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TUIAICKZMENER (ZPR) BEZFIA LU bOYDiels-Alder Ritx
H 5 mol % 40 mol % Q
/O\”/N\ on CelOAC)-H0 N(CHZCHQOH)3' Bn/o\ﬂ/N N @
(0] DMF, rt, O, 0]
N-hydroxycarbamate

nitroso-Diels-Alder

reaction J
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Bn (0] (91%)
Ar
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s @COH H@ ? Q f
= L
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ERDIY XUV Y VERE
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. _ .OH
dehydration +_0 oxidation N °
R'. _NO, N -«
- (@) 2 RN=C=0 R1// R1JLH
itroalk a == (a) PhICI, + Et3N .
nIroaTkanes 1 (b) CICO,Et + EtsN (b) NXS + EtN aldoxime
(c) PhSO,CI + Et3N nitrile oxides (c) t-BuOClI + EtsN
(d) AcoO/AcONa (d) NaOCI + Et3N
(e) AcCl/MeONa (e) Chloramine-T
(f) POCl3 or (f) NaBrO,/Bu3SnCl
é\RZ R2
NH, OH OH
2 L|AIH4 /k)\ Raney Ni
R R2 1 R2
_ or Na/ROH or Pd/Hz R
y-amino alcohols isoxazoles or Sml, aldol products
or
isoxazolines
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R Oxone (1.1 eq)
%ﬁ@&ﬁ/ﬁ NaCl (0.7 eq)
.OH A R2 q
N Na,COj3 (1.5 eq) N—Q

R"” H — 2 CHOCNHoO(20:1) R R?
rt
waste [CM
(Cl,, HOCI)
o} A R2
Oxone F\]’ R
R1 cl j /

NaCI

isoxazolines
or
isoxazoles
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(1) J. M. Conia and P. Le Perchec, Synthesis, 1975, 1. 7

KRRIGR
HF A 2 MHCu(1)EREDH7E A= TR

(0] (o] o o
Ph OEt CuOTf+1/2C¢Hg (10 mol%; oh OEt
/// Solvent —
1a 2a
Entry Solvent Temp. Time Yield (%)
1 THF RT 4 days 13
2 DCE RT 5 days trace
3 Toluene RT 48 h trace
[ 4 Toluene reflux 6 h 95 ]
5 Dioxane reflux 6 h 18
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R R' Lewis acid g R'
=
a) Enol activation b) Alkyne activation c) Ene-yne activation
M .H
o° o o” o
=
R ) ! R /\' R'
= =
M
M= Ti, Sn, Na, Li M= Pd, Au, Ag, Pt, Cu M= Ni, Co, Re
d) Double activation e) Double activation
by a single metal by two metals
M
o ‘N! \o o \o

R \' R'
Ml
M= In, Fe, Zn, Cu M, M'= (Ag, Cu), (K, Cu), (Yb, Pd)
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Proposed Mechanism Ga,
(o) (o) HOTf
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R NS R’ Ga’
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[Cu]
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Protodematallation 0 (o) A //
R R’ Ga(OTf);
(o] (0]
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Double activation(C K21&sd

(o) o o o
CuOTf.1/2C¢Hg (10 mol%)
Additive
o oF! Solvent (0.2 M) > Ph OFEt
v . —
///
1a 2a
Entry Additive Solvent Temp. Time Yield (%)
1 none THF RT 4 days 13
2 Yb(OTf);°H,0 (10 mol%) THF RT 3 days 45
3 La(OTf); (10 mol%) THF RT 3 days 49
4 Ga(OTf); (10 mol%) THF RT 23 h 30
5 Ga(OTf); (10 mol%) DCE RT 2h 92
Ga(O0Tf); (10 mol%)
6 3
without CuOTf DCE RT 3h 70
Ga(OTf); (5 mol%)
7 3
with CuOTf (5 mol%) DCE (2 M) RT 3h 92

HBEOEASEHE CRY D185 (1) - Rim 7L+ BES

O O o o
1J , CuOTf-1/2C¢Hg (10 mol%)
R R Ga(OTf); (10 mol%) _ R R2
// DCE —
1 2
2b (3h, RT, 91%) 2¢ (1h, RT, 89%) 2d (4h, 60°C, 50%) 2e (30min, RT, 91%)

