100 °C,
300 W microwave
2h

56%

|

Ac,0, pyridine,
DCM, rt,

25%

|

Ac,0, pyridine,

DCM, rt,
2 h, 91%;

24



2.1 Synthesis of rac-Isoflavonoids

Route B:

25



2.1 Synthesis of rac-Isoflavonoids

Route B:

OH DMF dimethylacetal,
DMF, 95 °C, 3 h

e

OH _NMe,

Synthetic Example - Non-substituted derivatives

pyridine, Iy,
CHCl;,
rt, 8 h, o
88% (2 steps) |
MR e 3 WC

5 mol% Pd/C,

5 eq. Nay,CO3
DME/H 0 = 2:1 (v/v),

rt, 12 h, 87%

n-BuLi, THF, -78 °C, 1 h;
(i-PrO)sB, -78 °C, 1 h;
NH,CI, H,0, -78 °C to rt, OH
88% '

- HO’B\© e

Isoflavone

L-selectride,
THF, -78 °C,
93%

Isoflavanone

26



2.1 Synthesis of rac-Isoflavonoids

Route B:

Suzuki-Miyaura
Coupling

Suzuki-Miyaura Coupling

5 mol% Pd/C, 5 eq. Na,COs3,

DME/H,0 = 2:1,rt, 12 h 89% trace No reaction No reaction
5 mol% Pd/C, 5 eq. Na,COg3, : A
g N N
DME/H,0 = 2:1, 45 °C. 24 h o reaction o reaction
10 mol% Pd(PPh3)4, 5eq. NaQCOQ,,
Benzene, reflux, 24 h trace trace
10 mol% Pd(OAc),, 20 mol% P(o-tol)s,
5 eq. K,CO3, DME/H,0 = 2:1 42% 26% trace
50 €, 247
10 mol% Pd(OAc),, 20 mol% P(o-tol);,
81% 47% 40%

10 eq. K,COg, DME/H,0 = 2:1
50 °C, 24 h,

27



2.2 Asymmetric Transfer Hydrogenation of Isoflavanones

pre-Catalysts with different transition metal & ligands

Ts Ts Ts Ts
|
Ph_NH Phy _f Ph || Phe
I \E sl \E G \E I, . bo * 6 catalysts

PR NH p N C p N CI prt N ©
i = - e * Temperature
(R,R) - Ligand A [ I m
a " > £ * Solvent
S S S S
Y | | | ;
NH N N N * Different H Source
RH Ru I
QNH O:N' < O:N' el O:N' i « Lower Load of catalyst
& HZ H2 HZ
(R.R) - Ligand B IV v VI

Chiral metal-diamine complexes | - VI. Ts=tosyl=p-toluenesulfonyl.
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2.2 Asymmetric Transfer Hydrogenation of Isoflavanones
5 mol% catalyst,

AcO (o) AcO (o)
O EtzN/HCOOH = 3:1 -, \©ij
O Solvent o
(0] Temperature

rac-Isoflavanone (3R,4R)-Isoflavanol

(R/R) - catalysts Time eel”! of
Ligand Metal Temperature  Solvent (BRAR)-
complex oig Isoflavanol
Rh complex (') DCM 120 >99%
Ts Ru complex (') 0 °C DCM 120 >99%
7 \[ "4 Ir complex () DCM 144 9%
e 2 Rh complex (') DCM 144 B%
Ligand A Ru complex (IT) RT DCM 24 >99%
Ir complex () DCM 48 >99%
Rh complex (' ) DCM 120 39%
11: Ru complex () 0 °C DCM 144 >99%
O:N H, Ir complex () DCM 144 B%
Rh complex (' V) DCM 144 2%
Ligand B Ru complex (V) RT DCM 48 >99%
Ir complex () DCM 120 -
Ligand A Ru complex (II) 45 °C EtOAc 6] >99%

Yield® of
BRAR)-
Isoflavanoll“l
82%

66%
90%
30%
92%
39%
6%
40%
10%
12%
76%

94%

[a] Yield of isolated product. [b] Determined by HPLC on a chiral stationary phase. [c] After oxidation to give (R)-isoflavanone determined by optical rotation.
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2.2 Asymmetric Transfer Hydrogenation of Isoflavanones

