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2-1 (1)

1) mCPBA, THF, -78 °C, 0.5h

)‘\(\)\ﬂosn 2) Base, -78 °Cto 0 °C

N.
Me
CO2Et
' OM\/\
ER20C” N " 0Bn
Me
2
Entry Base (equiv.) Time/h Yield/%?
1 Imidazole (1.2) 8 60
2 s-Collidine (1.2) 9 52
3 DMAP (1.2) 6 79
4 DMAP (2.2) 5 84

a The ratio of E/Z was >99:1 by 1H NMR analysis.
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2-2 (2)

1) mCPBA, THF, -78 °C, 0.5h

)\/\/K/\OBn 2)Base, -78 °C to 0 °C

N.
Me
CO,Et
! OM
Et0,C” N OBn
Me
2
Entry Base (equiv.) Time/h Yield/%®?
1 DBU (1.2) 4 65
2c DBU (1.2) 4 71
3 DBU (2.2) 6 20
4 DBN (1.2) 4 58
5 DBN (2.2) 6 20
6 DABCO (1.2) 7 27

@The ration of E/Z was >99:1 by H NMR analysis. b Starting material was recoverd. ¢ Reaction
was carried out at -78 °C to RT.
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! OM\
Etozc/\ry’ OBn
Me
2
Entry Base (equiv.) Time/h Yield/%2?
1 MeLi (1.2) 5 trace
2 BuLi (1.2) 4 34
3 PhLi (1.2) 5 75
4 'BUOK (1.2) 4 64

@ The ration of E/Z was >99:1 by 'H NMR analysis. ? Starting material was recoverd.
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3-2 Catalytic [2,3]sigmatropic rearrangement
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3.2. [2,3]

Hata  Watanabe 1-benzylazetidine EDA [Cu(acac),]

Stevens
305 Burger [Rh(OAC),]
1-benzylazetidine EDA methyl 3,3,3-trifluoro-2-diazopropanoate
[1,2]benzyl
a-(trifluorophenyl)alanine 306
Sweeney
3.3 307
@ N> [Cu(acac),] @
I\Il\/lle ' EtO,C~ "CO,Et toluene, reflux EtOZC_C_)rC)2I;':Ae
C-12,3] Eg/cozEt
Y. 82 % '\N/IecozEt
3-3 Catalytic ring-closer reaction
Clark
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3-4 Catalytic cyclic reaction

EDA
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3.3.

[2,3]

R']

+
R3™ ~CO,Et
NMe, 2 R3 = NMe,

R3——NMe,
CO,Et

3-5 The present work
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3.4.

EDA
[Cu(hfacac),]
[Cu(hfacac),] [Cu(acac),]

3-1

Doyle

3-1 Cu-catalyzed generation of ammonium ylides and its reactivity

R R
N2 . 10% of Cu cat.
H> "CO2Et °
NMe, Benzene, 60 °C H Colz\lEl\{(Iez
4a 5a-b 6a-b
Entry Cu cat. Product R’ Yield/%
1 [CuBr] 6a H 16
2 [Cu(OTf),] 6a H 11
3 [Cu(OAc),] 6a H 23
4 [Cu(hfacac),] 6a H 31
5 [Cu(acac),] 6a H 35
6 [Cu(OTf)] 6b Me 15
7 [CuCly] 6b Me 17
8 [Cu(hfacac),] 6b Me 23
9 [Cu(acac),] 6b Me 22

34
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[Cu(acac),]

[Cu(acac),]
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[Cu(acac),]

EDA

35
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3-2 Synthesis of E-trisubtituted homoallylic amines (1)

N, 10% Cu cat. N p2
R
1J\ + R? 1
RY "COzEt NMe Toluene, Reflux RI=~NMe;,
2
3h CO,Et
4a-b 5c-d 6c-e
Ratio of
Entry R! Amine Cu cat. Yield/%? E/7Y)
1 H (4a) [Cu(acac),] 20 (6c) 91/9
2 CO,Et (4b) OBn [Cu(hfacac),] 34 (6d) 94/6
NMez
39 CO,Et 5c [Cu(acac),] 64 (6d) 93/7
4 CO,Et [Cu(hfacac),] 25 (6e) 90/10
NS
59) CO,Et OBn [Cu(acac),] 32 (6e) 94/6
NMez 5d
6°) CO,Et [Cu(acac)y] 65 (6e) 88/12

a) Based on the amount of the diazo compound. b) Analyzed by 1-H NMR spectroscopy. c) Yield was calculated
on the basis of the recovery of the starting material. d) Reaction condition; Benzene, reflux, 3h. e) Reaction was
carried out in the presence of MS4A.

7 310
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3-3 Synthesis of E-trisubtituted homoallylic amines (2)

N, 10% Cu cat. X R2
JC + R? 1
R'” ~CO,Et R NMe,

NM Toluene, Reflux
©2 3h CO,Et
4c-d 5c-d 6f-j

Ratio of

Entry R! Amine Cu cat. Yield/%?2 E17b

1 Ac (4¢) [Cu(acac)] 23 (6f) 94/6

OBn

2 Ph (4d) NMe, [Cu(acac)y] 45 (6g) 71129

3 Ac [Cu(acac),] 31 (6h) 86/14

N-"0Bn
4 Ph NMe, [Cu(acac),] 67 (6i) 59/41
a Based on the amount of the diazo compound. ° Analyzed by 1-H NMR spectroscopy.
3-4
4a 1.2 ol
34% Cu( )
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6l 43 Cu( ) [Cu(dpm).]

phenylhydrazine 31

3-4 The substituent effect at 2-position of N,N-dimethylallylamine derivatives

R2
RZ
N2 10 % of Cu(acac)2
+
R “CO2Et Benzene, reflux R'——NMe,
NMe2
CO,Et
4a-e 5b, e-g éb, j-|
Diazo 1 . 2 . Yield
Entry compound R Amine R Time Product /%3)
1 4a H 5b Me 3h 6b 50
2 4a H 5e Cl 20 min 6j 56
3 4a H 5f CO,Et 1h 6k 45
4 4a H 59 CN 20 min 6l 76
5b 4a H 59 CN 20 min 6l 84
6° 4d Ph 59 CN 2h 6m 88
7 4e CN 59 CN 24 h 6n 30
8¢ 4c Ac 59 CN 2h 60 63
9 4b CO,Et 59 CN 4h 6p 87

(a) Amine (3 equiv) was used and the yield was based on the amount of the diazo ompound. (b) Amine
(6 equiv.) was used. (c) Toluene was used.

[2,3] 3-6

[2,3]
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CulLn R3
N2 %\/R“
R1J\R2 i _— &Jr\il\iez
)\/ch R "R2
_ N+Mez
Lo, T
J\u ) Ln R
R "R

R3

)\/R“ R
NMe; R'—NMe;

3-6 Putative reaction mechanism

3-7
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E 312

3-7 Transition state
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41.
Satoh a
Stevens[1,2]
4.1 4ot
TMS
CsF
N~ CN
Me; DMF
Br
I\I/I+e
kTMS - DMF
Br
4-1

Polonovki

Sommelet-Hauser[2,3]

Me [2.3]
NN O

CH,

41

CN

Me
L

[2,3]
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NMe,

1,3
[2.3]

40 402

= C-[2,3]
Mel /\( NaNH,

~NMez \/vJ
Me - NHy -33°C,05h  MeaN =

I
Y.72%
Z-selective

_NMe _NM
Me 2 H,C €2
C-[2,3]
=
TMSCH,OTf /\,\%e CsF
2 HMPA, rt.24h  MeN A~
TMS o
TfO Y. 68 %
/\( E-selective
+
- _NM
HoC o2
4-2 [2,3]
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4.2. Polnovski

Tokitoh
Polonovski 4-3 403 N-

O- B

N_
R.-CHs TBSOTf R & _CH;, R.+.CH,
RO R~ “OTBS ~ R °OTBS
OTf
R. R_. +
"N—-CH,OTB “N=
R CH,OTBS R/N _CHZ
OTBS
R'X
R. .
RJ}T—CHZOTBS FR{/N—R' + CH,0 + TBSX
R~y
4-3 Silicon Polonovski reaction
Polonovski 404
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[2,3]

[2,3]
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4.3. Brook

Brook
[1.2]
1960 A. G. Brook
[1,n] Brook
4-4
OM*Si Brook rear. SO M
R R' Retro-Brook R R’
rear.
R, R' = alkyl group
Si = silyl functional group
4-4 Brook Retro-Brook
1952 Speier
Retro-Brook Brook
Polonovski
Brook

Polonovski
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4.4.

a
Brook
Brook
Brook
Polonovki
Brook
R!  Oxidant R Rear. R
Si_ _N. O-N*Me SiO-N-Me
e (A &
R2 SiTR2 RZ
R = alkyl group
R2= H, functional group
Si = silyl functional group
4-5 a (Si)
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4.5.

a
4-1 «a
406

4-1 a a)

