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Scheme 1. The first preparation of a,o-disubstituted allylic amines
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Scheme 2. Synthesis of a,a-disubstituted allylic amines by aza-Claisen (Overman) rearrangement

TFIVI~DT AT ZAKEH 8 D1 2-(IMIGIC & > Tho,o-EIET Y
NT IV 9DEMRDPTE S (Scheme3) s, DT 7 = )VRKEANC X 25 1,210
RIGORFTIZE FIEABBREEET 275 IV ICH L CGEATRER R TH 5,
— 5 CRIESI, FoNboo-—EIRT VAT I VSFEIHICHRT I v ERR
—RT IvERY, ZRT I vVEELONRVEWSIHTH L, T, TALT =
KGRI RSO mWERSERELFIHT 2 2 L 03% w0, AieERE
ERIGLTLE )RS 2 BREREZ BT 2 ICHEE RFIATE vk Lo,
W EIP I HIR2 B 2 AlREED B 5 .

R? 1,2-additi 1 NHR3
N ,2-addition R' NHR
L, * " — X

R1 R2 R
7 8 M = Mg, Li, B, etc. 9

Scheme 3. 1,2-addition of alkenyl nucleophiles to ketimine
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DIFEFICHEICRE T 2 6k, HILEW %2 BT 2 72010 % B o K6
B T GG S 0,

—7i T, RSB ZIHAROEHRAK TR EELRZY — 1D | DT
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TXEnAy ) VIIRIGHEFEINTE . 2b T, 7Y AMERKE
FIEFICEERRIED —2 L k> T\wd, 1965 4F, iEH I B-T Y A 85V v L
BEAR 10 ~ DR FERILAIE 11 ORBEIKEBIC X > TURFB-RFBEATEE B TE S Z
& # WD THids L 72(Scheme 4)°. 1970 412 Z D )G DR 7 U AL E G
DO THEIN O, ZOBRTFER Iy M2 LIc T E IR X
A7 DT ) ALELSGCOWHIES R T T E 2z,

> Na (2.1 equw)
< EtOH/DMSO
~Z 0

13
2. 2 equw 37°/ yleld 39% yield

Scheme 4. First example of n-allylpalladium complex with nucleophiles
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MUEPIORERIC X - T3 £ & E Rzfkfbofilifl 2 K2 & 3 2 5803 F 0T
5. 20 X5 bt oflHirpE rboo 1oL LT, Bifkx 1 oH3 5
T EEBRT I MLEVE RSB L LT VAT 2 L6035 5. fil 213,
Scheme 5 17~ L 72 iR (L) Z2H 35/ BT I b&EW 14 H 5 w315 %
RIGHEE & L CTHWCEBRBME T VAT I LRI % 1T - 72856, KIG
B ERSEMEIC L BN T222iIcXoT, -7V ABEPM
IR T 5. 22T, ZOFMAIO C3AZICx LTT I v RELHI 23 Rk U
2 & linear K16 23, Cl1 {2 W¥EEF 2 & branch T VAT I v 1723561 5,
nd, T ONEEFRMEO MR RERICBIL Tk, Fico8 T Yy ARfle LT
72856 1R EE D D7 C3 AL TRIG L7z linear M7 U L7 T v 16 27
FAEBEYE L TE LN, BB EAE(r Rh, Ru 7 &) % H W72t C1 A7
L VREHIDE A XNz branch BT VLT I v 17 BELNICE LS &
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B, ROGEE 2B L <K E iz a-7 Vv Pd $#51AD Pd-C1 [HH#HE
L Pd-C3 (rMIHEEEZSIZITHE LK 2B 2 e BMbNT WD 4 ZoMEL LT,
EHELDIAIE L 7\ C3 A28 X 0 SRR T 230 70\ 72 D IS SR A3 C3 A7 % K%
WS 2 7= linear RN IG & 72 5. — /I TA VT &R E ML LCHW
7256121, P(OPh); 7 & D o —ZAXMERAI T % F\v 5 Z & CTE\ branch FE R
BEENSE. Z DA D branch 3EREEICOWTDH =7 VL Ir A DRGE IC X 3
HERZI TS, @, -7 IV I #RicE T -7 VL Pd $kD;
A L ARRIC I-C1 [EIPEEE & I-C3 fZfEIPEEED IZITFE LK 2B 2 e AL T
5. L L, AN T2E T2 -7 VA kiR 18 8B W T, TD -
ZRMWERNTIC X B trans HRIT X > T Cl (D E# I N9 < 72 % 72 % branch
ERME L 723 (Figurel). 20— T, 0Py AMBRIGOBEIZ ST Y L%
AV LEIFERY, G =7 Vv Rh #{8TlE7 {o-7 U v Rh $&K 21
BHRER L s o THEITT 2 2 EH ST % (Scheme 6)!°. Z D&, Rh 7
U VBRI mo-n BMELIC K D, RDBLER CIMLIC e LYY LA L zo-T Y
N Rh $EEZTE L, SN2 D KIGHHE Z 3 72 1T branch iE R 7 U ALEE
G Z 5. T =y avfioERSEMECD T VAT I 2 LRIGIE
T Twa 2y, Z0oICBT 25Ellla X 7 = X LA S D23% <, BIED
BRI % B0 7284 R ThN T 3.

LG [M] = Pd NN
R1J\/ " C3 attack al 16 NRZR?
14 M] 1 [|] .| _HNRZRS linear
or 1~
R 2R3
X [M] = Ir, Rh, Ru etc. NR“R
R LG n-allylmetal C1 attack ANF
15 intermediate | attac R 17
R' = alkyl, aryl etc. branch

LG = Leaving group

Scheme 5. Regioselectivity in the transition-metal-catalyzed allylic amination of monosubstituted
allylic compounds
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Figure 1. n-Allyl iridium complex
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Scheme 6. Regioselectivity in the rhodium-catalyzed allylic substitution
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AT NI EROGHEE L L THWELGA T, BRI X 2 TREEOFEIC
Lo CTEBRSBMBICT VLI XT AR MLOb W L RE TN,
I, KISEE ORREEDHE I X b, BRI INER o mlt = 4L ¥ —
BELT 27007 IV NAVFREBIERL OO b ExERLTWD, -,
=T VLAY DGE, hRE I © Cl fLICEEEED 2 ST 3720, %
No DVAREEOFEIC X o GREXBAERY) TH % branch 7 VLT 3V 26
DERIH &, b o TEJIAIICLIE 7% linear 74 27 2MERNICHE O S
EW IS HRAIAH B (Scheme 7)'8.
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Scheme 7. Regioselective allylic amination of tertiary allylic compounds

ZDEOIBERDOL L, INOOMEEZFEYVERT=HRT Ve E v
T VMET I ARG EZERK L 72HI3 57T L, A )Y L, $, XU
VU LI X o T oG I N TW S, FilzIE, 2000 EIC Trost © (X% 7
¥y LT X % isoprene monoxide (28) & phthalimide (29) & DAFK T U AL T
IR E A Coo- BT VLT I v 30 DEKEHRE LT3 (Scheme
8)°. ZOWMETIX, FICEE I NAMAIT L1 I X o THIEERMEE = v
FAEREOH AR S N TH Y, FEMELLKSE P OMEEO G MR X
NTW32, RIGHNIZ T DRSS TW 3,

2.5 mol% [Pd(x-allyl)Cl Q
o Me . 6 mol% L1 o o (0]
NH HN
B <o 5 mol% Cs,CO; Ve N O )
A )
N MeCN, 55 °C, 24 h Ho A - O P p O

. o)
= Ph, Phy
28 29 30
62% yield L1
90% ee

Scheme 8. Pd-catalyzed enantioselective construction of a,a-disubstituted allylic amines

2007 41 Yudin & 337 7 LfillE % F T, prenyl acetate (31) D i & ZE IR
T INLT I 27 ALRIGIT X % branch Blo,a- BT V7 IV 33 DAEKZ W
L 72 (Scheme 9)*. A& Tl DBU DIFEFED branch B 7 U L7 I VIBKIC HE
AAIRTHZZEBRENTVE, ZOXIBRTIANT IVOITIEREMK
23, #Ei7-UK & branch/linear (b/)L CHies & 172 21,



1 mol% [Pd(r-allyl)Cl],
Me 4 mol% P(OEt)3

Me NR'R2
+  HNR'R? .
Me)\/\OAc DBU (1 equiv) Me)v
31 32 THF, 1t 33
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80% yleld 92% yield 90% yield 71% yield
b/l =99:1 b/l =19:1 b/l =9:1 b/l = 4:1

Scheme 9. Pd-catalyzed allylic amination of prenyl acetate with amines

Z D%, W DOPDOWE TN =T BT VY LR W2 T VT ATV
DILEERI T Y AL T I 7 LRIGIC X a,0- BT U LT IV DA Z#H
HLTWw3, BlziE, 2005 4C Faller b1, #7zIC@&EE L7 PS-BUALT L2 2 H
W3 EToa-ElRT VLT IV 36 DA EZERL T2 (Scheme 10, a)22.
2013 4£1C Stanley 513 Pd flF/E FCT UM A —KF—F 37 &4 Vv F—1 3
AR 38 7> b N-tert-prenylindole 39 % & WAL EHEIR: CfF T % (Scheme 10, b)2.
¥ 7z, Hartwig © (I benzophenone hydrazone (41), O-benzylhydroxylamine (42), & X
¥ O-tritylhydroxylamine (43)% >3 Z & Tbranch B 7 VAT I v 44 2155 C
EITHPI L T3 (Scheme 10, ¢)*.

) Faller et al.
S
R 5 mol% [Pd(r-allyl)L2][SbF R NHBn O D
o . Hen 6 [Pd(n-allyl)L2][SbFg] - BPh,
R OCO,Et AcOEt, rt R PPh,
35
R =Me, Et, Bu O
34 36 L2

b) Stanley et al.
R! 2 mol% [Pd(s-prenyl)Cl]» Y
Me OBoc = 4 mol% Xantphos _
+ M N ] 2
M (T aw Cs,C0; (1 equiv) %\ R
H CHQCIZ Me
37 38 0°C,4-24h 39

c) Hartwig et al.

» 1 mol% [Pd(x-allyl)Cl],

2 mol% Xantphos R NHX
+ XNH,
RS 0co,et L HeCle RS
40 X = NCPh,: 41 : 44
OBn: 42
OCPhg: 43

Scheme 10. Pd-catalyzed synthesis of a,a-disubstituted allylic amines



2016 4F1C Kleij 5 1% PA(0)#ifAE X Nk 2Fk v 7 2 24 FEALT L3 77E T,
=WT I NF—HRF— |t 45 DEIIEREERIIA A LIS X2 7 U A frT 2 7Lk
JG &R LIRE LT3 (Scheme 11)%. ¥ 72 Kleij & (X SCHEHE 1< B4 2 3£4l 7o
FHEDIT>TWB (Scheme 12)%, ZDORIGDKIGEA 7 =X L, FTERe =
IV — R F—45 53 PA(O)~BL AN L n-7 U v Pd Bk 48 & 7213 48 DEIR
FE(KR (enantiomer: ent) TH 5 ent-48 KT 5. T D 48 B X W\ ent-48 1T n-s-n
WAL &> <, RISHRIE 48 ZEE L CTAHERL, 48 DAV 7 =4 v &KX
AlCH % aniline F5E 1K 46 DER EDIKKRIIKFEM O ZIEKT 5 Z & T, LML
FHNTIABA 5 T 5 WERANC RALFI ASEA 41, @02 EiiE < B A )
(R)-47 % 5-2 5 T L 28 DFT AL ERFFE R ORI T 5

o 1.25 mol% Pd,(dba)s*CHCls OO Ph
04 5 mol% L3 HO—. NHAr o. /Me
5 +  HoNAr L o PN
) THF, 0°C, 12h R ,Me
R Ph
45 46 a7 L3
_ . 820 vi 0 HO—. NHPh
HO—. NHAr Ar = p—MeOCGH4. 83 /g yleld, 91 /g ee - R =H:76% yield, 95% ee
2 0-MeO-CgH,: 37% yield, 88% ee F Me: 86% viel o
L -BrCgH,: 76% yield, 94% ee e: 86% yield, 90% ce
Ph P-Brisghy: 7670 yIgld, 94 7o Cl: 46% yield, 91% ee
2-naphthyl: 66% yield, 90% ee R ' ’

Scheme 11. Regio- and enantioselective synthesis of chiral a,o-disubstituted allylic amine by Pd-
catalyst
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Scheme 12. Proposed mechanism toward chiral allylic amines from vinyl carbonates and amines
using Pd catalysis
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methyloct-1-en-3-yl acetate (50)% 7z 13 linalyl acetate (51)DALEZEREY T U AALT
LRI EHE L T3 5 RRGITI[Ir(cod)Cl]o/P(OPh); il 23%h S < &
D, BRZMRT I v, BENIGE KT I v B X aniline ZHWTZ N ZNH L
T ba,0- ~EEAT VAT IV 53 I EERME TS T 5 (Scheme 13).

2 mol% [Ir(cod)Cl],
Me OAc 8 mol% P(OPh);

. - Me HNR'R?
HNR'R
R Z EtOH, reflux, 4-16 h R 7
R ="Pent: 50
Me,C=CHCH,CH,: 51 52 53

Me @ Me @ Me NH"Bu Me NHPh Me @
N AC L AL EC L VA P A
4 4 4 4 X F

76% yield 70% yield 59% yield 77% yield 76% yield

Scheme 13. Ir-catalyzed regioselective allylic amination of allylic acetates

—737C 2006 4FIC Plietker 1%, 1,1-dimethyl-2-propenyl carbonate 54 @ g&fili#itic X
27 UNALT I 2ALRIGH, para-BfiE X O meta-E 2 aniline 55 THEEE L, o,0-
TEHRT IAT IV 56 wENES X UEWAIEERE TS 2 5 2 L 2WIEL T
»% (Scheme 14)*. L 2L, ortho-E#i®D aniline FHEMATIZ, HHDOT Y L7 3
vEHZ o7,

ol 2.5 moi% [BuNJ[Fe(CO)3(NO)] N
P ™ o 2.5 mol% PPhg R
i + 1
Me, 0 Pt HNT NP 30 mol% piperidine+HCI MefIN
Me 2 DMF, 80 °C, 6-15 h Me)v
54 55 56
Me

2 oy
MeHN R MeHN
ve” Ve e

R = Me: 85% yield (b/l = 97:3) R = Me: 87% yield (b/l = 98:2) 89% yield
OMe: 87% yield (b/l = 97:3) OMe: 82% yield (b/l = 98:2) (b/l = 97:3)
Cl: 71% yield (b/l = 96:4)

Scheme 14. Fe-catalyzed allylic amination of 1,1-dimethyl-2-propenyl carbonate
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fhD#EEE & LT, 2011 4FIC Nguyen Hldm v v AfIEIC X 2 =7 VL b Y
saua 7 b4 IX—FEHFHFBRT IV EDMEERNT VALLT 2 7 LRIG
ATV, - BT VAT V) = AT 2 v EEINERS X BN A EER M o
27-0DFEERE LS. £ D, Nguyen b 3IFEF I 07ny = VT L4
EHWRZ LT, 7 IERBERTIAMIY Z7vmf IX—F 5TOB YT Ll
B X 2 BB LT F v FAERNT I 2 LRICEZER L 72, KX T3
FEED 6 BIFRINEp @ WiiE s X T v F HERETHE * 7 4 ZRa,a0-
BT IUNVNTY =T IV 59 TS (Scheme 15)%. L2 L ZDRIG

TlE, BILICHRIRT2E T2 M7 I ) 7aaf I L= DAPE VLK
BRMUEZ 522, — T, affic 7V —AEA2EHT 3 OCHEE IE[33]-> 7/~ o
ViR 2T 220 TE R EAHIHL T3 S,

NH _ 5 mol% [RhCl(ethylene),], N R

i 1 Re 10 mol% L4 R'" |y R 7
%ch * Rl AN Me N7 X

=

MTBE .
H 25°C, 1h R = R

Q r T r 0
MeHN MeHN MeHN MeHN MeHN

Bro._Z_~» Bio_Z - Bro._Z_~»  MoMO._Z_~ Ph A

85% yield 82% yield 69% yield 62% yield 68 /o y|e|d
94% ee 96% ee 89% ee 89% ee 52% ee
b/l =>99:1 b/l =>99:1 b/l = 5:1 b/l = >99:1 b/l =7:1

Scheme 15. Rh-catalyzed enantioselective synthesis of o,a-disubstituted allylic amines

ZE TNz X, BREBME T VAL T I ALKIGIC X B oo E R
TIUINTIVOERBRITZTT L, AV YL, 8 BLa vy Lk -
TERINTERZD, WThOKGICEWTH KISHEE 0BEIRECT I v k%
AloE I ICHIR2 5 2 5603% <, REZTFICERI N TV 26034 700,
Z I CIDMREZRRDL I-DICEEE, VI v LMIc X 2T VAT I
fERIGICER L 72,
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VT = M X 2 T VAL T I 2 ALKIS I 1995 FEICTfES X O S I
X o THID CTORIGHIDEE & 4172 (Scheme 16). & D Tl, Cp*ELhi T D
FAED branch A 2 E 2 DICEHECTHL Z ¢ EZ R L THY, TIUALH—R
F—F 60 & piperidine (61)2* & 5 WAL EZERPET branch B 7 V7 I v 62 %1%
TWw3,

« O 4 mol% [Cp*Ru(cod)Cl] O
Ph” X-"0CoMe  * N

N o
H THF,0°C, 1 h on _
60 61 62
1 equiv 99% vyield
b/l = 84:16

Scheme 16. First example of Ru-catalyzed allylic amination

2003 4E1Z Bruneau 5 I bipyridyl 7z & D ZJEEE RN T OFLEDS T ) AALT 2
JALROGICH L CTHMITH O, @A EEREE T branch BT Y L7 2 v 65 2 5
A5 & WA L7z (Scheme 17,a)*. [6] U < Bruneau & % 2008 4iC 7' v b v 4
PR T VAL T 2 7 AURIG DALEZERPEICBE G5 2 & v ) TR %
% L 72 (Scheme 17, b)2. T DB IC O LT OFMIZ A2, 7 ou b vk
BEEE R e LCPRINE A F A v D a7 U v Ru(IV)EEE % ZE
b3 28R xbseFE2oN5. TOLEMNMMEICLY, -7 YL Ru dffET
KOG LL T branch O 7 VL7 I v 65 235 6 4L 5 (L& IS RLHI 23 I 5
L7729, BOEERER GO EEZ NS,
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a)

o 3 mol% 66 NR1 R2
Ph" X"N0COEt + HNR'RZ —— P
CH3;CN Ph
63 64 m,16h 65
1.2 equiv
(Nj Et\N Et
)\/ )\/
Ph Ph
100% conv. 100% conv. 100% conv.
b/l =27:1 b/l = 8:1 b/l = 50:1

f \ 3 mol% 59 L )
PR N-0coEt Ny —_— N
H MeOH P
63 67 rt, 3 min Ph
68

100% conv
b/l =100:0

Scheme 17. Ru-catalyzed regioselective allylic amination

Pregosin O 13E4 a7 =7 LR ZH T T VAL T 2 2 ALRIS D ST
CFIRMEICBEIL THELSRE L T2 3, ZoWME T, branch BT Y v —
AF— b} 69 & morpholine (70)% F\W TG ZITVy, e LT Cp Wi %2 F
THAT =y LR TIE AR L, Cp BT & R L O icE S R T h
% Cp*Bifhi 1% E 3 28 MIEEIRMEZ M L3¢ CTw b & v ) EERERIR
XN T3 (Table 1, entries 1 and 2). ¥ 7z, RICIAEAZHE T 5 2 LT, RIGHE
JE & ATEDEIRESRZL T 5 2 L DIME L T2 (Table 1, entry 3). 235 DG
TEDE L, RICOYIHERRE IC SOCEE 69 DT &IEE/>TH % Ph HHx3 T =
T LEEARICENI T A LI X O T L — VEEMARTE T 2 20, LT =T L
OB FIRELHEBINRICL InS-TL - VEERDAER LT I 8RR 5720 T
HHeEZOLNTWS, F7z, RICOMEEREIZOCTEEEBES NS o
7V RuEROREESEG L Cwi eEXTHNATHS, FlxiE, vvIFIn
Bifz 7% A L T\ 3 [Cp*Ru(n-CH2.CHCHPh)(CH3CN)CI][PFs]#1A 73 @ X Hihs bt
MEEMT OFER X D, Ru-Cl #EETFEHE S Ru-C3 A IRHEZ L 5 &, Ru-C3
FEAEEEX Y b Ru—Cl FEATEREDS 0.159(5) A W2 & 2B L Tv % (Figure
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2). TOMERED LT, BENBEEGEICL > T T VAR FOETERE2GHE ST

Fe,
% L, branch™ 7 U MTEW A Z 5.2 2 IKBIEF 0K D ADERMHB D729,
RIEBEICHATH 2 Z L BMEI N TS M,
Table 1. Selected ruthenium-catalyzed allylic amination”
O
O
0 N
)oici . [ j 3 mol% [Ru] [ ] . Ph/\/\N/\
Z solv N 0
Ph H rt, time —
’ Ph
69 70 71 72
entry [Ru] solvent time (min) conv. (%) 71:72
1 [CpRu(CH3CN)3][PFs]  acetone 1 100 61:39
2 [Cp*Ru(CH3CN)3][PFs] acetone 1 100 82:18
3 [Cp*Ru(CH;CN);][PFs] CH3CN 65 100 91:9

“Conditions: 0.07 mmol of 69, 0.21 mmol of 70, 0.002 mmol of [Ru] in 0.5
mL solvent at room temperature.

CP” [PFg]
Bus Ru
e 1,718
o | % — P
HsCCN 2
Ph
73

Figure 2. Structure of n-allyl ruthenium complex

INDDMEDMHICTD WL OPDIHFE IV —=T BT =0 Lfiic X 57V

WALT 2 7 ALRIG DAL EERMEICB I 2 eGSR 2 Wt L T 5. Bl 21, KE
5137

Xy

CF— VR RET AT = LK 76 3 Z & T linear B! 7
VAT IV 75 DAERINGI R ARSI LT3 (Scheme 18, a)s. — 74,

/

Bruneau 5 I3 2-quinolinecarboxylic acid ZflAIAA N T =7 LEEAKR 79 Z I\ 5
Z & CEW branch ;B RECHR E T35 T VAT IV 78 3T\ % (Scheme 18,
by’ JITH, FRES 13 2-DPPBA(LS)Z A& L THWAE Z L TT IAT X —

I 80 ¥ 721% 81 D linear BRI 7 U AT 2 AL DBAFICHEII L Tw 3
(Scheme 18, ¢)*’.
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a) Nagashima et al.

5 mol% 76 e VS
Ph N PF,
PR -"0coMe  + O _— Q 'Pr\N Rlu [PFel
N THF
0°C,1h
74 61 \ Ph
>99°/o yleld 'Pr
b) Bruneau et al.
A -
PN / \ 3 mol% 71 { \ I [PFe]
OCO.Et + —_— N N
N / N Ru .
H CH.Cl, W 4
rt, 16 h le}
77 67 3 Me
100% conv.
b/l = 93:7 79
c) Kawatsura, ltoh et al.
P ""0nc 80 1.7 mol% Rus(CO)
. o RU3 12
or 5 mol% L5 S COH
+  HNR'R2 _ Ph” ""N\RIR2
OAc DB(ljJ. (2 equiv) PPh,
81 lo0xXane
Ph)\% 82 60-100 °C, 12 h 83 L5

Scheme 17. Regioselective allylic amination by ruthenium-catalyst

¥ 7z, ACEEREICEE S 2 09872 10 C < SZARLAE O HENC BT L 75 b we
CODIE TN T 5. 1999 EITHTRE, Sk D 1% 5-(methoxycarbonyl)cycrohex-2-
enylmethyl carbonate (84)% F\> 72 VAR RN 7 7 YV ML T 2 7 LRIGC D %
LT3 (Scheme 198, ZDIGTIX, VT =7 LMIEGFLET T cis-84 5L O
trans-84 % piperidine (61)& G ¥ 2 &, KICHE O ILARLY 23 % N2 NIREF
INETINT IV 8 BEHI S, Z4Lid double inversion mechanism & X4
LB CEITL T2 EEZLN TS ¥4,
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CO,Me CO,Me

CO;Me 5 mol% CpRu(cod)Cl
O 10 mol% NH,PF
+
N decane “IN + N
0CO,Me H 100°C, 20 h Q Q
cis-84 61 trans-85 cis-85
67% yield
trans/cis = 5:95
CO,Me CO,Me
CO;Me 5 mol% CpRu(cod)CI
O 10 mol% NH,PF
+
N decane “IN + N
"0COMe H 50°C, 6 h Q Q
trans-84 61 trans-85 cis-85

98% vyield
trans/cis = 98:2

Scheme 19. Stereoselective allylic amination of 5-(methyoxycarbonyl)cycrohex-2-enylmethyl
carbonates

TV FAERNGTANT VLT I FERIGAS 2011 F It & i X - Tl
HIN TS (Scheme20)™. RIS TIE, F%Fl X 417 bisimidazole Btfi7 1 L7 &
N F A vELT =7 LR E X O p-toluenesulfonic Acid (p-TsOH) 2 it 7k 81 537N
ANEFETINMLT I FERIGZ L, WHS3 2 Ak v 7 3 FMUAERY) 87 =&
PR DIZITEAINCTHR T/ 2 L3 TE 5 4.

0.1 mol% [CpRu(CH3CN)3][PFg] L
/\Oiis 0.1 mol% L7, 0.1 mol% p-TsOH v ENTS
Ko - OH CH,Cly, reflux,1h S B U:N N:Q}
86 87 0o

= .
o

up to 99% yield ipr%'o O“‘F,‘Pr

up to >99:1 e.r. Pr L7 Pr

Scheme 20. Ruthenium-catalyzed intramolecular enantioselective allylic amidation

— T TRES I, HAFLVT =V LR 25 Z e ChHfRlzF v A
HEIRT 3 UGS Z#EA L 72 (Scheme 21)%. AJJG1Z, cinnamyl chloride (88)
ETIFBILILIFNLOFEF I branch L7 U AT I F 90 255K
DomITF v FAERNICREONTW 3,
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0 i PR Q

1 mol% 91 1 fBu‘@(‘(
Ph/\/\ol + R )J\ 5 > - R N R2 | o
H R K,COj3 (1.2 equiv) : H.CON: RU )

THF Ph F 3 ~

88 89 25°C,15h 90 H3zCCN Ar,

1.2 equiv up to 99% yield Ar = 3,5-Me,CgHg
up to 98% ee 91

Scheme 21. Planar-chiral ruthenium complex catalyzed enantioselective allylic amidation

2014 £E12)I1TH], £ & 13 branch B 7 ) v 7 & &% — b 92 @ RuCly/(S,S)-iPr-pybox
(L6 X 24K T U AALT I 7L IC D W TEids L T % (Scheme 22)7,
AREOCICTIIBIR =BT T v 93 #RkEEH L LTHWE Z & TRWVWIES L)
VIABRRETHREFIALRTIAT IV 94 BELNATWS, ik, FLEE,
LERT I VB X CIERIR KT I v 2RkERlE LTHV 3 GAICIRIGR%E
HHETHMEDLD 5.

5 mol% RuCls A
OAc 10 mol% L6 NR'R? o o
+ HNR'RZ ————————— ”
Ar)\/ DBU (2 equiv) Ar)\/ T N ,\\IJ
92 93 THF 94 3
2 equiv 40°C, 24 h up to 93% yield Yo
up to 94% ee L6

Scheme 22. Ruhenium-catalyzed regio- and enantioselective allylic amination

DEo#szHEIC, SofiEERES X OV REREE2 G Lz v T =7 L85
% T INLT I 7ALRISOfillt & U -CRv, 8] 7 KOCH 3 X Ol R o i
HEITO>2 LT, INFETHEETS o 7-UFRET O EFSaa- BT I LT
IV OB G DNEKRIREIC R B LB 2 T2, X HIC, RIGEE ZCEiE e b
D~NEHEFT LIk ), V7= LR VARRREZ V2 2 & TRERE
Wra,a- BT VLT I VL EKAIRETH B & E 2 7-.

Fric, 7 VHOE= A LIC L > TRBICAKTEZHE=MT I v 271
ZROCHEE E LCERT 2 2 61E, UM —RECE oo EHBRT Y AT L
YDBRICORR B,

AWgETlE, V7I=v A X 2 =RT I AT R T e T L VKRR
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M=)

FLEGEIRI T VAL T 2 7 ALRIGDRFE, 3 X CLERERN T U Afi7 271
G % W7 E R aa- BB T VLT I Vv OEKREITS 7.