MeO o 5 mol% catalyst, MeO o)
O EtsN/HCOOH = 3:1 \©;)
>
ethyl acetate
(o) O Temperature ©

rac-lsoflavanone (3R,4R)-Isoflavanol
_(R/R) - catalysts e S Time eel® of Yield® of
Ligand Metal P Sl ont (3R 4R)- (3R 4R)-
complex . [hours] Isoflavanolsl Isoflavanolsl
Rh complex (') EtOAc 96 >99% 17%
17 Ru complex (II) RT EtOAc 96 >99% 98%
Ph \[NH Ir complex (I11) EtOAc 9% >99% 36%
Ph"" “NH,  Rh complex (') EtOAc 12 >99% 14%
Ligand A Ru complex (II) J EtOAc 2 >99% 96%
Ru fog?dlflex RIS o 95 >99% 97%
Ir complex (' ') EtOAc 2 >99% 43%

[a] Yield of isolated product. [b] Determined by HPLC on a chiral stationary phase. [c] After oxidation to give (R)-isoflavaone determined by optical rotation.
[d] 10 mol% catalyst(ll)
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2.2 Asymmetric Transfer Hydrogenation of Isoflavanones

5 mol % Il R
HCO,H/Et3N (3:1)

2
EtOAc, 45°C R O 0
4 ®
OH b,

(3R,4R)-Isoflavanols

rac-lsoflavanones

'lrs
Ph
N /
N Tl
Ph' H,

AcO (o)

3 h, 92% 12 h, 95% 72 h, 91% or 12 h reflux,
>99% ee >99% ee 91%, >99% ee

6 h, 84%
>99% ee

6 h, 90%
>99% ee

12 h, 92%
>99% ee

12 h reflux, 93%
>99% ee

AcO (o)
I Bl

3 h,93%
>99% ee

TN

12 h, 94%
>99% ee

31



2.2 Asymmetric Transfer Hydrogenation of Isoflavanones

5 mol % Il R! Ts
HCO,H/Et3N (3:1)

2 |
EtOAc, 45°C R O 2 Ph\EN‘ ,
R3 SN Cl

Ph"
H
OH O R 2

rac-lsoflavanones (3R,4R)-Isoflavanols

AcO (o)
3 h, 92% 12 h, 95% 72 h, 91% or 12 h reflux, 6 h, 84% O O

>99% ee >99% ee 91%, >99% ee >99% ee

OH
3 h,93%
>99% ee
‘Q\‘O Meo‘@\‘@oO ‘Q\‘O O
~ B - [
S OAc Ot (0]\' [} oL OMOM

6 h, 90% 12 h, 92% 12 h reflux, 93% 12 h, 94%
>99% ee >99% ee >99% ee >99% ee
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2.2 Asymmetric Transfer Hydrogenation of Isoflavanones

5 mol % Il R! Ts
HCO,H/Et3N (3:1)

2 |
EtOAc, 45°C R O 2 Ph\EN‘ ,
R3 SN Cl

Ph"
H
OH O R 2

rac-lsoflavanones (3R,4R)-Isoflavanols

AcO o
3 h, 92% 12 h, 95% 72 h, 91% or 12 h reflux, 6 h, 84% O O

>99% ee >99% ee 91%, >99% ee >99% ee

OH
3 h,93%
>99% ee
‘Q\‘O MGO‘P\‘OOO ‘Q\‘O O
~ B - [
S OAc Ot (0]\' [} oL OMOM

6 h, 90% 12 h, 92% 12 h reflux, 93% 12 h, 94%
>99% ee >99% ee >99% ee >99% ee
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2.2 Asymmetric Transfer Hydrogenation of Isoflavanones

5 mol % Il R! Ts
HCO,H/Et3N (3:1)

2 |
EtOAc, 45°C R O 2 Ph\EN‘ ,
R3 SN Cl

Ph"
H
OH O R 2

rac-lsoflavanones (3R,4R)-Isoflavanols

AcO o
3 h, 92% 12 h, 95% 72 h, 91% or 12 h reflux, 6 h, 84% O O

>99% ee >99% ee 91%, >99% ee >99% ee

OH
3 h,93%
>99% ee
ACO‘Q\‘OOO ‘%J\‘O ‘Q\‘Oo O
s ) - L)
S OAc Ot (0]\' [} oL OMOM

6 h, 90% 12 h, 92% 12 h reflux, 93% 12 h, 94%
>99% ee >99% ee >99% ee >99% ee
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2.2 Asymmetric Transfer Hydrogenation of Isoflavanones