)\(\OBn TMSCH,X, Base )\(\OBn
H’N\Me Solvent, R.T. (N\Me
TMS

b 8b
Entry Silyl group Base Solvent Time/d Yield/%
1 TMSCH,l - MeOH 3 NR
2 TMSCH,l - DMSO 3 NR
3 TMSCHo,I NaH MeCN 2 Trace
4 TMSCH,OTf - MeCN 0.75 80"

(a) The reaction was performed with allyic amine (1 equiv.) and silyl reagenet (1
equiv.) in solvent listed in the Table 4-1. (b) As the half amount of amine was used

as a buffer, the yield was calculated on the basis of the amount of TMSCH,OTH.
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4-7
A
)\(\)\AOB Silyl reagent, Base /J\\N(\)\AOBn
n <
N Si = Silyl functional group ( Me
R2" “Me Y.93 % ™S
7a 8a
4-6 Synthesis of a-silylallylic amines
a
4-7
)\(\R LDA )\(\R TMSCI )\(\R
N. N. TMS.__N.
( Me THF ‘( Me THF \( Me
CN CN Y. trace CN
4-7 a
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Brook Retro

(  4-8) 407
)\ﬁoan TMSCI }\(\OBn LDA }\(\OBn
+
N-Me THF TMS—N-Me  _ TMS—N—Me
Cl _k
CN CN N
Retro-Brook
rear. OBn
T TMS._N.
e
CN
4-8 Retro-Brook a
4-2 a
a 4-9
1) Silyl reagent
(N\Me Si = Silyl functional group TBDMS\rN\Me
CN Y. 44% N
o 10f
4-9 Retro-Brook a
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a
Brook
4-2 a
/J‘\ﬁ 1) Silyl reagent
OBn 2) LDA OBn
(N‘Me  THR.78°C SINeNyre
CN Si = Silyl functional group CN
9a 10a-e

Entry Silyl reagent Product (Si) Yield/%
1 TMSCI 10a (TMS) 67°
2 TESCI 10b (TES) 59
3 TBDMSCI 10c (TBDMS) 42
4 TIPSOTf 10d (TIPS) 502
5 TBDPSCI 10e (TBDPS) 57

(a) The yield was calculated on the basis of the recovery of the starting material.
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4.6. Polonovki
a
4-3 mCPBA
( 1)
64% ( )
( 4)
4-3 a a)
)\( R'" 1) Oxidant )‘\ﬁw
[ Me 2) Ac,0, Pyridine N.
™S Ac”  Me
11a-b
ga: R = \)\A
2 % X OBn
8b: R'= OBn
Entry Amine Oxidant Solvent Time/h Yield/%
1 8a mCPBA THF 9 64 (11a)
2 8b mCPBA THF 10 58 (11b)
3 8b mCPBA DMF 12 60 (11b)
4 8b AcOzH DCM 10 99 (11b)

(a) The amines 8a-b were treated with 1 molar equivalent of oxidant at -78 °C (entries

1-2 and 4) or -50 °C (entry 3). After the reaction mixture was stirred for 2-6h, the

reaction mixture was warmed slowly to 0 °C and stirred for 3h. Then Ac,O and

Pyridine were added. The reaction mixture was stirred for 3h at ambient temperature.
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8a

4-10

1) mCPBA
2) Na,S0O3 aq.
Y. 46 %

_N.
H Me

12

Polonovski

(N\Me (O—)\N—Me TMSO—lf—Me
™S TMSO R CHz
N-Ylide

R' = alkyl group
R?=H

silicon
Polonovski 1
reaction ~L R R'"  Acy0, Py

R']
)\(I\/I\e

K\ “Ac

0]

N. - N.

¢ Me " Me R2=H
OTMS OTMS
Siloxy amine
)\(\R1
NZ e —— N.
Ac” "Me
Amide

“TMS “oac

4-11 Plausible reaction mechanism

Brook

Polonovski

o —

52



Polonovski [2,3]

Polonovski
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4.7. Polonovki

a
4-12
/J‘\ﬁw Oxidant )\ﬁw Brook rear. /J‘\ﬁw
Sis Ny C(_)—N+—Me ' Si0O-N-Me
CN Si“_FCN " CN

Si = silyl functional group

4-12 Generation of ammonium ylides

4-4

Brook Polonovski

[2,3]
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Tandem Brook rearrangement/silicon

Polonovski reaction/Fragmentation

4-4 a 2)
/J‘\ﬁw AcO,H (excess) )\ﬁw
j H._ _N.
SI\(N\Me \ﬂ/ Me
CN )
10a-e:R'= 0OBn 13a-b
10f: R' =
% \ OBn
Si = silyl functional group
Entry Allylamine Silyl group Product Yield/%
1 7a TMS 13a 25
2 7b TES 13a 37
3 7c TBDMS 13a 44
4 7d TIPS 13a 61
5 7e TBDMS 13b 50

a) The amines 10a-f was treated with excess amount of peracetic acid in DCM at
-78 °C. After the reaction mixture was stirred for 12h, the reaction mixture was warmed
slowly to 0 °C and stirred for 12 h.

4-13
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R
AcO-H (excess) /“\
TIPS<_N._, DCM,0°CtoRT H~_N.,
\f R Y. 7~19 % T R
CN @)
R'=H, Me
R2=H, CH,CHCH,
4-13
(DMDO)
4-14
(0]
OBn DMDO (2eq.) OBn
TIPS N CH,0,0°CtoRT,2d TIPS N_
Y Y Aprotic Oxidant
CN Y. 35% CN
)(J)\ Oxone O>—<O
o H,O, NaHCO4
DMDO (2eq.
TIPS N (2eq.) DMDO: 0.07M aceton
° TIP N solution
N CH,0,0°C to RT, 2d S\r\\
Y. 69% CN
(0] (0]
N \J DMDO (2eq.) Q\ | Q\ o
TIPS _N \J \)
CH,0, 0 °C to RT, 2d T'PSYN " T'PSYN
CN CN CN
Y. 23% BRSM Y. 4% BRSM
4ij ©
VO(acac), (cat.), TBHP (0.5 eq.)
TIPS N
CH,0, RT, 3d TIPSYN\
CN Y. 29% BRSM oN

4-14 DMDO
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Brook

B
Polonovski a
( 4-15)
silicon
Polonovski 1
N reaction N R R
SiO-N-Me NC._UN. N N.
A ¥ me C\( Me
CN OSi OSi
N-ylide Siloxy amine
)\(\R1 )\(\R1 )\(\R1
NCO _N. —— (N+\ ——
\ru" Me (/ Me H\H/N\Me
Si Si
Formamide

4-15 Putative reaction mechanism
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4.8.

Polonovski

Meisenheimer 408
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6.1.

1H, 13C, IR, HRMS

General. IR spectra were recorded on a Perkin-Elmer Paragon 1000 Fourier
transform IR spectrometer. 'H and >C NMR spectra were recorded on a JEOL
JNM-ALS 400 (400 MHz) spectrometer. Unless otherwise stated, deuterated
chloroform was used as the solvent, and tetramethylsilane was used as the
internal standard. Chemical shifts in '"H NMR spectra are reported in parts per
million downfield from tetramethylsilane, and BC nmr spectra, are reference to
the internal solvent standard. Coupling constants (J) are quoted in hertz.
Thin-layer chromatography (TLC) was performed on precoated Merck TLC
plates with silica gel 60 F-254. Column chromatography was carried out with
Cica-Merck Silica gel 60 (Kanto Chemical Industries). All reagents were
obtained from commercial suppliers and were used as received unless otherwise

indicated.

General procedure for the oxidative reaction (Tables 2-1~2-3). After a
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solution of allylic amine 1 (0.83 mmol) in THF (5 ml) was added to a solution of
MCPBA (1.0 mmol) in THF (5 ml) at -78 °C, the reaction mixture was stirred for
0.5 h. Subsequently, the reaction mixture was added to a solution of a base (1.0
mmol or 1.83 mmol) in THF (5 ml). The reaction mixture was stirred for 0.5 h at
-78 °C and warmed slowly to 0 °C for several hours, quenched with half-sat.
Na,SO; and then extracted three times with EtOAc. The organic extracts were
washed successively with sat. NH4Cl, brine, dried (MgSO4), filtered, evaporated
and the residue was purified with chromatography on silica gel with n-hexane /

EtOAc (3:1) to give the product homoallylic amine 2 as an oil.

