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MR R OB (J30) : Lewis acid catalyzed asymmetric cycloaddition reactions of cyclic carbonyl
ylides generated from diazo carbonyl compounds were found to proceed not only by a normal electron
demand type but also by an inverse electron demand type such as in the reaction with vinyl ethers and
N-methylindoles with high levels of asymmetric induction. Thus a wide scope procedure for
asymmetric syntheses of oxygen-bridged polycyclic compounds has been developed. With regard to a
generality of diazo carbonyl substrates, the procedure could be applied for not only diazo compounds
containing a benzene ring but also acyclic diazo diketones and the substrates containing a pyrrolidine
ring. For the synthetic application, the synthesis of (+)-Tashiromine has been achieved.
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Table 1. Reactions of diazodiketones with butyl
vinyl ethers catalyzed by Lu(OTf);-Pybox- Ph,”

Entry R Yield (%) exo:endo % ee (ex0)
1 Me 64 92:8 82

2 Et 61 >99:1 79

3 i-Pr 76 >99:1 84

4 t-Bu 73 >99:1 82

5 Bn 71 92:8 75

6 Ph 75 >99:1 78

a) The reaction was carried out by adding a
solution of diazodiketones and butyl vinyl ethes
to a suspension of Rhy(OAc), (2 mol %), MS 4 A,
Lu(OTf);-Pybox complex (10 mol %), and
MeOH (10 mol%) over a period of 1 h at 23 °C in
CH,Cl,.
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Fig. 2. BINIM ligands

Table 2. Reactions of a,a’-dicarbonyl diazo
compounds with vinyl ethers catalyzed by
(R)-BINIM-Ni(II) complexes”

Entry X R> R Temp Yield (%) %ee
1 H Pr Bu It 78 59
2 Xylyl Pr Bu rt 86 42
3 Me Pr Bu rt 86 73
4 Me Pr Bu Reflux 99 92
5 Me Pr Bn Reflux 76 79
6 Me Pr Cy Reflux 96 93
7 Me Et Cy Reflux 77 73
8 Me i-Pr Bn Reflux 85 90
9 Me i-Pr Cy Reflux 96 97
10 Me Bu Cy Reflux 87 93
11 Me i-Bu Cy Reflux 82 88
12 Me Pentyl Cy Reflux 66 84
13 Me Cy Cy Reflux 78 96
14 Me Bn Cy Reflux 85 92
15 Me PMM"”Cy Reflux 87 77

a) The reactions were carried out by adding a
solution of diazo compounds in CH,Cl,
(commercial grade without further purifications)
to a suspension of vinyl ethers, Rhy(OAc), (2
mol %), MS 4 A, and BINIM-Ni(II) complexes

(10 mol %) over a period of 1 h. b) PhCH,CH,
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Table 3. Reactions of diazodiketones with
I-methylindoles catalyzed by Lu(OTf);-Pybox-
Ph,”

Entry R R’ Yield (%) exo:endo % ee
1 Ph H 77 78:22 90
2 p-MeC¢Hy H 85 64:36 83
3 p-BrCH; H 73 72:28 84
4 Me H 56 57:43 52
5 i-Pr H 39 71:29 63
6 Ph Br 69 89:11 98
7 Ph OMe 77 90:10 88
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a) The reaction was carried out by adding a
solution of diazodiketones and 1-methylindoles
to a suspension of Rh,(OAc), (2 mol %), MS 4 A,
Lu(OTf);-Pybox complex (10 mol %), and over a
period of 1 h at 23 °C in toluene.
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Table 4. Reactions of N-diazoacetyl-2-
pyrolidinone with 3-(2-alkenoyl)-2-
oxazolidinones”
Entry R Temp (°C) Yield (%) exo:endo % ee
1” H 10 quant 92:8 87

2 Me -20 quant 75:25 95

3 Et 0 84 64:36 92

4 Pr 0 65 77:23 92

5 i-Pr 0 44 95:5 93

6 OAc 0 23 >99:1 74

a) The reaction was carried out by adding a
solution of N-diazoacetyl-2-pyrolidinone to a
suspension of 3-(2-alkenoyl)-2-oxazolidinones,
Rh,(OAc), (2 mol %), MS 4 A, La(OTf);-Pybox
complex (10 mol %), and over a period of 6 h at
in CH,Cl,. b) Sm(OTf);-Pybox-Ph, complex was
used.

H
-, _COH o,
0 o Mo ®) 32
o o o N o N
N EtsH H)p N H
= BF3OEt Q
N — = . L _ .
20°C -1t DCC, DMAP N O)S(H
J in CH;Cl d bon rtin CHCly o Ph OMe
87% ee 73% 98 %
single isomer by 1H NMR
N0 (400 MHz2)
OH O, N\) 1) PhOCSCI
H H 2) BuzSnH
LiAlH, AIBN _UiAH,
N
N OH oH 3 LiBH,
32% o 86%
+)-Tashiromine
(+)-6-Hydroxy- 80% (3 steps)
tashiromine
Scheme 8

BT, 377 )aAN2-FF YY)
& DI O STARERIR A = R & > 2848 B
BREUGSER T, RIROA LV RUDPPUT IR



7 A K& TH SIS (+)-Tashiromine <°
(+)-6-Hydroxytashiromine A7 425 ik % AKX,
L7 (AF—L48).

5. LE7pFEFKmCE

(WFFERERA . WHFE 14 e ORI 72 12

ERN )