KRPPFmllE, Fram, H1E, F28, BLUOHEE»OMRINS.
HIETE, V7=v LI X 2 =BT VA 2T OALEER 7 U AL
7 I ALRISIC D W TR %,

H2ECTIHVMERFENT VAT I 2 LRIGIC X 2 A E a0 BT UL
7 I VOERITOWTEdRT 3.

18



S 3CHk

(1) Nag, S.; Batra, S. Tetrahedron 2011, 67, 8959-9061.

(2) (a) Hayashi, T.; Yamamoto, A.; Ito, Y.; Nishioka, E.; Miura, H.; Yanagi, K. J. Am.
Chem. Soc. 1989, 111, 6301-6311. (b) Jumnah, R.; Williams, J. M. J. Tetrahedron Lett.
1993, 41, 6619-6622. (c) Magnus, P.; Lacour, J.; Coldham, I.; Mugrage, B.; Bauta, W.
B. Tetrahedron 1995, 51, 11087—-11110.

(3) (a) Cheikh, R. B.; Chaabouni, R.; Laurent, A.; Mison, P.; Nafto, A. Synthesis 1983,
685-700. (b) Johannsen, M.; Jergensen, K. A. Chem. Rev. 1998, 98, 1689—1708.

(4) Hennion, G. F.; Hanzel, R. S. J. Am. Chem. Soc. 1960, 82, 4908—4912.

(5) (a) Overman, L. E.; Carpenter, N. E. Org. React. 2005, 66, 1. (b) Majumdar, K. C.;
Bhattacharyya, T.; Chattopadhyay, B.; Sinha, B Synthesis 2009, 2117-2142. (c)
Fernandes, R. A.; Kattanguru, P.; Gholap, S. P.; Chaudhari, D. A. Org. Biomol. Chem.
2017, 15,2672-2710.

(6) (a) Overman, L. E. J. Am. Chem. Soc. 1974, 96, 597-599. (b) Overman, L. E. J. Am.
Chem. Soc. 1976, 98, 2901-2910. (c) Clizbe, L. A.; Overman, L. E. Org. Synth. 1978,
58,4-11. (d) Metz, P.; Muse, C.; Schoop, A. Tetarahedron 1992, 48, 1071-1080. (e)
Nishikawa, T.; Asai, M.; Ohyabu, N.; Isobe, M. J. Org. Chem. 1998, 63, 188—192.

(7) Steinig, A. G.; Spero, D. M. Org. Prep. Proced. Int. 2000, 32, 205-234.

(8) (a) Shintani, R.; Takeda, M.; Soh, Y.-T.; Ito, T.; Hayashi, T. Org. Lett. 2011, 13,2977—
2979. (b) Luo, Y.; Carnell, A. J.; Lam, H. W. Angew. Chem., Int. Ed. 2012, 51, 6762—
6766. (c) Kong, J.; McLaughlin, M.; Belyk, K.; Mondschein, R. Org. Lett. 2015, 17,
5520-5523. (d) Lui, R.-R.; Wang, D.-J.; Wu, L.; Xiang, B.; Zhang, G.-Q.; Gao, J.-R.;
Jia, Y.-X. ACS Catal. 2015, 5, 6524-6528. (e) Li, Y.; Liu, B.; Xu, M.-H. Org. Lett. 2018,
20, 2304-2310. (f) Quan, M.; Wu, L.; Yang, G.; Zhang, W. Chem. Commun. 2018, 54,
10394-10404. (g) Hu, W.-T,; Li, X.-Y.; Gui, W.-T.; Yu, J.-Y.; Wen, W.; Guo, Q.-X. Org.
Lett. 2019, 21, 10090-10093.

(9) Tsuji, J.; Takahashi, H.; Morikawa, M. Tetrahedron Lett. 1965, 6, 4387—4388.

(10) (a) Hata, G.; Takahashi, K.; Miyake, A. J. Chem. Soc. D 1970, 1392-1393. (b)
Atkins, K. E.; Walker, W. E.; Manyik, R. M. Tetrahedron Lett. 1970, 11, 3821-3824.

19



(11) (a) Frost, C. G.; Howarth, J.; Williams, J. M. Tetrahedron: Asymmetry 1992, 3, 1089—
1122. (b) Trost, B. M.; Vranken, D. L. Chem. Rev. 1996, 96, 395-422. (c) Tsuji, J.
Pure Appl. Chem. 1999, 71, 1539-1547. (d) Tsuji, J. New J. Chem. 2000, 24, 127-135.
(e) Trost, B. M. Chem. Pharm. Bull. 2002, 50, 1-14. (f) Graening, T.; Schmalz, H.-G.
Angew. Chem. Int. Ed. 2003, 42, 2580-2584. (g) Yorimitsu, H.; Oshima, K. Angew.
Chem. Int. Ed. 2005, 44, 4435-4439. (h) Trost, B. M.; Machacek, M. R.; Aponick, A.
Acc. Chem. Res. 2006, 39, 747-760. (i) You, S.-L.; Dai, L.-X. Angew. Chem. Int. Ed.
2006, 45, 5246-5248. (j) Braun, M.; Meier, T. Angew. Chem. Int. Ed. 2006, 45, 6952—
6955. (k) Weaver, J. D.; Recio, III, A.; Grenning, A. J.; Tunge, J. A. Chem. Rev. 2011,
111,1846-1913. (1) Trost, B. M. Schultz, J. E. Synthesis 2019, 51, 1-30. (m) Cheng,
Q.; Tu, H.-F.; Zheng, C.; Qu, J.-P; Helmchen, G.; You, S.-L. Chem. Rev. 2019, 119, 1855—
1969. (n) Thoke, M. B.; Kang, Q. Synthesis 2019, 51, 2585-2631.

(12) (a) Lu, Z.; Ma, S. Angew. Chem. Int. Ed. 2008, 47, 258-297. (b) Trost, B. M.;
Crawley, M. L. Chem. Rev. 2003, 103, 2921-2943. (c) Hartwig, J. F.; Stanley, L. M.
Acc. Chem. Res. 2010, 43, 1461-1475. (d) Trost, B. M.; Zhang, T.; Sieber, J. D. Chem.
Sci. 2010, 1, 427-440. (e) Sundararaju, B.; Achard, M.; Bruneau, C. Chem. Soc. Rev.
2012, 41,4467-4483. (f) Butt, N. A.; Zhang, W. Chem. Soc. Rev. 2015, 44, 7929-7967.
(g) Grange, R. L.; Clizbe, E. A.; Evans, P. A. Synthesis 2016, 48,2911-2968. h) Cheng,
Q.; Tu, H.-F.; Zheng, C.; Qu, J.-P.; Helmchen, G.; You, S.-L. Chem. Rev. 2019, 119, 1855—
1969. 1) Thoke, M. B.; Kang, Q. Synthesis 2019, 51, 2585-2631.

(13) (a) C. C. Marvin, in Comprehensive Organic Synthesis Second Edition, ed. by
Knochel, P.; Molander, G. A. Elsevier, USA, 2014, Vol. 6, p. 34-99. (b) Transition
Metal Catalyzed Enantioselective Allylic Substitution in Organic Synthesis, ed. by U.
Kazmaier, Topics in Organometallic Chemistry, Springer-Verlag, Berlin, 2012, Vol. 38.
(14) Trost, B. M.; Weber, L.; Strege, P. E.; Fullerton, T. J.; Dietsche, T. J. J. Am. Chem.
Soc. 1978, 100, 3416-3426.

(15) (a) Takeuchi, R.; Ue, N.; Tanabe, K.; Yamashita, K.; Shiga, N. J. Am. Chem. Soc.
2001, /23,9525-9534. (b) Madrahimov, S. T.; Li, Q.; Sharma, A.; Hartwig, J. F. J. Am.
Chem. Soc. 2015, 137, 14968.

(16) (a) Evans, P. A.; Nelson, J. D. J. Am. Chem. Soc. 1998, 120, 5581-5582. (b) Tanaka,
I.; Jin-no, N.; Tsutsui, N.; Ashida, T.; Suzuki, H.; Sakurai, H.; Moro-oka, Y.; Ikawa, T.
Bull. Chem. Soc. Jpn. 1983, 56, 657-661. (c) Lawson, D. N.; Osborn, J. A.; Wilkinson,
G. J. Chem. Soc. A 1966, 1733—-1736.

20



(17) (a) Ashfeld, B. L.; Miller, K. A.; Smith, A. J.; Tran, K.; Martin, S. F. J. Org. Chem.
2007, 72,9018-9031. (b) Turnbull, B. W. H.; Oliver, S.; Evans, P. A. J. Am. Chem. Soc.
2015, 137, 15374-15377.

(18) (a) Watson, I. D. G.; Styler, S. A.; Yudin, A. K. J. Am. Chem. Soc. 2004, 126, 5086—
5087. (b) Watson, I. D. G.; Yudin, A. K. J. Am. Chem. Soc. 2005, 127, 17516-17529.
(19) Trost, B. M.; Bunt, R. C.; Lemoine, R. C.; Calkins, T. L. J. Am. Chem. Soc. 2000,
122, 5968-5976.

(20) Dubovyk, I.; Watson, I. D. G.; Yudin, A. K. J. Am. Chem. Soc. 2007, 129, 14172—
14173.

(21) Dubovyk, I.; Watson, I. D. G.; Yudin, A. K. J. Org. Chem. 2013, 78, 1559—-1572.
(22) (a) Faller, J. W.; Wilt, J. C. Organometallics 2005, 24, 5076-5083. (b) Faller, J.
W.; Wilt, J. C. Org. Lett. 2005, 7, 633—636.

(23) Johnson, N. F.; Zeeland, R. V.; Stanley, L. M. Org. Lett. 2013, 15, 2798-2801.

(24) Johns, A M.; Liu, Z.; Hartwig, J. F. Angew. Chem. Int. Ed. 2007, 46, 7259-7261.
(25) (a) Cai, A.; Guo, W.; Martinez-Rodriguez, L.; Kleij, A. W J. Am. Chem. Soc. 2016,
138, 14194-14197. (b) Guo, W.; Cai, A.; Xie, J.; Kleij, A. W. Angew. Chem. Int. Ed.
2017, 56, 11707-11801.

(26) Hu, L.; Cai, A.; Wu, Z.; Kleij, A. W.; Huang, G. Angew. Chem. Int. Ed. 2019, 58,
14694-14702.

(27) Plietker, B. Angew. Chem. Int. Ed. 2006, 45, 6053—-6056.

(28) Amold, J. S.; Cizio, G. T.; Nguyen, H. M. Org. Lett. 2011, 13, 5576-6679.

(29) (a) Arnold, J. S.; Nguyen, H. M. J. Am. Chem. Soc. 2012, 134, 8380-8583. (b)
Mwenda, E. T.; Nguyen, H. M. Org. Lett. 2017, 19, 4812-4817.

(30) (a) Kondo, T.; Ono, H.; Satake, N.; Mitsudo, T.; Watanabe, Y. Organometallics 1995,
14,1945-1953. (b) Kondo, T.; Mitsudo, T. Curr. Org. Chem. 2002, 6, 1163—1179.
(31) Mbaye, M. D.; Demerseman, B.; Renaud, J.-L.; Toupet, L.; Bruneau, C. Angew.
Chem. Int. Ed. 2003, 42, 5066-5068.

(32) Bruneau, C.; Renaud, J.-L.; Demerseman, B. Pure Appl. Chem. 2008, 80, 861-871.
(33) Fernandez, 1.; Hermatschweiler, R.; Pregosin, P. S.; Albinati, A.; Rizzato, S.
Organometallics 2006, 25, 323-330.

(34) Hermatschweiler, R.; Fernandez, I.; Pregosin, P. S.; Watson, E. J.; Albinati, A.;
Rizzato, S.; Veiros, L. F.; Calhorda, M. J. Organometallics 2005, 24, 1809-1812.

(35) Kondo, H.; Kageyama, A.; Yamaguchi, Y.; Haga, M.; Kirchner, K.; Nagashima, H.

21



Bull. Chem. Soc. Jpn. 2001, 74, 1927-1937.

(36) (a) Mbaye, M. D.; Demerseman, B.; Renaud. J.-L.; Bruneau, C. J. Organomet. Chem.
2005, 690,2149-2158. (b) Zhang, H.-J.; Demerseman, B.; Toupet, L.; Xi, Z.; Bruneau,
C Adv. Synth. Catal. 2008, 350, 1601-1609. (c) Zhang, H.-J.; Demerseman, B.; Toupet,
L.; Xi, Z.; Bruneau, C. Organometallics 2009, 28, 5173-5182.  (d) Achard, M.; Derrien,
N.; Zhang, H.-J.; Demerseman, B.; Bruneau, C. Org. Lett. 2009, 11, 185-188.

(37) Kawatsura, M.; Ata, F.; Hirakawa, T.; Hayase, S.; Itoh, T. Tetrahedron Lett. 2008, 49,
4873-4875.

(38) Morisaki, Y.; Kondo, T.; Mitsudo, T. Organometallics 1999, 18, 4742-4746.

(39) (a) Trost, B. M.; Verhoeven, T. R. J. Am. Chem. Soc. 1980, 102, 4730-4743. (b)
Hayashi, T.; Hagihara, T.; Konishi, M.; Kumada, M. J. Am. Chem. Soc. 1983, 105, 7767—
7768. (c) Hayashi, T.; Konishi, M.; Kumada, M. J. Chem. Soc., Chem. Commun. 1984,
107-108. (d) Hayashi, T.; Yamamoto, A.; Hagihara, T. J. Org. Chem. 1986, 51, 723—
727. (e) Fiaud, J.-C.; Legros, J.-Y. J. Org. Chem. 1987, 52, 1907-1911. (f) Faller, J.
W.; Linebarrler, D. Organometallics 1988, 7, 1670-1672. (g) Granberg, K. L.; Béackvall,
J-E. J. Am. Chem. Soc. 1992, 114, 6858-6863. (h) Dvorak, D.; Stary, 1.; Kocovsky, P.
J. Am. Chem. Soc. 1995, 117, 6130-6131.

(40) For Pd-catalyzed amination reactions, see: (a) Bystrom, S. E.; Aslanian, R.; Bickvall,
J.-E. Tetrahedron Lett. 1985, 26, 1749-1752. (b) Sugiura, M.; Yagi, Y.; Wei, S.-Y,;
Nakai, T. Chiral. Tetrahedron Lett. 1998, 39, 4351-4354. (c) Trost, B. M.; Lee, C. B. J.
Am. Chem. Soc. 2001, 123, 3687-3696. (d) Ozawa, F.; Okamoto, H.; Kawagishi, S.;
Yamamoto, S.; Minami, T.; Yoshifuji, M. J. Am. Chem. Soc. 2002, 124, 10968—10969.
(e) Shing, T. K.; Kwong, C. S. K.; Cheung, A. W. C.; Kok, S. H.-L.; Yu, Z.; Li, J.; Cheng,
C. H. K. J. Am. Chem. Soc. 2004, 126, 15990-15992. (f) Cardillo, G.; Gentilucci, L.;
Mosconi, E.; Tolomelli, A.; Troisi, S.; Juaristi, E. Tetrahedron 2010, 66, 4994-4999.
(41) For Ir-catalyzed amination reactions, see: (a) Singh, O. V.; Han, H. Org. Lett. 2007,
9, 4801-4804. (b) Roggen, M.; Carreira, E. M. J. Am. Chem. Soc. 2010, 132, 11917—
11919. (c) Lee, J. H.; Lee, S.-g. Chem. Sci. 2013, 4, 2922-2927.

(42) For Rh-catalyzed amination reaction, see: Evans, P. A; Clizbe, E. A. J. Am. Chem.
Soc. 2009, 131, 8722-8723.

(43) For Fe-catalyzed amination reaction, see ref 25.

(44) (a) Miyata, K.; Kutsuna, H.; Kawakami, S.; Kitamura, M. Angew. Chem. Int. Ed.
2011, 50, 4649-4653. (b) Seki, T.; Tanaka, S.; Kitamura, M. Org. Lett. 2012, 14, 608—

22



611. (c) Miyata, K.; Kitamura, M. Synthesis 2012, 44, 2138-2146. (d) Kitamura, M.;
Miyata, K.; Seki, T.; Vatmurge, N.; Tanaka, S. Pure Appl. Chem. 2013, 85, 1121-1132.
(45) Seki, T.; Tanaka, S.; Kitamura, M. Org. Lett. 2012, 14, 608—611.

(46) Kobayashi, N.; Takenaka, K.; Okamura, T.; Onitsuka, K. Angew. Chem. Int. Ed. 2013,
52,4897-4901.

(47) Kawatsura, M.; Uchida, K.; Terasaki, S.; Tsuji, H.; Minakawa, M.; Itoh, T. Org. Lett.
2014, 16, 1470-1473.

23



15

pi

VT =y LI X B

=T INZ AT NADAEERNT U AALT 2 2ALG

Mizuno, S.; Terasaki, S.; Shinozawa, T.; Kawatsura, M. Org. Lett. 2017, 19, 504-507.

Mizuno, S.; Tsuji, H.; Uozumi, Y.; Kawatsura, M. Chem. Lett. 2020, 49, 645—647.

24



Frimcik~7z X 5 ic, TV MLaEYoEReEMEC X 2T VAT I /1L
FIgx, TIAVT I v i ERT 27200 8MBKIED—2TH Y, W D29 DE
BEEMELACTiTbnTwd L LALARRD, aa-—BRTIALT I V%
523 =7 VAo T VAT 2 AL, —BE 2Rl T Vit
AVIOFOG & L T, AR L CHREERRIG 7T R A TH L, TNFETICNT
UL, AV LS PR BXR DT LS MBEAAEEIRG R =R T )
a7 VAT I 7 AURIE %R FEBT 2 720 ORI i cd 2 2 & 3%
LNTWE, ZD—J7T, VT = LI X 2 —He o7 )V vbamz kK
JCEE & LT RT VAT 2 7ERIGO|EFNIE L O HFET 52D DD
100 =T VALE R O RIGHNIIRZHRE I N Ty, 6L, Th
FCOMETH LN TE ERRRAMET VA7 I 7 LRIGIC X % o,0-—
BT VAT I VvERORIGHEE TH 5 E =R T ) v LaEYE, offo @i o
YLD DR AFNANETHIRVELD 2HE1% o7, HlZiE, Kleij &
(ZofLDERFLIC T FAE, A PFOAFAEBLZGIEF MY Tt X FLEE
BT DHEZMMT VA —FF—F 95b, 95¢ £7213 95d DT U (i T 2 7 ALKIE
F—ARANICHEIT L 72\, & 2 WIS ERMAATH 2 linear MO EFKY MG H 1 5
e EWE L T3 (Scheme 1-1)*.

1.25 mol% Pd,(dba)g*CHCly OO Ph
R OBoc HNB 5 mol% L3 R NHBn o —Me
P + 2NBNn L~ P-N
P THF, 1t, 12h o O e
95 35 96 OO Ph
L3
Me_ OBoc Me~>£B/oc Meo~>£8/oc F3C OBoc
Ph 7 Ph 7 Ph 7 Ph =
96a 96b 96¢ 96d
59% yield no reaction 0% yield no reaction
92.5:7.5er (only linear)

Scheme 1-1. Preliminary screening of allylic carbonates towards the synthesis of o,o-disubstituted
allylic amines.
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DX REHDOD EEHIL, &\ branch ;BN A H T2 07 =7 Lfilli %
w2 Z & Tao- BT IAVT I v iRGLIRIGBFERT 20TIE Rnh e
ATz, 2T, HEBEGBE=MRTINVT X2 - T IvEDORIGEHREL
FLEERN 7 V) AALT I 7LROCORFEERITI 2L & L.

LUF, B28iCldnr =9 aMiIC X 3 =7 Vv X7V OALEERK T
YT I 2ALROGIC BT B MRS S R e o wCTili~ 3. 5 3 HiTliEhz
EEIRT VAT I MERIGICE T 2T I VvREASL T IAT £ — T
OFEHEFIC O W CEIR L, 24 8 EEIRN T UV Ahr 7 2 7 LRIG D
FFFILE K IC D WTh R 3,
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F28 AT=v LM X2 =T VLT ATV DALEERNT U AT 2
LRG3 % I SOG S oL

T IREZWMTIANTEZ =1 97a ZHWT, MERKISSEEOMET %217 - 72
(Table 1-1). 9, TNFTCIRMEINTE ATy LT )V ALLT I
LRSI & 71T 72 RuCls, [RuCla(p-cymene)]s, ¥ & O Rus(CO) 12 % Z L% 1
3mol%DIFEF, 7+ IKR=HT VATt %— b 97a k 24 E D morpholine (98a)
% THF /1 40°C TG E 1T - 7228, HIND G IZHETT L 722> > 72 (entries 1-3)'2
2T, BixirrT =y Ll LT 3mol%d Cp*RuCl" % W CRIG% 1T -
=LA, BHWYITH 2T I 7Lk 99aa 2% 6% D NMR UK TIF 5 1L7= (entry
4). ¥, RKKIGD Cp*RuCly TOAFERINICIGHHET L 72 DA IZAHTH 5
23, Cp*RuCly(m-ally)#{A 2 2 © Cp*RuCl, #AZ HFFERI L L CTHKE NS 7=
W, KIS EBWTHFELIL 72 n-7 U v Ru SEERZ AL L 72 72 0 S HEST L 72
DTERNPEEZTVWE S, 22T, 7 =7 LM% 3 mol%® Cp*RuCl, I
EE L, 99aa DK E# HIEL T 02D RIGAEOMET #{To7-L Z A,
FOCEE % CH:CN &35 2 L THWNTH 27 VAL T 2/ {Lik 99aa % 527
PLEIERPED D 75%D NMR I TF 25 Z & ITHIEN L 7z (entries 5-7). T E T
DRERIY, MIBRFTT 2 b= b YADBAT = LICEAIT 3 2 & TG
WrmmbELTCWwW3 LE X/ 6 %22 T, Bruncau b D#E L T 3
[Cp*Ru(CH3CN)(2,2’-bipyridyl)][PFe A 82 i L3~ 2 (L2 25 H I O KOS IS H R
THdLHRERL, AT =T LT 2B & 3 % HAYT3mol%D 2,2’ -bipyridyl
LNZMACTRICZITo 728 2 A, PRE YD HIYY) 99aa DU H [\ L L 72 (Table
l,entry 8). X HIC, MIGIRE%E 60°C £ 3% Z & T 99aa DIKIT 86% F Tlhl L
L 7z(Tablel, entry 9). —J7C, RIGHE % 80°C I L CRIGZEIT- &6, T4
B THZTINT IV 99aa id 77%TRON 525, RIEKPIE LT 99a KD
2-phenyl-1,3-butadiene b # T 815 51T < % (Table 1, entry 10). Z D FiEERIGD
FIGA 71 =R LB L CRAHTH 525, TIALTEZ—+ 99a LA
L72gicdmlis 2 & PRENDS -7 U L RuSAD, 7 V) VLR T A F 5 E
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DIKFRIRT %, WEEBRDOT7 2 — A F v ERIERkERITH 2T I v
e LT ER e TERT L LEZ TS T, —J5, BlERIGIC X 5
Ru-H DK ICH K KBIFEF DG ZIRZICL B AN AL FEZONDEH, C
DY5e -7 Y v Ru R D O OB RG %2 £ THEK T 5, 1,3-diene ~D Ru-H &
DIFAICL D -7 Vv Ru S5O BHAEDOHELE N L BHILNT VD720,
BV IHLWEFEZTWE S, 22T, 205 RBEERKIEA X 0 EIREESE
TCHETT 2 EPERWICHEZETE 2720, KIGHEEZ 60°C L LTEbh3
IR D EH % Hig L Tt OECAL 7-(L8-14) (entries11-17) % W TG & 1T - 7=.
ZOMER, BTHEMERECH I ATFAEEFL TV IR AEWINEE
5.2 210 23% - 7= (entries 14 and 15). Z i, BTG EOFRIC X - THE
LRI ISR S Nz 72072 LHER LT\ 3. 7, AF AKX Y b EFHEEGM
DEN tert-butyl 7 Z2H T 2 HMFTH 5 L10 V7846, HRYITHET Y
VT TV 99aa B 77%D NMR IR TR L TV % O L[FEIFIC, 2-phenyl-1,3-
butadiene 2 8% T 5 Z L MR TE 72 (entry 13). TOHER2 L, T &S
B GO BELREYH T 2T 22561, BIERY O AR % RiE L
TLEILEZOLND, 2072, BT EOBEREIAFAENEL TE Y,
Io iz oEBEOR AT 2 E L, HEMREIRDE RS 4400 TlE L
55MTH2GEDPRDBOIERE G270 TR A0, LHEL TnwD, FEEE
5,5’-dimethyl-2,2’-biyridine (L12)% FCfizf & L THW 2% 2 & TiE 97% NMR Y
LD 91%D PEENE CHIN Do,o- ZEHLT YAV T IV 99aa 2155 & LI
L 7z(entry 15).
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Table 1-1. Ruthenium-catalyzed allylic amination of 89a with morpholine (90a)*

Me OAc [ ] 3 mol% [Ru]/L ( 5

Me N
=

P solvent
temp, 19 h Ph

97a 98a 99aa

Q@ D Cé? M
N
L8
Me,
7 N\
N QQ
L11 L12

entry [Ru] L solvent temp (°C) yield” (%)
1 RuCl3 - THF 40 <2
2 [RuClx(p-cymene)) - THF 40 <2
3 Ru3(CO)12 - THF 40 <2
4 Cp*RuCl - THF 40 6
5 Cp*RuCl - CH;0H 40 <2
6 Cp*RuCl, - toluene 40 8
7 Cp*RuCl - CH:CN 40 75
8 Cp*RuCl L7 CH:CN 40 81
9 Cp*RuCl L7 CH:CN 60 86
10 Cp*RuCl L7 CH:CN 80 77
11 Cp*RuCl L8 CH:CN 60 74
12 Cp*RuCl L9 CH:CN 60 87
13 Cp*RuCl L10 CH3;CN 60 78
14 Cp*RuCl L11  CHsCN 60 95
15 Cp*RuCl L12 CH:CN 60 97 91)°
16 Cp*RuCl L13  CH3:CN 60 57
17 Cp*RuCl L14 CH3;CN 60 82

“Reaction conditions: 97a (0.3 mmol), 98a (0.6 mmol), [Ru] (0.009 mmol), and L (0.009
mmol) in solvent (1.0 mL) at the indicated temperature for 19 h. ’Determined by 'H
NMR of crude materials using an internal standard (phenanthrene). “Isolated yield is
shown in parentheses.
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Table 1-2. Ruthenium-catalyzed allylic amination of tertiary allylic acetate 97a with
aliphatic amines 98b—p“*

Me OAc 3mol% Cp*RuCl,/L12  Me NRIR2
_ *t HNR'R? _—
Ph CHLCN Ph)v

97a 98b-p 60°C,19h 99ab-ap

99ab: 84% 99ac: 80% 99ad: 80% 99ae: 79% 99af: 90%
Ph Me
NMe NBoc
Me N Me N Me N Me N Me N-Et
X~ X~ X~ M~ P
Ph Ph Ph Ph Ph
99ag: 90% 99ah: 87% 99ai: 86% 99aj: 83% 99ak: 58%
Me_ Me, Me,
Me N-Bn Me N-"Bu Me N-Cy Me  NHBn Me NH"Bu
oo o o oo o

99al: 80% 99am: 76% 99an: <5% 99a0: 93% 99ap: 82%

“Reaction conditions: 97a (0.3 mmol), 98b—p (0.6 mmol), Cp*RuCl, (0.009 mmol),
and L12 (0.009 mmol) in CH3;CN (1.0 mL) at 60 °C for 19 h. ’Isolated yields.
“Reaction was conducted at 40 °C.