0 O o o o
Q™ P (=g o= e
)/

2f (1h, RT, 81%) 2g + 2h (3h, reflux, 81%, 2g : 2h = 41 : 59)
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CuOTf+1/2CgHg (10 mol%)
Ga(OTf); (10 mol%) OMe Undefined
DCE, reflux, 3h products
5-exo

2i (ca. 15%)

CuOTf+1/2C¢Hg (10 mol%)
Ga(OTf); (10 mol%) OEt Undefined
DCE, reflux, 12h product
6-endo

2j (55%)

o

0 O o o
CuOTf+1/2CgHg (10 mol%)
OMe  Ga(OTf); (10 mol%) _ Me _OMe _ Me OMe
DCE, reflux, 5h |
™ -
D 6-exo

2Kk + 21 (79%, 2Kk : 21 =39 : 61)

& Cu(itiEx A\ EIFEORIG TS, NIRABIERZNE & LT,
DCEH. CuOTf-1/2CeHs & Ga(OTH) % ZHEH10 mol% 3 DR
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(CRHS T CENTFIRETH D EZBASHC U,
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4) ®/ T RVEEBDConia-ene Rt

o o)
| | Tf,NH (100 mol%)

Ph In(OTH)3 (20 mol%) Ph
PhCF3, 30 °C, 24 h (5) Miura, K. et al., Tetrahedron. Lett.
MeO,C~ 'CO,Me Meo,c CO2Me 2016, 57, 5065.
85%
o) o)
| | PPh;AuClI (6 mol%)
AgOTf (6 mol%)
> (6) Davies, P. W. and Mambo, C. D.
CO,Et .
Et0,c” “co,et DCE Mt 24h Et0,C 2 Org. Biomol. Chem. 2010, 8, 2918.
87%
[o) (o)
Me | | {BuOK (100 mol%) Me
DMSO, rt, 0.5 h - (7) Trauner, D. et al., Angew. Chem. Int. Ed.
2017, 56, 893.
H
71%
BERIDF LS

A BEENZ W, A\ R, BIERZENEET D,
A SEESEMENMEBESNTVND, A REBICREEZEYS D,

Our work
Hypothesis _
Secondar 2 2
(0] R? amine g \N/ & ® (o) R
” Lewis acid I _IMI ;

R — R

0 Pyrrolidine (20 mol%) @
It Cu(OT), (5 mol%)
PPh; (20 mol%)

o
MQOH, rt, 2h CHZOBn
BnOH2C CHzan BnOHZC

1a 2a 80%




OEZE DEREHEICEY BR5¥(1) - KimJ
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Entry  Substrate Solvent  Time Product \?;l)d Entry  Substrate Solvent  Time Product T;l;j
(] 0
o} o)
o)
If o
1 MeOH 15h 84 5 DCE 85h 78%4
BnOH,C 'CH,0Bn BnOH,c CH20Bn &
la 2a le 2e
o o o 9
f " f Et
2 MeOH 45h 85 6 MeOH 10 h 80°
CO,Me BnOH,c CH20Bn
MeO,C CO,Me MeO,C 2 BnOH,C CH,0Bn 2
1b 2b 1f 2f
o) o] o 0o
I MeOH 0.75h 75 Ph I Ph e
3 DCE  05h 90 7 DCE  45h 45
Me0,c” CO,Me Meo,C COzMe Et0,C" CO,Et Et0,c CO2Ft
1lc 1g 2g
o . .o .
I l Reaction conditions
4 MeOH 0.5h
DCE 1h Pyrrolidine (20 mol%), Cu(OTf), (1 mol%), PPh; (4 mol%),

Me0,C” “CO,Me
1d

4Three isomers in a ratio of 10 : 10 : 1

(au,B-unsaturated : exomethylene f,y-unsaturated : [3,y-unsaturated).

b Three isomers in aratioof 2:1: 5.

Solvent (0.4 M), rt.

¢ Determined by 'H NMR analysis.
4 Cu(OT1), (5 mol%), PPh; (20 mol%).
¢Runina 1.2 M solution.