UdEssamsc) (B3 1F)

1) Hiroyuki SUGA, Tadashi ARIKAWA,
Kennosuke ITOH, Yukihisa OKUMURA,

Akikazu KAKEHI, Motoo SHIRO: Asymmetric
1,3-Dipolar ~ Cycloaddition = Reactions  of
Azomethine Imines with Acrolein Catalyzed by
L-Proline and Its Derivatives; Heterocycles, 81,
(7), 1669-1688 (2010). 7

2) Hiroyuki SUGA, Satoshi HIGUCHI, Motoo
OHTSUKA, Daisuke ISHIMOTO, Tadashi
ARIKAWA, Yuta HASHIMOTO, Shunta
MISAWA, Teruko TSUCHIDA, Akikazu
KAKEHI, Toshihide BABA: Inverse Electron
Demand Asymmetric Cycloadditions of Cyclic
Carbonyl Ylides Catalyzed by Chiral Lewis
Acids—Scope and Limitations of Diazo and
Olefinic Substrates; Tetrahedron, 66, (16),
3070-3089, 2010. HHiH

3) Hiroyuki SUGA, Yuki ADACHI, Kouhei
FUJIMOTO, Yasuhisa FURIHATA, Teruko
TSUCHIDA, Akikazu KAKEHI, Toshihide
BABA: Asymmetric 1,3-Dipolar Cycloaddition
Reactions of Nitrile Oxides Catalyzed by Chiral
Binaphthyldiimine-Ni(II) Complexes; J. Org.
Chem., 74, (3), 1099-1113, (2009). & FHiH

(%K) G124

D E f#s vFr7FUAIUNAD
ik % N D o —BE#-a -FT Y AT L&
TV VERRREAR L DOARFE 1, 3-RABMEAT N
BRALBUR, AAREZERE 91 BFFE=, 2011
$3 H 29 H, &)

2) B M= JEERRIALR= LAY ]\kﬂF
TN EEETD 3-Q-T N ) A V)-2
FXYP SN CFHEDTT AT Vﬂ‘ﬁ@?ﬁ'
AL A ARRARIE 1, 3B INERIL B, H
ARG 91 RFFE,20114F3 H 29 H,
GiE IR

3w HwE, UTYANR=EEREY
RESERERBRINVE= LAY RE AR
— VEBER L DX T A ARR A AT
MBALEUS, AALERT 91 BFER, 2011
H£3H29H, &)

4) & 18 3=, Asymmetric 1, 3-dipolar
cycloaddition reactions catalyzed by
Pybox—, BINIM-,
Pacifichem 2010 Congress, 20104 12 A 18
H, T//l//lx (NTA).

5) B fsE, U7 YA I NHEMARI Y RAE

and BINAN-metal complexes,

SHEEHNVR=LA YU RO R A
5’%{[:&/\55‘2155‘1&’355?@ 541 [m] P bR

FR I AKIERE, 2010 4F 11 H 7
EI E-J%
6) H fHIzE LA R AR= 1A

RATINERAL B 2 8 B3 2 i SEAR ISR IR —
BT EARE RO OB, 40 [EIERR{LT R
Az, 2010410 H 15 H, fliA.
N E i VT V2,5 XU
QMWW;D%&Eéﬁﬁjnvfﬁnwﬁ}F®
WE T ERE R B INERALSOR, 2 40 [BIE
L‘ﬂ’ﬂﬁ%n{ruﬁﬁx, ZOIOQE 10 A 14 El ﬂhl:l
8) B, AT TeETF2-Er )Y
//%W%%&?éﬁ»fﬁw4)k@%
TNV A AR F AN BR AL SUS & D
BRALFRICH, BAR LTS 90 BEES
2010£E3,H 27T H, KBk
9) B fHE FAUTYTEFA2-Er Y
//ibﬁiéﬁtﬁwfﬁw4)kt7
I VEERREAR E DX T LV A AR AR
FAPMBRALIOR, 55 39 BIERBRL R,
2009%10)% 15 H, T2
10) ’E 3%, Chiral Lewis acid catalyzed
asymmetrlc cycloaddition reactions of
cyclic ylides generated from
diazocarbonyl compounds, 22nd
International Congress on Heterocyclic
Chemistry, 2009 4 8 H 3 H, St. Johns
(Canada)
11) & [, T4 ABRIFEIEFIC
5%(5(17/1/‘1’%/1/4) U RE&Ffx 0)7J‘l/74
VI L DARFAMEACSOE — A L7 1 o HE
BT DdGEPE, AALTREH 89 K
42, 200943 A 29 H, iR,
12) & fsE, hAR=nNA Y KEEBRE
FLT 4 DX T A AR T
INBRALEOS — FEE — e OGS, 55 38 [
FEBRLERRE, 2008 4 11 H 22 H, f&l.

(XF) G114k
Hiroyuki SUGA, % D ffl 9 %, Springer,
Heterocyclic Supramolecules II Series:
Topics in Heterocyclic Chemistry, Vol. 18,
Matsumoto, Kiyoshi; Hayashi, Naoto (Eds.),
119-154, 2009 (4 157 p. @5 H 36 p. 4y
FHEEE) .

(Z Dfh)
R AR U
http://wwweng. cs. shinshu—u. ac. jp/CHEM/1
ab_suga/framepage5. html

6. WFITHLR

(1) WFzefRE

H 1#3E (SUGA HIROYUKI)
MR - T2 - #f2
7EE %5 : 60211299