3 mol%® Cp*RuCl, & U 3 mol%®D 5,5’-dimethyl-2,2’-bipyridyl (L12){#{E T I
T, BRABR3IWMTINAT 2 EZ—1 97 BX U7 I v RILHK| 98 DAEEIRIT Y
VT I LRIEE T 57 (Table 1-2). 37, =T VLT X—1 97a LA
BNENGTHET 3 v 98b—p & DMET 21T - 72, Bz 1E, NEER, LEHK, AR b
KON\ BIROBRIKR M T I v 98b—e % W72 KIGICE W TIE 99ab-ae % 79—
84% D HHEEICE 2> D SE R I fEIEREcE N ENB L LI L7z, 2,
TV VIAEK 98f,98g, 5 X X 98h kAL L CHWEAICDH, (LEER
K7 DNLT 2 2 ALRISDSNEZRENCHETT L, 7 U VT 1 v 99af, 99ag, 35 X UF 99ah
X NZNHEEICR 87-90%TH 272, 72, €Y Y U/FHE 98i I X U 98]
HWGE, Y 99ai B X U 99aj DRI ZNZE I 86%F L N 83%TH -
7. R, FEBRRO MR T I v 98k EREA L L CHOTCRIGER T & &
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%, N-methylbenzylamine (981)3 X UF N-methylbutylamine (98m)IC 35\ TXHIGd 5
TINT IVHERIFZRINE /LN, —J7 T, diethylamine (98k)< N-
methylcyclohexylamine (98n)% Fi\ 72 )GIC B ClE, EIKIGTH % 97a Dt
FOGICHK S % diene {8 (2-phenyl-1,3-butadiene) D JER MBS L 192, HWY D
ICRIZRKIBICET LT LE o7, 2L TIE, 2RETORFEICL Y, 7k
PEHEDORE WIFRR T I VAR LBRRHT I 7 A2 HT2T7IA4T7Ivo
LEMWL, FRRBT IV EEETE2TIATIVRIVARETHSL Z &
BHIONT WS 2 7, 13-WHHE7IATE2—rD7 2 {LKIGICE T B K
JOHERE 3 X O ROSHEEICRE T 2937 Th Y B, ZoRETld, n-7 I v
Pd SRS L CRERICTH 2T I vs, KIKWEZ T CHERT 2T VE
SULAFAVHROROT I v Te b v EIERSEELY S, REKERT
LEFEDVEVE INTWE, ZUbDlEXY, VKREFEDOL T I VRKAIT
1, ZDOVAREEOHEICL YT I vAREAIE LTtk L, Hike LTER
L, RIGHKEOEMILCTH 5 A FAEOKERF %251 k< 2 & CHBERIGH
EITL T2 EHEETZ S, £7, KEKKBEPETLAEGAICENTD, AL
I2TVEZULNTFF VY BARLERT-D, HWERYITH bo,0- BT VLT
IvEGZAR T P AL X D B, LT =T ATk LT CN FEA IR
322X oT T VAT =T LEEERPEHAET 2 KGR H#ETT 2
729, BASNICIRBER)CIC X % diene R 4ELCCLE o TCWwB eEZ TS, F
72, 980 %° 98p 7x L DG —RT I v ZREH L L2 Kb ITo 7288, %2 D
AT EWDOa,o- BT VLT IV 99a0 B XWX 99ap # T NZ 1 93%E LU
83% DK TIF D Z LTI L 7=,
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Table 1-3. Reaction of 97a with amines 98q—u*

Me OAc 3 mol% Cp*RuCly/L12 Me_ NArR?

Ph = " HNATRE additive (2.0 equiv) Phw
97a 98g-u Goc%ozci'; h 99ag-au
entry 98 additive yield” (%)
1 PhNH> (98q) - 0
2 PhNH, (98q) EtsN 71 (99aq)
3 PhNH: (98q) DIPEA 84 (99aq)
4 PhNH, (98q) DABCO 63 (99aq)
5 PhNH: (98q) DBU 43 (99aq)
6 4-MeOCsH4NH: (98r) DIPEA 70 (99ar)
7 4-CF;CsH4NH: (98s) DIPEA 49 (99as)
8 1-naphthylamine (98t) DIPEA 44 (99at)
9¢ 1-naphthylamine (98t) DIPEA 66 (99at)
10 PhNHMe (98u) DIPEA 0

“Reaction conditions: 97a (0.3 mmol), 98q—u (0.6 mmol), additive (0.6 mmol),
Cp*RuCl; (0.009 mmol), and L12 (0.009 mmol) in CH3CN (1.0 mL) at 60 °C
for 19 h. ‘Isolated yields. “Reaction was conducted at 40 °C.

R, TINTEZ—1T 97a & aniline (98q) % H\ W CICZ T - 7223, HIT
LT IVNT IV 99aq l3fFH LT diene RD A ERK L 72 (Table 1-3, entry 1).
INFETOMIICLY, VHREEOKE VT I vREA %W 7256 & FERIC,
aniline ZKHlE L THOWAGHEIBONET IANT I VEALKETHL L
BHILNT WS 2 ZoJFEKIE, ArNH-H fE&GEE & AINH-C #5 A58 OE W
ICE2BDTHEI LT TICHHL TS 2 ZD2DEMET I v EHW
A L IIRNRIIC, CNEGOBLNINC X 2 -7 Y v 7 =7 L§E RS
HAETIRIEPET LT, EEYAHELNS X0 H FBEERICAEE L TR
Z Y 1,3-diene 2MEL L CTnwd eE X LS. LA L, aniline KAl L TH
WeE, VAREFEORE VT I VREAI L TR R ) KKK BIIASICED 5
EFEZAOLND D, RKBBEPEZZRICERTITVEZYLATE V2D
7u b v EGIER-OOEEERMT 2L T, ZoRICEETTIREZ L
DBO[RETH B L E 272, 2 T CTHRA BRIl OB 21T 72 & 25, ZlkT

/7

v
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EHRMAIE LA 3 2 CHMOT VAT 2 7{LRICERETEE 5 2 L i
I L7z, BARIICIE, E6N % 2.0 YERIGRICHNT S LT, BHWET 2T
YNT IV 99aq & T1%D HEEINEE TR 5 C LI L 7z (entry 2). % Z CTH 7
ZUIHER L2 HIEEL Ctho =87 I v 2 W TG %AT - 7z (entries 3-5). % D
#5 5, N,N-diisopropylethylamine (DIPEA)% > % Z & T 84% D HEEINZE ¢ HBY)
THDTINT IV 99aq 2353 5 37z (entry 3). KIC, DIPEA f77E T Cfti® aniline
FHELR 98r—u & DRIGIT DOV T HIREI 21T 572, £ T 4-methoxyaniline (98r) % 3K
BHEl L L7z5E, XHG$ 27 VAT 3 7Lk 99ar % 70%D BEEICK T % &
& BT E /= (entry 6). —J7C, 4-trifluoromethylaniline (98s)3 & U' 1-naphtylamine
(980) TIXHMIMTH 2 99as I X X 99at DK IZ T ICE £ 572 (entries 7—
9). %72, N-methylaniline (98u)% F\ 72354, A7 =7 A2 i3 G8<ldk

, WMIT 57 IAT I VIiZ{ELN7%20 5 7z (entry 10).

RIT, (A BREBRIEEZET 2T IAT X2 - 97T 2 RICHEE L LT ) Amfr
7 I ARSI D W T D FEEIT > 72 (Table 1-4). BRIICiE, RICHEETH 5
TIUYNT 22— OFHEREICKRA REHREEZET 5 971 3L UT L F LK
*HT597g L, BRIRTHT I v 98a, SR T I~ 98m, fEHGGE KT
1V 980, BLXUWHEHET IV 98q L DRICHEIT- 2. £ DFEHE, BRI M7 2
¥ C® % morpholine (982)& 7T Y LTk X — F DEWILTH 2 HHR LD para—
PCETHGHEERECH 2 A U, BXUAFAREEZETEIT I AT £
Z—1F97c BIUIId LILEE-L A, HIUYITH % 99ca B X 1F 99da %
50%3F X N 48% DR TIF S Z LICII L 7=, 7, HEER LD orthoALICE
G HERECH I AFAEEET LT IALT X - 97e LS E725E
b 58%DIK-CHIIWY 99ea %+ 5-27-. ZNLDFERLS, HER EICETHS
WEREEZHET 27 I AT X — Tl diene FOERBRZ Y TIALT IV
DEKEHET 2720 REOIE L k> T3, T, RKEFINEASINS
ROGEBAEAS R v O NALTH B 7=, BTG HERILIC X 2 HEHMBICL o T
ZDORIGHEDEBEBTEEDEE 572720, KEHITH BT I vORKKEIE
RFECEIOVEZDILL 22720, BERIGHELET2E2Tnws 5 —J
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T, TINT X — b OBEWETH 275EFR LD parafiicE K5 EEHEC
HBHEYVTAFE A FARCEILE LT 2-F 7 FAEEE T 3 RKIGEE 97b
BLUI L DIGIE, 99ba I X U8 99fa % Z N L 90%F L U 83%& \» 5 Eo
HEENRE TG 272, 72, TAFAELZERLL L CHETE2TIALT X —}
97g % SOGHE & L TH W T morpholine (99a) & DK% fT>7-. Lo L, HE
BREABHEL LTHETA2T7IAT 2 — b RMICESER Y, REEHTH
> T2 T =7 LR TR WK (<10%) I T > 72, ZORKICEIL Tk
AHZED, ZEroNBHEHRE LCiE, FRlfke LTEEL T3 -7 J v Ru i
ROREERRKECHE LT EEZLND. FmTid7zX 5, =/ BT
VAR TF2ET 2 o7 V4 Ru ki3 7=v 27 )AL T
(CH,CHCHR)® Ru-C #& & [EEEEE, 70 H Ru—CHR [EiR#E2S Ru—CH, iR b &
WIZEDRHILNTWSE S, L Lars, B R 2T AL FAETH - 7254,
Ru-CHR FHHEEEDS 7 ) — A HEZFH LTV 3 5HAE LR L TEL 22 2 LA
NTW3 Y, ZZTARKIGICENTY, TALFAEEZERLE LCHET 2 G
BTH3 97g BB L n-7 Vv Ru $EEZER L2 ERET 3 & Ru-
CMe(CH,CH.Ph)HIFEBES K 22 3 C e 3 FE N B, Lo L, ViKEEDHEE
ICX D -7 U Ru SR AL ENT 5 2 L B TRENG 720, KRR L 7
STWVEEFHRLTWE, ZZTHOIERMNTFZ2EET 5 LIk b HlfEsa]
RETH 2 LHEXHE, MO EZITo7%2. ZOfE, BhI1% L12 25 4,7-
dichloro-1,10-phenanthroline (L14)ICZ88H L CRILGZITH 2 & T, HIWE T 5T )
VT IV 99ga B 88% & mVHIEEIGE TR b s 2 2 AL 2. XRic, KA
& L T N-methylbutylamine (98m) & B4 i ia k#5357 VLT X — |+ 97b-
g LORIGEIT- T2, ZDFER, 97c—e % KICHE & L THW 72 G IZRINE
(26-38%) T 9 % HEUY) 99cm—em 252 NZE NS, 97b 5 X N 97f % FH W
o2 ENEN 80%B X U 73%D HEHINE THIGT 2 a,0- ~EHET VLT 2
¥ 99bm 5 X U 99fm 3MF LN TW5b, X I, PREDIFETIEH % »ELT
L1413 5 2 & TA40%DIFE T 99gm % 5 2 7-. F7z, 97b—g & benzylamine
(980) & DG D FIFEDFEREZ D725 L, 32-80%DHPHCHIWTH BT VAT 2
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¥ 99bo—go 23fF H L7z, KIT 97b—g & aniline (98q) & D IGIC DWW T b KIGZAT
WV, 97e W2 L HIUY) 99eq 28 33% S RICKR TR L7228, o T VAT %
Z— 1t LR TEA1E 46-78% & TR D b RAF 7R ICRE THIG S 2 a,0- - (E

TINT IVEGLZLICEYIL 7.

Table 1-4. Ruthenium-catalyzed allylic amination of several allylic acetates 97b—g
with amines 98a,m,0,q" b

Me OAc 3 mol% Cp*RuCl,/L12 e NR'R2
+ HNR'R?
RX/ CH4CN RM
97b: R = 4-CF3CgH, 98 60°C,19h 99
97¢: R = 4-MeOCgH,
97d:R = 4-MeCgH,
97e: R = 2-MeCgH,
97f : R = 2-naphthyl
97g: R = PhCH,CH,
(—O
Me, NJ Me_ N"BuMe
RN RNF

99ba (R = 4-CF3CsHy): 90%
99ca (R = 4-MeOCsHy): 50%
99da (R = 4-MeCsHa): 48%
99ea (R = 2-MeCgHa): 58%
99fa (R = 2-naphthyl): 83%
99ga (R = PhCH>CHa): 88%°

Me  NHBn

R =
99bo (R = 4-CF3CsHa): 79%
99co (R =4-MeOCgHy): 53%
99do (R = 4-MeCsHa): 49%
99¢e0 (R = 2-MeCgHa): 32%
99fo (R = 2-naphthyl): 80%
99go (R = PhCH>CHy): 64%°

99bm (R = 4-CF3C¢Ha): 80%
99c¢m (R =4-MeOC¢Ha): 35%
99dm (R = 4-MeCsHa): 38%
99em (R = 2-MeCsHy): 26%
99fm (R = 2-naphthyl): 73%
99gm (R = PhCH>CH>): 40%°

Me NHPh

R =
99bq (R = 4-CF3C6Ha): 78%
99¢q (R = 4-MeOCeH.): 48%
99dq (R = 4-MeCgHa): 46%
99¢q (R = 2-MeCsHa): 33%
99fq (R = 2-naphthyl): 78%
99gq (R = PhCH,CH>): 49%¢

“Reaction conditions: 97b—g (0.3 mmol), 98 (0.6 mmol), Cp*RuCl, (0.009 mmol),
and L12 (0.009 mmol) in CH;CN (1.0 mL) at 60 °C for 19 h. ‘Isolated yields. °L14
was used instead of L12. “Reaction was conducted in the presence of DIPEA (0.6

mmol).
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Table 1-5. Reaction of 100a, 101a, and 102 with amines 98a“

o 5 mol% [Ru] (@]
Me~>é/ [ j 5 mol% L12 ( )
= + - = Me N
Ph H Solv. W
Ph

60 °C, time
X =0OAc: 100a 98a 103aa
OCO,Me: 101a
OBoc: 102
entry  sub [Ru] solv. time (h)  yield’ (%)

1 100a Cp*RuCl, CH;CN 19 3¢
2 100a Cp*Ru(allyl)Cl, CH;CN 19 15
3 100a Cp*Ru(cod)Cl CH;CN 19 14
4 100a [Cp*Ru(CH3CN)3][PFs] CH3CN 19 20
5 100a [Cp*Ru(CH3CN)3][PFs] DMF 19 12
6 100a [Cp*Ru(CH3CN)3][PFs] THF 19 <Q°
7 100a [Cp*Ru(CH3CN)3][PFs] DCE 19 16
8 100a [Cp*Ru(CH3CN)3][PFs]  toluene 19 41
9 100a [Cp*Ru(CH3CN)3][PFs]  xylene 19 38
10 100a [Cp*Ru(CH3CN)3][PFs]  toluene 48 44
11 100a [Cp*Ru(CH3CN);][PFs]  toluene 72 48
12 101a [Cp*Ru(CH3CN)3][PFs]  toluene 72 66
13 102 [Cp*Ru(CH3CN)3][PFs] toluene 72 50

“Reaction conditions: 100a, 101a, and 102 (0.3 mmol), 98a (0.6 mmol), [Ru]
(0.015 mmol), and L12 (0.015 mmol) in solvent (1.0 mL) at 60 °C. ‘“Isolated
yields. “Determined by 'H NMR of crude materials.

I, AFAEEETEI=MTIATEZ - eT IV EDRIGIIBWTEH
BhTH o7z, 5mol%D Cp*RuCl B X U 5 mol%D 5,5’-dimethyl-2,2’-bipyridyl (L12)
FHET, TFVEBI 7=V EE2HT2=RT7 I AT X —1F 100a 5 LN
morpholine (982)D 7 Y M7 I /{LG% 60 °C TT & + = F U 19 R T
572 (Table 1-5, entry 1). L2>L7&285, HEYLAEY 103aa DUYLKIL 3% TH -
2. 2T, CpHERNT2ET 0L 22D T =y AR EHCTRIEET -
72 & T A, [Cp*Ru(CH3CN):[[PFe| Z filiiit & L CH W25 &ICHINTH % 103aa 23
IR 20% TS 37z (entries 2—4). KIC, KIGIABEDBET 21T - 72 (entries 5-9).
Z DFER, toluene SVAEEE LCELTEBY, HWWE T da,a- BT I LT 2
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v 103aa %K 41%TE7- (entry 8). T DIRBIHRICOWTIIARHTH 3 28,
Cp*RuCl # W 728555 & B L <, AR ER{A T & % [Cp*Ru(CH3CN)3][PFq]IC
T b= FPIABTORML TS0, MGEEEE LCFELTW 3
[Cp*Ru(5,5'-dimehtyl-2,2"-bipyridyl(CH;CN)][PFe] 2%, 7t F =t VU L% EML L
THWAEGAELHEL TX VR LT, $ABLRmE g & 5205
BHDLDTREVPEEZLTND, Tz, KK Z 72 FFEICIER 3 % & 100a
DI 100% & 72 D, 103aa DF5 T OUCKEE AR 5 4172 (entries 10 and 11).
BACIC, MICHE % ZWMT INAFAh—FRF—F 10la KEHEHT S LT,
103aa 23K 66% T H 7z (entry 12). 7xd, 101a HERDOFEIERKY) & L T 1,3-
diene 23 31% DK CTER L T35 Z & 2HERL 7-.

Table 1-6. Ruthenium-catalyzed allylic amination of tertiary allylic carbonates
101 with amines 98"
5 mol% [Cp*Ru(CH3CN)4[PFg]

R OCO,Me - 5 mol% L12 R NR'R2
_— + HNR'R _—
Ph)Q/ toluene Phk/
101a-g 98 60°C,72h 103

Ph = Ph 7 Ph = Ph 7

103ab 103ac 103al 103a0

41% yield 35% yield 43% yield 58% yield
( °
Ph = Ph Ph Ph =
103av 103aq 103ba 103ca
43% yield 55% yleId 54% yield <2% yield®

SJNNNKS e

103da 103ea 103fa
32% yield 38% yield <2% yield®

“Reaction conditions: 101a—f (0.3 mmol), 98 (0.6 mmol), [Cp*Ru(CH3CN);][PFs]
(0.015 mmol), and L12 (0.015 mmol) in toluene (1.0 mL) at 60 °C for 72 h.
"Isolated yields. “Reaction was conducted at 40 °C.
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RIC, FBfESSSEE T IS TRA =T Vv —FRF—F 101 LD
HDT I VRILH 98 & D% AT o 72 (Table 1-6).  AEfEERIR %7 I~ 98b
BLU 98 & DRIGIE, FREDINETT I /(LAY 103ab I X U 103ac %
InzZnG x7z. —h<, EERIEMIE KT I v 981 L DRIETIE, 43%INE
THIET Do,0- BT U ALT I v 2fE o7z, 101a & benzylamine (980),
isopropylamine (98v), 3 X U aniline (98q)7 & D gk S L O FHFGE—MT I v
EDRIGIE, 7Y T IV 101a0,101av, 3 X U 101aq % £ N2 4 58%,43%,
LU 55%ThH 27z, Ric, thoT7rF Vil s G327 I —FKF—}
101b—f & morpholine (98a) & D IG% 1T o 72, n-butyl xH 32 =T VY L7 —
AF—1F 101b O T I /ALKIGIE, 54%DINHETT YT I 103ba % 5 2 7-.
L2>L7235, isopropyl 2% 0 UGEHE 101c Z 7256, HIVE T ba,0-
TERT YT IV 103ca IFEKE T, BEEERYITH S 1,3-diene D H G D
Ni-. T, 10le T FAHEEF T 2 KICHEE 101a & R L CZREE 2K
Fnizy, TIARIGLY DBERICHBERE I Nz EZ LD 92, 2 Z
T, affiCAF VL VRFEEXAT 5 GEE 101d 5 X U 101e & morpholine (98a)
DR)GERA T, ZOFER, 101d XU 101e TIEZNZ N 32%F X O 38%D
IR CHIET Do,o-SBERT VAT I vy fgFbhiz. —5T, muEREIEE
B TH B CREZEFOT7 VA —FF— + 101f TIZHW O KIGHSEFT L 72
> 7z,

KL, TV —=n#EEUNLICZOHET LTI —FF—F 101g DRICETT-
7z (Table 1-7, entry 1). Z® & %, JIGHiE% 19 Kl & L T 3 #E#3K 100% TK
JOIEHET L, 62%D HEIERE Co,o- ZEELT UL T I v 1042 21572, 72, K
JCHEEZT VAL —RF—F 101g 2T VAT X —1 100b ICEET L L
TEHTOIER LR Sz (entry2). HAMIC, KIGHEE% CH;CN &35 Z
ETHRET 2T IUAT IV 100a 28 19%DINETHLNL. 22T, Fohi
BOBESAFET, TUAT X =1 100b 53X PN 2507 I vREKH 98 & DK
J& % FHE L7z, diethylamine (98k)<° benzylamine (980)® X 5 7k 7T I v
LR T I v EDRIGTIE, NIET 5T I /LAY 104bk 35 X U 104bo 3%
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NZ N 69%F X O 84% DK TS 7z (entries 4 and 5). —7/7, 100b & aniline
(98q) & DG TIE, PR DI T HBAERKDY) 104bq % 5- 2 72 (entry 6). KT,
FEBREICKRA ERIEZEHET 27 Y LT €% —1 100c-h & benzylamine (980)
EONT =y M X B ALEEIRN T VAT 2 LRI EFT o 72 (entries
7-12). Z DFER, 2-naphthyl 22 H 3% 100c 5 L O FERD ortho-hric X 5 v
ExH35100d & OUGIE, BREIFRIGETHIGS 2 £ 96¢c0 5 X T 96do %
5.2 7z (entries 7 and 8). A EHFERD pfrBEICE G HEREEZHET 2T IAT
X —F 100e PEFRIMEREELET L7 I AT X — 1 100f~h 272
Lacix, Wb BN O RIS FIEEINICGET L, ZhZ G % o,0- &1
TIUNT I VD 46-83%DINFHE TG L7 (entries 9-12).

Table 1-7. Reaction of 101g and 100b—h with amines 98a, 98k, 980, and 98q"

5 mol% [Cp*Ru(CHzCN)3[PFg]

Ar X 5 mol% L12 Ar NR'R?
Phw *OHNRIRS CH4CN Phw
X = OCO,Me: 101g 98 80°C,19h 104
OAc: 100b-h
entry Ar HNR'R? product yield” (%)
1€ Ph (101g) morpholine (98a) 104ga 62
2¢ Ph (100b) morpholine (98a) 104ba 69
3 Ph (100b) morpholine (98a) 104ba 79
4 Ph (100b) HNE; (98Kk) 104bk 69
5 Ph (100b) H>NBn (980) 104bo 84
6 Ph (100b) H>NPh (98q) 104bq 51
7 2-naphthyl (100c¢) H>NBn (980) 104co 76
8 2-MeCgH4 (100d) H>NBn (980) 104do 59
9 4-MeCsH4 (100€) H>NBn (980) 104e0 75
10 4-CI1CsH4 (1001) H>NBn (980) 104fo 83
11 4-CF3CgH4 (100g) H>NBn (980) 104go 46
12 4-PhCeH4 (100h) H>NBn (980) 104ho 61

“Reaction conditions: 101g and 100b—h (0.3 mmol), 98a, 98k, 980, and 98q
(0.6 mmol), [Cp*Ru(CH3CN)3][PFs] (0.015 mmol), and L.12 (0.015 mmol) in
toluene (1.0 mL) at 80 °C for 19 h. “Isolated yields. “Toluene was used
instead of CH3;CN.
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H1EDOF LD

KBTI, V7= v LI X 2 AEER T VAT 2 2 ALRIS D RS %
RAT. 2 DfER, Cp*RuCly/s,5'-dimethyl-2,2"-bipyridyl (L12)23 =7 ) LT & &
— 97 D7 I ARG E BRI L, NIST ba,a-—ERT VAT IV 99
RIFRINETEZ 2 22 AL 72, RRISIEIERT I v ofhicd, JEERIE
WAlET I v bEHAVRETH 5. X biC, HAHEBE—WT I v EREA & L7=KIGD
DIPEA ZiI3 5 2 I X o THEITE 2 2 LIS LTz, F 72, ofific Me 5
DA DOBIEEEZET 2 M7 I —KRF =1+ 1017V —rEEafiic 2 0F
TEZMTIAT X —1F 100 ZHV72854, MELFE2EHE S5 2 LTt
FTET VAT IV 103 B3 X104 B3R O RIFRIGE TR LT,
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KERIH

1. General and Materials: All manipulations were carried out under a nitrogen
atmosphere. NMR spectra were recorded on a 270 MHz (for 'H), 67.8 MHz (for 13C),
and 470 MHz (for '°F). Chemical shifts are reported in 8 ppm referenced to an internal
SiMes standard for 'H NMR and an internal C¢Fs standard for "F NMR. Residual
chloroform (8 77.0 for '*C) was used as internal reference for 3C NMR. All NMR
spectra were recorded in CDClz at 25 °C.  The NMR yields were determined by 'H NMR
using an internal standard (phenanthrene). Tertiary allylic acetates 97 and 100 were
prepared according to the reported procedures®®, or by the acetylation (Ac2O, Et;N, and
DMAP in CHCIs) of corresponding tertiary allylic alcohols, which was prepared by the
reaction of ketones and vinyl Grignard reagent. Allylic carbonates 101 and 102 were
prepared according to the reported procedures.?  [Cp*Ru(CH3CN)3][PFs] was
synthesized as described in the literature.!%  All other chemicals including amines and

L7-14 were purchased from commercial sources and used without further purification.

2. General procedure for the ruthenium-catalyzed reaction of tertiary allylic esters
97,100, 101, and 102 with amines 98

2-1. Reaction of 97a-g with aliphatic amines 98a—p

The reaction conditions and results are shown in Tables 1-1, 1-2 and 1-4. A typical
procedure is given for the reaction of tertiary allylic acetate 97a with morpholine (98a)
(Table 1-1, entry 14). To a solution of Cp*RuCl> (2.8 mg, 0.009 mmol), 5,5’-dimethyl-
2,2’-bipyridyl L12 (1.7 mg, 0.009 mmol), and 2-phenylbut-3-en-2-yl acetate (97a) (57
mg, 0.30 mmol) in acetonitrile (1.0 mL) was added morpholine (97a) (52 mg, 0.60 mmol)
at room temperature, then stirred at 60 °C for 19 h. The reaction mixture was
concentrated under reduced pressure. The NMR yield was determined to be 97% by 'H
NMR for the crude material. The crude material was chromatographed on silica gel

(hexane/EtOAc/EtsN = 49/2/1) to give 59 mg (91%) of 99aa.
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2-2. Reaction of 87a-g with anilines 98q—t

The reaction conditions and results are shown in Tables 1-3 and 1-4. A typical procedure
is given for the reaction of tertiary allylic acetate 97a with aniline (98q) (Table 1-3, entry
3). To asolution of Cp*RuCl: (2.8 mg, 0.009 mmol), 5,5’-dimethyl-2,2’-bipyridyl L12
(1.7 mg, 0.009 mmol), and 2-phenylbut-3-en-2-yl acetate (97a) (57 mg, 0.30 mmol) in
acetonitrile (1.0 mL) was added aniline (98q) (56 mg, 0.60 mmol) and DIPEA (0.10 mL,
0.60 mmol) at room temperature, then stirred at 60 °C for 19 h. The reaction mixture

was concentrated under reduced pressure. The residue was chromatographed on silica

gel (hexane/EtOAc/EtsN = 19/1/1) to give 56 mg (84%) of 99aq.

2-3. Reaction of 100a, 101a—f, and 102 with amines 98

The reaction conditions and results are shown in Tables 1-5, 1-6 and 1-7. A typical
procedure is given for the reaction of tertiary allylic carbonate 101a with morpholine
(98a) (Table 1-5, entry 12). [Cp*Ru(CH3CN)3][PFs] (7.6 mg, 0.015 mmol, 5 mol%) and
5,5'-dimethyl-2,2"-bipyridyl L12 (2.8 mg, 0.015 mmol, 5 mol%) were added to the screw
cap vial. The catalyst mixture was dissolved in toluene (1.0 mL), and stirred for 5 min
atrt. After the color of the solution was turned to dark purple, the allylic carbonate 101b
(66 mg, 0.3 mmol) and morpholine (98a) (52 mg, 0.6 mmol, 2 equiv.) were added. The
reaction mixture was stirred at 60 °C for 72 hours, then concentrated under reduced
pressure. The crude material was chromatographed on silica gel (hexane/EtOAc/EtsN

=19/1/1) to give 59 mg (66%) of 103a as a colorless oil.

