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Development of the highly efficient iron-catalyzed asymmetric reaction system aimed
for the versatile synthesis of chiral compounds of biological interest

MATSUNAGA, Hirofumi
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A new method was established for the preparation of trans-4,5-dimethoxy-2-imidazol
idinone (DMIm), versatile chiral synthon for the preparation of various optically active 1,2-diamines whic
h_were very useful in the field of pharmaceutical and/or agrochemical science, via the Fe(lll)-catalyzed o
xidation of 2-imidazolone by H202-urea followed by the subsequent optical resolution via the introduction
of a MAC moiety. Chiral DMIm was also available from highly diastereoselective Fe-catalyzed oxidation of c
hiral 2-imidazolone. Enantioselective oxidation of trans-stilbene catalyzed by chiral "roofed" cis-1,2-dia

mine-iron complex was tried and moderate enantioselectivity was achieved.
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Table 1. Diastereoselective oxidation of 2-imidazolones

(4,5).
FeCly+6H,0 (0.1 eq)
dipicolinic acid (0.1 eq) HO, O'Bu
e amine (0.2 eq) .,
N/ Ny H02@eq) R R
R t-BUOH/CH,Cl, = 1/1 + N__NH
o MS4A powder R
0°C,15h O  minor
4:R=MAC 6: R =MAC 8: R =MAC
5:R=PAC 7:R=PAC 9:R=PAC
Re é@ R! iMe:-I\AF;C
0 OR' R'=n-Pr: PAC
entry R amine yield (%) d.e.(%)
1 MAC phenethylamine 58 63
2 MAC iProNH 84 63
3 MAC iProNEt 47 46
4 PAC phenethylamine 57 79
5 PAC iProNH 74 94
6 PAC iProNEt 52 75
2-
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Figure 1. Plausible mechanism for  the
diastereoselective oxidation.
6
tosyl

MAC
DMIm (14)
Scheme 2

HO,  OtBu HO,  OMe AcO,  OMe
H H AcCI (1.5 eq) H
BF3*OEt, (1 eq) iProNEt (2 eq)
N NH = N N N_NH
mac” Y i L
o 6 98% o 66% o u
AcO, OMe
TsCl (1.5 eq) N MeO OM:
iPrNEt (3 eq) )—\ LiBH, (4 eq) HC, Ome © oMe
DMAP (0.2 eq) MeOH (8 eq) — BF4+OEt, (1 eq) s s
NN = UN_ N
CHCl,  MAC” \"/ ‘s THF HN N MeOH N
rt.24h 0°C,05h Ts rt,24h Ts
75% O 15 63% o 13 95% 0 14
(S,9-DMIm
chiral synthon
Scheme 2
12-
DMIm
DMIm
1,2-
DMIm
DMIm
1,2- DMIm
DMIm (Table
Table 2. The Fe(lll)-catalyzed oxidation of
1-benzoyl-2-imidazolone by hydrogen peroxide.
Fe(lll) (0.1 eq) HO OMe
N/=\NH Her2 (0.1 eeqq) H
By solvent Bz NN
e} 26°C
time o}
1 15
Enty  Fe(lll) complex Oxidant Solvent Time (h)  Yield (%)
FeCl6H,0 (0.1)
1 dipicolinic acid (0.1) 30% H,0, aq MeO:—lsl.CHQCIZ 2 49)
PrNH (0.2) %)
FeCly6H,0 (0.1)
2 dipicolinic acid (0.1) H,0, urea Mec(o"(’g"_?)/c"'zc'z 24 58(33)Y
PrNH (0.2) -
FeCl(dipic)(H0), (0.1) MeC(OMe)3/CH,Cly
3 -PrNH-HCI (0.1) H0; urea 55 6 49 (21)P)
FeCl(dipic)(H,0), (0.1) MeC(OMe)3/CH,Cl
4 EPENH-HCI (0.1) H20, urea @n - 3 85

a) Isolated yields.
b) Calculated yields based on 'H NMR. The values in parentheses show the recovered yield of starting material 1.
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dihydroxy
4-methoxy
methoxy
methoxy
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Table 3. The Fe(lll)-catalyzed enantioselective oxidation

of trans-stilbene.

FeCl 36H,0 (0.05 eq)
Dipicolinic acid (0.05 eq)
Ligand R0 s
H,0, (2 eq) =
Ph/\/Ph 2-methyl-2-butanol Ph/<'/Ph * ph "
22 rt. R 23 S 24
Ph (R NH,
Entry Ligand (eq) Time(h) Yield (%) %ee Ph @) NH
|
1 25(0.12) 1 92 22
2 26 (0.12) 1 82 36
3 26 (0.06) 05 99 37

DMIm 16 (Scheme 3)
DMIm
HOHOME i) AcCl MeO ;sOMe
N NH i-ProNEt N \
Bz~ \"/ ii) pyridine m/ “Ac
o MeOH O racemic
15 16 DMim
Scheme 3
DMIm

N-MAC-DMIm
N’-arylsulfonyl

1-benzenesulfonyl
1-(2-mesitylenesulfonyl)
18, 19
(Scheme 4)