6-(N-ethoxycarbonylmethyl,
N-methyl)amino-1-benzyloxy-3,7-dimethyl-2,7-octadiene (1): IR (neat): 2979,
2940, 2856, 1739, 1452, 1370, 1186, 1118, 1070, 1031, 903, 736, 698 cm™. 'H
NMR (400 MHz, CDCl;): 6 1.26 (t, J= 7.1, 3H), 1.45-1.92 (m, 4H), 1.64 (s, 3H),
1.66 (s, 3H), 2.38 (s, 3H), 3.00 (dd, J=4.3, 10.2, 1H), 3.29 (abqg, J = 16.8, 85.6,
2H), 4.02 (d, J = 6.60, 2H), 4.15 (q, J= 7.1, 2H), 4.83 (s, 1H), 4.92 (s, 1H), 5.40
(t, J = 6.60, 1H), 7.26-7.35 (m, 5H). °C NMR (100 MHz, CDCL;): & 14.3, 16.7,
18.2, 27.6, 36.6, 40.0, 55.5, 60.2, 66.6, 69.2, 72.1, 114.9, 120.6, 127.4, 127.7,
128.2, 138.4, 140.2, 144.2, 171.4. Anal. Calcd for C»,H33NO5: C, 73.13; H, 9.26;

N, 3.88. Found: C, 73.12; H, 9.40; N 3.77.
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8-(N-cyanomethyl,
N-methyl)aminooxy-1-benzyloxy-3,7-dimethyl-2,6-octadiene (2): IR (neat):
2919, 2858, 2230, 1670, 1454, 1362, 1202, 1068, 1012, 740, 699 cm™. "H NMR
(400 MHz, CDCl3): 6 1.65 (s, 3H), 1.68 (s, 3H), 2.06-2.22 (m, 4H), 2.66 (s, 3H),
3.63 (s, 2H), 4.03 (d, J= 6.6,2H), 4.07 (s, 2H), 4.50 (s, 2H), 5.41 (t, J= 6.6, 1H),
5.43 (t, J = 6.3, 1H), 7.26-7.34 (m, 5H). °C NMR (100 MHz, CDCl;): § 14.3,
16.6, 26.1, 39.0, 44.8, 47.5, 66.5, 72.0, 79.1, 114.9, 121.0, 127.4, 127.7, 128.2,
129.5, 131.3, 138.3, 139.7. Anal. Calcd for C,0HpsN,O,: C, 73.14; H, 8.59; N,

8.53. Found: C, 73.24; H, 8.81; N, 8.29.

General procedure for the reaction of EDA with N,N-dimethylallylamine
in the presence of copper-catalyst (Table 3-1). Catalyst (0.1 mmol) was
added to a stirred solution of N,N-dimethylallylamine (5 mmol) in benzene (10
ml) under an atmosphere of argon. The reaction mixture was heated to 60 °C, a
solution of EDA (1 mmol) in benzene (2 mL) was added using a syringe pump.
After the addition of EDA, the reaction mixture was stirred for 6-22 h. When
the reaction mixture was cooled, diethyl ether was added, and the suspension was
filtered. The solvent was then removed in vacuo, and the residue was purified
by column chromatography on silica gel with hexane/EtOAc (3:1) to give

homoallylamines as pale yellow oil. The yield was calculated on the basis of
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the amount of the diazo compound.

General procedure for the copper-catalyzed [2,3]sigmatropic
rearrangements (Tables 3-2~3-3). Unless otherwise noted, the reaction was
performed with [Cu(acaca);] (0.1 mmol), allylamine (3 mmol) in toluene (7 mL)
and diazo compound (1 mmol) in toluene (2 mL) under an atmosphere of argon.
After the addition of the diazo compound using a syringe pump, the reaction
mixture was stirred for 3 h at reflux. When the reaction mixture was cooled,
diethyl ether was added, and the suspension was filtered. The solvent was then
removed in vacuo, and the residue was purified by column chromatography on
silica gel with hexane/EtOAc (3:1) to give E/Z mixture of homoallylamines as
pale yellow oil. The E stereochemistry was confirmed by the 'H NMR

spectrum.

Ethyl 2-(dimethylamino)-4-methyl-4-pentenoate (6b): IR (neat): 2979, 2938,
2871, 2832, 2789, 1731, 1650, 1455, 1371, 1262, 1173, 1098, 1029, 891 cm™.
'H NMR (400 MHz, CDCly): & 1.28 (t, J = 7.3 Hz, 3H), 1.76 (s, 3H), 2.30-2.53
(m, 2H), 2.36 (s, 6H), 3.36 (dd, J = 6.4, 8.9 Hz, 1H), 4.17 (g, J = 7.3 Hz, 2H),
4.75 (d, J = 1.0 Hz, 1H), 4.80 (s, 1H). >C NMR (100 MHz, CDCL,): & 12.4,

22.2,37.9,41.7,60.3, 65.9, 112.9, 141.8, 171.7. Anal. Calcd for C,oH;9NO;: C,
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64.83; H, 10.34; N, 7.56%. Found: C, 65.01; H, 10.35; N, 7.34%.

Ethyl 6-benzyloxy-2-(dimethylamino)-4-methyl-4-hexenoate (E-6¢): IR
(neat): 2979, 2936, 2863, 2787, 1730, 1453, 1173, 1091, 1070, 1028, 739, 699
cm”. 'H NMR (400 MHz, CDCL3) : & 1.25 (t, J= 7.1 Hz, 3 H), 1.67 (s, 3H),
2.32-2.52 (m, 2 H), 2.35 (s, 6 H), 3.33 (dd, J=6.1, 9.1 Hz, 1 H), 4.01 (dd, J=2.8,
6.6 Hz, 2 H), 4.14 (dq, J= 1.2, 7.1 Hz, 2 H), 4.47 (s, 2 H), 5.45 (t, J=6.83 Hz, 1
H), 7.26-7.34 (m 5 H). "C NMR (100 MHz, CDCl;): & 14.5, 16.4, 40.0, 41.8,
60.1, 66.2, 66.3, 71.8, 123.8, 127.4, 127.7, 128.2, 136.3, 138.4, 171.5. Anal.
Calcd for C;gH,7NO;5: C, 70.79; H, 8.91; N, 4.59%. Found: C, 70.76; H, 9.01; N,

4.47%.

Diethyl 2-(4-benzyloxy-2-methyl-2-butenyl)-2-(dimethylamino)malonate
(E-6d): IR (neat): 2981, 2956, 2905, 2871, 2792, 1754, 1726, 1454, 1227, 1072,
1027, 741, 699 cm™. 'H NMR (400 MHz, CDCl3) : 8 1.27 (t, J=7.1 Hz, 6 H),
1.68 (s, 3 H), 2.38 (s, 6 H), 2.82 (s, 2 H), 4.00 (d, J= 6.6 Hz, 2 H), 4.21 (q, J =
7.1 Hz, 4 H), 4.46 (s, 2 H), 5.52 (t, J = 6.6 Hz, 1 H), 7.27-7.35 (m, 5 H). "“C
NMR (100 MHz, CDCl;): 6 14.4, 17.3, 40.8, 43.7, 61.0, 66.3, 71.9, 75.5, 125.6,
127.3,127.6, 128.1, 135.5, 138.3, 167.9. Anal. Calcd for C,;H3;NOs: C, 66.82;

H, 8.28; N, 3.71%. Found: C, 66.90; H, 8.34; N, 3.57%
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Diethyl
2-(8-benzyloxy-2,6-dimethyl-2,6-octadienyl)-2-(dimethylamino)malonate
(E-6e): IR (neat): 2980, 2936, 2857, 2790, 1755, 1726, 1454, 1226, 1098, 1068,
1029, 740, 699 cm™. '"H NMR (400 MHz, CDCl3) : § 1.23 (t, J= 7.1 Hz, 6 H),
1.63 (s, 6H), 1.99-2.11 (m, 4H), 2.36 (s, 6H), 2.75 (s, 2 H), 4.02 (d, J= 6.7 Hz, 2
H), 4.20 (q, J=7.1 Hz, 4 H), 4.50 (s, 2 H), 5.25 (t, J= 6.7 Hz, 1 H), 5.39 (dt, J =
1.0, 6.7 Hz, 1 H), 7.25-7.37 (m 5 H). ">C NMR (100 MHz, CDCl5): & 14.5, 16.6,
16.8, 26.5, 39.4, 40.8, 43.9, 60.8, 66.6, 72.0, 75.7, 120.8, 127.3, 127.6, 128.2,
128.5,131.0, 138.4, 139.9, 168.0. Anal. Calcd for C,sH3oNOs: C, 70.08; H,

8.82; N, 3.14%. Found: C, 69.90; H, 8.87; N, 3.02%.