2-4. Reaction of 101g, 100b—h with amines 98a, 98k, 980, and 98q

The reaction conditions and results are shown in Tables 1-7. A typical procedure is
given for the reaction of tertiary allylic acetate 100b with morpholine (98a) (Table 1-7,
entry 3). [Cp*Ru(CH3CN)s][PFs] (7.6 mg, 0.015 mmol, 5 mol%) and 5,5'-dimethyl-

2,2"-bipyridyl (2.8 mg, 0.015 mmol, 5 mol%) were added to the screw cap vial. The
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catalyst mixture was dissolved in acetonitrile (1.0 mL), and stirred at rt for 5 min.  After

the color of the solution was turned to dark brown, the allylic acetate 100b (80 mg, 0.3

mmol) and morpholine (98a) (52 mg, 0.6 mmol, 2 equiv.) were added. The reaction

mixture was stirred at 80 °C for 19 hours, then concentrated under reduced pressure. The

crude material was chromatographed on silica gel (hexane/EtOAc/EtsN = 49/1/1) to give
66 mg (79%) of 104a as a white solid.
3. Characterization of the products

( :3) 4-(2-Phenylbut-3-en-2-yl)morpholine (99aa): Yellow oil. 'H NMR

Me N (270 MHz, CDCl3): & 1.45 (s, 3H), 2.40-2.55 (m, 4H), 3.69 (t, J = 4.6

~ Hz 4H), 5.14 (d, J=17.4 Hz, 1H), 5.20 (d, /= 11.6 Hz, 1H), 6.03 (dd, J

=11.6, 17.4 Hz, 1H), 7.17-7.24 (m, 1H), 7.31 (t, J = 7.4 Hz, 2H), 7.52

(d,J=7.6 Hz, 2H). "*C{'H} NMR (67.8 MHz, CDCl3): 6 17.8,47.0, 64.4, 67.8, 114.1,

126.5, 126.7, 128.2, 142.8, 146.3. IR (neat) 538, 579, 702, 764, 858, 921, 959, 1004,

1028, 1073, 1118, 1225, 1270, 1363, 1412, 1446, 1489, 1599, 1636, 1731, 2850, 2955

cm!.  HRMS (ESI): m/z: calcd for C14H20NO' [M+H]" 218.1545, found 218.1534.

O 4-(2-Phenylbut-3-en-2-yl)piperidine (99ab): Yellow oil. 'H NMR

Me N (270 MHz, CDCl5): & 1.42 (s, 5H), 1.49-1.57 (m, 4H), 2.33-2.46 (m,

~ 4H), 5.08 (d, J=17.6 Hz, 1H), 5.11 (d, J = 10.8 Hz, 1H), 6.02 (dd, J =

17.6, 10.8 Hz, 1H), 7.15-7.23 (m, 1H), 7.29 (t, J= 7.3 Hz, 2H), 7.52 (d,

J=73Hz,2H). BC{'H} NMR (67.8 MHz, CDCl3):  17.5,25.2,27.0,47.8,64.9, 112.8,
126.1, 126.6, 128.0, 144.4, 147.6. 1R (neat) 461, 531, 701, 756, 917, 945, 1004, 1028,
1073, 1114, 1159, 1215, 1247, 1275, 1364, 1411, 1444, 1489, 1635, 2801, 2850, 2931,
3082 cm™'. HRMS (ESI): m/z: caled for CisHoN* [M+H]* 216.1752, found 216.1739.

@ 1-(2-Phenylbut-3-en-2-yl)pyrrolidine (99ac): Yellow oil. 'H NMR
Me N

(270 MHz, CDCLs): § 1.46 (s, 3H), 1.68-1.70 (m, 4H), 2.56-2.57 (m, 4H),
X

| 5.21(d, J=17.7 Hz, 1H), 5.32 (d, J = 11.1 Hz, 1H), 6.13 (dd, J = 11.1,
=
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17.7 Hz, 1H), 7.21 (g, J = 7.3 Hz, 1H), 7.30 (dd, J = 7.3, 7.6 Hz, 2H), 7.51 (d,J= 7.6 Hz,
2H). BC{'H} NMR (67.8 MHz, CDCl3): § 23.4, 24.0, 46.4, 62.8, 114.8, 126.3, 126.7,
127.9, 140.8, 147.2. IR (neat) 537, 701, 764, 917, 1005, 1028, 1068, 1123, 1161, 1222,
1261, 1365, 1411, 1445, 1489, 1600, 1744, 2804, 2870, 2918, 2950, 3082 cm™!. HRMS
(ESI): m/z: calcd for Ci4H2oN* [M+H]* 202.1596, found 202.1600.

(270 MHz, CDCl3): & 1.44 (s, 3H), 1.52 (m, 4H), 1.61 (m, 4H), 2.45—
_~  2.65 (m, 4H), 5.056 (d, J = 10.5 Hz, 1H), 5.058 (d, J = 17.8 Hz, 1H),

O 1-(2-Phenylbut-3-en-2-yl)azepane (99ad): Yellow oil. 'H NMR
Me

6.04 (dd, J=10.5, 17.8 Hz, 1H), 7.15-7.22 (m, 1H), 7.28 (t, /= 7.3 Hz,

2H), 7.53 (d, J = 7.3 Hz, 2H). BC{'H} NMR (67.8 MHz, CDCl3): § 17.8, 26.6, 30.2,

50.7,66.6,112.3,126.1, 126.6, 128.0, 145.2, 148.3. IR (neat) 700, 764,917, 1003, 1028,

1129, 1150, 1235, 1364, 1411, 1446, 1489, 1599, 1634, 1740, 2848, 2920, 3082 cm ..
HRMS (ESI): m/z: calcd for Ci¢H2oN™ [M-H]" 228.1752, found 228.1726.

1-(2-Phenylbut-3-en-2-yl)azocane (99ae): Yellow oil. 'H NMR

Q (270 MHz, CDCls): 6 1,43 (s, 3H), 1.47-1.49 (m, 4H), 1.63—-1.74 (m,

9 N/ 6H), 2.42-2.59 (m, 4H), 5.08 (d, /= 17.7 Hz, 1H), 5.13 (d,/=10.5 Hz,

1H), 6.13 (dd, J=10.5, 17.7 Hz, 1H), 7.19 (m, 1H), 7.30 (t, /= 7.3 Hz,

2H), 7.54 (d, J = 7.3 Hz, 2H). BC{'H} NMR (67.8 MHz, CDCl3): § 19.7, 25.1, 28.1,

29.4, 49.6, 66.6, 112.9, 126.1, 127.0, 128.0, 143.9, 148.2. IR (neat) 423, 529, 700, 764,

917, 1003, 1028, 1129, 1150, 1235, 1364, 1411, 1446, 1489, 1634, 1741, 2848, 2920,
3082 cm™!. HRMS (ESI): m/z: calcd for Ci7HaeN™ [M+H]* 244.2065, found 244.2079.

(iN)Ph 1-Phenyl-4-(2-phenylbut-3-en-2-yl)piperazine (99af): Yellow oil.

Me N "H NMR (270 MHz, CDCl3):  1.49 (s, 3H), 2.57-2.73 (m, 4H), 3.17
4

(t, J=5.0 Hz, 4H), 5.17 (dd, J= 1.1, 17.6 Hz, 1H), 5.20 (dd, J = 1.1,

10.8 Hz, 1H), 6.07 (dd, J = 10.8, 17.6 Hz, 1H), 6.80-6.86 (m, 1H),
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6.88-6.92 (m, 2H), 7.18-7.35 (m, 5H), 7.52-7.56 (m, 2H). '3C{'H} NMR (67.8 MHz,
CDCL): & 17.8, 46.5, 49.9, 64.4, 113.8, 115.8, 119.4, 126.5, 126.7, 128.2, 129.0, 143.3,
146.6, 151.5. IR (neat) 525, 701, 758, 920, 957, 993, 1028, 1052, 1146, 1236, 1276,
1384, 1449, 1503, 1600, 1739, 2360, 2822, 2979 cm™'. HRMS (ESI): m/z: caled for
CaoHasNo™ [M+H]" 293.2018, found 293.2004.

( AN)MG 1-Methyl-4-(2-phenylbut-3-en-2-yl)piperazine (99ag): Yellow oil.
Me N '"H NMR (270 MHz, CDCl3): & 1.45 (s, 3H), 2.27 (s, 3H), 2.43-2.50

7 (m, 8H), 5.12 (d,J=17.6 Hz, 1H), 5.15 (d,J=10.8 Hz, 1H), 6.03 (dd,
J=10.8,17.6 Hz, 1H), 7.19 (t, J=7.3 Hz, 1H), 7.30 (dd, /= 7.0, 7.3

Hz, 2H), 7.51 (d,J=7.0Hz,2H). 3C{'H} NMR (67.8 MHz, CDCl3): 8 17.6,46.0,46.1,
56.0,64.2, 113.5, 126.3, 126.6, 128.1, 143.5, 146.7. IR (neat) 539, 701, 763, 789, 918,
958, 1011, 1028, 1073, 1143, 1163, 1217, 1290, 1374, 1411, 1446, 1489, 1739, 2360,
2790,2934,3082 cm™'. HRMS (ESI): m/z: caled for CisH21N>" [M-H]* 229.1705, found

229.1732.

NBoc tert-Butyl-4-(2-phenylbut-3-en-2-yl)piperazine-1-carboxylate
Me N (99ah): Yellow oil. 'H NMR (270 MHz, CDCls): & 1.44 (s, 12H),

/

| 2.36-2.49 (m, 4H), 3.39 (t, J= 4.6 Hz, 4H), 5.13 (d, /= 17.6 Hz, 1H),
5.17 (d,J=10.8 Hz, 1H), 6.01 (dd, J=10.8, 17.6 Hz, 1H), 7.18-7.34
(m, 3H),7.51 (d,J=8.1 Hz,2H). '3C{'H} NMR (67.8 MHz, CDCL3): & 14.1, 17.7, 22.6,

\

28.4,31.5,46.4,79.4,113.9, 126.5, 126.6, 128.2, 143.1, 154.8. IR (neat) 536, 609, 701,
845,922,1003, 1015, 1028, 1075, 1124, 1166, 1238, 1286, 1327, 1366, 1414, 1455, 1617,
1696, 2979, 3062 cm™!. HRMS (ESI): m/z: caled for CioH2sN2NaO>" [M+Na]*
339.2049, found 339.2047.
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Ph 4-Phenyl-1-(2-phenylbut-3-en-2-yl)piperidine (99ai): White solid.

Mp. 60-62 °C. 'H NMR (270 MHz, CDCl3): & 1.47 (s, 3H), 1.69—

Me N/ 1.81 (m, 4H), 2.08-2.28 (m, 2H), 2.40-2.52 (m, 1H), 2.84 (dd, J=2.2,

11.1 Hz, 1H), 3.07 (dd, J = 1.9, 11.1 Hz, 1H), 5.12 (d, J = 17.6 Hz,

1H), 5.15 (d, J=10.8 Hz, 1H), 6.06 (dd, /= 10.8, 17.6 Hz, 1H), 7.15—

7.34 (m, 8H), 7.55 (d,J=7.6 Hz, 2H). BC{'H} NMR (67.8 MHz, CDCl3):  17.7, 34.3,
34.5,43.4,47.1,47.8,64.8,113.1, 125.9, 126.3, 126.5, 126.9, 128.1, 128.3, 144.1, 146.8,
147.3. 1R (KBr) 452,482, 535, 600, 635,811,914, 1022, 1069, 1219, 1260, 1365, 1415,
1443, 1469, 1490, 1599, 1635, 1951, 2666, 2692, 2738, 2845,3060 cm'. HRMS (ES]):

m/z: calcd for C21HaN™ [M+H]" 292.2065, found 292.2045.

Me 4-Methyl-1-(2-phenylbut-3-en-2-yl)piperidine (99aj): Yellow oil.

"HNMR (270 MHz, CDCl3): § 0.90 (d, /= 6.5 Hz, 3H), 1.14-1.34 (m,

Me N/ 3H), 1.42 (s, 3H), 1.52-1.60 (m, 2H), 1.98 (dt, J = 2.4, 11.3 Hz, 1H),

2.08 (dt,J=1.9,11.3 Hz, 1H), 2.64-2.71 (m, 1H), 2.86-2.92 (m, 1H),

5.08 (dd, J=1.4, 17.4 Hz, 1H), 5.11 (dd, J = 1.4, 10.8 Hz, 1H), 6.02

(dd, J=10.8, 17.4 Hz, 1H), 7.15-7.22 (m, 1H), 7.26-7.31 (m, 2H), 7.50-7.53 (m, 2H).

BC{'H} NMR (67.8 MHz, CDCl3): 8 17.7,22.0, 31.5,35.3,35.4,46.7,47.4,64.7,112.8,

126.1,126.6, 128.0, 144.3, 147.6. 1R (neat) 527,700, 756,917, 1005, 1029, 1068, 1123,

1161, 1219, 1261, 1365, 1411, 1445, 1489, 1600, 1741, 2803, 2870, 2916, 2950, 3082
cm™!.  HRMS (ESI): m/z: caled for CisH24N* [M+H]* 230.1909, found 230.1933.

Et, N,N-Diethyl-2-phenylbut-3-en-2-amine (99ak): Yellow oil. 'H

e B NMR (270 MHz, CDCLL): 8 1.03 (1, /= 7.3 Hz, 6H), 1.43 (s, 3H), 2,38
2.57 (m, 4H), 5.09 (dd, J= 1.1, 17.6 Hz, 1H), 5.14 (dd, /= 1.1, 10.9 Hz,

1H), 6.10 (dd, J = 10.9, 17.6 Hz, 1H), 7.14-7.22 (m, 1H), 7.25-7.33 (m,

2H), 7.52-7.56 (m, 2H). 3C{'H} NMR (67.8 MHz, CDCLs): 8 17.1, 20.7, 44.8, 66.5,

112.9,126.1,126.6,127.9, 143.9, 148.4. IR (neat) 543,701, 765,917, 1028, 1065, 1117,
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1159, 1198, 1230, 1372, 1412, 1445, 1489, 1600, 1741, 2926, 2969, 3082 cm™'. HRMS
(ESI): m/z: calcd for Ci4H2oN* [M+H]* 204.1752, found 204.1780.

Bn N-Benzyl-N-methyl-2-phenylbut-3-en-2-amine (99al): Yellow oil.

Mo NI I NMR (270 MHz, CDCL): 8 1.55 (s, 3H), 2.08 (5, 3H), 3.40 (d, J =
13.5 Hz, 1H), 3.60 (d,J= 13.5 Hz, 1H), 5.19 (dd, J= 1.1, 17.4 Hz, 1H),

5.22(dd,J=1.1, 10.8 Hz, 1H), 6.19 (dd, /= 10.8, 17.4 Hz, 1H), 7.17-

7.23 (m, 2H), 7.27-7.39 (m, 6H), 7.62-7.66 (m, 2H). C{'H} NMR (67.8 MHz,
CDCls): 6 18.1, 35.2, 55.7, 65.2, 113.8, 126.47, 126.48, 126.6, 128.1, 128.19, 128.21,
141.0, 143.5, 147.4. 1R (neat) 470, 700, 737, 765, 919, 952, 1006, 1028, 1063, 1099,
1236, 1368, 1411, 1446, 1493, 1600, 1739, 2792, 2844, 2982, 3026, 3060 cm™!. HRMS

(ESI): m/z: calcd for CisHaoN* [M-H]" 216.1752, found 216.1753.

"Bu N-Butyl-N-methyl-2-phenylbut-3-en-2-amine (99am): Yellow oil.
Me N-M
%" _° 'HNMR (270 MHz, CDCLy): § 0.85 (t,J = 7.3 Hz, 3H), 1.18-1.32 (m,
XN
( P 2H), 1.37-1.48 (m, 2H), 1.42 (s, 3H), 2.15 (s, 3H), 2.17-2.24 (m, 1H),

2.30-2.40 (m, 1H), 5.10 (dd, J = 1.4, 17.4 Hz, 1H), 5.16 (dd, J = 1.4,
10.8 Hz, 1H), 6.04 (dd, J = 10.8, 17.4 Hz, 1H), 7.15-7.21 (m, 1H), 7.24-7.32 (m, 2H),
7.48-7.53 (m, 2H). 3C{'H} NMR (67.8 MHz, CDCls):  14.1, 18.2, 20.4, 31.2, 35.4,
51.4,65.5,113.3,126.2,126.7, 128.0, 143.7, 147.8. 1R (neat) 526, 701, 763, 918, 1005,
1028, 1118, 1233, 1364, 1411, 1446, 1489, 1735, 2794, 2859, 2956 cm™!.  HRMS (ESI):
m/z: calcd for CisH2sNNa* [M+Na]™ 274.1572, found 274.1577.

Cy, N-Methyl-N-(2-phenylbut-3-en-2-yl)cyclohexanamine (99an):
Me Ni"e Yellow oil. 'H NMR (270 MHz, CDCl3): 8 0.91-1.17 (m, 3H), 1.23—
1.40 (m, 2H), 1.42-1.57 (m, 1H), 1.46 (s, 3H), 1.65-1.69 (m, 4H), 2.17

(s, 3H), 2.49-2.58 (m, 1H), 5.09 (dd, /= 1.1, 17.8 Hz, 1H), 5.13 (dd, J

=1.1, 10.8 Hz, 1H), 6.11 (dd, J = 10.8, 17.8 Hz, 1H), 7.16—7.22 (m, 1H), 7.25-7.32 (m,
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2H), 7.50-7.53 (m, 2H). BC{'H} NMR (67.8 MHz, CDCl3): § 21.2,26.2,26.42, 26.44,
29.4, 32.08, 32.14, 56.6, 65.8, 112.4, 126.1, 126.7, 127.9, 144.3, 148.4. IR (neat) 423,
537,701, 763, 891, 915, 1012, 1027, 1094, 1208, 1257, 1363, 1446, 1489, 1740, 2792,
2852,2929,2979 cm™'. HRMS (ESI): m/z: calcd for Ci17H26N* [M+H]* 244.2065, found
244.2046.

MeHN-Bn N-Benzyl-2-phenylbut-3-en-2-amine (9920)*’: Yellow oil. 'H NMR

2 (270 MHz, CDCl): 8 155 (brs, 1H), 1.57 (s, 3H). 3.60 (s, 2H), 5.22 (dd.
J=1.1,10.5 Hz, 1H), 5.24 (dd, J= 1.1, 17.5 Hz, 1H), 6.10 (dd, J=10.5,

17.5 Hz, 1H), 7.19-7.28 (m, 2H), 7.29-7.38 (m, 6H), 7.52-7.56 (m, 2H). 3C{'H} NMR
(67.8 MHz, CDCls): & 26.1, 47.3, 60.7, 112.9, 126.5, 126.6, 126.7, 128.1, 128.2, 128.3,
141.3, 144.9, 146.2. 1R (neat) 424, 700, 766, 919, 1000, 1028, 1072, 1216, 1367, 1410,

1446, 1492, 1737, 2976, 3027, 3060, 3325 cm ™.

Me HN-"Bu N-Butyl-2-phenylbut-3-en-2-amine (99ap): Yellow oil. 'H NMR
# (270 MHz, CDCl5): § 0.88 (t,J = 7.0 Hz, 3H), 1.26-1.47 (m, 6H), 1.50

(s, 3H), 2.37-2.46 (m, 2H), 5.15 (dd, J= 1.4, 17.4 Hz, 1H), 5.17 (dd,

J=1.4,10.9 Hz, 1H), 6.02 (dd, J=10.9, 17.4 Hz, 1H), 7.18-7.25 (m, 1H), 7.29-7.34 (m,
2H), 7.43-7.47 (m, 2H). BC{'H} NMR (67.8 MHz, CDCl3): § 14.0, 20.5, 25.9, 33.1,
42.5, 60.4, 112.6, 126.38, 126.41, 128.1, 145.1, 146.4. 1R (neat) 424, 462, 700, 765,
917, 1001, 1029, 1073, 1146, 1217, 1365, 1446, 1490, 1740, 2871, 2928, 2958, 3023,
3059, 3083 cm™!. HRMS (ESI): m/z: calcd for CiaHoN* [M+H]" 204.1752, found

204.1762.

MeHN—-Ph N-(2-Phenylbut-3-en-2-yl)aniline (99aq)’!: Yellow oil. 'H NMR
=

(270 MHz, CDCL3): & 1.69 (s, 3H), 4.14 (brs, 1H), 5.20 (d, J= 10.5 Hz,

1H), 5.25 (d, J = 17.4 Hz, 1H), 6.37 (dd, J = 10.5, 17.4 Hz, 1H), 6.38—

6.42 (m, 2H), 6.59-6.65 (m, 1H), 6.98-7.04 (m, 2H), 7.21-7.26 (m, 1H), 7.30-7.36 (m,
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2H), 7.49-7.52 (m, 2H). '>C{'H} NMR (67.8 MHz, CDCls): $29.3, 60.2, 113.8, 115.7,
117.3, 1262, 126.6, 128.5, 128.6, 142.8, 145.2, 145.7. 1R (neat) 539, 700, 750, 923,
995, 1029, 1084, 1155, 1181, 1217, 1258, 1316, 1367, 1427, 1445, 1498, 1601, 1734,
2982, 3054, 3411 cm™.

MeO 4-Methoxy-N-(2-phenylbut-3-en-2-yl)aniline (99ar)*': Yellow oil.
Q "H NMR (270 MHz, CDCl;): § 1.65 (s, 3H), 3.68 (s, 3H), 5.18 (dd, J =

o w14 9:6 Hz, 1H), 5.23 (dd, J = 1.4, 162 Hz, 1H), 6.32 (dd, /= 9.6, 16.2

©)§/ Hz, 1H), 6.38 (d,J= 9.5 Hz, 2H), 6.62 (d,J= 9.5 Hz, 2H), 7.20-7.27 (m,
1H), 7.29-7.36 (m, 2H), 7.49-7.53 (m, 2H). 3C{'H} NMR (67.8 MHz,
CDCls): 5 28.8, 55.5, 60.5, 113.6, 114.2, 117.6, 126.4, 126.6, 128.4, 139.6, 143.4, 145.6,

152.2. IR (neat) 537, 702, 760, 822, 924, 1038, 1067, 1114, 1180, 1238, 1325, 1367,
1409, 1445, 1509, 1615, 2832, 2983, 3405 cm ™.

FsC N-(2-Phenylbut-3-en-2-yl)-4-(trifluoromethyl)aniline (99as): Yellow

oil. 'H NMR (270 MHz, CDCl3): § 1.70 (s, 3H), 4.51 (brs, 1H), 5.236

Mo NH (d,J=10.3 Hz, 1H), 5.243 (d, J=17.3 Hz, 1H), 6.36 (dd, /= 10.3, 17.3

=~ Hz, 1H), 7.21-7.28 (m, 3H), 7.31-7.37 (m, 2H), 7.43-7.48 (m, 2H).

BC{'H} NMR (67.8 MHz, CDCl3): 8 29.8, 60.4, 114.4, 114.6, 118.7 (q,

Jer =323 Hz), 124.9 (q, Jcr = 270.0 Hz), 125.9 (q, Jcr = 3.9 Hz), 126.1, 127.0, 128.7,

141.6, 144.3,148.3. "FNMR (470 MHz, CDCl3): § 100.6 (s, 3F). IR (neat) 592, 701,

768, 828, 928, 1067, 1114, 1161, 1190, 1271, 1325, 1446, 1491, 1525, 1616, 2984, 3421
cm™!.  HRMS (ESI): m/z: calcd for Ci7H;sF3N* [M-H]" 290.1157, found 290.1155.

O N-(2-Phenylbut-3-en-2-yl)naphthalen-1-amine (99at): White solid.
O Mp. 96-98 °C  'H NMR (270 MHz, CDCls): § 1.83 (s, 3H), 4.92 (brs,
Me NH/ 1H), 5.24 (dd, J = 0.8, 10.5 Hz, 1H), 5.31 (dd, J = 0.8, 17.3 Hz, 1H),
6.19 (dd, J = 0.8, 7.6 Hz, 1H), 6.50 (dd, J = 10.5, 17.3 Hz, 1H), 7.02—
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7.07 (m, 1H), 7.13-7.16 (m, 1H), 7.23-7.27 (m, 1H), 7.30-7.36 (m, 2H), 7.43-7.47 (m,
2H), 7.51-7.55 (m, 2H), 7.75-7.79 (m, 1H), 7.90-7.94 (m, 1H). '3C{'H} NMR (67.8
MHz, CDCl): 6 29.7, 60.4, 109.7, 114.1, 117.1, 119.7, 123.9, 124.7, 125.4, 125.8, 126.2,
126.7, 128.6, 128.9, 134.4, 139.9, 142.5, 144.9. IR (KBr) 426, 537, 569, 642, 852, 950,
991, 1027, 1075, 1097, 1146, 1178, 1224, 1255, 1283, 1345, 1443, 1622, 1861, 3054,
3434 cm™'.  HRMS (ESI): m/z: caled for C20HisN* [M-H]" 272.1439, found 272.1467.

o 4-(2-(4-(Trifluoromethyl)phenyl)but-3-en-2-yl)morpholine
4} (99ba): Yellow oil. 'H NMR (270 MHz, CDCl3): & 1.46 (s, 3H),
Z 248 (ddt, J=12.9,9.4, 4.7 Hz, 4H), 3.70 (t, J = 4.7 Hz, 4H), 5.18

Me N

FsC (dd, /= 0.8, 17.6 Hz, 1H), 5.27 (dd, J = 0.8, 10.8 Hz, 1H), 6.00
(dd, J=10.8, 17.6 Hz, 1H), 7.56 (d, J = 8.6 Hz, 2H), 7.66 (d,J = 8.6 Hz, 2H). 3C{'H}
NMR (67.8 MHz, CDCls): § 18.2, 47.0, 64.5, 67.7, 115.1, 124.2 (q, Jor = 271.5 Hz),
125.2 (q, Jer = 3.7 Hz), 127.1, 128.8 (q, Jer = 32.1 Hz), 141.8, 150.7. '°F NMR (470
MHz, CDCl3): 6 99.4 (s, 3F). IR (neat) 531, 609, 714, 814, 847, 879, 925, 959, 1015,
1070, 1118, 1271, 1328, 1413, 1455, 1616, 1739, 2852, 2957,3087 cm™!. HRMS (ESI):
m/z: calcd for CisHioF3NO™ [M+H]" 286.1419, found 286.1416.

"Bu N-Butyl-N-methyl-2-(4-(trifluoromethyl)phenyl)but-3-en-2-
Me Nj/le amine (99bm): Yellow oil. 'H NMR (270 MHz, CDCl;): § 0.86
(t,J=7.2Hz,3H), 1.18-1.33 (m, 2H), 1.37-1.54 (m, 2H), 1.42 (s,

3H), 2.09-2.22 (m, 1H), 2.15 (s, 3H), 2.28-2.38 (m, 1H), 5.14 (dd,

J=1.1,17.6 Hz, 1H), 5.22 (dd, /= 1.1, 10.9 Hz, 1H), 6.00 (dd, J = 10.9, 17.6 Hz, 1H),

FsC

7.54 (d,J = 8.1 Hz, 2H), 7.64 (d, J= 8.1 Hz, 2H). 3C{'H} NMR (67.8 MHz, CDCl):
5 14.1, 18.5,20.4, 31.1, 35.4, 51.4, 65.6, 114.3, 120.4 (q, Jor = 3.7 Hz), 125.0 (q, Jor =
3.7 Hz), 127.0, 128.5 (q, Jer = 32.3 Hz), 142.6, 152.2.  '9F NMR (470 MHz, CDCL): §
99.5(s,3F). IR (neat) 419, 612,702, 847, 887, 922, 1015, 1075, 1126, 1165, 1244, 1328,
1365, 1413, 1458, 1616, 1748, 2799, 2861, 2959 cm™'. HRMS (ESI): m/z: caled for
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CisH22F3NNa* [M+Na]* 308.1602, found 308.1617.
MeHN~-Bn N-Benzyl-2-(4-(trifluoromethyl)phenyl)but-3-en-2-amine

(99bo): Yellow oil. 'H NMR (270 MHz, CDCls):  1.58 (s, 3H),
FsC 3.60 (s, 2H), 5.26 (dd,J=1.1,17.6 Hz, 1H), 5.27 (dd,J=1.1, 10.8

Hz, 1H), 6.07 (dd, J = 10.8, 17.6 Hz, 1H), 7.21-7.27 (m, 1H), 7.28-7.38 (m, 4H), 7.58
(d,J=8.1 Hz, 2H), 7.68 (d,/J=8.1 Hz, 2H). '3C{'H} NMR (67.8 MHz, CDCL3): § 26.2,
47.3,60.7, 113.8, 124.3 (q, Jcr=271.3 Hz), 125.1 (q, Jcr = 3.9 Hz), 126.9, 127.0, 128.1,
128.4, 128.9 (q, Jcr = 31.6 Hz), 140.9, 144.0, 150.5. '"F NMR (470 MHz, CDCls): &
99.4 (s,3F). IR (neat) 422,538,701, 765,847,921, 1003, 1123, 1167, 1238, 1286, 1327,
1365, 1418, 1697, 2979, 3310 cm™!. HRMS (ESI): m/z: calcd for C1sHioF3N* [M+H]*

306.1470, found 306.1480.