B L e
4- |Pr'C6H4\ = \ 4'|Pr'C6H4i\\ /N\
Ts Ts
[ 0] g
Ar R o H
UAr
(0]
R/ R
RO
\ X °
z I
o C ,] ¢ lo) l P
. R’ R
5 Asymmetric Transfer Hydrogenation l
Y
( )
R10\\ o R10\ (o)
X
H % OR’ H OR'
e ) S
2 | J 2 | ]
OH X OH ¢
R (]

(3S,4R)-Isoflavanol

R’;

(3R,4R)-Isoflavanol
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2.2 Asymmetric Transfer Hydrogenation of Isoflavanones

Investigation of H source:

Hydr
rac-Isoflavanones ZOI:)%:H
AcO Q (0}

NHs:OOCH

il
HCOOH
MOMO. O 0.
NH+OO0CH
NG
NHs:OOCH
AcO (o]
O O NaOOCH/H20
2 (07.Y]
HCOOH
MeO. O (o]
NHs:OOCH
S O OMe
NH:OO0CH

Temperat
ure

["Cl
45
45

45

reflux
45

reflux

45

45
45

45
45

Time
[hours]
3
12

24
i1

72
%2
6
6
24
12
48
96

(3R 4R)-Isoflavanols

ee

>99%

96 %

86%

94%

>99%
91%

yield

88%

71%
90%

90%

73%

89%
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2.2 Asymmetric Transfer Hydrogenation of Isoflavanones

Investigation of lower load of catalyst:

rac-Isoflavanones

AcO (0]
lo €
OAc

MOMO. l (o)
S I OMOM

Mol %

0.5

0.5

reflux

Time
[hours]

14

I

48

(3R,4R)-Isoflavanols

ee yield
88%
99%
96 %
91%
99%
98 %
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2.3 Asymmetric Transfer Hydrogenation of Isoflavones

ACO\©[O\

Isoflavone

(R,R) - catalysts

Ligand

Ts
NH

ol

Ph' "NH,

Ph

Ligand A

[a] Yield of isolated product. [b] Determined by HPLC on a chiral stationary phase. [c] After oxidation to give (R)-isoflavanone determined by optical rotation.

Metal complex

Rh complex (I)
Ru complex (II)
Ir complex (III)
Rh complex (I)
Ru complex (II)
Ir complex (III)

Ru complex (II)

T

5 mol% cat.
HCOOH/Et;N
CH2C|2

Temperature

0 °C

RT

©7©

(3R,4R)-Isoflavanol

eel?! of YieldP of
(3R14R)" (3R,4_R)-
Isoflavanols!d! Isoflavanolsl!
>99% 55%
>99% 5%
>99% A
>99% 5%
>99% 10%
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2.3 Asymmetric Transfer Hydrogenation of Isoflavones

)
. /OR 1

R, | \C] '

Isoflavones

¢ conjugated reduction

Ph

R1([:|’\ N (o) i OH\ N (o) H X
R/ = ", \PRH _— R/ NG \/ _— °R 1
2 o | ’] : OH | ,\J By \
; R', R',

: (R,R)-catalyst (R,R)- catalyst
R1Q \ N Asymmetric Transfer Hydrogenation R1O
X
OR . E
— OR 1
Rz
OH Rz -

(3S,4R)- Isoflavanols
(3R,4R)- Isoflavanols
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2.4 Oxidation of Isoflavanols

R,0
S SoR
R, | ]
(0] N
R'z

Isoflavanone

AR o

3%
/\,
-

p

(3R,4R)-Isoflavanol

Ley-Griffith
Oxidation R,0

i  wnp I

(R)-Isoflavanone

* Concentration
* Temperature
Different Load of Catalyst
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2.4 Oxidation of Isoflavanols

R1 25 mol% TPAP

NMO, MS 4 A
5 L
R4

CH,Cly, rt
(3R,4R)-Isoflavanols

R1
R2 o

ey

(R)-Isoflavanones

Aco MeO Momo AcO : O

93% 96%
>99% ee 96% ee

>99% ee 91%

96% ee

e e

93% 98%
97% ee >99% ee

92% 90%

96% ee 97% ee
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2.5 Synthetic Strategy of Pteracarpans

R,0
1 \\ (o)
E/ =
R OR"4
2 o /AR
_|—
R’y

W,

Pterocarpan A (0} AcO (0}
2 o~ O oTMS A > O oTMS
"""""" = ¥
o OMe PH OMe
[ [-Ye) (o) "[-Ye) (o)
& O OMe i E O OMe
"""""" ¢ e
H
2 OMe g OMe

W,

BnO (o} BnO o
O OBn Sl OBn
............ >

o

W,
W,

OMe

A
cO O (0} OH :
lit.