Ethyl 2-acetyl-6-benzyloxy-2-(dimethylamino)-4-methyl-4-hexenoate
(E-6f): IR (neat): 2930, 2856, 2792, 1717, 1454, 1352, 1206, 1072, 1027, 740,
699 cm”. 'H NMR (400 MHz, CDCl) : & 1.30 (t, J= 7.1 Hz, 3 H), 1.61 (s, 3
H), 2.18 (s, 3 H), 2.33 (s, 6 H), 2.76 (abq, J=13.9, 76.1, 2 H), 3.97 (d, J= 6.6, 2
H), 4.24 (q, J = 7.1 Hz, 2 H), 4.46 (s, 2 H), 5.46 (dt, J = 1.0, 6.6 Hz, 1 H),
7.25-7.35 (m, 5 H). "C NMR (100 MHz, CDCly): & 14.5, 17.0, 28.0, 40.8, 43.1,
60.8, 66.2, 72.0, 79.7, 126.2, 127.4, 127.7, 128.2, 135.6, 138.3, 168.2, 204.1.
Anal. Calcd for C,0H,9oNO4: C, 69.14; H, 8.41; N, 4.03%. Found: C, 69.12; H,

8.47; N, 3.82%.
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Ethyl 6-benzyloxy-2-(dimethylamino)-2-phenyl-4-methyl-4-hexenoate
(6g): Each of rearrangmenet products were separated carefully from E/Z mixture
to give 13 % of Z-6g and 32 % of E-6g. E-6g: IR (neat): 2980, 2932, 2865,
2834, 2790, 1718, 1494, 1447, 1384, 1365, 1204, 1092, 1068, 1028, 739, 701.
'H NMR (400 MHz, CDCl5): & 1.21 (s, 3 H), 1.33 (t, J=7.1 Hz, 3 H), 2.30 (s, 6
H), 2.49 (d, J=13.2 Hz, 1H), 3.07 (d, J=13.2 Hz, 1H), 3.81 (d, J= 6.3 Hz, 2H),
4.27-4.32 (m, 4H), 5.12 (t, J= 6.3 Hz, 1H), 7.08-7.36 (m, 10H). C NMR (100
MHz, CDCl;): 6 14.8, 17.8, 40.4,47.4, 60.2, 66.4, 71.5, 74.3, 126.3, 126.7, 127.1,
127.3, 127.6, 128.0, 128.2, 128.3, 129.6, 136.0, 138.5, 169.7. Anal. Calcd for

Cy4H3NOs: C, 75.56; H, 8.19; N, 3.67%. Found: C, 75.54; H, 8.28; N, 3.38%.

Ethyl
10-benzyloxy-4,8-dimethyl-2-(dimethylamino)-2-phenyl-4,8-decadienoate
(E-6i): IR (neat): 2978, 2937, 2866, 2790, 1719, 1446, 1120, 1094, 1067, 1027,
737,701 cm”. 'H NMR (400 MHz, CDCl;) : 8 1.18 (s, 3 H), 1.32 (t, J= 6.9, 3
H), 1.57 (s, 3 H), 1.80-1.89 (m, 4 H), 2.29 (s, 6 H), 2.36 (d, J=13.2, 1 H), 3.02
(d,J=13.2,1H),4.00 (d,J=6.6,2 H),4.28 (q, J=6.9,2 H), 4.49 (s, 2 H), 4.80
t, J=6.6, 1 H), 531 (t, J = 6.6, 1 H), 7.12-7.35 (m, 10 H). "C NMR (100
MHz, CDCL): 6 14.9, 16.6, 17.4, 26.4, 39.1, 40.5, 47.5, 60.1, 66.6, 72.0, 74.4,
120.4, 126.5, 126.9, 127.3, 127.7, 128.2, 128.3, 129.0, 131.1, 138.3, 139.6, 140.2,

169.6. Anal. Calcd for C,0H3oNO;5: C, 77.47; H, 8.74; N, 3.12%. Found: C,
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77.30; H, 8.87; N, 2.91%.

General procedure for the copper-catalyzed [2,3]sigmatropic
rearrangements (Table 3-4). Unless otherwise noted, the reaction was
performed with [Cu(acaca),] (0.1 mmol) and allylamine (3 mmol) in the solvents
(7 mL) listed in the table and diazo compound (I mmol) in the appropriate
solvent (2 mL) under an atmosphere of argon. After the addition of the diazo
compound using a syringe pump, the reaction mixture was stirred for 20 min—18
h listed in the table. When the reaction mixture was cooled, diethyl ether was
added, and the suspension was filtered. The solvent was then removed in vacuo,
and the residue was purified by column chromatography on silica gel with
hexane/EtOAc (3:1) to give corresponding homoallylamines as pale yellow oil.

The yield was calculated on the basis of the amount of the diazo compounds.

Ethyl 4-chloro-2-(dimethylamino)-4-pentenoate (6j): IR (neat): 2980, 2940,
2871, 2834, 2789, 1731, 1637, 1455, 1371, 1246, 1228, 1175, 1098, 1035, 886,
637 cm”. 'HNMR (400 MHz, CDCLy): § 1.29 (t, J= 7.1 Hz, 3H), 2.37 (s, 6H),
2.65 (ddd, J=0.7, 6.8, 14.4 Hz, 1H), 2.78 (ddd, J= 0.7, 7.8, 14.4 Hz, 1H), 3.59
(dd, J=6.8, 7.8 Hz, 1H), 4.19 (dq, J=2.4, 7.1 Hz, 2H), 5.22 (d, J= 1.2 Hz, 1 H),

524 (d,J=12Hz, 1H). "“CNMR (100 MHz, CDCly): & 14.4, 39.0, 41.5, 60.3,

69



64.8, 114.7, 139.0, 170.7. Anal. Calcd for CoH;CINO,: C, 52.56; H, 7.84; N,

6.81%. Found: C, 52.48; H, 7.80; N, 6.62%.

Diethyl 2-dimethylamino-4-methyleneglutarate (6k): IR (neat): 2980, 2938,
2871, 2833, 2788, 1728, 1632, 1448, 1370, 1298, 1266, 1243, 1185, 1097, 1033,
937,817 cm™. 'H NMR (400 MHz, CDCl;): & 1.27 (t, J= 7.1 Hz, 3H), 1.31 (t,
J=17.1 Hz, 3H), 2.35 (s, 6H), 2.64-2.74 (m, 2H), 3.45 (dd, J= 6.7, 8.5 Hz, 1 H),
4.15(dq,J=2.1,7.1 Hz, 2 H), 4.22 (q,J=7.1 Hz, 2 H), 5.61 (d, J= 1.3 Hz, 1 H),
6.20 (d, J=1.3 Hz, 1 H). "CNMR (100 MHz, CDCl;): & 14.2, 14.4, 31.9, 41.7,
60.2, 60.7, 66.3, 127.1, 137.1, 166.7, 171.4. Anal. Calcd for C;,H;NOy: C,

59.24; H, 8.70; N, 5.76%. Found: C, 59.04; H, 8.73; N, 5.71%.

Ethyl 4-cyano-2-(dimethylamino)-4-pentenoate (61): IR (neat): 2981, 2941,
2871, 2836, 2790, 2224, 1729, 1624, 1454, 1370, 1236, 1178, 1097, 1034 cm™.
'H NMR (400 MHz, CDCL;): & 1.30 (t, J = 7.1 Hz, 3H), 2.36 (s, 6H), 2.55-2.68
(m, 2H), 3.49 (dd, J= 7.3, 8.3 Hz, 1 H), 4.14-4.26 (m, 2 H), 5.80 (d, J= 0.5 Hz,
1 H), 5.92(d, J=0.5Hz, 1 H). "C NMR (100 MHz, CDCl;): & 14.5, 34.3, 41.4,
60.5, 65.2, 118.1, 119.9, 132.3, 170.2. Anal. Calcd for C,yH;sN,O,: C, 61.20; H,

8.22; N, 14.27%. Found: C, 60.97; H, 8.29; N, 14.02%.
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Ethyl 4-cyano-2-(dimethylamino)-2-phenyl-4-pentenoate (6m): IR (neat):
2983, 2940, 2836, 2793, 2223, 1721, 1493, 1447, 1297, 1227, 1192, 1068, 1027,
946, 705 cm™. 'H NMR (400 MHz, CDCL,): & 1.35 (t, J=7.1 Hz, 3 H), 2.38 (s,
6 H), 2.91 (dabq, J= 1.0, 14.0, 28.0 Hz, 2 H), 4.34 (q, J= 7.1 Hz, 2 H), 5.10 (d, J
= 1.0 Hz, 1 H), 5.68 (d, J= 1.0 Hz, 1 H), 7.24-7.32 (m, 5 H). ">C NMR (100
MHz, CDCly): § 14.8, 40.7, 42.9, 60.8, 74.1, 118.4, 118.6, 127.5, 127.6, 128.1,
135.4, 138.5, 159.5. Anal. Calcd for C;sH,)N,O,: C, 70.56; H, 7.40; N, 10.29%.

Found: C, 70.33; H, 7.51; N, 10.00%.

Ethyl 2-acetyl-4-cyano-2-(dimethylamino)-4-pentenoate (60): IR (neat):
2985, 2843, 2796, 2224, 1718, 1617, 1462, 1356, 1233, 1168, 1050, 952 cm'.
'H NMR (400 MHz, CDCl5): & 1.33 (t, J= 7.1 Hz, 3H), 2.24 (s, 3H), 2.41 (s, 6H),
2.90 (dabq, J=1.1, 14.9, 24.4 Hz, 2H), 4.29 (dq, J= 1.2, 7.1 Hz, 2H), 5.85 (s, 1
H), 5.99 (s, 1 H). C NMR (100 MHz, CDCl;): & 14.3, 27.9, 36.4, 40.8, 61.6,
79.4,117.9, 118.2, 135.5, 167.9, 203.3.  Anal. Calcd for C,H;sN,0O;: C, 60.49;

H, 7.61; N, 11.76%. Found: C, 60.38; H, 7.65; N, 11.54%.