Me, HNjh N-(2-(4-(Trifluoromethyl)phenyl)but-3-en-2-yl)aniline (99bq):

N

| White solid. Mp. 108110 °C. 'H NMR (270 MHz, CDCls): 8
Fs;C
s 1.69 (s, 3H), 4.16 (brs, 1H), 5.25 (d,J= 10.3 Hz, 1H), 5.26 (d, J =

17.6 Hz, 1H), 6.32-6.37 (m, 2H), 6.36 (dd, J = 10.3, 17.6 Hz, 1H), 6.62—6.68 (m, 1H),
6.99-7.06 (m, 2H), 7.58 (d, J = 8.5 Hz, 2H), 7.63 (d, J = 8.5 Hz, 2H). C{'H} NMR
(67.8 MHz, CDCls): & 29.5, 60.2, 114.7, 115.7, 117.8, 124.2 (q, Jcr = 271.5 Hz), 125.5
(q, Jer=3.8 Hz), 126.7, 128.7,129.0 (q, Jcr = 32.3 Hz), 141.9, 145.1, 149.4. "FNMR
(470 MHz, CDCly): § 99.4 (s, 3F). IR (KBr) 466, 517, 605, 693, 842, 871, 925, 994,
1011, 1031, 1157, 1183, 1219, 1264, 1367, 1412, 1507, 1604, 1925, 2925, 2972, 3026,
3055, 3445 cm™'. HRMS (ESI): m/z: calcd for Ci7H;sFsN*™ [M-H]" 290.1157, found
290.1169.

51



0 4-(2-(4-Methoxyphenyl)but-3-en-2-yl)morpholine (99ca):
. NJ Yellow oil. 'H NMR (270 MHz, CDCl3): § 1.43 (s, 3H), 2.39—

= 2.55(m, 4H), 3.68 (t, J= 4.5 Hz, 4H), 3.79 (s, 3H), 5.12 (dd, J =

MeO 1.1, 17.7 Hz, 1H), 5.17 (dd, J = 1.1, 10.7 Hz, 1H), 6.01 (dd, J =
10.7, 17.7 Hz, 1H), 6.85 (d, J = 8.6 Hz, 2H), 7.42 (d, J = 8.6 Hz, 2H). ’C{'H} NMR
(67.8 MHz, CDCl3): & 17.6, 47.0, 55.2, 63.9, 67.8, 113.5, 113.7, 127.8, 138.2, 143.3,
158.1. IR (neat) 566, 646, 731, 786, 836, 857, 923, 958, 1034, 1068, 1178, 1270, 1304,
1362, 1415, 1456, 1581, 1609, 1739, 2833, 2955 cm™!. HRMS (ESI): m/z: calcd for

C1sHaoNOy* [M+H]* 246.1494, found 246.1465.

"Bu N-Butyl-2-(4-methoxyphenyl)-V-methylbut-3-en-2-amine
Me N-Me

_ (99cm): White solid. Mp. 114-116 °C. 'H NMR (270 MHz,

oo W CDCls): § 0.85 (t, J = 7.2 Hz, 3H), 1.18-1.31 (m, 2H),1.35-1.46
(m, 2H), 1.40 (s, 3H), 2.09-2.22 (m, 1H), 2.14 (s, 3H), 2.29-2.39

(m, 1H), 3.79 (s, 3H), 5.08 (dd, J = 1.4, 17.6 Hz, 1H), 5.13 (dd, J = 1.4, 10.8 Hz, 1H),
6.02 (dd, J = 10.8, 17.6 Hz, 1H), 6.83 (d, J = 8.9 Hz, 2H), 7.41 (d, J = 8.9 Hz, 2H).
BC{'H} NMR (67.8 MHz, CDCls): 6 14.1, 18.0,20.4, 31.3,35.4, 51.3, 55.2, 65.0, 112.8,
113.3, 127.7, 139.9, 144.1, 157.9. IR (KBr) 551, 615, 696, 808, 828, 910, 1033, 1119,

1184, 1250, 1440, 1460, 1510, 1605, 2925, 3449 cm™. HRMS (ESI): m/z: caled for
C16H26NO* [M+H]* 248.2014, found 248.2026.

MeHN—-Bn N_Benzyl-2-(4-methoxyphenyl)but-3-en-2-amine (99co):
=
Yellow oil. 'H NMR (270 MHz, CDCl3): 5 1.47 (brs, 1H), 1.56

MeO (s, 3H), 3.59 (s, 2H), 3.79 (s, 3H), 5.19 (dd, J= 1.4, 10.7 Hz, 1H),
5.22(dd, J= 1.4, 17.6 Hz, 1H), 6.08 (dd, J=10.7, 17.6 Hz, 1H), 6.87 (d, J= 8.9 Hz, 2H),
7.19-7.37 (m, 5H), 7.45 (d, J= 8.9 Hz, 2H). '*C{'H} NMR (67.8 MHz, CDCls): § 26.1,
47.2,55.2,60.2, 112.6, 113.4,126.7, 127.7, 128.1, 128.3, 138.3, 141.3, 145.2,158.2. IR

(neat) 547, 650, 700, 734, 832, 920, 1107, 1140, 1178, 1301, 1367, 1412, 1454, 1581,
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1608, 1736, 2834, 2974, 3028, 3084 cmr'. HRMS (ESI): m/z: caled for CisHaoNO*
[M+H]" 268.1701, found 268.1712.

MeHN—Ph  N_(2-(4-Methoxyphenyl)but-3-en-2-yl)aniline (99¢cq): Yellow

o oil. 'H NMR (270 MHz, CDCl3): 8 1.67 (s, 3H), 3.80 (s, 3H),

MeO 4.10 (brs, 1H), 5.18 (d, J = 10.5 Hz, 1H), 5.23 (d, J = 17.6 Hz,
1H), 6.33 (dd, J = 10.5, 17.6 Hz, 1H), 6.40-6.43 (m, 2H), 6.60-6.65 (m, 1H), 6.86 (d, J
= 8.6 Hz, 2H), 6.98-7.04 (m, 2H), 7.41 (d, J= 8.6 Hz, 2H). '*C{'H} NMR (67.8 MHz,
CDCl): 6 29.0, 55.2, 59.8, 113.5, 113.8, 115.7, 117.3, 127.4, 128.6, 137.3, 143.2, 145.8,
158.3. IR (neat) 694, 750, 832, 924, 1033, 1178, 1250, 1301, 1508, 1602, 2981 cm™'.

HRMS (ESI): m/z: calcd for C17HisNO* [M-H]" 252.1388, found 252.1393.

o 4-(2-(p-Tolyl)but-3-en-2-yl)morpholine (99da): Yellow oil. 'H

Me NJ NMR (270 MHz, CDCl): 6 1.43 (s, 3H), 2.32 (s, 3H), 2.39-2.55

#  (m, 4H), 3.67 (t, J = 4.7 Hz, 4H), 5.12 (dd, J = 0.8, 17.4 Hz, 1H),

Me 5.17 (d, J=10.8 Hz, 1H), 6.02 (dd, /= 10.8, 17.4 Hz, 1H), 7.11 (d,

J=17.8 Hz, 2H), 7.39 (d, /= 7.8 Hz, 2H). BC{'H} NMR (67.8 MHz, CDCl3): 5. 17.7,

20.9,47.0,64.2,67.9,113.8,126.7, 128.9, 136.0, 143.2, 143.3. IR (neat) 534, 558, 724,

822, 858, 876, 922, 959, 1019, 1068, 1118, 1227, 1270, 1286, 1362, 1414, 1454, 1509,

1635, 1741, 2850, 2955 cm™'. HRMS (ESI): m/z: caled for CisHxNO" [M+H]*
232.1701, found 232.1722.

"Bu N-Butyl-N-methyl-2-(p-tolyl)but-3-en-2-amine (99dm): Yellow
Me N-Me

. oil. 'HNMR (270 MHz, CDCl5): 4 0.85 (t,J="7.3 Hz, 3H), 1.17-

1.32 (m, 2H), 1.36-1.47 (m, 2H), 1.40 (s, 3H), 2.15 (s, 3H), 2.15-

2.23 (m, 1H), 2.30-2.40 (m, 1H), 2.32 (s, 3H), 5.09 (dd, J = 1.4,

Me

17.6 Hz, 1H), 5.13 (dd, J= 1.4, 10.8 Hz, 1H), 6.02 (dd, /= 10.8, 17.6 Hz, 1H), 7.10 (d, J
— 8.4 Hz, 2H), 7.39 (d, J = 8.4 Hz, 2H). 3C{'H} NMR (67.8 MHz, CDCL3): 5 14.2,
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18.0, 20.5, 21.0, 31.2, 35.4, 51.3, 65.3, 113.0, 126.5, 128.7, 135.7, 144.0, 144.8. 1R
(neat) 534, 724, 820, 917, 1005, 1019, 1081, 1104, 1185, 1207, 1248, 1363, 1377, 1412,
1456, 1509, 1635, 2794, 2861, 2927, 2956, 3084 cm'. HRMS (ESI): m/z: caled for
Ci16HaoeN* [M+H]" 232.2065, found 232.2055.

MeHN—Bn N.Benzyl-2-(p-tolyl)but-3-en-2-amine (99do): Yellow oil. 'H

| ; Z NMR (270 MHz, CDCL): & 1.48 (s, 1H), 1.56 (s, 3H), 2.33 (s, 3H),

Me 3.59 (s, 2H), 5.19 (dd, J = 1.4, 10.5 Hz, 1H), 5.23 (dd, J= 1.4, 17.6
Hz, 1H), 6.09 (dd, J = 10.5, 17.6 Hz, 1H), 7.13-7.43 (m, 9H). 3C{'H} NMR (67.8
MHz, CDCl3): 6 20.9, 26.1, 47.3, 60.4, 112.7, 126.5, 126.7, 128.1, 128.3, 128.9, 136.1,
141.4, 143.3, 145.1. IR (neat) 432, 536, 699, 727, 818, 918, 999, 1020, 1071, 1110,
1141, 1184, 1206, 1367, 1411, 1453, 1496, 1510, 1636, 1736, 2976, 3026, 3322 cm™'.

HRMS (ESI): m/z: calcd for CisH21NNa™ [M+Na]* 274.1572, found 274.1558.

MeHN—Ph  N.(2-(p-Tolyl)but-3-en-2-yl)aniline (99dq): Yellow oil. 'H

7 MR (270 MHz, CDCl3):  1.67 (s, 3H), 2.33 (s, 3H), 4.11 (brs,

Me 1H), 5.18 (d, /= 10.5 Hz, 1H), 5.23 (d,J = 17.6 Hz, 1H), 6.34 (dd,
J=10.5,17.6 Hz, 1H), 6.41 (d, J= 7.3 Hz, 2H), 6.61 (t, J= 7.3 Hz, 1H), 6.97-7.04 (m,
2H), 7.13 (d, J = 8.4 Hz, 2H), 7.38 (d, J = 8.4 Hz, 2H). 3C{'H} NMR (67.8 MHz,
CDCl3): 6 21.0, 29.2, 60.0, 113.6, 115.7, 117.2, 126.1, 128.6, 129.2, 136.2, 142.3, 143.0,
145.8. IR (neat) 536, 693, 725, 749, 818, 923, 995, 1019, 1083, 1112, 1154, 1182, 1257,
1316, 1367, 1428, 1451, 1504, 1602, 2981, 3411 cm™'. HRMS (ESI): m/z: calcd for

Ci7HisN*™ [M-H]" 236.1439, found 236.1422.

o 4-(2-(o-Tolyl)but-3-en-2-yl)morpholine (99ea): Yellow oil. 'HNMR

" ( (270 MHz, CDCI3): 6 1.50 (s, 3H), 2.40-2.54 (m, 4H), 2.68 (s, 3H), 3.68
€ Me N

~ (t,J=4.6 Hz, 4H), 5.08 (dd, J = 1.1, 17.8 Hz, 1H), 5.24 (dd, J = 1.1,

10.8 Hz, 1H), 6.30 (dd, J = 10.8, 17.8 Hz, 1H), 7.06-7.13 (m, 3H), 7.32—

54



7.38 (m, 1H). BC{'H} NMR (67.8 MHz, CDCl3): § 18.2, 22.2, 46.9, 65.8, 67.7, 114.3,
125.5,126.6, 127.4, 132.7, 137.5, 140.9, 143.3. IR (neat) 667, 728, 760, 858, 881, 922,
957, 998, 1050, 1068, 1118, 1140, 1270, 1362, 1413, 1454, 1716, 2850, 2955 cm™.
HRMS (ESI): m/z: calcd for Ci1sHoNO* [M-H]" 230.1545, found 230.1554.

"By N-Butyl-N-methyl-2-(o-tolyl)but-3-en-2-amine (99em): Yellow oil.
Me Me N-Me

. 'HNMR (270 MHz, CDCls): § 0.87 (t, J = 7.2 Hz, 3H), 1.19-1.33 (m,
@N 2H), 1.37-1.46 (m, 2H), 1.47 (s, 3H), 2.08 (s, 3H), 2.15-2.28 (m, 1H),
2.32-2.44 (m, 1H), 2.64 (s, 3H), 5.05 (dd, J = 1.4 Hz, 17.6 Hz, 1H),
5.18 (dd, J = 1.4 Hz, 10.8 Hz, 1H), 6.30 (dd, J = 10.8 Hz, 17.6 Hz, 1H), 7.07-7.11 (m,
3H), 7.34-7.40 (m, 1H). "“C{'H} NMR (67.8 MHz, CDCl;5): § 14.1, 18.2, 20.6, 22.2,
31.2,35.1,51.0, 66.6, 113.3, 125.3, 126.3, 127.1, 132.6, 137.6, 142.1, 144.9. IR (neat)
667, 728, 759, 916, 1014, 1048, 1119, 1242, 1364, 1457, 1746, 2794, 2859, 2956 cm ™.
HRMS (ESI): m/z: calcd for CiH24N™ [M-H]" 230.1909, found 230.1909.

Me MeHN-Bn NN-Benzyl-2-(o-tolyl)but-3-en-2-amine (99e0): Yellow oil. 'H NMR

(270 MHz, CDCls): 6 1.47 (brs, 1H), 1.65 (s, 3H), 2.53 (s, 3H), 3.41 (d,

J=12.4 Hz, 1H), 3.60 (d, /= 12.4 Hz, 1H), 5.11 (dd, J=1.1, 17.4 Hz,

1H), 5.15(dd,J=1.1,10.8 Hz, 1H), 6.12 (dd, J=10.8, 17.4 Hz, 1H), 7.12-7.24 (m, 4H),

7.26-7.34 (m, 4H), 7.51-7.55 (m, 1H). 3C{'H} NMR (67.8 MHz, CDCls): §22.2, 26.3,

47.3, 61.6, 112.0, 125.5, 126.7, 126.9, 127.5, 128.1, 128.3, 132.5, 137.3, 141.3, 142.6,

145.1. IR (neat) 465,917,997, 1029, 1049, 1123, 1217, 1289, 1367, 1407, 1487, 1604,

1635, 1716, 2974, 3026, 3061, 3310 cm™!. HRMS (ESI): m/z: calcd for CisHxnN*
[M+H]* 252.1752, found 252.1762.

Me MeHN—Ph N-(2-(o-Tolyl)but-3-en-2-yl)aniline (99eq): Yellow oil. 'H NMR

(270 MHz, CDCls):  1.78 (s, 3H) 2.4 (s, 3H), 4.00 (brs, 1H), 5.13 (dd,
J=10.8, 17.3 Hz, 1H), 5.16 (dd, J = 0.8, 10.7 Hz, 1H), 6.34-6.39 (m,
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2H), 6.35 (dd, J=10.7, 17.3 Hz, 1H), 6.56-6.63 (m, 1H), 6.94-7.02 (m, 2H), 7.07-7.12
(m, 1H), 7.14-7.23 (m, 2H), 7.49-7.54 (m, 1H). "C{'H} NMR (67.8 MHz, CDCl3): §
22.1, 274, 61.0, 112.7, 114.8, 117.2, 126.0, 127.1, 127.3, 128.7, 132.8, 136.8, 142.2,
143.6, 145.9. IR (neat) 693, 730, 749, 922, 994, 1051, 1257, 1289, 1319, 1366, 1457,
1498, 1602, 1736,2979, 3412 cm™'.  HRMS (ESI): m/z: calcd for C17Hi9NNa* [M+Na]*
260.1415, found 260.1422.

(io) 4-(2-(Naphthalen-2-yl)but-3-en-2-yl)morpholine (99fa): Yellow
Me N

4
OO 4H), 3.70 (t, J = 4.6 Hz, 4H), 5.21 (dd, J = 1.1, 17.6 Hz, 1H), 5.26
(dd, J= 1.1, 10.8 Hz, 1H), 6.15 (dd, J = 10.8, 17.6 Hz, 1H), 7.40—

oil. 'H NMR (270 MHz, CDCls): & 1.55 (s, 3H), 2.44-2.59 (m,

7.48 (m, 2H), 7.78-7.81 (m, 5H). 3C{'H} NMR (67.8 MHz, CDCLy): § 17.8,47.1, 64.5,
67.9, 114.5, 125.1, 125.5, 125.7, 125.8, 127.4, 127.9, 128.0, 132.3, 133.3, 142.5, 143.9.
IR (neat) 503, 585, 609, 723, 753, 863, 953, 972, 1006, 1031, 1067, 1189, 1362, 1413,
1454, 1496, 1604, 1637, 1747, 3025, 3083 cm™'. HRMS (ESI): m/z: caled for
CisH:NO* [M+H]" 268.1701, found 268.1700.

By N-Butyl-N-methyl-2-(naphthalen-2-yl)but-3-en-2-amine
Me ‘Nj/'e (99fm): Yellow oil. 'H NMR (270 MHz, CDCl3): 5 0.84 (t, J =
OO 7.3 Hz, 3H), 1.18-1.31 (m, 2H), 1.39-1.48 (m, 2H), 1.51 (s, 3H),
2.19 (s, 3H), 2.22-2.27 (m, 1H), 2.34-2.44 (m, 1H), 5.17 (dd, J =

1.4,17.6 Hz, 1H), 5.21 (dd, J= 1.4, 10.8 Hz, 1H), 6.15 (dd, J=10.8, 17.6 Hz, 1H), 7.37—
7.48 (m, 2H), 7.77-7.82 (m, 5H). BC{'H} NMR (67.8 MHz, CDCl5): § 14.2, 18.3,20.4,
31.3,35.5,51.4,65.6,113.7,124.7,125.4,125.7,125.8,127.4, 127.6, 128.0, 132.3, 133.3,
143.3, 145.5. IR (neat) 477, 746, 821, 857, 916, 1004, 1111, 1127, 1189, 1272, 1365,
1410, 1463, 1502, 1599, 1631, 1721, 2794, 2859, 2955, 3057 cm™!. HRMS (ESI): m/z:

calcd for C19HosNNa™ [M+Na]™ 310.1572, found 310.1563.
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MeHN-Bn N-Benzyl-2-(naphthalen-2-yl)but-3-en-2-amine (99fo): Yellow
OO 7 il "HNMR (270 MHz, CDCls): 8 1.57 (brs, 1H), 1.67 (s, 3H).
3.59 (d, J=12.7 Hz, 1H), 3.65 (d, J=12.7 Hz, 1H), 5.26 (dd, J =
1.1,10.5 Hz, 1H), 5.29 (dd, J= 1.1, 17.6 Hz, 1H), 6.18 (dd, J=10.5, 17.6 Hz, 1H), 7.19—
7.49 (m, 7H), 7.68-7.72 (m, 1H), 7.77-7.85 (m, 3H), 7.92-7.93 (m, 1H). "3C{'H} NMR
(67.8 MHz, CDCl:): 4 26.0, 47.4, 60.8, 113.2, 124.9, 125.3, 125.7, 125.9, 126.8, 127.4,
127.8,128.06, 128.13, 128.3, 132.3,133.2, 141.2, 143.6, 144.8. IR (neat) 478, 618, 820,
858, 920, 950, 999, 1028, 1066, 1130, 1188, 1273, 1368, 1410, 1452, 1496, 1600, 1631,
1713, 2976, 3027, 3058, 3321 cm'!. HRMS (ESI): m/z: caled for C2iHoN® [M+H]*
268.2065, found 268.2057.

MeHN—-Ph N-(2-(Naphthalen-2-yl)but-3-en-2-yl)aniline (99fq): White
OO Z solid. Mp. 84-86 °C. 'H NMR (270 MHz, CDCl3): & 1.76 (s,
3H), 4.20 (brs, 1H), 5.24 (dd, J = 1.1, 10.5 Hz, 1H), 5.30 (dd, J =
1.1, 17.6 Hz, 1H), 6.40-6.44 (m, 2H), 6.45 (dd, J = 10.5, 17.6 Hz, 1H), 6.58-6.64 (m,
1H), 6.94-7.01 (m, 2H), 7.40-7.48 (m, 2H), 7.66—7.69 (m, 1H), 7.78-7.82 (m, 3H), 7.92—
7.93 (m, 1H). BC{'H} NMR (67.8 MHz, CDCl3): § 29.1, 60.3, 114.0, 115.7, 117.4,
124.6, 124.9,125.7, 125.9, 127.5, 128.1, 128.3, 128.6, 132.4, 133.4, 142.7, 143.0, 145.7.
IR (KBr) 478, 694, 748, 821, 859, 924, 995, 1032, 1129, 1181, 1257, 1316, 1370, 1428,
1499, 1601, 1737, 3054, 3408 cm™!. HRMS (ESI): m/z: caled for C2oHisN* [M-H]*
272.1439, found 272.1467.

0 4-(3-Methyl-5-phenylpent-1-en-3-yl)morpholine (99ga): Yellow oil.
1 . =

Mo NJ H NMR (270 MHz, CDCls): 6 1.13 (s, 3H), 1.77 (t, J = 8.8 Hz, 2H),

PhW 2.51-2.70 (m, 2H), 2.56 (t, J = 4.6 Hz, 4H), 3.70 (t, J = 4.6 Hz, 4H),

5.09 (dd, J= 1.4, 10.8 Hz, 1H), 5.20 (dd, J= 1.4, 17.8 Hz, 1H), 5.87 (dd, J=10.8, 17.8

Hz, 1H), 7.14-7.19 (m, 3H), 7.24-7.30 (m, 2H). BC{'H} NMR (67.8 MHz, CDCI3): §

16.7, 30.2, 40.8, 46.5, 60.5, 67.8, 114.4, 125.7, 128.2, 128.4, 143.0, 143.6. IR (neat)

57



503, 585, 609, 723, 753, 863, 953, 972, 1006, 1031, 1067, 1189, 1362, 1413, 1454, 1496,
1604, 1637, 1747, 3025, 3083 cm™'. HRMS (ESI): m/z: caled for C16Ha4NO* [M+H]*
246.1858, found 246.1829.

"Bu N-Butyl-N,3-dimethyl-5-phenylpent-1-en-3-amine (99gm): Yellow
Me N-M
Ph/\;ve oil. 'HNMR (270 MHz, CDCls): 6 0.91 (t, J = 7.3 Hz, 3H), 1.10 (s,

3H), 1.24-1.47 (m, 4H), 1.74-1.80 (m, 2H), 2.20 (s, 3H), 2.25-2.45
(m, 2H), 2.49-2.70 (m, 2H), 5.06 (dd, J = 1.4, 17.8 Hz, 1H), 5.14 (dd, J = 1.4, 10.8 Hz,
1H), 5.91 (dd, J=10.8, 17.8 Hz, 1H), 7.13-7.18 (m, 3H), 7.24-7.30 (m, 2H). *C{'H}
NMR (67.8 MHz, CDCl3): ¢ 14.2, 16.5, 20.7, 30.5, 31.6, 34.8, 41.8, 50.8, 61.2, 113.3,
125.5, 128.3 (2), 143.4, 144.9. IR (neat) 697, 754, 915, 1012, 1365, 1413, 1455, 1496,
1741, 2794, 2860, 3026, 3084 cm™'. HRMS (ESI): m/z: calcd for Ci7HxsN" [M+H]*
246.2222, found 246.2244.

MeHN-Bn N-Benzyl-3-methyl-5-phenylpent-1-en-3-amine (99go): Yellow oil.
Ph Z 'H NMR (270 MHz, CDCls): § 1.26 (brs, 1H), 1.28 (s, 3H), 1.78-1.85
(m, 2H), 2.64 (dd, J = 5.9 Hz, 11.1 Hz, 2H), 3.67(s, 2H), 5.15 (dd, J = 1.1, 17.8 Hz, 1H),
5.19 (dd, J = 1.1, 10.8 Hz, 1H), 5.91 (dd, J = 10.8, 17.8 Hz, 1H), 7.17-7.19 (m, 3H),
7.24-7.37 (m, 7TH). C{'H} NMR (67.8 MHz, CDCls): § 23.7, 30.3, 42.2, 47.0, 57.2,
113.3, 125.7, 126.8, 128.2, 128.32, 128.35, 128.4, 141.3, 142.8, 145.2. 1R (neat) 698,
918, 1001, 1029, 1071, 1247, 1370, 1411, 1454, 1496, 1604, 1737, 2935, 3026, 3062,
3317 em™!.  HRMS (ESI): m/z: caled for CioHasNNa® [M+Na]® 268.2041, found

268.2056.

MeHN—-Ph  N-(3-Methyl-5-phenylpent-1-en-3-yl)aniline (99gq)>*: Yellow oil.
Ph™ ™ 'H NMR (270 MHz, CDCLs): 6 1.42 (s, 3H), 1.83-1.98 (m, 1H), 2.00—
2.13 (m, 1H), 2.55-2.73 (m, 2H), 3.70 (brs, 1H), 5.20 (dd, /= 1.1, 10.8 Hz, 1H), 5.22 (dd,

J=1.1,17.6 Hz, 1H), 6.01 (dd, J=10.8, 17.6 Hz, 1H), 6.66—6.72 (m, 3H), 7.08-7.19 (m,
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5H), 7.23-7.29 (m, 2H). "C{'H} NMR (67.8 MHz, CDCl3): § 25.1, 30.1, 42.8, 57.2,
113.8,115.7,117.5, 125.8, 128.3, 128.4, 128.8, 142.2, 145.1, 146.4. IR (neat) 498, 696,
748, 920, 996, 1032, 1180, 1256, 1318, 1371, 1411, 1428, 1454, 1497, 1601, 1712, 2932,
3025, 3085, 3410 cm ™.

( j} 4-(3-Phenylpent-1-en-3-yl)morpholine (103aa): Yellow oil. 'H

Et N NMR (270 MHz, CDCl3): 6 0.59 (t, J= 7.3 Hz, 3H), 1.67-1.80 (m, 1H),

7 1.81-1.94 (m, 1H), 2.38-2.53 (m, 4H), 3.64-3.76 (m, 4H), 5.21 (dd, J =

1.6, 17.8 Hz, 1H), 5.49 (dd, J = 1.6, 11.1 Hz, 1H), 5.99 (dd, J = 11.1,

17.8 Hz, 1H), 7.18-7.34 (m, 3H), 7.41-7.45 (m, 2H). BC{'H} NMR (67.8 MHz,
CDCl3): 6 8.1, 28.8,47.1,67.2,67.8,116.3, 126.4, 127.6, 128.1, 137.6, 143.3. IR (neat)
706, 759, 875, 922, 984, 1118, 1266, 1446, 1489, 2849, 2967 cm!. HRMS (ESI): m/z:

calcd for CisH2,NO* [M+H]" 232.1701, found232. 1697.