>99% ee, 91%

(-)-Medicarpan
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2.6 Synthetic Application - (+)-Equol

R,0
1l H\ N (o]
N o
R, | ]
N
R’

Isoflavan

(R)-Equol

* First isolated in 1932 from equine
urine and identified in 1982.

* Impressive bioactivities as
strongest phytoestrogen and

antioxidant.

* Both enantiomers are of interest

from a clinical and pharmacological
perspective and currently being

developed as nuitraceutical and
pharmaceutical agents.
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2.6 Synthetic Application - (+)-Equol

(R)-Equol

5 mol% Ru cat. I,
HCOOH/Et3N,
ethyl acetate,

reflux, 12 h
_—

OMOM

MOMO l 0}
3 I OMOM

>99% ee, 93%.
AC20, Et3N,

DMAP, CH,Cl,

1h,0°C, 94%

0}

wrc E OMOM

Oo

Lit.: US 2015183797A1
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2.6 Synthetic Application -

R0
1\\ (o)
H// OR',

Rz L :/]

Isoflavanone

Daidzein

(3R)-Dihydrodaidzein

[
Ty =

(3S)-Dihydrodaidzein

(+)-Dihydrodaidzein

(R)-Dihydrodaidzein

HO
0 %
(0], |
OH OH (o], ]

(3R,4R) Tetrahydrodaldzeln

=

(3S,4R)-Tetrahydroda|dze|n

* An essential biosynthetic
intermediate of isoflavonoids,
the precursor of (S)-(-)-Equol.

* One of the most bioactive
isoflavonoids as phytoestrogen

and antioxidant.

* A cardioprotective agent.

= Wiy

(S)-Equol

Appl. Environ. Microbiol., 2016, 82, 1992-2002.
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2.6 Synthetic Application - (+)-Dihydrodaidzein

25 eq. NaBO3-4H,0,

methanol, rt,
3 min,
5 mol% cat. Il, 91% ee, 66%
HCOOH / Et3N,
ethyl acetate, | ¢
45°C,6 h

25 mol% TPAP
AcO (o) NMO, MS 4 A AcO (o) HO (0}
8 3 ® %
(0]
o8 OAc g (07.Ye3 OH

> 99% ee, 88% > 97% ee, 93% (R)-(+)-Dihydrodaidzein
gram scale T

Lipase from
Pseudomonas fluorescens,
THF/n-Butanol, rt,

21 h,

97% ee, 92%
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3.

Summary

/= TECHNISCHE
@F UNIVERSITAT

DRESDEN

Enantioselective Synthesis of Isoflavonoids via
Catalytic Dynamic Kinetic Resolution

Synthesis of rac-Isoflavonoid Derivatives
- Route A
. Ph
Asymmetric Transfer Hydrogenation of Isoflavanones ( -

Asymmetric Transfer Hydrogenation of Isoflavones
Oxidation of Isoflavanols - Ley-Griffith Oxidation
Synthetic Strategy of Pterocarpans

Synthetic Applications

- (+¥)-Equol
¥ (+)-Dihydrodaidzein
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Practical Synthesis of Halofuginone Hydrobromide

-- 1. Synthesis of rac-Halofuginone Hydrobromide

-- 2. Asymmetric Synthesis of Halofuginone Hydrobromide

\

N ci
H 0
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Synthesis of rac-Halofuginone Hydrobromide

N > N N cl
i o) p o

Febrifugine Halofuginone

Quinazolinone alkaloid

Traditional Chinese herb Dichroa Febrifuga (Chang Shan)

High antimalarial activity
Side effect: the gastrointestinal toxicity

The only reversible inhibitor of collagen type I synthesis currently known

. Scar

*  Pulmonary Fibrosis
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1. Synthesis of rac-Halofuginone Hydrobromide

N
” Cl
(0}
trans-Halofuginone

WOH N Br
Michael Addition M N
retro-Michael Addition H,N N N cl
(0]

O‘\\OHO |//N | Br
H "//)l\/N Cl
(0]
u \OH \| Br
W\ o 2
m'\( | Cl
Br ||
.\\0 OH r/N Br ey Hz
(0]
O"!/X/N | E F,
H Cl Halofuginone Hydrobromide
(0]

Stenorol

\§i/

cis-Halofuginone
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Synthesis of rac-Halofuginone Hydrobromide - Convergent Strategy

(TIPS V)
Fragment A

AL T
Fragment B

Cl

Briel

N\, oule B

-
Fragment C

N

4

HN I
o)

N

Br

Cl
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1. Synthesis of rac-Halofuginone Hydrobromide - Stork Enamine Alkylation

oy

-+

"

ac

10
2

lNaOH/HZO

7

N

O

—>
K,COs4

CH,CN

Stevens

Rearrangement (\//(A

R, = -H, -Cl

-Troc

=-Troc, - Boc, -Cbz.