Diethyl 2-(2-cyanoallyl)-2-dimethylaminomalonate (6p): IR (neat): 2984,
2906, 2839, 2795, 2224, 1756, 1728, 1620, 1465, 1448, 1391, 1367, 1303, 1235,
1209, 1094, 1064, 1041, 953, 859 cm™. 'H NMR (400 MHz, CDCl;): & 1.31 (t,

J=7.1 Hz, 6H), 2.43 (s, 6H), 2.97 (d, J = 1.2 Hz, 2H), 4.27 (q, I = 7.1 Hz, 4H),
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5.90 (d, J = 0.7 Hz, 1H), 6.00 (s, 1 H). ">C NMR (100 MHz, CDCl;): & 14.1,
37.8,40.6, 61.5,74.7, 117.8, 118.2, 135.0, 167.5.  Anal. Calcd for Ci3H,0N,Oy:

C, 58.19; H, 7.51; N, 10.44%. Found: C, 58.01; H, 7.52; N, 10.34%.

General procedure for the synthesis of allylic amines having the silyl
and/or cyano groups in the a-position (Table 4-1~4-2 and Scheme 4-6 and
4-9). Unless otherwise noted, the reaction was performed with TMSCH,OTf
(10 mmol) and allylic amines (20 mmol) in MeCN (100 mL) under an
atmosphere of argon. Among 2 molar equivalent of the amine, 1 molar
equivalent was used as a buffer of the resulting trifluoromethanesulfonic acid.
Since 1 molar equivalent of the product would be obtained in the reaction, the
yield was calculated on the basis of the amount of TMSCH,OTT.

After the amine was treated with TMSCH,OT{f at ambient temperature, the
reaction mixture was stirred for 18h. The organic layer was washed with 1N
NaOH, brine, dried (Na,SO,), and filtered. The solvent was then removed in
vacuo, and the residue was purified by column chromatography on silica gel with
hexane/EtOAc (3:1) to give corresponding a-trimethylsilylallylic amines in

80-93 % yields as colorless oil.
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6-(N-methyl,

N-trimethylsilylmethyl)amino-1-benzyloxy-3,7-dimethyl-2,7-octadiene (8a):
IR (neat): 2951, 2854, 2772, 1452, 1248, 1114, 1086, 1071, 895, 855, 735, 697
cm”. '"H NMR (400 MHz, CDCL;): & 0.04 (s, 9H), 1.42-1.96 (m, 4H), 1.64 (s,
3H), 1.67 (s, 3H), 1.85 (abq, J = 14.3, 49.9, 2H), 2.16 (s, 3H), 2.52 (q, J = 4.3,
9.6, 1H), 4.02 (d, J=6.7), 4.51 (s, 2H), 4.74 (s, 1H), 4.88 (s, 1H), 5.39 (t, J=6.7,
1H), 7.25-7.34 (m, 5H). ">C NMR (100 MHz, CDCl;): § -1.2, 16.7, 19.7, 26.6,
37.0,42.2,45.7,66.6, 72.1,73.3, 113.1, 120.4, 127.4, 127.7, 128.3, 138.4, 140.7,
145.1. Anal. Calcd for C,,H37NOSi: C, 73.48; H, 10.37; N, 3.89. Found: C,

73.22; H, 10.33; N, 3.80.

2-(N-methyl,

N-trimethylsilylmethyl)amino-1-benzyloxy-3-methyl-3-butadiene (8b): IR
(neat): 2954, 2898, 2857, 2777, 1453, 1248, 1111, 894, 856, 736, 697 cm™. 'H
NMR (400 MHz, CDCL3): & 0.03 (s, 9H), 1.71 (s, 3H), 1.92 (abq, J = 14.4, 29.5,
2H), 2.21 (s, 3H), 2.92 (t, 3= 5.9, 1H), 3.51 (d, J=9.8, 1H), 3.53 (d, J=9.5, 1H),
3.65(d, J=9.5, 1H), 3.67 (d, J=9.8, 1H), 4.51 (abq, J=12.1, 14.1, 2H), 4.90 (s,
1H), 3.59 (abq, J = 9.8, 63.4, 1H), 3.59 (abq, J = 9.5, 51.5, 1H), 4.91 (s, 1H),
7.25-7.33 (m, 5H). "*C NMR (100 MHz, CDCLy): & -1.2, 20.4, 42.7, 46.1, 69.7,
719, 732, 112.9, 127.4, 127.6, 1282, 1383, 144.9. Anal. Calcd for

C17H2oNOS:i: C, 70.04; H, 10.03; N, 4.80. Found: C, 69.77; H, 9.94; N, 4.80.
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Unless otherwise noted, the reaction was performed with the silyl reagent
(24.56 mmol), LDA (18.42 mmol) and the allylic amine (6.14 mmol) in THF (12
mL) under an atmosphere of argon. The a-cyano-a-silylallylic amines were
synthesized by retro-Brook rearrangement of the quaternary ammonium salt,
induced from the allylic amine with the silyl reagent, with LDA.

After the amine was treated with the silyl reagent at -78 C°, the LDA solution
in THF was added slowly and then the reaction mixture was stirred for 3-5h at
-78 C°. The reaction mixture was warmed to the ambient temperature, and the
solvent was removed in vacuo. After diethyl ether was added, the suspension
was filtered. The organic layer was washed with the sat. NaHCO;, brine, dried
(Na,S0O,), and filtered. The solvent was then removed in vacuo, and the residue
was purified by column chromatography on silica gel with hexane/ether (9:1) to
give corresponding a-cyano-a-silylallylic amines in a 42-67 % yield as pale

yellow oil.

2-(N-cyanotrimethylsilylmethyl,

N-methyl)amino-1-benzyloxy-3-methyl-3-butene (10a): The major
diastercomer was separated carefully from the diastereomixture. The major
diastereomer: IR (neat): 2957, 2897, 2857, 2206, 1649, 1453, 1254, 1102, 848,
751, 739, 699 cm”. 'H NMR (400 MHz, CDCl;): § 0.19 (s, 9H), 1.69 (s, 3H),

2.31 (s, 3H), 3.14 (dd, J= 4.3, 5.9, 1H), 3.53 (s, 1H), 3.61 (q, J= 10.6, 1H), 3.62
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(abq, J = 10.6, 23.1, 1H), 4.53 (abq, J = 12.2, 22.8, 2H), 4.92 (d, J = 6.3. 2H),
7.26-7.35 (m, 5H). *C NMR (100 MHz, CDCL,): & -2.3, 3.1, 19.9, 39.9, 43.5,
69.8, 71.0, 73.2, 113.7, 118.2, 127.6, 127.7, 128.3, 137.8, 144.0. Anal. Calcd

for C,3sH,3N,OSi: C, 67.35; H, 8.95; N, 8.73. Found: C, 67.54; H, 9.22; N, 8.35.

2-(N-cyanotriethylsilylmethyl,

N-methyl)amino-1-benzyloxy-3-methyl-3-butene (10b): The major
diastereomer was separated carefully from the diastereomixture. The major
diastereomer: IR (neat): 2957, 2914, 2877, 2206, 1649, 1454, 1102, 1018, 903,
737,696 cm”. 'H NMR (400 MHz, CDCl5): 8 0.73 (q, J = 7.6, 6H), 0.10 (t, J=
7.6, 9H), 1.68 (s, 3H), 2.30 (s, 3H), 3.13 (dd, J = 4.0, 5.9, 1H), 3.59 (abq, J =
10.6, 20.8, 1H), 3.61 (abq, J = 10.6, 18.1, 1H), 3.74 (s, 1H), 4.52 (abq, J=11.9,
22.4, 2H), 492 (d, J = 14.5, 2H), 7.26-7.35 (m, 5H). C NMR (100 MHz,
CDCly): 6 3.2, 7.3, 19.6, 40.2, 40.8, 70.0, 71.8, 73.2, 113.7, 118.3, 127.5, 127.6,
128.3, 137.7, 144.2. Anal. Calcd for C,;H3,N,OSi: C, 70.34; H, 9.56; N, 7.81.

Found: C, 70.34; H, 9.64; N 7.54.

2-(N-cyano-tert-butyldimethylsilylmethyl,
N-methyl)amino-1-benzyloxy-3-methyl-3-butene (10c¢): The major
diastercomer was separated carefully from the diastereomixture. The major

diastereomer: IR (neat): 2953, 2931, 2858, 2206, 1649, 1466, 1454, 1363, 1254,
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1101, 841, 824, 807, 791, 737, 699 cm™.  'H NMR (400 MHz, CDCl): 5 0.18 (5,
3H), 0.20 (s, 3H), 0.92, (s, 9H), 1.68 (s, 3H), 2.25 (s, 3H), 3.12 (dd, J = 3.6, 6.3,
1H), 3.60 (abg, J = 10.5, 19.5, 1H), 3.62 (abq, J = 10.6, 22.1, 1H), 3.82 (s, 1H),
4.52 (abq, J = 11.9, 30.4, 2H), 4.93 (d, J = 18.8, 2H), 7.26-3.35 (m, SH). C
NMR (100 MHz, CDCLy): § -6.5, -5.7, 17.4, 19.6, 26.3, 40.0, 41.5, 70.4, 72.1,
732, 113.9, 118.1, 127.5, 127.6, 128.3, 137.3, 144.1. Anal. Calcd for

C,1H34N,0Si1: C, 70.34; H, 9.56; N, 7.81. Found: C, 70.02; H, 9.60; N, 7.65.