O 1-(3-Phenylpent-1-en-3-yl)piperidine (103ab): Yellow oil. 'H NMR

Et_ N (270 MHz, CDCl5): 8 0.59 (t, J= 7.4 Hz, 3H), 1.38-1.47 (m, 2H), 1.51—

1.59 (m, 4H), 1.62—1.72 (m, 1H), 1.86—-1.99 (m, 1H), 2.32-2.41 (m, 4H),

5.17(dd,J=1.4,17.8 Hz, 1H), 5.41 (dd,J= 1.4, 11.3 Hz, 1H), 5.99 (dd,

J =113, 17.8 Hz, 1H), 7.17-7.33 (m, 3H), 7.43-7.46 (m, 2H). *C{'H} NMR (67.9

MHz, CDCl;): 6 7.9, 25.3,26.9,29.2,47.8, 67.6, 115.2, 126.0, 127.4, 128.0, 138.8, 144.6.

IR (neat) 705, 757, 919, 972, 1032, 1070, 1111, 1153, 1273, 1445, 1489, 2804, 2850,

2931, 2977 cm™'. HRMS (ESI): m/z: calcd for Ci¢H24N* [M+H]" 230.1909, found
230.1911.

1-(3-Phenylpent-1-en-3-yl)pyrrolidine (103ac): Yellow oil. '"H NMR
N (270 MHz, CDCls): 6 0.60 (t, J = 7.4 Hz, 3H), 1.67-1.81 (m, 1H), 1.82—
1.95 (m, 1H), 2.39-2.54 (m, 4H), 3.65-3.77 (m, 4H), 5.22 (dd, J = 1.1,

17.8 Hz, 1H), 5.50 (dd, J=1.1, 11.3 Hz, 1H), 6.00 (dd, J=11.3, 17.8 Hz,
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1H), 7.20-7.35 (m, 3H), 7.43-7.46 (m, 2H). 3C{'H} NMR (67.9 MHz, CDCls): § 8.1,
28.8,36.1,47.1, 67.1, 67.8, 116.3, 126.4, 127.6, 128.1, 137.6. IR (neat) 555, 706, 875,
922,984, 1118, 1266, 1377, 1447, 1489, 2849, 2966 cm™'. HRMS (ESI): m/z: caled for
CisHaoN* [M+H]* 216.1752, found 216.1764.

Et_ NMeBn N-Benzyl-N-methyl-3-phenylpent-1-en-3-amine (103al): Yellow oil.

Z "H NMR (270 MHz, CDCl3):  0.67 (t, J= 7.4 Hz, 3H), 1.79-2.02 (m,

2H), 2.06 (s, 3H), 3.37 (d, /= 14.0 Hz, 1H), 3.57 (d, J = 14.0 Hz, 1H),

527 (dd,J=1.1, 17.8 Hz, 1H), 5.54 (dd, J= 1.1, 11.1 Hz, 1H), 6.08 (dd, J = 11.1, 17.8
Hz, 1H), 7.18-7.40 (m, 8H), 7.55-7.58 (m, 2H). '*C{'H} NMR (67.9 MHz, CDCl3): §
8.6,29.7,34.8,55.7,68.0,116.2,126.4,127.7,127.9, 128.05, 128.13, 137.4, 140.9, 144.5.
IR (neat) 704, 734, 760, 923, 1011, 1122, 1447, 1493, 2792, 2977 cm™!.  HRMS (ESI):

m/z: calcd for C1oH24N* [M+H]* 266.1909, found 266.1909.

Et. NHBn N-Benzyl-3-phenylpent-1-en-3-amine (103a0): Yellow oil. 'H NMR

(270 MHz, CDCL3): § 0.80 (t, J = 7.4 Hz, 3H), 1.60 (brs, 1H), 1.96 (q, J

— 7.4 Hz, 2H), 3.50 (s, 2H), 5.25-5.32 (m, 2H), 5.97 (dd, J = 11.1, 17.4

Hz, 1H), 7.19-7.25 (m, 2H), 7.27-7.39 (m, 6H), 7.51-7.54 (m, 2H). *C{'H} NMR

(67.9 MHz, CDCl3): 6 7.9, 29.9, 46.7, 63.4, 113.5, 126.4, 126.8, 127.1, 128.0, 128.2,

128.3,141.2,143.7,144.7. IR (neat) 551, 701, 763, 918, 1000, 1029, 1068, 1454, 1494,

1602, 2934,2970,3027 cm™'. HRMS (ESI): m/z: calcd for C1sHoN* [M+H]* 252.1752,
found 252.1749.

Et NHPr N-Isopropyl-3-phenylpent-1-en-3-amine (103av): Yellow oil. 'H
NMR (270 MHz, CDCl3): 6 0.72 (t,J= 7.6 Hz, 3H), 0.94 (d, /= 6.5 Hz,
6H), 1.30 (brs, 1H), 1.89 (q, J = 7.6 Hz, 2H), 2.76 (7, J = 6.5 Hz, 1H),

5.20(dd, J=1.3,17.3 Hz, 1H), 5.22 (dd, J = 1.3, 11.6 Hz, 1H), 5.93 (dd, J = 11.6, 17.3
Hz, 1H), 7.17-7.35 (m, 3H), 7.42-7.47 (m, 2H). "3C{'H} NMR (67.9 MHz, CDCl3): §
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8.3,25.7,25.8,30.0,43.2, 63.8, 112.7, 126.3, 127.3, 127.7, 144.8. IR (neat) 701, 762,
916, 999, 1146, 1274, 1378, 1457, 1747, 2874, 2962cm™'. HRMS (ESI): m/z: caled for
CisHoN* [M+H]" 204.1752, found 204.1748.

Et NHPh N-(3-Phenylpent-1-en-3-yl)aniline (103aq): Yellow oil. 'H NMR

7 (270 MHz, CDCl3): 6 0.81 (t,J = 7.4 Hz, 3H), 1.89-2.17 (m, 2H), 4.22

(brs, 1H), 5.23 (d, J=10.5 Hz, 1H), 5.24 (d, J=17.3 Hz, 1H), 6.31 (dd,

J=10.5,17.3 Hz, 1H), 6.37 (d, J= 7.6 Hz, 1H), 6.59 (t,J = 7.6 Hz, 1H), 6.96-7.02 (m,

2H), 7.19-7.34 (m, 3H), 7.45-7.48 (m, 2H). 3C{'H} NMR (67.9 MHz, CDCl3): 5 8.1,

35.1, 63.1, 114.5, 115.6, 117.0, 126.5, 126.8, 128.3, 128.4, 140.9, 143.9, 145.6. IR

(neat) 419, 434, 700, 748, 923, 1255, 1313, 1446, 1504, 1601, 2969cm!. HRMS (ESI):
m/z: calcd for C17H2oN™ [M+H]* 238.1596, found 238.1569.

0 4-(3-Phenylhept-1-en-3-yl)morpholine (103ba): Colorless oil. 'H

NJ NMR (270 MHz, CDCls): & 0.75-0.88 (m, 3H), 0.91-1.00 (m, 2H),

7 1.09-1.26 (m, 2H), 1.64-1.86 (m, 2H), 2.38-2.53 (m, 4H), 3.64-3.80

(m, 4H), 5.21 (dd,J=1.1,17.8 Hz, 1H), 5.48 (dd, J=1.1, 11.3 Hz, 1H),

5.99 (dd,J=11.3,17.8 Hz, 1H), 7.19-7.46 (m, 5SH). BC{'H} NMR (67.9 MHz, CDCl3):

0 14.0, 23.1, 25.7, 36.2, 47.1, 66.8, 67.8, 116.2, 126.4, 127.7, 128.0, 137.9, 143.8. IR

(neat) 591, 706, 763, 867, 921, 1010, 1118, 1270, 1413, 1446, 1490, 1600, 1749, 2852,

2956 cm™!.  HRMS (ESI): m/z: calcd for Ci17H26NO™ [M+H]* 260.2014, found 260.1991.

( O 4-(1-Methoxy-2-phenylbut-3-en-2-yl)morpholine (103ca): Colorless

MeO— N oil. 'H NMR (270 MHz, CDCl3): 8 2.53-2.66 (m, 4H), 3.26 (s, 3H),
(fv 3.69 (t,J=4.5 Hz, 4H), 3.83 (d, /= 2.7 Hz, 2H), 5.20 (dd, J=1.1, 17.8
Hz, 1H), 5.38 (dd, J = 1.1, 11.3 Hz, 1H), 5.96 (dd, J = 11.3, 17.8 Hz,

1H), 7.20-7.35 (m, 3H), 7.48-7.53 (m, 2H). 3C{'H} NMR (67.9 MHz, CDCl5): § 47.8,
59.2,67.1,67.9,75.3,116.2,126.8,127.9, 128.0, 138.4, 142.3. IR (neat) 418, 559, 702,
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766, 861,956,1010, 1117, 1268, 1448, 1490, 1750, 2851,2956cm™'. HRMS (ESI): m/z:
calcd for CisH2oNO>" [M+H]" 248.1651, found 248.1634.

O 4-(1,2-Diphenylbut-3-en-2-yl)morpholine (103da): Colorless oil. 'H

Ph N‘) NMR (270 MHz, CDCl3): 6 2.50-2.58 (m, 2H), 2.62-2.70 (m, 2H), 3.06
@/ (d,J=13.2 Hz, 1H), 3.20 (d, /= 13.2 Hz, 1H), 3.69-3.77 (m, 4H), 5.36
(dd,J=1.3,17.8 Hz, 1H), 5.57 (dd, J=1.3, 11.1 Hz, 1H), 5.99 (dd, J =

11.1, 17.8 Hz, 1H), 6.64—6.68 (m, 2H), 6.99-7.41 (m, 8H). C{'H} NMR (67.9 MHz,
CDCl): 6 42.7,47.6, 67.6, 68.6, 117.1, 125.7, 126.5, 127.1, 127.3, 128.5, 130.8, 137.4,

137.7,141.9. 1R (neat) 934, 1118, 1268, 1455, 1496, 1748, 2956 cm™!. HRMS (ESI):
m/z: calcd for C2oH24NO™ [M+H]* 294.1858, found 294.1842.

( :)) 4-(1,1-Diphenylallyl)morpholine (104ga): White solid. Mp. 81-84

Ph N °C 'HNMR (270 MHz, CDCls): 6 2.42 (t,J=4.3 Hz, 4H), 3.78 (t,J =

7 4.3 Hz, 4H), 5.20 (dd, /=13, 17.8 Hz, 1H), 5.46 (dd, /= 1.3, 11.1 Hz,

1H), 6.18 (dd, J=11.1, 17.8 Hz, 1H), 7.12-7.17 (m, 2H), 7.23-7.29 (m,

4H), 7.43-7.47 (m, 4H) . "BC{'H} NMR (67.9 MHz, CDCl3):  48.3, 67.7, 73.4, 117.2,
126.2,127.8, 128.6, 139.0, 142.5. IR (neat) 563, 709, 770, 873, 922, 1003, 1116, 1263,
1448, 1489, 2846, 2960 cm™'. HRMS (ESI): m/z: caled for CioHNO* [M+H]*

280.1701, found 280.1715.

Ph NEt, N,N-Diethyl-1,1-diphenylprop-2-en-1-amine (104bk): Colorless oil.

Z I NMR (270 MHz, CDCL3): 5 1.11 (t, J = 7.3 Hz, 6H), 2.46 (q, J = 7.3

Hz, 4H), 5.08 (dd, J= 1.3, 17.8 Hz, 1H), 5.39 (dd, J= 1.3, 11.3 Hz, 1H),

6.27 (dd, J = 11.3, 17.8 Hz, 1H), 7.10-7.15 (m, 2H), 7.21-7.27 (m, 4H), 7.46-7.50 (m,
4H). BC{'H} NMR (67.9 MHz, CDCl5): 5 16.8, 46.9, 75.6, 116.2, 125.9, 127.6, 128.6,
139.7, 145.0. IR (neat) 570, 707, 744, 767, 920, 1029, 1196, 1385, 1447, 1490, 1599,

2968, 3058 cm™'. HRMS (ESI): m/z: calcd for CioH4N* [M+H]" 266.1909, found
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266.1906.

Ph. NHBn N-Benzyl-1,1-diphenylprop-2-en-1-amine>* (104bo): Colorless oil.

Z I NMR (270 MHz, CDCls): § 1.82 (brs, 1H), 3.50 (s, 2H), 5.22-5.33

(m, 2H), 6.45 (dd, J = 107, 17.1 Hz, 1H), 7.14-7.45 (m, 15H).

BC{'H} NMR (67.8 MHz, CDCl3): & 47.6, 68.0, 114.4, 126.6, 126.8, 127.9, 127.98,
128.02,128.3,141.1, 142.6, 145.4. 1R (neat) 409, 547, 699, 765, 924, 1029, 1072, 1180,

1453, 1493, 1600, 2846, 3027 cm ™.

Ph_ NHPh  N-(1,1-Diphenylallyl)aniline®' (104bq): White solid. Mp. 126-128
7o HNMR (270 MHz, CDCl3): & 4.59 (s, 1H), 5.28 (d, J = 17.0 Hz,

1H), 5.43 (d, J = 10.5 Hz, 1H), 6.43 (d, J = 8.6 Hz, 2H), 6.47 (dd, J =

10.5,17.0 Hz, 1H), 6.61 (t, /= 7.6 Hz, 1H), 7.00 (t, J = 7.6 Hz, 2H), 7.12—7.40 (m, 10H),
BC{'H} NMR (67.8 MHz, CDCl): § 67.9, 116.1, 117.0, 117.1, 127.0, 128.0, 128.27,
128.29, 139.3, 144.7, 145.5. IR (neat) 700, 750, 928, 1255, 1312, 1445, 1498, 1600,

3055, 3417 cm™\.

Ph_NHBn N-Benzyl-1-(naphthalen-2-yl)-1-phenylprop-2-en-1-amine
OO 7 (104co): Colorless oil. "H NMR (270 MHz, CDCls): & 1.88 (brs,
1H), 3.51 (d, J=13. 2 Hz, 1H), 3.58 (d, J = 13.2 Hz, 1H), 5.31 (d,
J=17.3 Hz, 1H), 5.38 (d, /= 11.1 Hz, 1H), 6.59 (dd, J=11.1, 17.3 Hz, 1H), 7.21-7.89
(m, 13H), 7.70-7.49 (m, 3H), 7.97 (s, 1H). BC{'H} NMR (67.8 MHz, CDCl;): § 47.7,
68.1, 114.7, 125.8, 126.0, 126.2, 126.7, 126.8, 127.4, 127.7, 127.97, 128.05, 128.10,
128.2,128.3, 132.3, 133.1, 141.1, 142.4, 142.8, 145.4, one peak for aromatic carbon was
not found probably due to overlapping. IR (neat) 477, 701, 746, 783, 820, 924, 1453,
1494, 1599, 3057cm™!.  HRMS (ESI): m/z: caled for CosH2aN* [M+H]" 350.1909, found
350.1889.
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Ph NHBn N_Benzyl-1-phenyl-1-(o-tolyl)prop-2-en-1-amine (104do): Colorless
=
oil. M NMR (270 MHz, CDCls): 8 1.95 (s, 3H), 3.28 (d, J= 13.0 Hz,

Me 1H), 3.58 (d, J= 13.0 Hz, 1H), 5.16 (dd, J= 1.4, 17.0 Hz, 1H), 5.22 (dd,
J=14,10.5 Hz, 1H), 6.63 (dd, J = 10.5, 17.0 Hz, 1H), 7.08-7.39 (m, 13H), 7.67-7.70
(m, 1H). '*C{'H} NMR (67.8 MHz, CDCls): § 21.6, 48.0, 68.0, 113.1, 125.4, 126.0,
126.3, 126.79, 126.85, 127.1, 128.1, 1283, 128.7, 132.4, 137.4, 141.2, 142.4, 142.5,
145.9. IR (neat) 669, 699, 730, 921, 1029, 1455, 1490, 1541, 1601, 3025 cm™'. HRMS

(ESI): m/z: calcd for CosHosN* [M+H]* 314.1909, found 314.1908.

Ph len N-Benzyl-1-phenyl-1-(p-tolyl)prop-2-en-1-amine (104e0):
Colorless oil. 'HNMR (270 MHz, CDCI3): § 1.80 (brs, 1H), 2.31

Me (s, 3H), 3.49 (s, 2H), 5.26 (dd, J= 1.3, 17.0 Hz, 1H), 5.29 (dd, J =
1.3,10.8 Hz, 1H), 6.44 (dd, J=10.8, 17.0 Hz, 1H), 7.09-7.45 (m, 14H). '*C{'H} NMR
(67.8 MHz, CDCl3): 6 21.0, 47.6, 67.8, 114.1, 126.5, 126.7, 127.8, 127.9, 128.0, 128.3,
128.7, 136.1, 141.2, 142.5, 142.8, 145.6, one peak for aromatic carbon was not found
probably due to overlapping. IR (neat) 559, 701, 771, 817,923, 1028, 1219, 1454, 1495,
1508, 1602, 3025 cm™'. HRMS (ESI): m/z: calcd for C23Ho4N* [M+H]* 314.1909, found

314.1908.

Ph NHBn N-Benzyl-1-(4-chlorophenyl)-1-phenylprop-2-en-1-amine
=
(104fo): Colorless oil. '"H NMR (270 MHz, CDCls): & 1.79 (brs,

cl 1H), 3.48 (s, 2H), 5.24 (d, J = 17.5 Hz, 1H), 5.33 (d, J = 10.5 Hz,
1H), 6.41 (dd, J= 10.5, 17.5 Hz, 1H), 7.18-7.42 (m, 14H). 3C{'H} NMR (67.8 MHz,
CDCL): §47.6, 67.6, 114.9, 126.8, 126.9, 127.8, 128.0, 128.1, 128.2, 128.3, 129.4, 132.3,
140.8, 142.1, 144.0, 144.9. IR (neat) 439, 701, 827, 926, 1013, 1092, 1453, 1488, 3028

cm!.  HRMS (ESI): m/z: calcd for C2oHo CINT [M+H]" 334.1363, found 334.1357.
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Ph NHBn N-Benzyl-1-phenyl-1-(4-(trifluoromethyl)phenyl)prop-2-en-1-

amine (104go): Colorless oil. 'H NMR (270 MHz, CDCl;): §
FoC 1.83 (brs, 1H), 3.50 (s, 2H), 5.27 (dd, J = 17.3, 0.8 Hz, 1H), 5.39
(dd, J=10.8, 0.8 Hz, 1H), 6.45 (dd, J= 10.8, 17.3 Hz, 1H), 7.22-7.44 (m, 10H), 7.55 (d,
J =89 Hz, 2H), 7.60 (d, J = 8.9 Hz, 2H). >C{'H} NMR (67.8 MHz, CDCls): 5 47.6,
68.0, 115.3, 124.2 (q, Jcr = 270.3 Hz), 125.0 (q, Jcr = 3.8 Hz), 126.96, 126.98, 127.8,
128.0, 128.26, 128.28, 128.4, 128.8 (q, Jcr = 32.2 Hz), 140.7, 141.9, 144.7, 149.5. °F
NMR (470 MHz, CDCls): § 99.3 (s, 3F). IR (neat) 701, 842, 1017, 1068, 1124, 1165,
1327, 1409, 1454, 1494, 1616, 3029 cm™'. HRMS (ESI): m/z: calcd for Co3HaFsN*

[M+H]" 368.1626, found 368.1614.

Ph NHBn 1-([1,1'-Biphenyl]-4-yl)-N-benzyl-1-phenylprop-2-en-1-amine
=

(104ho): Colorless oil. 'H NMR (270 MHz, CDCls): § 1.81 (brs,
il 1H), 3.54 (s, 2H), 5.31 (d, J = 17.0 Hz, 1H), 5.35 (d, J = 10.5 Hz,
1H), 6.48 (dd, J=10.5, 17.0 Hz, 1H), 7.18-7.59 (m, 19H). BC{'H} NMR (67.8 MHz,
CDCl): & 47.6, 67.9, 114.5, 126.6, 126.7, 126.8, 127.0, 127.2, 127.96, 128.00, 128.1,
128.3, 128.4, 128.7, 139.3, 140.7, 141.1, 142.6, 144.5, 145.3. IR (neat) 697, 734, 839,
922, 1007, 1028, 1454, 1487, 1600, 2846, 3028 cm™!. HRMS (ESI): m/z: caled for

CasHa6N™ [M+H]" 376.2065, found 376.2067.
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HFEER-ZRT I VIF 1 20ERFEF & 300 RL 2 RFEWIL L FFO
AENMERRFETLEE T 2LEYHCcH Y, KAYE X EYEEYE &
PR REA R CICHEBEICRONE 1. ZDa-EHRT I v Db, eEiE e &
BT ILT I v EERERILFCECTEEAEREHKO —2OTHY, <
NOEBRT B720ICT F I v ~DT AT = AKIGREDARFE 1, 2-6HINE 23,
T U A I X =t DA aza-Clisen (Overman)¥ishiz 4, L7213 AFT VAALT I/
ERISDBIFR E T & 72, Hlx X, 2011 FITHR S 1E Rh(I)/diene FCAZ T (L15)fk
B2 5 IV 105 OAF 12-fICICAITHE L xmEL T3
(Scheme 2-1)%2, Z DEDWIET, B YV L2721 Tl =y 7, a b,
B X Ol A 1,2-M SO0 % B3Il 32 2 & %, W O Dfff5t s
N—THBEL TS 3,

Ph digxane Ar
80°C,24h Ar = 4-CF43CgH,
105 106 107

2.5 mol% [RhCI(L15)], Me NHNs
NS~ KF3B MeOH (3 equiv) . ; Ar
o0 &
Me

L15

Scheme 2-1. Rhodium-catalyzed enantioselective addition of alkenylboron reagent to ketimine

2007 4FIC Peters © 1% Pd A7 aza-Clizen 85712 X B a,0- BT VLT 2
F 109 DERKICOWTHEE L T 5 (Scheme 2-2). ZDOKIGTIE, A RT L F
NEHFEAETEZT7IA M) 7044 I X8—1F 108 2 bEnTF v FHER
HECAEE Ro,o- BT VAT I F 109 23T 5.
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0.5-4.0 mol% 110 T

AgTFA (3.75 equiv) CFg Ph _—Pd=X
R NPMP PS (3.0 equiv) o=( Ph\"z_Nu\é
Ja~ A R' N-PMP TS '
R2 A 0~ “CF, 2.5-10 days v Ph g—; Ph
CH2C|2, 50 °C R1 Ph Ph
108 109 Ph
110
CFs CFs CFs CFs
o= 0= o= o=
Me,_ N-PMP Me, N-PMP Me,_ N-PMP Me, N-PMP
o~ A Phw )\/\/&/ Bno. X~
94% vyield 79% yield 74% yield 84% vyield
99.6% ee 97% ee 98%ee 99% ee

Scheme 2-2. Palladium-catalyzed enantioselective aza-Claisen rearrangement

—HT, FiiThlRR7=BEHEEMEIC X 27 VAT 2 JERISIE, HF
EHERTIAT I VERKT 27200KDIERATHEHELRTFED 1 2TH S
o, LA Lads, BESEMEICE 2TV ANMNT I 2 {URIEEZRWT, ¥
ElEo,o- BT VAT I VEAKT 2 L IIRZICHEETH 5 2 LRAILN
TWw3, BIEE TIC, Nguyen HIC X - TiTbil7z v vy Afiiic X 2 RIG
(Scheme 2-3,a)” B L U Kleij HIC X 587 7 Afiiiic X 27 I 7 {LR)IG
(Scheme 2-3, b)® 23 A it Eo,a- —EIR T VLT I voAKEE LTAIL R TW
BH, VT = AMBECER I N BB TIcHlE IR Ty 4

b) Rh-catalyzed reaction

NH = 5 mol% [RhCl(ethylene),], Z R
)J\ — g2 10 mol% L4 Rt —R? /
Me O °CCl; * Rl A Me N7 X
N MTBE .

R = H 25°C 1 h
R = 4-FCBH4

57 58 59 La

b) Pd-catalyzed reaction

0 1.25 mol% Pd(dba)s-CHCl OO Ph,
O% 5 mol% L3 HO—, NHAr o/ Me
o +  HoNAr A/ OjP—N
gv THF, 0°C, 12h R O Ve
R ‘ Ph
45 46 47 L3

Scheme 2-3. Synthesis of a,o-disubstituted allylic amines by enantioselective allylic amination
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*ﬁf,CM%I%V?ﬁﬁﬁ%ﬁ7UWﬁ7°/mﬁm&iﬁﬁ%%?%
T IAT I VvOERDAIEEL 7t 5 FiED 1 21T, LATICiR~< % double inversion
mechanism ZF|H L 7208778 B A VoL 16 ol n U B
BB IEIC X o TERSINTEY, W22V —TBHEL T3
(Scheme 2-4). —f%iC, 7 U MLAY DES & @A~ O B LRI T INIAZ AL
D 5 (inversion) - THEIT L, 22 CTHEUZ o7 U A&tk ~o ki
HlOBED 7 LML DK% o TEFT T2 2 &M bN TS, 2D
& E, — R SR BT ) AMALERR)GIC B TE, RIGHEE DR LA
PRFEEINZ LR L TEY, HIZIX, mFF T V75T ) MEEY) homochiral-
m ZHw2 & X OZBLFESREF SN FMMER T ) A7 E #1K
homochiral-112 MG N5 L W5 2 ThHhD., 7z, T EIFFEIKRIC, T+3
K77 v FRT ) ALEY rac- 11 Z IGHEE & L TRIGZATY & 7+ Itho4g:
) rac-112 LS o N7 wd 22 Th b, ERE, 2% TTiR~7 double
inversion mechanism % | L 72 @B S @AM IC X 2 7 U AMLEBSOSICEE T %
A B nF o N T3 9 LarLZoigt A= HhT IV vbadx i
Wb oTHY, ERBEMBIC X ZEEE R =BT ) LAY V7252
RACEDIRFFIC K 2 7 U AL T I 7 ALRIGOBNIIRTE £ TITEREHIDI 700 29,

LG M] M] “Nu Nu
RS inversion R/%/ inversion R ™NF
homochiral-111 - - homochiral-112
n-allylmetal
intermediate Il
LG M] M Nu Nu
R;\/ R =
rac-111 - - rac-112
n-allylmetal

intermediate IV

Scheme 2-4. Double inversion mechanism in allylic substitution reactions

LEoEsodb &, RICEEZEHEERFE=RT INVZATArETE L
T, VMBRRFFICX 2T =y LT VLT I 2 ACRIGHSHEFT L, SeAiEE
oa,o- BT INT I VHEARAIRETH B LE L. £ I T, HAEERES
WMTINT X =P 2HOTE-ETRHELONLHELZ D L ITZERRENT ) v
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528 FEE=RT VT X — P OIRFFRNT VAT 2 ALRIED
Rt

Table 2-1. Ruthenium-catalyzed allylic amination of chiral tertiary allylic acetate
(R)-113a with aliphatic amines 98a—t**

Me, OAc 3 mol% Cp*RuCly/L12 Me, NR'R?
T + HNR'R2 )\/
Ph CH5CN Ph
(R)-113a 98a—t 60°C,19h (R)-114ab-at
93% ee 93% ee
>99% es®
(" () ()
Me NJ Me, N Me, N
ph7 N7 Ph)\/ ph7 N7
(R)-114aa: 92% (R)-114ab: 87% (R)-114ad: 82%
Ph
(NPh (NMe (NBOC @
Me, NJ Me NJ Me NJ Me, N
PR N7 Ph 7 Ph>\/ Ph>\/
(R)-114af: 80% (R)-114ag: 85% (R)-114ah: 91% (R)-114ai: 87%
Me Me
Me, N—Bn Me, N-"Bu Me, NHBn MeHN
Ph Ph Ph Ph
(R)-114al: 80% (R)-114am: 79% (R)-114a0: 85% (R)-114ap: 82%
MeO F3C .
Me, NH Me, NH Me, NH Me, NH
Ph>\/ PR N7 PR N7 Ph>\/
(R)-114aq: 85%7 (R)-114ar: 76%¢ (R)-114as: 48%¢ (R)-114at: 59%%¢

“Reaction conditions: 113a (0.3 mmol), 98a—t (0.6 mmol), Cp*RuCl, (0.009 mmol),
and L12 (0.009 mmol) in CH;CN (1.0 mL) at 60 °C for 19 h. ‘Isolated yields. ‘es
= [(product ee)/(starting material ee)] “Reaction was conducted in the presence of
DIPEA (0.6 mmol) “Reaction was conducted at 40 °C.