- Boc

OJ\OJ< OJ\O
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1. Synthesis of rac-Halofuginone Hydrobromide

CH3OH CH3CN rt

o/\|<CI /\KCI O/\|<

Cl
\| Br
(/ | K,COs,
HN
cl DMF,
rt

(Recrystallization)

Cm—
cl it o

o
o KKCI
cis-Halofuginone Cl

(o
(Recrystallization)

H

O OH_N Br N
N s 0
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1. Synthesis of rac-Halofuginone Hydrobromide

C,HsOH

N Br JOH N Br
N — N
N cl N cl
i o

H Isomerization

o
cis-Halofuginone trans-Halofuginone
l Salification

\OH N Br
) o ~

Calgl ]

grN Cl

'H

= 2 (o)

Halofuginone Hydrobromide
gram scale



i,

Troc- protection

Synthesis of rac-Halofuginone Hydrobromide

Stork enamine alkylation to replace Stevens rearrangemnet
Chromo allyl moiety

Replace all the chromatographs by crystallization and distillation

(0] O OH
(\//l/ e i REductlon Brommatlon
N N Br

Br.

Ve

= -CH,Ph

N

N Br
Coupling Hf‘ll//\'(\|©i
(o]
(0]
(mr/N | Br Deprotection l\/\/EO><0/Hr/N | Br
-
\|
\| s (o N (o]
H o ! o

Isomerization l

“\OHO r/N | S Salification \“OHo r/N | Bl
_
\| + \|
\| (o] B \| cl
H 'H
o = A o

rac-Halofuginone Halofuginone Hydrobromide
gram scale
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2. Asymmetric Synthesis of Halofuginone Hydrobromide

O »@g@t
i o)

(2R,3S)-(+)-Halofuginone (2S,3R)-(-)-Halofuginone
OH N
O
[\
N
& 0

natural compound
(2R,3S)-Febrifugine
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2. Asymmetric Synthesis of Halofuginone Hydrobromide

€

N
]

R
Pyrrolidine O : 0 OH
2 Benleene @/N Br\/\ R, NaBH, (I/RQ
retiux —_— -
S T CH50H N N
I

L\ CH5;0OH
I I %
reflux 0°C
r ar
N ©) N "'//‘\ N
I I I
PN
rac-Pipyridinol (2R,3S)-(+)-Pipyridinone (2S,3R)-(-)-Pipyridinone
gram scale gram scale
98%~>99% ee 98%~>99% ee
45~49% yield 45~49% yield
s \
R, = -H, -Cl, -CH;
=-Troc, - Boc, -Cbz.
- Troc -Boc -Cbz

OJ\O/*CI OJ\0)< OJ\O/\©
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2. Asymmetric Synthesis of Halofuginone Hydrobromide

(0).Y+
Gl
N
|
(0],
Ok
N '1,,/\
|

LiAIH,

THF
reflux

TBSCI

Imidazole

CH,Cl,

O \\OTBS
N
|

LiAIH, O“‘OTI%S
_—
THF N "I//\
reflux |

-Troc

R, = -H, CI, -CH,

=-Troc, - Boc, -Cbz.

- Boc

Ao

-Cbz

OJ\O
)

J
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2. Asymmetric Synthesis of Halofuginone Hydrobromide

~OH_
e, T — - [
grN ol
H

Troc (2R,3S)- Halofuglnone
98% ee 98% ee gram scale
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3.

Summary

Practical Synthesis of Halofuginone Hydrobromide

Synthesis of rac-Halofuginone Hydrobromide

Asymmetric Synthesis of Halofuginone Hydrobromide

Stork enamine alkylation
Chromo alkylation reagent

Troc- protection

Enzymetic resolution

4 0
ﬂ

N
N (o]
% (o)

N " i
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THANK YOU