2-(N-cyanotriisopropylsilylmethyl,

N-methyl)amino-1-benzyloxy-3-methyl-3-butene (10d): The major
diastereomer was separated carefully from diastereomixture. The major
diastereomer: IR (neat): 2946, 2891, 2869, 2206, 1649, 1465, 1454, 1102, 903,
883, 734, 698, 670 cm”. 'H NMR (400 MHz, CDCl5): & 1.05-1.32 (m, 21H),
1.68 (s, 3H), 2.30 (s, 3H), 3.15 (dd, J= 3.0, 6.3, 1H), 3.61 (abq, J = 10.6, 22.8,
1H), 3.62 (abqg, J = 10.6, 29.0, 1H), 4.03 (s, 1H), 4.51 (abq, J = 11.9, 25.7, 2H),
4.94 (d, J=128.0, 2H), 7.26-7.34 (m, 5H). ">C NMR (100 MHz, CDCl;): & 11.9,
18.7, 18.9, 19.4, 40.4, 40.6, 70.5, 73.0, 73.3, 114.1, 118.5, 127.5, 127.6, 128.2,
137.6, 144.3. Anal. Caled for C,4H4N,OSi: C, 71.94; H, 10.06; N, 6.99.

Found: C, 71.82; H, 10.16; N, 6.82.
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6-(N-cyano-tert-butyldimethylsilylmethyl, N-methyl)amino
-1-benzyloxy-3,7-dimethyl-2,7-octadiene (10f): The major diastercomer was
separated carefully from the diastereomixture. The major diastereomer: IR
(neat): 2953, 2931, 2858, 2205, 1649, 1466, 1453, 1366, 1255, 1070, 841, 823,
807, 737, 698 cm™. 'H NMR (400 MHz, CDCl;):  0.20 (s, 3H), 0.21 (s, 3H),
0.97 (s, 9H), 1.41-1.92 (m, 4H), 1.63 (s, 3H), 1.65 (s, 3H), 2.24 (s, 3H), 2.76 (dd,
J=3.9,10.5, 1H), 3.54 (s, 1H), 4.02 (d, J = 6.6, 2H), 4.51 (s, 2H), 491 (d, J =
20.0, 2H), 5.39 (t, J = 6.6, 1H), 7.26-7.35 (m, 5H). "“C NMR (100 MHz,
CDCl;): 6 -6.5,-5.7,16.6, 17.5, 18.1, 26.4, 26.8, 36.7, 39.2, 40.6, 66.6, 71.4, 72.2,
115.0, 117.6, 121.1, 127.5, 127.7, 128.3, 138.4, 139.8, 143.7. HRMS (EI): m/z

calced for C,4H4oN,OS1: 426.3056. found: 426.3066.

General procedure for the reaction of a-silylallylic amines with oxidant
(Table 4-3). Unless otherwise noted, the reaction was performed with the
a-silylallylic amines (1.72 mmol), the oxidant (1.72 mmol), acetic anhydride
(51.6 mmol) and pyridine (51.6 mmol) in solvent listed in the table (10 mL)
under an atmosphere of argon. The a-silylallylic amines were treated with 1
molar equivalent of oxidant at -78 °C. When using DMF, the reaction was
carried out at -50 °C. After the reaction mixture was stirred for 2-6h, the

reaction mixture was warmed slowly to 0 °C and stirred for 3h. Then Ac,O and
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Pyridine were added. The reaction mixture was stirred for 3h at ambient
temperature. The reaction mixture was quenched with sat. CuSO,, half-sat.
Na,SO;, IN NaOH, and then extracted three times with DCM. The organic
layer was washed with brine, dried (Na,SQO,), filtered, evaporated and the residue
was purified with chromatography on silica gel with hexane/EtOAc (1:1) to give

corresponding amides in 58-99 % yields as a pale yellow oil.

2-(N-methyl,

N-trimethylsilylmethyl)amino-1-benzyloxy-3-methyl-3-butadiene (11a): The
product was isolated as a rotamer. IR (neat): 2969, 2939, 2865, 1649, 1453,
1400, 1119, 1090, 1030, 1011, 905, 741, 700 cm™. '"H NMR (400 MHz, CDCl5)
of major rotamer: 6 1.68 (s, 3H, CHj3), 2.14 (s, 3H, COCH5), 2.77 (s, 3H, NCHj5),
3.61- 3.74 (m, 2H, CH,), 5.39 (t, J= 6.6, 1H, CH), 4.53 (abq, J=12.0, 34.9, 2H,
CH,Ph), 4.79 (d, J = 21.2, 2H, C=CH,), 7.28-7.36 (m, 5H, C¢Hs). 'H NMR
(400 MHz, CDCls) of minor rotamer: 61.71 (s, 3H, CH3), 2.18 (s, 3H, COCH,),
2.68 (s, 3H, NCH,), 3.61- 3.74 (m, 2H, CH,), 4.38 (dd, J = 4.2, 8.5, 1H, CH),
4.51 (abq, J = 12.0, 43.4, 2H, CH,Ph), 5.00 (d, J = 3.4, 2H, C=CH,), 7.28-7.36
(m, 5H, C¢Hs). °C NMR (100 MHz, CDCly): & 21.3, 21.4, 21.8, 22.2, 27.2,
30.7, 54.9, 61.4, 67.8, 72.7, 73.2, 77.2, 113.0, 111.3, 127.3, 127.4, 127.5, 127.6,
128.2, 128.3, 137.6, 138.0, 140.7, 141.2, 171.2, 171.8. Anal. Calcd for

CisH,1NO,: C, 72.31; H, 8.58; N, 5.62. Found: C, 72.28; H, 8.72; N, 5.65.
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6-(N-acetyl, N-methyl)amino-1-benzyloxy-3,7-dimethyl-2,7-octadiene (11b):
The product was isolated as a rotamer. IR (neat): 2935, 2857, 1649, 1452, 1398,
1363, 1319, 1089, 1069, 1010, 903, 740, 699 cm”. 'H NMR (400 MHz,
CDCl;) of major rotamer: & 1.65 (s, 6H, 2 x CHj3), 1.73-2.08 (m, 4H, 2 x CH,),
2.12 (s, 3H, COCH3), 2.69 (s, 3H, NCH3), 4.03 (d, J= 6.7, 2H, CH,0), 5.11 (q, J
=4.6, 1H, NCH), 4.51 (s, 2H, CH,Ph), 4.88 (d, J= 3.6, 1H, C=CH,), 5.00 (m, 1H,
C=CH,), 5.40 (dt, J=1.3, 6.9, 1H, C=CH,), 7.28-7.35 (m, 5H, C¢Hs). 'H NMR
(400 MHz, CDCls) of minor rotamer: 6 1.67 (s, 3H, CHj3), 1.70 (s, 3H, CHy),
1.73-2.08 (m, 4H, 2 x CH,), 2.13 (s, 3H, COCH3), 2.68 (s, 3H, NCH;), 4.03 (d, J
=6.7, 2H, CH,0), 4.02-4.03 (m, 1H, NCH), 4.51 (s, 2H, CH,Ph), 4.88 (d, J= 3.6,
1H, C=CH,), 5.00 (m, 1H, C=CH,), 5.43 (dt, J=0.1, 6.6, I1H, C=CH,), 7.28-7.35
(m, 5H, C¢Hs). C NMR (100 MHz, CDCly): & 16.7, 16.8, 21.2, 21.3, 21.8,
222,229, 272,278,294, 35.9, 36.0, 55.7, 61.3, 66.5, 66.6, 72.2, 72.3, 112.6,
113.1, 120.8, 121.6, 127.5, 127.6, 127.7, 127.8, 128.3, 138.4, 139.0, 139.9, 142.9,
143.7,171.2. Anal. Calcd for C,0H,oNO,: C, 76.15; H, 9.27; N, 4.44. Found: C,

75.84; H, 9.28; N, 4.34.

General procedure for the reaction of a-cyano-a-silylallylic amines with
oxidant (Table 4-4). Unless otherwise noted, the reaction was performed with

the a-cyano-a-silylallylic amines (0.95 mmol), and the oxidant (3.8 mmol) in
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DCM (10 ml) under an atmosphere of argon.

The a-cyano-a-silylallylic amines was treated with excess amount of peracetic
acid in DCM at -78 °C. After the reaction mixture was stirred for 12h, the
reaction mixture was warmed slowly to 0 °C and stirred for 12 h. The reaction
mixture was quenched with half-sat. Na,SO; and then extracted three times with
DCM. The organic layer was washed with 1N NaOH, brine, dried (Na,SO,),
filtered, evaporated and the residue was purified with chromatography on silica
gel with hexane/EtOAc (3:1) to give corresponding amides in 25-61 % yields as

a pale yellow oil.