OEH DBERAEHEICRAT B (2)

Entry Substrate Solvent Temp. Time  Product Yéf/lc; Entry Substrate Solvent Temp. Time  Product Yéf/lc;
0 0
o
Me |I Me
MeOH rt  24h N.D.
toluene reflux 19.5h toluene reflux 24 h 105
CH,0B
BnOHZC CH,OBn BnOH,C =~ 2°°0 BnOHZC CH,OBn BnOH,C CH20Bn
2k
M
o) € o Et o o
2 toluene reflux 30 h 55° 5 @ MeOH rt  6h N.D
CH,0Bn
BnOH,C 'CH,OBn BnOH,C ™ Y
1i 11 21
éz?g(: Et0,C CO,Et ! 5 ! 5
1j 2j (6-exo product) N -%‘ N
H>
Reaction conditions R o
\ \
Cu(OTf), (1 mol%), PPh; (4 mol%),
Pyrrolidine (20 mol%), Solvent (0.4 M), rt. \ R
\ %

4 Cu(OTf); (5 mol%), PPh; (20 mol%).
b Product was not detected.
¢Runin a 1.2 M solution.
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(0] (0]

Me | | Cu(OTf), (5 mol%) Me
PPh; (20 mol%)
Amine (x mol%)

BnOH,C CH,0Bn Toluene (1.2 M), Temp. BnOH,C CH,0Bn

1k 2k
Entry Amine Temp. Time Vield
(x mol%) (%)
1 pyrrolidine (20) reflux 24 h 12
2 CyNH,(20) reflux 24h 467
3 CyNH,(20) 140°C(MW)  5h 187
4 /PrNH, (20) 140°C(MW)  5h 217
[ 5 /PrNH,(100) 140°C (MW)  12h 73 J
6 pyrrolidine (100)  140°C(MW)  5h 11

@ Determined by 'H NMR analysis.
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5) RMIRBNRYT — FRRIERIGIC K DPERMRUSEO—FEEX

Oxa-Michael-type
hydroalkoxylation

[M]@

LDual-mode Lewis acidJ

. 5-exo RO,C
! Conia-ene reaction \\

Claisen rearrangement

Jm

R' R?
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Optimization of reaction conditions

X cat. (10 mol%)  MeO,C o
R e z\ﬂé ﬁ—\\_\‘

MW (140 °C)
contte 1a 2a 3a, 4a°
entry cat. time (h) yield (%)
1 ZnClz 2.5 53
2 ZnBr2 0.6 64
3 Znla 0.5 48
4 Zn(OTf): 2.5 <14b
5 Zn(OAc): 2.5 -
6 InCls 1.5 4
7 InBrs 1 trace
8 In(OTf)s 0.1 decomp.
9 In(OAc)s 2.5 -
10 FeCls 2.5 decomp.

¢ Both E and Z isomers were detected.

. . . . 7
b The product was obtained as an inseparable mixture with undefined by-products. ==
¢ The Claisen rearrangement precursor was obtained as the sole product.
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ZnCl, (10 mol%)

_
DCE, MW o
CO,R o
temp. time .
entr substrate roduct ield(%
Yy (OC) (h) |Y y ( 0)
N MeO,C o
1 > 140 25 &D 53
CO,Me 1a 2a
2 EtO,C o
2 no l 140 0.5 &:? 62
CO,Et 1b 2b
o EtO,C o
3 OH 110 0.2 55
I I g
COzEt 1c O 2
BnOH,C. CHZOT MeO,C o
lml 140 2 e 53
2d

Co,Me 1d

@ Reaction conditions: ZnClz (10 mol%), DCE (0.1 M), MW.

R1 ,'-.~ .
A N
ZnCl, (10 mol%)
OH >
Il Il DCE, MW
CO,R R,
entry substrate t:’:‘é‘;‘ t;r)e
N
1 140 3
e [
Co,Me 1e
Ph
N 160 4
OH
2 [l f
CoMe 1f 180 5
MeO,C
.
3 ll OH I 160 2
COEt 1g
x
4 e Il 160 3.5
CO,Me 1h Ph
X
Ol
5 > 160 5

CO,Me 1i CO,Me

DCE (0.1 M), MW.

an inseparable mixture

4 Reaction conditions: ZnClz (10 mol%)
b The product was obtained as

with trace amounts of by-products.




EtO.C o
ZnCl, (10 mol%)

Il o | _
COoH DCE MW

F
entry substrate t(e;%?' tzgl)e product 38;1;1
0
OH
= EtO,C
1 120 4 <67
[0 B
CO,Et
1j 2

O oH EtO,C
g W)
C ,,
2 || z 120 2 <41
CO,Et Q .

1k 2

@ Reaction conditions: ZnClz (10 mol%), DCE (0.1 M), MW.
b The product was obtained as an inseparable mixture with trace amounts of by-products. 5-8 system
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