I, FEFIALR=ZRMTIATAI—AEZEKL Y, 2hizTFr{bd 3
TETHAWEERT VAT X — FR)-113a % 93%ce TH7-. XRIT, =TV
LT & & — FR)-113a # RKGFEE & LT, (EERN T VA7 2 7 ALR)E & [
RO RIGEE, $7bH 3mol%dD Cp*RuCly/5,5'-dimethyl-2,2'-bipyridyl (L12)fifE
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F7E T, CHsCN 1 60 °C T4 72 7 3 v KIGHI & @ Mt % 1T - 72 (Table 2-1).
FFBRIR T 2 v TH B morpholine (98a)& 7 VLT & X — b (R)-113a & DX
6% T 272, Z DFER, RRIGICBEBWTHHNE T ha,0-—BRTIALT IVvE
FLEERIICET X200, I HIIIAEEZRMT VT 2 X — F DKL

% FEA TR EF(>99% enantiospecificity: es) X & 5 Z & I L, HIYDO AN
BT INAT IV 114aa & NU%O IR CTR2L 2 L ICEIL. &b, T
7 2V 114aa OHMONECE X, HHECEZ GREE KT 2 22 ick ) RIATH
32 EHMERINS . F7, MOBIR T I v 98b-i & DG EIT o G A
THHMWDOT I LRGP EIT L, 114ab-ai 235 INE D> 0>99% es THH L7z,
Xic, FEBRIKR D 7 I v TH % methylbenzylamine (981) &5 X U8 N-
methylbutylamine (98m)% KAl & L CHWTKIEZ{To72& 25, -z nx
G35 T VAT IV 114al B XU 11d4am 25 BEF R IR TR O N2, TEIE &
7 1 v T»H % benzylamine (900)3% X UF butylamine (98p) & D JK)IGTI, MIE3 3
HFEER T VLT 1V 11420 B L U 1ldap % 82%F L U 85%D H WK T 45
Z 7z. XIZ, DIPEA f#1£ T T aniline (98q)% & U aniline #5E (R (98r—t) & D )G (1T
DWTHMEEITo7%. ZORR, Arr=v sfililERics b HIE T 5
oo BT VAT I v B AEEIRW 2 O SR & SEARICORRE L TG 2N
735622 L 7. BARINICIE, aniline (98q)3 &L Uf 4-methoxyaniline (98r) %
KAl LCTRHOWTRIGZIT) LIS TET7 I AT I VA 85%8 XU 76%
ERIFRICETCHNYITH 5 114aq B L O 1ldar BfF o N/, —T, 4-
trifluoromethylaniline (98s)35 & U} 1-naphtylamine (98t) % G IC W 5 &, Bl RIGT
B 5 WHERIC ST L, RIZERY)TH % 2-phenyl-1,3-butadiene (1152)23% £ 15 5
N372®, HWL T 5a,a-ZEIRT VLT 1V 114as 3 L O 114at O YK T2
FE (48-59%) ICHEE 2HEH & 7n o 72 223,
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Table 2-2. Ruthenium-Catalyzed Allylic Amination of Several Homochiral Allylic Acetates
113b-f with Amines 98a or 98q"

o 0

Me, OAc 3 mol% Cp*RUCI,/L12 ¢ )

BN [N] or @ P Me, N or
H

NH, CHLCN X Me, NH

60°C,19h R R™NF
(R)-113b—f 98a 98q (R)-114bafa (R)-114bg—fq
>98% es® >98% es®
entry 113: R (%oee) 98a or 98q Yield® (%) %ee of 114

1 113b: 4-CICsH4 (93) 98a 82 93
2¢ 113b 98q 84 93
3 113c: 4-FCgH4 (96) 98a 80 96
4¢ 113c 98q 89 96
5 113d: 4-MeOCgsH4 (86) 98a 50 86
6¢ 113d 98q 49 86
7 113e: 2-MeCsH4 (95) 98a 56 95
8¢ 113e 98q 41 95
9 113f: Me>C=CCH>CHx> (99) 98a 74 99
10%¢ 113f 98q 74 99

“Reaction conditions: 113b—f (0.3 mmol), 98a and 98q (0.6 mmol), Cp*RuCl, (0.009 mmol),
and L12 (0.009 mmol) in CH3CN (1.0 mL) at 60 °C for 19 h. es = [(product ee)/(starting
material ee)] “Isolated yields. C“Reaction was conducted in the presence of DIPEA (0.6
mmol) ¢4,7-dichloro-1,10-phenanthroline (L.14) was used instead of 5,5'-dimethyl-2,2'-
bipyridyl (L12).
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RIT, FFEWERFE =R T VLT & X — F(R)-113b—f & morpholine (98a) F 7=
I aniline (98q) & D )G % FHHE L 7z (Table2-2). 7x 35, aniline (98q) & IL % 1T 9
& X ROGHRIC DIPEA % 2 Y EIMZA CTiTo 7. BTG HEERECcH L 7 nn
EBIUO7rAro 2 KERLED parafiicG3 257 VAT X~ MR)-113b 5
L UR)-113¢ & D 98a & 98q & DKL TIE, >99%es 7> 80-89%D FUFEK T%
NZ NG T 2 HD ALY D3 S 117z (entries 1-4). % 72 4-methoxyphenyl &
a7 VAT X —FR)-113d 137 3 v 98a 5 XU 98q & ML %E(T - =56, 15
S HEYIDIGCRIZHRRE L 7n o 7228, KIGHEE(R)-113d D ee 1358 ITIRFF
INTW5Z L DPHERTE /2 (entries 5and 6). ortho-tolyl #ZH T % =7 U v
T Z—FR-13e L ODRIGICHENTDH, HINDOKIGIZMEICETLERRF 7
V7 4 — DRV S 7 (entries 7 and 8). F 72, TAFAEEZERRIL L C
HT2T7 VAT +EZ—F THS(R)-linalyl acetate (113f) % SISFHEE & L THWT
morpholine (98a)35 & U aniline (98q) & D&% 1T > 72 (entries 9 and 10). 7r¥ Z
Z T, BAZF % L12 %5 4,7-dichloro-1,10-phenanthroline (L14)ICZ8 5 L C Kt
EITo72 % ZOfEE, B E T 254G ERT VAT I v 113fa 5 X O 113fq
S, ENENRIGEE O EME LR S 2 L, REFARIE TR L NE.
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3T GO B

AT B 5 SSHERE X Z DR EDBRHKETH 2 25, # 2 b b KICHEHE
% Scheme 2-1 IC/"3. FF, KICHETH 2 HEEERT VLT £ X — MR-
113 28V 7 = v A c B Lrfins 2 2 & ¢ 1 BH O RKESRZ 5. 20
& & m-allyl $K A»20 % 72 [3c-enyl $51K BY 234 U 2 ARtk 23 H 5. Z DK A
¥7213 B o7 VAN LT, 7 vREHRIZ Ru ORI O & i
W% 3252 8T 2 MEOVEKKESEZ Y, HWEKYTH 5a,0- BT
ULT IVR)-114 #5253 ERELTWE., B, RRIGHTER R EMEEEC
T 2B IREARHTH 3205, A 7213 B DAY no-n BEfLIck o T
SR ABXOBICEE T 2 IGL 0 b, K DT ) ARNL T ~DKEIC
27 I MURKIE R G20 7% IEBEIT LR nEEZ T3 8, $/z, K%
FlONVABES K E WAL, RKEFIPEAS RO WzaliDEREED 12
THBEAFNIELEOKFERTZT I v E- B RD T & £ — F 235 &k
%, diene {4 115 234 H 3 2 iHESOG  HEFT 372 23 220, Z 054 b KLHI 0B A
B X OWEERIGD n-o-n B I D biECZD T PR LAV EEL
TWw3,

HNR2R3
Me  [Ru"] Me  [Ru"] retention
, 3 M 2R3
7 / ot e, NR?R
(Ru"] R N or R I _tast _ I
w-ally o-eny 0 R
R>\/ A

(R)-113 isomerization E:

slow u l\\
:'y elimination b
R

Me [F;u'v] Me [RQ'V]

_ - dienes
RN or g% 115
ent-w-allyl ent-o-enyl

A .

Scheme 2-1. A plausible mechanism of the ruthenium-catalyzed stereoselective allylic amination
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KRETI, V7 =7 LI X 2 AEEERT VAT 2 X — b ORREE
W7 UAGLT 2 JALRIGEDRRET D W TR 72, RIGHE % G =T
IYNT R = ~EEBEL, F1ETRRINEERNT VAT I 7 LRIE
&ﬂ%®ﬁmk#T6%&&7*/*Vﬂkﬁﬁé%%&,m?%@?:/*
BAlZ 725581 RICEE O AME 2 H L) LM FEXFINLRT Y
AT IVHEoNE, £, ROCEEICHKRA LBk 26327 I AT £ — ¢
FROZRKIGICE T, HWO 7 I 2 {LRISIIEE L CHETL, BN REE
Hro,o-—EET VAT I Vv ERIFRINECTHES Z LI L. ZORIGIE
— M7 T U MBS IC A& 5 #1 5 double inversion mechanism 1C X o CTHEST
LTWw3Zepm@Ih, 7 I VKA OB KIZKEIC X o TRIEHHEST
B FICHERBVBRF TSP TN TS EFE LTV,

BEFE Tk, AKEICE T 2 KRR T U AALT 2 7 LRSI D W T o FEM
IBRERRET 31T > Twinw, LA LARKIGIE, ThE THEHIO R o7z T
=7 LA 72, R CHEIT T 2 T U AL T L LRSI X B
HFE oo EBRT VAT I VEROHIFIRLEE X 5.
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1. General data

Commercially available chemicals were purchased from Aldrich, TCI, Kanto, and Wako
and used without further purification unless otherwise noted. Chiral tertiary allylic
acetates (R)-113a—e were prepared by the acetylation (Ac2O (2 eq.), EtsN (3 eq.), and
DMAP (5 mol%) in CHCIs) of corresponding chiral tertiary allylic alcohols.?*?!  (R)-
linalyl acetate (R)-113f was prepared by the acetylation of (R)-(—)-linalool. NMR
spectra were recorded at 25 °C on a JEOL EX-270 spectrometer (270 MHz for 'H, 67.9
MHz for 13C), JEOL JNM ECS-400 spectrometer (396 MHz for 'H, 100 MHz for '3C) or
a JEOL JNM ECP-500 spectrometer (471 MHz for 1°F). Chemical shifts are reported
in 8 ppm referenced to an internal SiMes standard for '"H NMR and an internal CeFs
standard for "F NMR. Residual chloroform (§ 77.0 for '*C) was used as internal
reference for '*C NMR. Melting points were measured on a Yanako MP-500P.
Infrared (IR) spectra were recorded on JASCO FT/IR—460 plus. HPLC analysis was
performed on a JASCO HPLC system equipped with UV-1570, PU-1580, and DG-2080-
53. TOF-MS was measured with a JEOL AccuTOF MS-T100LC. HRMS analyses
were carried out using a JEOL AccuTOF LCplus or JEOL AccuTOF MS-T100LC.
Column chromatography were conducted with silica gel 60N (KANTO CHEMICAL,
spherical, neutral, 40-50 or 63-210 um).

2. Characterization of chiral allylic acetate (R)-113.
Me, OAc  (R)-2-Phenylbut-3-en-2-yl acetate’” (113a): Pale yellow oil. 'H
NS NMR (270 MHz, CDCls): 6 1.88 (s, 3H), 2.07 (s, 3H), 5.23 (d, /= 10.9
Hz, 1H), 5.26 (d,J=17.5Hz, 1H), 6.27 (dd, J=10.9, 17.5 Hz, 1H), 7.22—
7.39 (m, 5H). BC{'H} NMR (67.8 MHz, CDCls): §22.0,25.4,83.0, 114.3, 125.1, 127.1,
128.1, 141.5, 143.7, 169.2. IR (neat) 537,609, 700, 766, 849, 944, 1016, 1072, 1101,
1184, 1244, 1367, 1411, 1447, 1494, 1743, 2987 cm™'. [a]p?® +33.3 (¢ 0.2, CHCI3)
(93%ee). An enantiomeric ratio was determined by HPLC using a Daicel CHIRALCEL
OJ-H (hexane/2-propanol = 49/1, flow: 1.0 mL/min, 220 nm, 26 °C, #r 21.2 min (major);

tr 31.0 min (minor)
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Me OAc  (R)-2-(4-Chlorophenyl)but-3-en-2-yl acetate’® (113b): Pale
/@N yellow oil. 'H NMR (396 MHz, CDCL3): 8 1.87 (s, 3H), 2.07 (s,

cl 3H), 5.24 (d, J = 10.7 Hz, 1H), 5.25 (d, J = 17.4 Hz, 1H), 6.23 (dd, J
=10.7,17.4 Hz, 1H), 6.99-7.04 (m, 2H), 7.32-7.36 (m, 2H). *C{'H} NMR (67.8 MHz,
CDCl3): 8 22.0, 25.2, 82.4, 114.6, 126.6, 128.2, 132.9, 140.9, 142.1, 169.1. IR (neat)
540, 609, 725, 752, 825, 943, 1012, 1095, 1184, 1240, 1369, 1412, 1493, 1597, 1641,
1743,2939,2987 cm™'. [a]p?** +110.0 (¢ 0.2, CHCl3) (93% ee). An enantiomeric ratio

was determined by HPLC using a Daicel CHIRALCEL OJ-H (hexane/2-propanol =49/1,
flow: 1.0 mL/min, 220 nm, 26 °C, fr 12.2 min (major); fr 21.6 min (minor)

Me OAc  (R)-2-(4-Fluorophenyl)but-3-en-2-yl acetate (113c): Pale yellow
@M oil. 'H NMR (270 MHz, CDCly): 5 1.86 (s, 3H), 2.04 (s, 3H), 5.22

F (dd,J=0.7,10.7 Hz, 1H), 5.24 (d,J= 17.3 Hz, 1H), 6.23 (dd, J=10.7,
17.3 Hz, 1H), 6.94-7.03 (m, 2H), 7.30-7.37 (m, 2H). BC{'H} NMR (67.8 MHz,
CDCl3): 6 22.0, 25.3, 82.5, 114.4, 114.8 (°Jcr = 21.2 Hz), 126.9 (PJcr = 7.8 Hz), 139.3
(Jer=3.3 Hz), 141.2, 161.7 ("Jer = 245.7 Hz), 169.1.  '°F NMR (470 MHz, CDCls): &
46.2 (s, 1F). IR (neat) 542, 835, 943, 1014, 1092, 1163, 1186, 1234, 1369, 1414, 1510,
1603, 1743,2989 cm™'. HRMS (ESI): m/z: caled for C12Hi3FO2" [M]™208.0900, found
208.0907. [a]p® +109.6 (c 0.2, CHCI3) (96% ee). Enantiomer ratio was determined

by HPLC using a Daicel CHIRALCEL OJ-H (hexane/2-propanol = 9/1, flow: 1.0 mL/min,
220 nm, 26 °C, tr 12.5 min (major); fr 19.9 min (minor)

Me, .\\OAC (R)-2-(4-Methoxyphenyl)but-3-en-2-yl acetate’® (113d): Pale
/©)\/ yellow oil. 'H NMR (270 MHz, CDCl3): § 1.87 (s, 3H), 2.03 (s,
MeO 3H), 3.76 (s, 3H), 5.19 (d, J=10.7 Hz, 1H), 5.22 (d, J = 17.5 Hz,
1H), 5.57 (dd, J=10.7, 17.5 Hz, 1H), 6.85 (d, /= 8.9 Hz, 2H), 7.29 (d, J = 8.9 Hz, 2H).
BC{'H} NMR (67.8 MHz, CDCl5): § 22.1, 25.2, 55.0, 82.8, 113.4, 113.8, 126.4, 135.6,
141.7,158.5,169.2. 1R (neat) 548, 608, 830, 944, 1033, 1097, 1180, 1251, 1302, 1368,
1464, 1513, 1584, 1612, 1740, 2837, 2987 cm™.  [a]p** —7.5 (¢ 1.0, CHCls) (86% ee).

Note: The ee% was calculated from the allylic alcohol 111d’ as the allylic acetate 111d

decomposed during HPLC.
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Me, OH (R)-2-(4-Methoxyphenyl)but-3-en-2-012'* (113d'): Pale yellow
Q)\/ oil. 'HNMR (396 MHz, CDCls): § 1.63 (s, 3H), 1.93 (brs, 1H),
MeO 3.80 (s, 3H), 5.12 (dd, J=1.0, 10.8 Hz, 1H), 5.27 (dd, J=1.0, 17.1
Hz, 1H), 6.15 (dd, J = 10.7, 17.2 Hz, 1H), 6.85-6.89 (m, 2H), 7.36-7.40 (m, 2H).
BC{'H} NMR (100 MHz, CDCls): § 29.2, 55.2, 74.4, 112.0, 113.5, 126.4, 138.6, 145.0,
158.5. IR (neat) 583, 651, 734, 829, 875, 919, 1031, 1102, 1176, 1246, 1300, 1413,
1463, 1509, 1609, 2977, 3422 ecm™. [a]o?* +163.8 (¢ 0.03, CHCL) (86% ce).

Enantiomer ratio was determined by HPLC using a Daicel CHIRALCEL OJ-H (hexane/2-
propanol =9/1, flow: 1.0 mL/min, 240 nm, 26 °C, fr 21.0 min (minor); fr 26.7 min (major)

Me, OAC  (R)-2-(o-Tolyl)but-3-en-2-yl acetate® (113e): White solid. Mp. 48—
©\)\/ 50 °C. 'H NMR (396 MHz, CDCI3):  1.95 (s, 3H), 2.05 (s, 3H), 2.34
Me (s, 3H), 5.09 (dd, /= 0.8, 17.3 Hz, 1H), 5.14 (dd, /= 0.8, 10.8 Hz, 1H),

6.24 (dd, J=10.8, 17.3 Hz, 1H), 7.10-7.26 (m, 3H), 7.38-7.42 (m, 1H). BC{'H} NMR
(67.8 MHz, CDCl3): 6 21.5, 21.7, 25.6, 84.0, 113.7, 125.6, 126.2, 127.5, 132.2, 135.5,
140.3, 141.6, 169.0. IR (neat) 570, 612, 687, 732, 764, 842, 941, 996, 1012, 1042, 1087,
1162, 1241, 1368, 1457, 1728, 2924 cm!. [a]p®* +18.1 (¢ 0.07, CHCl3) (95% ee).
Enantiomer ratio was determined by HPLC using a Daicel CHIRALCEL OD-H
(hexane/2-propanol = 99/1, flow: 1.0 mL/min, 230 nm, 26 °C, #r 8.88 min (major); tr 9.93

min (minor)

Me OAc (R)-3,7-Dimethylocta-1,6-dien-3-yl acetate (113f): Colorless oil.
W '"H NMR (270 MHz, CDCl3): § 1.54 (s, 3H), 1.59 (s, 3H), 1.67 (s,
3H), 1.72-2.00 (m, 7H), 5.09-5.18 (m, 3H), 5.97 (dd, /= 11.1, 17.6 Hz, IH). 3C{'H}
NMR (67.8 MHz, CDCls): 6 17.4,21.9,22.2,23.4,25.5, 39.5, 82.6, 112.9, 123.7, 131.5,
141.7,169.6. 1R (neat) 609, 835,924, 1018, 1093, 1173, 1248, 1369, 1450, 1739, 2929,
2972 cm™.  [o]p® 5.8 (¢ 1.4, CHCl3) (99% ee). Enantiomer ratio was determined by
HPLC using a Daicel CHIRALPAC IF (hexane = 100, flow: 0.8 mL/min, 200 nm, 26 °C,

fr 24.7 min (minor); fr 25.4 min (major)
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3. General procedure for the ruthenium-catalyzed reaction

2-1. Reaction of (R)-113a-f with aliphatic amines 98a—p

The reaction conditions and results are shown in Tables 2-1 and 2-2. A typical procedure
is given for the reaction of chiral tertiary allylic acetate (R)-113a with morpholine (98a)
(Table 2-1). To a solution of Cp*RuCl (2.8 mg, 0.009 mmol), 5,5’-dimethyl-2,2’-
bipyridyl (L12) (1.7 mg, 0.009 mmol), and (R)-2-phenylbut-3-en-2-yl acetate ((R)-113a)
(57 mg, 0.30 mmol) in acetonitrile (1.0 mL) was added morpholine (98a) (52 mg, 0.60
mmol) at room temperature, then stirred at 60 °C for 19 h. The reaction mixture was
concentrated under reduced pressure. The crude material was chromatographed on silica
gel (hexane/EtOAc/EtzsN =49/2/1) to give 56 mg (92%) of (R)-114aa.

2-2. Reaction of (R)-113a-g with anilines 98q—t

The reaction conditions and results are shown in Tables 2-1 and 2-2. A typical procedure
is given for the reaction of chiral tertiary allylic acetate (R)-113a with aniline (98q) (Table
2-1). To a solution of Cp*RuCl: (2.8 mg, 0.009 mmol), 5,5 -dimethyl-2,2’-bipyridyl
(L12) (1.7 mg, 0.009 mmol), and (R)-2-phenylbut-3-en-2-yl acetate ((R)-113a) (57 mg,
0.30 mmol) in acetonitrile (1.0 mL) was added aniline (90q) (56 mg, 0.60 mmol) and
DIPEA (0.10 mL, 0.60 mmol) at room temperature, then stirred at 60 °C for 19 h. The
reaction mixture was concentrated under reduced pressure.  The residue was
chromatographed on silica gel (hexane/EtOAc/EtsN = 19/1/1) to give 57 mg (85%) of
(R)-114aq.
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4. Characterization of the products
( O (R)-4-(2-Phenylbut-3-en-2-yl)morpholine?* (114aa): Yellow oil.
Me, N '"H NMR (270 MHz, CDCl;3): § 1.45 (s, 3H), 2.40-2.56 (m, 4H), 3.69 (t,
NF J=4.6 Hz4H), 5.14 (d,J=17.4 Hz, 1H), 5.20 (d, J=11.6 Hz, 1H), 6.03
(dd, J=11.6,17.4 Hz, 1H), 7.17-7.24 (m, 1H), 7.31 (t, J = 7.4 Hz, 2H),
7.52 (d, J=17.6 Hz, 2H). BC{'H} NMR (67.8 MHz, CDCls): 4 17.8, 47.0, 64.4, 67.8,
114.1, 126.5, 126.7, 128.2, 142.8, 146.3. IR (neat) 580, 699, 759, 857, 918, 953, 1115,
1269, 1363, 1489, 2360, 2848, 2954 cm™!'. [a]p®® —21.4 (¢ 1.3, CHCI3) (93% ee).
Enantiomer ratio was determined by HPLC using a Daicel CHIRALCEL OJ-H (hexane/2-
propanol = 19/1, flow: 1.0 mL/min, 254 nm, 26 °C, fr 5.23 min (minor); fr 5.99 min

(major)

O (R)-4-(2-Phenylbut-3-en-2-yl)piperidine?* (114ab): Yellow oil. 'H
Me. N— NMR (270 MHz, CDCls):  1.37-1.57 (m, 9H), 2.33-2.47 (m, 4H), 5.08

(d,J = 17.4 Hz, 1H), 5.12 (d, J = 10.3 Hz, 1H), 6.02 (dd, J = 10.3, 17.4

Hz, 1H), 7.15-7.32 (m, 1H), 7.51-7.53 (m, 2H), 7.52 (d, /= 7.3 Hz, 2H).
BC{'H} NMR (67.8 MHz, CDCls): 6 17.5, 25.2, 27.0, 47.8, 64.9, 112.8, 126.1, 126.6,
128.0, 144.4, 147.5. 1R (neat) 700, 761, 857, 920, 952, 1028, 1068, 1115, 1270, 1446,
1686, 2955 cm™'. [a]p® —11.7 (¢ 0.9, CHCl3) (93% ee). Enantiomer ratio was
determined by HPLC using a Daicel CHIRALCEL OJ-H (hexane/2-propanol = 499/1,

=

flow: 1.0 mL/min, 254 nm, 26 °C, fr 4.11 min (minor); tr 4.42 min (major)

(R)-1-(2-Phenylbut-3-en-2-yl)azepane?¢ (114ad): Yellow oil. 'H

NMR (270 MHz, CDCI3): 6 1.44 (s, 3H), 1.50-1.67 (m, 8H), 2.46-2.65

YOS (m,4H), 5.02-5.00 (m, 2H), 6.04 (dd, J = 10.5, 17.8 Hz, 1H), 7.14-7.20

(m, 1H), 7.25-7.31 (m, 2H), 7.51-7.55 (m, 2H). 3C{'H} NMR (67.8

MHz, CDCls): 6 17.8, 26.6, 30.2, 50.7, 66.6, 112.3, 126.1, 126.6, 128.0,

145.2,148.3. IR (neat) 674, 698, 767, 908, 1003, 1068, 1127, 1364, 1445, 1489, 1697,

2850, 2921 cm™!. [a]p® —27.2 (¢ 0.6, CHCl3) (93% ee). Enantiomer ratio was

determined by HPLC using a Daicel CHIRALCEL OJ-H (hexane/2-propanol = 999/1,
flow: 0.5 mL/min, 254 nm, 26 °C, fr 8.25 min (minor); fr 9.10 min (major)
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( NPh  (R)-1-Phenyl-4-(2-phenylbut-3-en-2-yl)piperazine** (114af):

M, N Yellow oil. 'H NMR (396 MHz, CDCL:): 3 1.50 (s, 3H), 2.59-2.72
©)’\/ (m, 4H), 3.17 (t, J = 5.2 Hz, 4H), 5.17 (d, J = 17.0 Hz, 1H), 5.20 (d, J
—10.5 Hz, 1H), 6.07 (dd, J = 10.5, 17.0 Hz, 1H), 6.82-6.85 (m, 1H),

6.90-6.92 (m, 2H), 7.20-7.36 (m, 5H), 7.54-7.56 (m, 2H). 3C{'H} NMR (100 MHz,
CDCl): 6 17.8, 46.5,49.9, 64.4, 113.8, 115.8, 119.4, 126.5, 126.7, 128.2, 129.0, 143.3,
146.6, 151.5. IR (neat) 689, 755, 916, 957, 992, 1052, 1145, 1234, 1276, 1449, 1502,
1598, 2820 cm™. [a]p® —18.4 (¢ 1.3, CHCl3) (93% ee). Enantiomer ratio was

determined by HPLC using a Daicel CHIRALCEL OJ-H (hexane/2-propanol = 99/1,
flow: 1.0 mL/min, 254nm, 26° C, fr 7.32 min (major); fr 7.89 min (minor)

NMe  (R)-1-Methyl-4-(2-phenylbut-3-en-2-yl)piperazine?**  (114ag):

Me, N Yellow oil. '"HNMR (396 MHz, CDCls): § 1.45 (s, 3H), 2.27 (s, 3H),
NS 2.37-2.54 (m, 8H), 5.12 (d, J = 17.3 Hz, 1H), 5.16 (d, J = 10.8 Hz,

1H), 6.03 (dd, J = 10.8, 17.3 Hz, 1H), 7.18-7.21 (m, 1H), 7.26-7.32

(m, 2H), 7.51 (d,J=7.5Hz,2H). BC{'H} NMR (100 MHz, CDCl5): § 17.6, 46.0, 46.2,
56.0,64.2,113.5,126.3, 126.6, 128.1, 143.5, 146.7. 1R (neat) 671, 698, 745, 908, 1005,
1127, 1239, 1364, 1445, 1489, 1734, 2850, 2922 cm™!. [a]p® —30.9 (¢ 0.4, CHCI3)
(93% ee). Enantiomer ratio was determined by HPLC using a Daicel CHIRALCEL OlJ-
H (hexane/2-propanol = 49/1, flow: 1.0 mL/min, 254 nm, 26 °C, fr 5.95 min (minor); tr

6.63 min (major)

( NBoc (R)-tert-Butyl-4-(2-phenylbut-3-en-2-yl)piperazine-1-

Me, N carboxylate?* (114ah): Yellow oil. 'H NMR (396 MHz, CDCls):
NS 0 1.43 (s, 3H), 1.44 (s, 9H), 2.40-2.45 (m, 4H), 3.39 (s, 4H), 5.13 (d,
J=17.6 Hz, 1H), 5.17 (d, J = 10.8 Hz, 1H), 6.01 (dd, J=10.9, 17.7