1-(2-mesitylenesulfonyl) (18b, 19b)

methoxy
arylsulfonyl MAC
90%
(Scheme 5)
methoxy
N-
MeO,  OMe MeO,  OMe It MeO, OMe MeO_ OMe
{ Y N eiee N bt
MM ae T Ros MM T ez [ROs My Mac * Ross My M e
(o) o] o o
16 17a,b c 18a,b 19a,b
:R=Ph O OMe .
: TR = 24.6MesCaHs wAC-C) separable on SiO, !
Scheme 4
MeO_  OMe MeO,  OMe  \agH.ON(10eq MeO, OMe
b PhCHSLI (2 eq) h Pty {
aso, My THE RS0,y MAC EonaEoH (17:0) Ty ac
N h h
98% 2% 0°C.1 1gb 0°C, 30 min ,‘91 90%
(R =2,4,6-Me,CeHy)
Scheme 5
DMIm
1,2-
DMIm
cis-1,2- (26)

trans-

trans-1,2- (25)

N-benzoyl-2-
2% ee
1,2- -1,2-

DMIm

1,2- -1,2-

DMIm
DMIm

27 Lewis
1,2 (34,37)
Scheme 6
i) e
Pro_owe SRS mo G/ 2009 w0 ) e o
— BF L0 (1eq) 7 DMAP (01 eq naphihalene (6 q) %
N S/NYNH G N S/NYNH ool NPS/NYNAC T HN N
P socpain NP 0°Gart. 3h 78°Cain Y Ae
2 o % o O
z 28 (recover 270%) 2 O (recover 23%)

(Nps = 2-naphthalenesulfonyl )

Nsaazen \, p . Q \
agse Ny KCOsBeq) %, Ba(OH), (5 eq) 3
12Cl

NH NH.
o 2

el NN VeOH N_NH  EOHHO=51
oeCatomin  Nps” Y Ac rt.ih Nps” Y reflox, 200 | Nps”
BFeELO(lea) \_, o 2steps % o as%
ST Ged | 2 from 31 3

ot HN N
0°C320 min YA n%g%tizqe)q)\; l)zz,i'fz‘él;f“\;

° \

a | e ozin BalOH); (5 eq) \—/_p
|_rt.30min___ —Qu20mn 2009 ;
2K00; (3e0) N_NH 2T HN_ N EOHH0=51

veor % gy ? Y nps rettuc2on | M N
r.t., 30 min o rt., 30 min (e} 48% a7
28eps 9% a5 25teps 9% 36
Scheme 6
cis-1,2-
cis-1,2-

NHC -
NHC-

diphenylethylenediamine

Y
Scheme 7



i) Ligand (0.05 eq)
CuCl (0.05 eq)

Ph
-Bui (0.1 eq)
> Br i) PhMgBr (1.2 eq)

n-
+
al 38 CHCl3 -78°C,1h ¢ 39 cl 40

a-product product

Me
Ph (RN +
S 80 : 20
PrA N 49
Ligand : Me

W8~ Me 20 : 80
W e
Me 42

Scheme 7

DMIm
DMIm
1,2-

1,2-

trans-
trans

1) Highly Efficient Preparation of Both
Enantiomers of Versatile Chiral Synthon for
1,2-Diamines via the Fe(Ill)-Catalyzed Oxidation
of 2-Imidazolone.

Heterocycles, 88 (2), 1337-1353 (2014).

Matsunaga, H.; Eshita, I.; Tsunoda, S.; Ishimoto,
N.; Ando, S.; Ishizuka, T.
DOI: 10.3987/COM-13-S(S)104

2) A study of the various factors that affect the
properties of Molecularly imprinted polymers
Chem. Pharm. Bull., 61 (5), 546-550 (2013).

Yasuyama, T.;
Ishizuka, T.
DOI: 10.1248/cpb.c12-01044

Matsunaga, H.; Ando, S;

3) Syntheses of effectively-shielded
N-heterocyclic carbene ligands.

Tetrahedron, 69, 1687-1693 (2013).

Ando, S.; Matsunaga, H.; Ishizuka, T.

DOI: 10.1016/j.tet.2012.12.036

4) A Simple, Iron-catalyzed, Pyridine-assisted
Hydrogen Peroxide Epoxidation System.
Chem. Pharm. Bull., 59, 799-801 (2011).

Mingyu, J.; Matsunaga, H.; Ishizuka, T.
DOI: 10.1248/cpb.59.799

(@]
cis-1,2-
39
1P-68 (p.85)
2013 11 H5~6H.
(@]
39
1P-28 (p.45)
2013 11 H5~6H.
(@]
1,2-
43
1P-04 (p.51)
2013 10 17~19
o —
s
29
1C-03 (p.56)
2012 12 A 8~ 9 A. HEARRFIKEHER)
(@]



Molecularly imprinted polymer

38
2P-34 (p.268)
2012 11 H5~6H,

49
2P-032 (p.149)
2012 10 11~13

1,2-
132
30P1-pm119
2012 29~31
O
1,2-
41

1P-098 (p.211)
2011 10 20~22

http://yakko.pharm.kumamoto-u.ac.jp/

(1
MATSUNAGA, Hirofumi

2

€)