1-benzyloxy-2-N-methylfomamide-3-methyl-3-butadiene (13a): The product
was isolated as a rotamer. : IR (neat): 2918, 2865, 1675, 1453, 1403, 1119,
1091, 908, 742, 700 cm™. 'H NMR (400 MHz, CDCl;) of major rotamer: &
1.70 (s, 3H, CH3), 2.77 (s, 3H, NCH3), 3.62-3.78 (m, 2H, CH,), 3.99 (dd, J= 3.9,
8.8, 1H, NCH), 4.54 (abq, J=11.9, 24.4, 2H, CH,Ph), 4.82 (s, 1H, C=CH,), 5.06
(s, 1H, C=CH,), 7.28-7.37 (m, 5H. C6H5), 8.14 (s, 1H, COH). 'H NMR (400
MHz, CDCIl;) of minor rotamer: & 1.70 (s, 3H, CHj), 2.66 (s, 3H, NCHs),
3.62-3.78 (m, 2H, CH,), 5.11 (t, J= 6.6) as 1H, NCH, 4.54 (abq, J = 12.2, 55.4,
2H, CH,Ph), 4.84 (s, 1H, C=CH,), 5.03 (s, 1H, C=CH,), 7.28-7.37 (m, 5H.
C6H5), 8.20 (s, 1H, COH). "“C NMR (100 MHz, CDCL;): & 21.2, 21.3, 25.8,

29.7, 30.3, 53.6, 61.8, 67.0, 72.7, 73.1, 113.4, 114.0, 127.3, 127.4, 127.5, 127.6,
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128.1, 128.2, 137.4, 137.6, 139.8, 153.1, 153.5. Anal. Calcd for C4H,4NO;: C,

71.52; H, 8.23; N, 5.96. Found: C, 71.58; H, 8.22; N, 5.90.

1-benzyloxy-3,7-dimethyl-6-(N-methyl)formamide-2,7-octadiene (13b): The
product was isolated as a rotamer. IR (neat): 2932, 2858, 1673, 1447, 1402,
1070, 908, 742, 701 cm™. 'H NMR (400 MHz, CDCl;) of major rotamer:
1.67 (s, 6H, 2xCH5), 1.79-2.01 (m, 4H, 2 x CH,), 2.64 (s, 3H, NCH,), 3.69 (dd, J
=4.5,9.7, NCH, 1H), 4.07 (d, = 6.6, CH20), 4.51 (s, 2H, CH,Ph), 4.96 (s, 1H,
CH,=C), 5.06 (s, 1H, CH,=C), 5.42 (t, J= 6.0, C=CH), 7.26-7.34 (m. 5H, C¢Hy),
8.10 (s, 1H, CHO). 'H NMR (400 MHz, CDCl;) of minor rotamer: & 1.65 (s,
6H, 2xCHj3), 1.79-2.01 (m, 4H, 2 x CH,), 2.67 (s, 3H, NCHs), 4.76 (q, J = 4.8,
1H, NCH), 4.07 (d, J = 6.6, CH20), 4.51 (s, 2H, CH,Ph), 4.92 (s, 1H, CH,=C),
5.04 (s, 1H, CH,=C), 5.42 (t, J= 6.0, C=CH), 7.26-7.34 (m. 5H, C¢Hs), 8.17 (s,
1H, CHO). "C NMR (100 MHz, CDCI3): & 16.7, 16.9, 21.1, 21.4, 25.4 26.6,
26.8, 29.3, 35.9, 544, 61.8, 66.5, 66.6, 72.1, 72.3, 113.2, 113.7, 121.0, 121.8,
127.4, 127.6, 128.2, 138.2, 138.3, 138.4, 139.3, 142.0, 163.0. Anal. Calcd for

CioH,7NO,: C, 74.81; H, 9.05; N, 4.59. Found: C, 74.99; H, 9.08; N 4.85.

81



6.2.

101 101

101

[ 1 1]

101 V. Rautenstrach, Chem. Comm. 1974, 4.

102 W. C. Still and A. Mitra, J. Am. Chem. Soc. 1978. 100, 1927.

103 B. M.Trost, and Melvin Jr., “Sulfur Ylide”, Academic Press, New York,

1979, 7.

104  a) M. P. Doyle, W. H. Tamblyn, V. Bagheri, J. Org. Chem. 1981, 46, 5094.
b) M. P. Doyle, V. Bagheri, E. E. Claxton, J. Chem. Soc., Chem. Commun.
1990, 46.

105 K. Honda, S. Inoue, K. Sato, J. Am. Chem. Soc. 1990, 112, 1999.

106  a) M. Polonovski, M. Polonovski, Bull. Soc. Chim. Fr. 1927, 41, 1190. b)
M. Polonovski, M. Polonovski, Bull. Soc. Chim. Belg. 1974, 39, 1507. For
reviews on Polonovski reaction, see: ¢) M. Ikeda, Y. Tamura, J. Syn. Org.
Chem., Jpn. 1980, 38, 10. d) D. Grierson, Org. React. 1990, 39, 85.

107 M. Ikeda, Y. Tamura, J. Syn. Org. Chem., Jpn. 1980, 38, 10.

108 a) N. Langlois, F. Guéritte, Y. Langlois, P. Potier, J. Am.Soc. Chem. 1976,

98, 7017. b) Atta-ur-Rahman, A. Basha, M. Ghazala, Tetrahedron Lett.

82



109 a) Hageman, Org. Ract. 1953, 7, 198. b) G. Fodor, S. Abidi, T. C.
Carpenter, J. Org. Chem. 1974, 39, 1507.

110 a) T. A. Montzka, J. D. Matiskella, R. A. Partyka, Tetrahedron Lett. 1974,
1325. b) R. A. Olofson, R. C. Schnur, Tetrahedron Lett. 1977, 1571. ¢) R.
A. Olofson, J. T. Martz, J. P. Senet, M. Piteau, T. Malfroot, J. Org. Chem.
1984, 49, 2081.

111  H. Merz, K. H. Pook, Tetrahedron 1970, 26, 1727.

112 S. Hosztafi, S. Makleit, R. Bognar, Acta, Chim, Acad, <ci, Hung, 1980,

103, 371.

113 a) R. Okazaki, N. Tokitoh, J. Chem. Soc., Chem. Commun. 1984, 192. b)
N. Tokitoh, R. Okazaki, Tetrahedron Lett. 1984, 25, 4677. ¢) N. Tokitoh, R.
Okazaki, Chem. Lett. 1984, 1937. d) N. Tokitoh, R. Okazaki, Chem. Lett.
1985, 241. ¢) N. Tokitoh, R. Okazaki, Bull. Chem. Soc. Jpn. 1987, 60,
3291.

[ ]

201 K. Sato, S. Inoue, A. Onishi, N. Uchida, and N. Minowa, J. Chem. Soc.,
Perkin Trans. 1 1891, 761.

202 J. Otera, H. Misawa, T. Mandai, T. Onishi, S. Suzuki, and Y. Fujita, Chem.

1976, 351. c) P. Mangeney, R. Z. Andrimialisoa, N. Langlois, Y. Langlois,

P. Potier, J. Am .Soc. Chem. 1979, 101, 2244.

83



Lett. 1985, 1883.

203 , , , 1982, 33, 866.

204  S. G Hegde, M. K. Vogel, J. Saddler, T. Hrinyo, N. Rockwell, R. Haynes,
M. Oliver, J. Wolinesky, Tetrahedron Lett. 1980, 21, 441.

205  F. G Bordwell, J. Am. Chem. Soc. 1987, 109, 1773.

206 a) A. E. Walts and W. R. Roush, Tetrahedron 1985, 41, 3463. b)
R.Huisgen, R. Grashey,H. HanCk, H. Seidl, Chem. Ber. 1968, 101, 2548.

207 a) D. A. Evans, G. C. Andrews, Tetrahedron Lett. 1973, 1389. b) R. W.
Hoffmann, Angew. Chem., Int. Ed. Engl. 1979, 18, 563. ¢) J. E. Baldwin,
R. E. Hacker, D. P. Kelly, J. Chem. Soc., Chem. Commun. 1968, 538. d) S.
Warren, J. Chem. Soc., Perkin Trans. 1, 1976, 2125.

208 a) S. Inoue, N. Iwase, O. Miyamoto, K. Sato, Chem. Lett. 1986, 2035. b)
K. Sato, S. Inoue, N. Iwase, K. Honda, Bull. Chem. Soc. Jpn. 1990, 63,
1328.

209 K. Honda, S. Inoue, K. Sato, J. Am. Chem. Soc. 1990, 112, 1999.

210  a) A. Padwa, S. F. Hornbuckle, Chem. Rev. 1991, 91, 263. b) T. Ye, M. A.
McKervey, Chem. Rev. 1997, 94, 1091.

211  a) K. Honda, S. Inoue, K. Sato, J. Org. Chem. 1992, 57, 428. b) K. Honda,
M. Tabuchi, S. Inoue, Chem. Lett. 1996, 385. ¢) K. Honda, M. Tabuchi, H.
Kurokawa, M. Asami, S. Inoue, J. Chem. Soc., Perkin Trans. 1 2002, 11,

1387.

84



212 a) : , 2000. b)
, ,2003.
213 a)S.J. Gould, and D. Ju, J. Am. Chem. Soc. 1992, 114, 10166. b) C. F.

Ward, J. Chem. Soc. 1922, 121, 1161.

[ ]

301 a) W. Ando, S. Kondo, K. Nakayama, K. Ichibori, H. Kohoda, H. Yamato,
I. Imai, S. Nakaido, T. Migita, J. Am. Chem. Soc. 1972, 94, 3870. b) F. G.
West, B. N. Naidu, J. Am. Chem. Soc. 1993, 115, 1177. ¢) F. G. West, K. W.
Glaeske, B. N. Naidu, Synthesis 1993, 977. d) F. G. West, B. N. Naidu, J.
Org. Chem. 1994, 59, 6051. ¢) F. G. West, B. N. Naidu, J. Am. Chem. Soc.
1994, 116, 8420. f) J. S. Clark, P. B. Hodgson, J. Chem. Soc., Chem.
Commun. 1994, 2701. g) J. S. Clark, P. B. Hodgson, Tetrahedron Lett.
1995, 36, 2519. h) D. L. Wright, R. M. Weekly, R. Groff, M. C. McMills,
Tetrahedron Lett. 1996, 37, 2165. i) J. S. Clark, P. B. Hodgson, M. D.
Goldsmith, L. J. Street, J. Chem. Soc., Perkin Trans. 1. 2001, 3312.j) J. S.
Clark, P. B. Hodgson, M. D. Goldsmith, A. J. Blake, P. A. Cooke, L.
J.Street, J. Chem. Soc., Perkin Trans. 1. 2001, 3325.

302 a)D.J. Faulkner, Synthesis 1971, 175. b) S. Inoue, K. Honda, J. Syn. Org.
Chem., Jpn. 1993, 51, 894. For reviews on [2,3]rearrangement, see: ¢) R.

W. Hoftmann, Angew. Chem. Int. Ed. Engl. 1979, 18, 563. d) T. Nakai, K.

85



303

304

305

306

307

308

309

Mikami, Chem. Rev. 1986, 86, 885. ¢) K. Mikami, T. Nakai, Synthesis
1991, 594. f) T. Nakai, K. Mikami, Org. React. 1995, 46, 105. g) S. H.
Pine, Org. React. 1970, 18, 403.

a) K. Honda, S. Inoue, K. Sato, J. Am. Chem. Soc. 1990, 112, 1999. b) K.
Honda, S. Inoue, K. Sato, J. Org. Chem. 1992, 57, 428. c¢) K. Honda, M.
Tabuchi, S. Inoue, Chem. Lett. 1996, 385. d) K. Honda, M. Tabuchi, H.
Kurokawa, M. Asami, S. Inoue, J. Chem. Soc., Perkin Trans. 1 2002, 11,
1387.

a) M. P. Doyle, W. H. Tamblyn, V. Bagheri, J. Org. Chem. 1981, 46, 5094.
b) M. P. Doyle, V. Bagheri, E. E. Claxton, J. Chem. Soc., Chem. Commun.
1990, 46.

Y. Hata, M. Watanabe, Tetrahedron Lett. 1972, 4659.

S. N. Osipov, N. Sewald, A. F. Kolomiets, A. V. Fokin, K. Burger,
Tetrahedron Lett. 1996, 37, 615.

11 (a) P. Heath, E. Roberts, J. B. Sweeney, H. P. Wessel, J. A. Workman, J.
Org. Chem. 2003, 68, 4083. (b) E. Roberts, J. P. Sancon, J. B. Sweeney,
J. A. Workman, Org. Lett. 2003, 5, 4775.

Clark, J. S.; Middleton, M. D. Org. Lett. 2002, 4, 765.

W. H. Tamblyn, S. R. Hoffmann, M. P. Doyle, J. Organomet. Chem. 1981,

216, Co4.

310

P. Brownbridge, S. Warren, J. Chem. Soc., Perkin Trans. 1. 1976, 2125.

86



311

312

[

401

a) R. G. Salomon, J. K. Kochi, J. Am. Chem. Soc. 1973, 95, 3300. b) T.
Aratani, Y. Yoneyoshi, T. Nagase, Tetrahedron Lett. 1977, 21, 2599. a) H.
Fritschi, U. Leutenegger, A. Pfalts, Helv. Chem. Acta. 1988, 71, 1553. b) R.
E. Lowenthal, A. Abiko, S. Masamune, Tetrahedron Lett. 1990, 31, 6005.

a) J. E. Baldwin J. E. Patrick, J. Am. Chem. Soc. 1971, 93, 3556. b) D. A.
Evans, G. C. Andrew, J. Am. Chem. Soc. 1972, 94, 3672. ¢) Y. Yamamoto,
J. Oda, Y. Inouye, J. Org. Chem. 1976, 41, 303. d) Y. Yamamoto, J. Oda, Y.
Inouye, J. Chem. Soc., Chem. Commun. 1973, 848. ¢) S. Inoue, N. Iwase,
O. Miyamoto, K. Sato, Chem. Lett. 1986, 2035. f) K. Sato, O. Miyamoto,

S. Inoue, N. Iwase, K. Honda, Bull. Chem. Soc. Jpn. 1990, 63, 1328.

]

Zhang, C.; Maeda, Y.; Shirai, N.; Sato, Y. J. Chem. Soc., Perkin Trans. 1

1997, 1, 25.

402

403

K. Honda, S. Inoue, K. Sato, J. Am. Chem. Soc. 1990, 112, 1999.

a) R. Okazaki, N. Tokitoh, J. Chem. Soc., Chem. Commun. 1984, 192. b)
N. Tokitoh, R. Okazaki, Tetrahedron Lett. 1984, 25, 4677. ¢) N. Tokitoh, R.
Okazaki, Chem. Lett. 1984, 1937. d) N. Tokitoh, R. Okazaki, Chem. Lett.
1985, 241. ¢) N. Tokitoh, R. Okazaki, Bull. Chem. Soc. Jpn. 1987, 60,
3291. ) Similarly the combination of a benzeneselenyl triflate and a base

is called as the selenium Polonovski reaction, see: R. Okazaki, Y. Itoh,

87



404

405

406

407

408

409

Chem. Lett. 1987, 1575.

a) M. Polonovski, M. Polonovski, Bull. Soc. Chim. Fr. 1927, 41, 1190. b)
M. Polonovski, M. Polonovski, Bull. Soc. Chim. Belg. 1974, 39, 1507. For
reviews on Polonovski reaction, see: ¢) M. Ikeda, Y. Tamura, J. Syn. Org.
Chem., Jpn. 1980, 38, 10. b) D. Grierson, Org. React. 1990, 39, 85.

For a review, see: W. H. Moser, Tetrahedron 2001, 57, 2065.

a) Hasegawa,E; Brumfield, M. A.;Mariano, P. S.; Yoon, U. C. J. Org.
Chem. 1988, 53, 5435. b) Vedejs, E.; Larsen, S.; West, F. G. J. Org.
Chem. 1982, 50, 2170.

a) A. Padwa, S. F. Hornbuckle, Chem. Rev. 1991, 91, 263. b) T. Ye, M. A.
McKervey, Chem. Rev. 1997, 94, 1091.

A. C. Cope, P. H. Towle, J. Am. Chem. Soc. 1949, 71, 3423. b) S. Inoue,
N. Iwase, O. Miyamoto, K. Sato, Chem. Lett. 1986, 2035. c¢) K. Sato, S.
Inoue, N. Iwase, K. Honda, Bull. Chem. Soc. Jpn. 1990, 63, 1328.

a) K. Honda, S. Inoue, K. Sato, J. Am. Chem. Soc. 1990, 112, 1999. b) K.
Honda, S. Inoue, K. Sato, J. Org. Chem. 1992, 57, 428. ¢) K. Honda, M.
Tabuchi, S. Inoue, Chem. Lett. 1996, 385. d) K. Honda, M. Tabuchi, H.
Kurokawa, M. Asami, S. Inoue, J. Chem. Soc., Perkin Trans. 1 2002, 11,

1387.

88



6.3.

[ ]

O b

51 , , P28 (2006).
O 9
, P1149 (2006).

‘ [2,3]

o 2

: , P196

(2006).
[ 1

“Copper-catalyzed Intermolecular Generation of Ammonium Ylides with
Subsequent [2,3]Sigmatropic Rearrangement: Efficient Synthesis of Bifunctional
Homoallylamines”,

Kiyoshi Honda, Hiromasa Shibuya, Hiroto Yasui, Yujiro Hoshino and Seiichi

89



Inoue.,

Bull. Chem. Soc. Jpn. 2008, 81, 142.

“Novel Oxidative Generation of Ammonium Ylides and the Subsequent Silicon
Polonovski Reaction”,

Kiyoshi Honda, Hiromasa Shibuya, Yujiro Hoshino and Seiichi Inoue.,

Chem. Lett. 2008. in press.

“Silicon Polonovski Reaction with the Novel Ammonium Ylides Generation:
Efficient Dealkylation of tert-Amines bearing the Silyl group”,

Kiyoshi Honda, Hiromasa Shibuya, Yujiro Hoshino and Seiichi Inoue.,

Bull. Chem. Soc. Jpn. 2008. in preparation.

90



20