Hz, 1H), 7.20-7.33 (m, 3H), 7.51 (d, J = 7.7 Hz, 2H). BC{'H} NMR (100 MHz,
CDClz): 6 17.7, 28.4, 46.4, 64.5, 79.4, 113.9, 126.5, 126.6, 128.2, 143.2, 146.4, 154.9.
IR (neat) 570, 700, 758, 866, 918, 949, 1002, 1168, 1237, 1285, 1364, 1420, 1692, 2816,
2978 em™!.  [a]p® —14.6 (¢ 1.0, CHCI3) (93% ee). Enantiomer ratio was determined
by HPLC using a Daicel CHIRALCEL OD-H (hexane/2-propanol = 199/1, flow: 0.1

mL/min, 254 nm, 26 °C, fr 8.31 min (major); fr 9.02 min (minor)
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Ph  (R)-4-Phenyl-1-(2-phenylbut-3-en-2-yl)piperidine* (114ai):

White solid. Mp. 60-62°C. '"HNMR (396 MHz, CDCls): & 1.48 (s,

Me, N 3H), 1.71-1.81 (m, 4H), 2.14 (dt, J = 3.3,10.9 Hz, 1H), 2.24 (dt, 3.3,

10.9 Hz, 1H), 2.47 (sep, J = 5.3 Hz, 1H), 2.85 (dd, J = 2.6, 10.9 Hz,

1H), 3.07 (dd, J = 2.6, 10.9 Hz, 1H), 5.13 (dd, /= 1.0, 17.4 Hz, 1H),

5.16 (dd, J = 1.0, 10.7 Hz, 1H), 6.07 (dd, J = 10.7, 17.4 Hz, 1H), 7.17-7.34 (m, 8H),
7.55-7.57 (m, 2H). 3C{'H} NMR (100 MHz, CDCls): & 17.7, 34.3, 34.5, 43.4, 47.1,
47.8, 64.8, 113.1, 125.9, 126.3, 126.6, 126.9, 128.1, 128.3, 144.1, 146.9, 147.3. IR
(KBr) 697, 756,917, 1023, 1068, 1140, 1261, 1364, 1412, 1445, 1492, 1600, 1659, 2929
cml. [a]p® —27.6 (¢ 0.9, CHCl3) (93% ee). Enantiomer ratio was determined by
HPLC using a Daicel CHIRALCEL IF (hexane/2-propanol/Et;NH = 499/1/0.1, flow: 0.6

mL/min, 254 nm, 26 °C, fr 7.40 min (minor); fr 7.83 min (major)

Me (R)-N-Benzyl-N-methyl-2-phenylbut-3-en-2-amine?* (114al):

Me, _;N—/B” Yellow oil. 'H NMR (396 MHz, CDCL): & 1.55 (s, 3H), 2.08 (s, 3H),
3.39 (d, J = 13.9 Hz, 1H), 3.60 (d, J = 13.9 Hz, 1H), 5.19 (d, J = 17.4

Hz, 1H), 5.22 (d, J = 10.7 Hz, 1H), 6.19 (dd, J = 10.9, 17.7 Hz, 1H),

7.19-7.24 (m, 2H), 7.29-7.39 (m, 6H), 7.63-7.65 (m, 2H). 3C{'H} NMR (100 MHz,
CDCl): 6 18.1,35.2,55.7,65.2, 113.8, 126.5, 126.6, 128.1, 128.19, 128.21, 141.0, 143.5,
147.4. 1R (neat) 607, 697, 735, 764, 917, 951, 1005, 1028, 1098, 1368, 1446, 1493,
2981 cm™!.  [a]p®® —33.6 (¢ 0.9, CHCl3) (93% ee). Enantiomer ratio was determined
by HPLC using a Daicel CHIRALCEL OJ-H (hexane/2-propanol = 19/1, flow: 1.0

mL/min, 254 nm, 26 °C, fr 4.80 min (minor); fr 5.38 min (major)

Me (R)-N-Butyl-N-methyl-2-phenylbut-3-en-2-amine?* (114am):

Me ;N'”/BU Yellow oil. 'H NMR (270 MHz, CDCls): & 0.85 (t, J = 7.4 Hz, 3H),
1.18-1.31 (m, 2H), 1.36-1.48 (m, 2H), 1.42 (s, 3H), 2.09-2.24 (m, 1H),

2.15 (s, 3H), 2.28-2.40 (m, 1H), 5.11 (dd, J = 1.0, 17.6 Hz, 1H), 5.16

(dd, J = 1.0, 10.9 Hz, 1H), 6.04 (dd, J = 10.9, 17.6 Hz, 1H), 7.16-7.22 (m, 1H), 7.25—
7.32 (m, 2H), 7.48-7.53 (m, 2H). '*C{'H} NMR (67.8 MHz, CDCl3): 5 14.1, 18.3, 20.4,
31.2,354,51.4,65.5,113.3,126.2,126.7, 128.0, 143.7, 147.8. IR (neat) 607, 697, 735,
764, 917, 951, 1005, 1028, 1098, 1368, 1446, 1493, 1600, 2981 cm™!. [a]p®® +5.7 (¢
0.7, CHCI3) (93% ee). Enantiomer ratio was determined by HPLC using a Daicel

87



CHIRALCEL OJ-H (hexane/2-propanol = 999/1, flow: 0.8 mL/min, 254 nm, 26 °C, tr

5.09 min (minor); fr 5.66 min (major)

MeHN-Bn  (R)-N-Benzyl-2-phenylbut-3-en-2-amine®' (114a0): Yellow oil. 'H
A "H NMR (396 MHz, CDCl5): 8 1.49 (brs, 1H), 1.58 (s, 3H), 3.59 (d, J =

12.7 Hz, 1H), 3.63 (d, J=12.7 Hz, 1H), 5.22 (dd, /= 0.9, 10.7 Hz, 1H),

5.25 (dd, J = 0.9, 17.4 Hz, 1H), 6.10 (dd, J = 10.7, 17.4 Hz, 1H), 7.21-7.26 (m, 2H),
7.29-7.37 (m, 6H), 7.53-7.56 (m, 2H). '*C{'H} NMR (67.8 MHz, CDCl3): § 26.1,47.3,
60.7, 113.0, 126.5, 126.6, 126.8, 128.11, 128.18, 128.3, 141.2, 144.9, 146.2. IR (neat)
695,719, 766,917, 1028, 1068, 1142, 1207, 1367, 1444, 1492, 2838,2976 cm™'.  [a]p®
—26.2 (¢ 0.7, CHCl3) (93% ee). Enantiomer ratio was determined by HPLC using a
Daicel CHIRALCEL OD-H (hexane/2-propanol = 999/1, flow: 1.0 mL/min, 230 nm, 26

°C, tr 12.5 min (major); fr 13.8 min (minor)

MeHN-"Bu (R)-N-Butyl-2-phenylbut-3-en-2-amine?*° (114ap): Yellow oil. 'H
" NMR (396 MHz, CDCl:): & 0.88 (t,.J = 7.5 Hz, 3H), 1.29-1.35 (m, 2H),
1.43-1.47 (m, 2H), 1.51 (s, 3H), 2.36-2.47 (m, 2H), 5.16 (d, J = 18.1

Hz, 1H), 5.18 (d, /= 10.8 Hz, 1H), 6.04 (dd, J = 10.8, 18.1 Hz, 1H), 7.20~7.26 (m, 1H),
7.32 (t,J=7.3 Hz, 2H), 7.44 (d, J= 8.3 Hz, 2H). '"*C{'H} NMR (100 MHz, CDCl;3): §
14.0, 20.5, 25.9, 33.1, 42.5, 60.4, 112.6, 126.40, 126.42, 128.1, 145.1, 146.5. IR (neat)
610, 697, 739, 764, 943, 1015, 1069, 1185, 1239, 1366, 1493, 1686, 1740, 3022 cm™'.
[a]p? +9.2 (¢ 0.9, CHCl3) (93% ee). Enantiomer ratio was determined by HPLC using
a Daicel CHIRALCEL OJ-H (hexane/2-propanol = 99/1, flow: 1.0 mL/min, 254 nm, 26

°C, tr 4.41 min (minor); fr 4.97 min (major)

MeHN—Ph (R)-N-(2-Phenylbut-3-en-2-yl)aniline’? (114aq): Yellow oil. 'H
7 NMR (270 MHz, CDCls): 5 1.69 (s, 3H), 4.15 (brs, 1H), 5.20 (d, J =

10.6 Hz, 1H), 5.25 (d,J= 17.2 Hz, 1H), 6.37 (dd, J= 10.6, 17.2 Hz, 1H),

6.40 (d, J=7.9 Hz, 1H), 6.62 (1, J = 7.3 Hz, 1H), 7.01 (t, J = 7.9 Hz, 2H), 7.21-7.27 (m,
1H), 7.33 (t, J = 7.3 Hz, 2H), 7.51 (d, J = 7.3 Hz, 2H). "*C{'H} NMR (67.8 MHz,
CDCl3): 629.3,60.2,113.8,115.7, 117.3, 126.2, 126.6, 128.5, 128.6, 142.8, 145.2, 145.7.
IR (neat) 692, 748, 874,921,994, 1027, 1180, 1257, 1315, 1367, 1444, 1496, 1599, 3053
cml. [a]p® +64.3 (¢ 1.1, CHCI3) (93% ee). Enantiomer ratio was determined by
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HPLC using a Daicel CHIRALCEL OJ-H (hexane/2-propanol = 9/1, flow: 1.0 mL/min,
254 nm, 26 °C, tr 10.2 min (minor); fr 11.8 min (major)

OMe (R)-4-Methoxy-N-(2-phenylbut-3-en-2-yl)aniline®? (114ar):

/@ Yellow oil. 'H NMR (396 MHz, CDCls): & 1.65 (s, 3H), 3.68

'V'eH_\N/ (s, 3H), 5.19 (dd, J= 1.0, 10.6 Hz, 1H), 5.23 (dd, J=1.0, 17.3
©)\/ Hz, 1H), 6.32 (dd, J = 10.6, 17.3 Hz, 1H), 6.37-6.40 (m, 2H),
6.60-6.64 (m, 2H), 7.22-7.26 (m, 1H), 7.31-7.35 (m, 2H),

7.51-7.53 (m, 2H). BC{'H} NMR (100 MHz, CDCl;): 4 28.8, 55.5, 60.5, 113.6, 114.1,
117.6, 126.4, 126.6, 128.4, 139.6, 143.4, 145.6, 152.2. 1R (neat) 583, 699, 758, 820,
920, 1037, 1178, 1234, 1297, 1366, 1404, 1443, 1507, 1747, 3024 cm™!.  [a]p?® +42.6
(c 0.9, CHCI3) (93% ee). Enantiomer ratio was determined by HPLC using a Daicel
CHIRALCEL OJ-H (hexane/2-propanol = 99/1, flow: 1.0 mL/min, 220 nm, 26 °C, tr 28.4

min (minor); g 37.0 min (major)

CF (R)-N-(2-Phenylbut-3-en-2-yl)-4-(trifluoromethyl)aniline?*c
/©/ (114as): Yellow oil. 'H NMR (396 MHz, CDCls): & 1.71 (s,
MedN 3H), 4.52 (brs, 1H), 5.24 (d,.J = 10.9 Hz, 1H), 5.25 (d, J = 16.9
Hz, 1H), 6.37 (dd, J = 10.9, 16.9 Hz, 1H), 6.40 (d, J = 8.1 Hz,
2H), 7.23 (d, J= 8.1 Hz, 2H), 7.25-7.28 (m, 1H), 7.32-7.36 (m,
2H). 3C{'H} NMR (100 MHz, CDCl3): §29.9, 60.3, 114.5, 114.6, 118.7 (q, Jcr = 32.9
Hz), 124.9 (q, Jer = 270.4 Hz), 125.9 (q, Jcr = 3.8 Hz), 126.1, 127.0, 128.7, 141.6, 144.3,
1483. '°9F NMR (470 MHz, CDCl3): § 100.6 (s, 3F). IR (neat) 590, 699, 767, 825,
927, 1065, 1104, 1158, 1189, 1270, 1318, 1491, 1524, 1614, 2984 cm™!. [a]p?® +73.5
(c 0.7, CHCI3) (93% ee). Enantiomer ratio was determined by HPLC using a Daicel
CHIRALCEL IE (hexane/2-propanol/EtctNH = 100/0.1/0.1, flow: 1.0 mL/min, 230 nm,
26 °C, tr 5.78 min (minor); tr 6.19 min (major)

=

O (R)-N-(2-Phenylbut-3-en-2-yl)naphthalen-1-amine?® (114at):
MeHN White solid. Mp. 96-98 °C 'H NMR (396 MHz, CDCL): &
N~ O 1.83 (s, 3H), 4.92 (brs, 1H), 5.25 (d, J = 10.4, 1H), 5.31 (d, J =

17.2 Hz, 1H), 6.19 (d, J= 7.9 Hz, 1H), 6.50 (dd, /= 10.4, 17.2 Hz,
1H), 7.05 (dd, J = 7.9, 8.1 Hz, 1H), 7.14 (d, J = 8.1 Hz, 1H), 7.23 (d, J = 7.3 Hz, 1H),
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7.32 (dd, J=17.3,7.9 Hz, 1H), 7.42-7.49 (m, 2H), 7.53 (d, /= 7.9 Hz, 2H), 7.77 (d, J =
7.9 Hz, 1H), 7.92 (d, J=7.9 Hz, 1H). '3C{'H} NMR (100 MHz, CDCl;): § 29.7, 60.4,
109.7, 114.1,117.1, 119.7, 123.9, 124.7, 125.4, 125.8, 126.1, 126.7, 128.6, 128.9, 134 .4,
139.8, 142.5, 144.9. 1R (KBr) 568, 669, 693, 737, 798, 856, 1025, 1054, 1397, 1434,
1493, 1510, 1568, 1619, 3051 cm™'. [a]p® +26.2 (¢ 0.6, CHCL) (93% ee).
Enantiomer ratio was determined by HPLC using a Daicel CHIRALCEL OJ-H (hexane/2-
propanol =9/1, flow: 1.0 mL/min, 254 nm, 26 °C, tr 9.08 min (minor); zr 11.7 min (major)

0 (R)-4-(2-(4-Cholorophenyl)but-3-en-2-yl)morpholine (114ba):

J Yellow oil. 'HNMR (396 MHz, CDCl3): & 1.43 (s, 3H), 2.40-2.52

Me ~°N/ (m, 4H), 3.68 (t, J = 4.8 Hz, 4H), 5.14 (dd, J = 1.1, 17.9 Hz, 1H),
/©)\/ 5.22 (dd, J = 1.1, 10.7 Hz, 1H), 5.98 (dd, J = 10.7, 17.9 Hz, 1H),
c 7.25-7.29 (m, 2H), 7.44-7.48 (m, 2H). 3C{'H} NMR (67.8 MHz,
CDCl3): 6 18.0,47.0,64.2,67.8, 114.6, 128.2,128.3, 132.2, 142.3, 145.0. IR (neat) 540,
602, 733, 806, 835, 858, 877, 924, 958, 1012, 1117, 1271, 1365, 1412, 1487, 1720, 2850,
2956 cm™'.  HRMS (ESI): m/z: caled for CisHisCINO* [M+H]" 252.1155, found
252.1150. [a]p? —43.2 (¢ 0.3, CHCI3) (93% ee). Enantiomer ratio was determined by

HPLC using a Daicel CHIRALCEL OJ-H (hexane/2-propanol = 49/1, flow: 1.0 mL/min,
254 nm, 26 °C, tr 6.09 min (minor); tr 6.63 min (major)

MeHN=Ph (R)-N-(2-(4-Methoxyphenyl)but-3-en-2-yl)aniline® (114bq):
~ Whitesolid. Mp. 45-47 °C "H NMR (270 MHz, CDCls): § 1.66 (s,
3H), 4.17 (brs, 1H), 5.22 (dd, J = 0.8, 17.4 Hz, 1H), 5.23 (dd, J =

0.8, 10.9 Hz, 1H), 6.33 (dd, J=10.9, 17.4 Hz, 1H), 6.37 (d,J=17.3

Hz, 2H), 6.62—6.67 (m, 1H), 6.98-7.05 (m, 2H), 7.25-7.31 (m, 2H), 7.41-7.46 (m, 2H).
BC{'H} NMR (67.8 MHz, CDCl3): & 29.4, 59.9, 114.2, 115.7, 117.5, 127.8, 128.59,
128.63, 132.4, 142.2, 143.7, 145.3. 1R (neat) 694, 750, 829, 926, 1012, 1095, 1180,
1257, 1315, 1410, 1496, 1601, 2927, 2981, 3053, 3413 cm™!'. [a]p?® +69.2 (c 0.3,
CHCl3) (93% ee). Enantiomer ratio was determined by HPLC using a Daicel
CHIRALCEL IE*2 (hexane/2-propanol/Et;NH = 100/0.1/0.1, flow: 0.8 mL/min, 230 nm,

26 °C, tr 15.7 min (major); fr 18.2 min (minor)

Cl
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0 (R)-4-(2-(4-Fluorophenyl)but-3-en-2-yl)morpholine (114ca):

J Yellow oil. '™H NMR (270 MHz, CDCls): & 1.43 (s, 3H), 2.38-2.54

Me -’N/ (m, 4H), 3.68 (t,/=4.7 Hz, 4H), 5.14 (dd, J=0.9, 17.4 Hz, 1H), 5.21
/©)\/ (dd, J=0.9, 10.8 Hz, 1H), 6.00 (dd, J = 10.8, 17.4 Hz, 1H), 6.94—
i 7.03 (m, 2H), 7.44-7.52 (m, 2H). BC{'H} NMR (67.8 MHz,
CDCl): 6 18.1, 47.0, 64.0, 67.8, 114.5 (°Jcr = 28.5 Hz), 115.0, 128.3 (3Jcr = 7.8 Hz),
142.0 (*Jcr = 2.8 Hz), 142.6, 161.5 (!{Jcr = 244.6 Hz). '"F NMR (470 MHz, CDCl3): §
45.0 (s, 1F). IR (neat) 557, 640, 798, 841, 877, 924, 955, 1012, 1068, 1117, 1225, 1271,
1365, 1414, 1454, 1504, 1601, 1741, 2850, 2956 cm™'. HRMS (ESI): m/z: calcd for
CisHisFNO™* [M+H]* 236.1451, found 236.1452. [a]p® +18.1 (¢ 0.1, CHCl3) (96% ee).
Enantiomer ratio was determined by HPLC using a Daicel CHIRALCEL OJ-H (hexane/2-
propanol = 49/1, flow: 1.0 mL/min, 254 nm, 26 °C, fr 6.18 min (minor); fr 7.17 min

(major)

MeHN—-Ph  (R)-NV-(2-(4-Fluorophenyl)but-3-en-2-yl)aniline (114¢cq): Yellow

~F oil. 'H NMR (270 MHz, CDCIl3): § 1.66 (s, 3H), 4.09 (brs, 1H),

F 5.20 (d, J=11.1 Hz, 1H), 5.23 (d, J = 17.0 Hz, 1H), 6.28-6.39 (m,
3H), 6.61-6.66 (m, 1H), 6.96-7.04 (m, 4H), 7.43-7.48 (m, 2H). BC{'H} NMR (67.8
MHz, CDCls): 6 29.4, 59.8, 114.0, 115.1, 115.2 ((Jcr=21.3 Hz) 115.7, 117.5, 127.9 (CJcr
=7.8 Hz), 128.6, 140.9 (*Jcr=2.8 Hz), 142.5, 145.4,161.6 ({Jcr=245.1 Hz). '"FNMR
(470 MHz, CDCl3): 6 45.1 (s, 1F). IR (neat) 540, 694, 750, 837, 926, 995, 1095, 1159,
1223, 1315, 1369, 1414, 1502, 1601, 1728, 2981, 3053, 3413 cm™!. HRMS (ESI): m/z:
calcd for CisHi6FN* [M+H]" 242.1345, found 242.1349. [a]p*® +89.1 (¢ 0.6, CHCI3)
(96% ee). Enantiomer ratio was determined by HPLC using a Daicel CHIRALCEL OlJ-
H (hexane/2-propanol = 199/1, flow: 1.0 mL/min, 220 nm, 26 °C, #r 26.7 min (minor); fr

29.1 min (major)

o (R)-4-(2-(4-Methoxyphenyl)but-3-en-2-yl)morpholine?*
Q (114da): Yellow oil. '"H NMR (396 MHz, CDCl3): § 1.43 (s, 3H),
Me, N

S 2.38-2.52(m, 4H), 3.68 (1, J = 4.0 Hz, 4H), 3.79 (s, 3H), 5.12 (d,
Q)\/ J=17.7 Hz, 1H), 5.17 (d, J = 11.0 Hz, 1H), 6.01 (dd, J = 11.0,
MeO 17.7 Hz, 1H), 6.82-6.85 (m, 2H), 7.40-7.43 (m, 2H). '>C{'H}
NMR (100 MHz, CDCls): § 17.6,47.0, 5.1, 63.9, 67.8, 113.4, 113.6, 127.8, 138.2, 143.3,
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158.1. IR (neat) 566, 645, 731, 786, 833, 857, 922, 952, 1033, 1114, 1177, 1246, 1508,
1609, 2833 cm™!. [a]p® —83.6 (¢ 1.6, CHCls) (86% ee). Enantiomer ratio was
determined by HPLC using a Daicel CHIRALCEL OJ-H (hexane/2-propanol = 19/1,
flow: 1.0 mL/min, 220 nm, 26 °C, fr 8.04 min (minor); fr 10.3 min (major)

MeHN-Ph  (R)-N-(2-(4-Methoxyphenyl)but-3-en-2-yl)aniline™ (114dq):

Yellow oil. 'HNMR (270 MHz, CDCl;3): 8 1.67 (s, 3H), 3.80 (s,

MeO 3H), 4.11 (brs, 1H), 5.18 (dd, J = 1.1, 9.9 Hz, 1H), 5.23 (dd, J =
1.1, 16.6 Hz, 1H), 6.34 (dd, J=9.9, 16.6 Hz, 1H), 6.40—6.43 (m, 2H), 6.59—6.66 (m, 1H),
6.83—6.89 (m, 2H), 6.98-7.05 (m, 2H), 7.40—7.44 (m, 2H). 3C{'H} NMR (67.8 MHz,
CDCl): 6 29.1,55.2,59.8, 113.5, 113.8, 115.7, 117.3, 127.4, 128.6, 137.3, 143.2, 145.8,
158.3. IR (neat) 606, 695, 745, 819, 864, 906, 940, 993, 1177, 1262, 1321, 1503, 1604,
3049 ecm™!.  [a]p** +22.7 (¢ 0.8, CHCl3) (86% e¢). Enantiomer ratio was determined
by HPLC using a Daicel CHIRALCEL OJ-H (hexane/2-propanol = 99/1, flow: 1.0

mL/min, 230 nm, 26 °C, fg 27.0 min (minor); fr 37.4 min (major)

(R)-4-(2-(o-Tolyl)but-3-en-2-yl)morpholine?* (114ea): Yellow oil.
J "H NMR (396 MHz, CDCl3): 6 1.50 (s, 3H), 2.42-2.53 (m, 4H), 2.68 (s,
(:M?Q/ 3H), 3.68 (t, J = 4.8 Hz, 4H), 5.09 (dd, J = 1.1, 17.6 Hz, 1H), 5.25 (dd,
J=1.1, 11.2 Hz, 1H), 6.30 (dd, J = 11.2, 17.6 Hz, 1H), 7.08-7.15 (m,

Me 3H), 7.35-7.37 (m, 1H). BC{'H} NMR (100 MHz, CDCls): & 18.2,
22.2,46.9, 65.8, 67.8, 114.3, 125.5, 126.7, 127.4, 132.7, 137.6, 141.0, 143.3. IR (neat)
666, 727,757, 858,921, 957, 1050, 1116, 1140, 1269, 1485, 2848, 2953 cm™!. [a]p® —
28.4 (¢ 0.1, CHCI3) (95% ee). Enantiomer ratio was determined by HPLC using a
Daicel CHIRALCEL IF (hexane/2-propanol = 49/1, flow: 0.3 mL/min, 210 nm, 26 °C, tr

10.4 min (minor); fr 10.8 min (major)

MeHN=Ph  (R)-N-(2-(o-Tolyl)but-3-en-2-yl)aniline®* (114eq): Yellow oil. 'H
NMR (396 MHz, CDCls): § 1.78 (s, 3H) 2.44 (s, 3H), 4.00 (brs, 1H),

Me 5.14(d,J=17.0 Hz, 1H), 5.17 (dd, J= 10.7 Hz, 1H), 6.32-6.39 (m, 3H)

6.60 (td, J= 1.1, 7.4 Hz, 1H), 6.96-7.00 (m, 2H), 7.08-7.10 (m, 1H), 7.15-7.21 (m, 2H),
7.49-7.52 (m, 1H). C{'H} NMR (100 MHz, CDCl;): 8 22.1, 27.4, 60.9, 112.8, 114.,
117.2,126.0, 127.1, 127.3, 128.7, 132.8, 136.8, 142.2, 143.6, 145.8. IR (neat) 607, 692,
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729, 748, 921, 994, 1181, 1255, 1317, 1497, 1600, 1684, 2980 cm™!. [a]p® +24.9 (c
0.03, CHCI3) (95% ee). Enantiomer ratio was determined by HPLC using a Daicel
CHIRALCEL OD-H (hexane/2-propanol = 99/1, flow: 1.0 mL/min, 220 nm, 26 °C, tr 6.1

min (minor); fr 7.4 min (major)

(40) (R)-4-(3,7-Dimethylocta-1,6-diene-3-yl)morpholine®® (114fa):
Me N Colorless oil. 'H NMR (270 MHz, CDCl3): § 1.06 (s, 3H), 1.46
M (t, /= 8.4 Hz, 2H), 1.58 (s, 3H), 1.67 (s, 3H), 2.52 (t, J = 4.5 Hz,
4H), 3.68 (t, J = 4.5 Hz, 4H), 5.00-5.16 (m, 3H), 5.80 (dd, J = 10.8, 17.8 Hz, 1H).
BC{'H} NMR (67.8 MHz, CDCl3): § 16.5, 17.6, 22.4, 25.7, 38.6, 46.4, 60.4, 67.8, 114.0,
124.7, 131.3, 143.8. IR (neat) 609, 723, 864, 918, 970, 1070, 1120, 1186, 1273, 1377,
1414, 1452, 2816, 2852, 2964 cm™'. [a]p?’ -21.1 (¢ 0.6, CHCIL) (99% ee).
Enantiomer ratio was determined by HPLC using a Daicel CHIRALCEL OJ-H (hexane/2-
propanol/EtoNH = 999/1/0.1, flow: 0.8 mL/min, 235 nm, 26 °C, fr 6.51 min (minor); tr

7.05 min (major)

)\/\M%Iih (R)-N-(3,7-Dimethylocta-1,6-diene-3-yl-)aniline* (114fq):
X 2 Yellow oil. 'HNMR (270 MHz, CDCl3): 8 1.37 (s, 3H), 1.54 (s,

3H), 1.57-1.64 (m, 1H), 1.67 (s, 3H), 1.68-1.80 (m, 1H), 1.97-2.05 (m, 2H), 5.07-5.15
(m, 2H), 5.18-5.21 (m, 1H), 5.96 (dd, J = 10.5, 17.8 Hz, 1H), 6.64—6.70 (m, 3H), 7.07—
7.13 (m, 2H). BC{'H} NMR (67.8 MHz, CDCl3): § 17.5, 22.3, 24.5, 25.7, 41.1, 57.2,
113.5, 115.6, 117.2, 124.1, 128.7, 131.9, 145.2, 146.6. IR (neat) 694, 748, 918, 997,
1153, 1180, 1257, 1317, 1373, 1452, 1500, 1601, 2927, 2970, 3408 cm™!.  [a]p?® +13.0
(c 1.2, CHCI3) (99% ee). Enantiomer ratio was determined by HPLC using a Daicel
CHIRALCEL OJ-H (hexane/2-propanol = 99/1, flow: 1.0 mL/min, 240 nm, 26 °C, tr 7.26

min (major); tr 8.20 min (minor)

Buta-1,3-dien-2-ylbenzene (1152a)%: Colorless oil. 'H NMR (396
MHz, CDCl3): § 5.19 (dd, J = 0.8, 17.2 Hz, 1H), 5.20 (s, 1H), 5.21 (d, J
=10.7 Hz, 1H), 5.29 (d, /= 1.2 Hz, 1H), 6.62 (dd, J=11.1, 17.2 Hz, 2H),
7.28-7.37 (m, 5H). BC{'H} NMR (100 MHz, CDCl): §116.9, 117.1, 127.4, 128.1,
128.2,138.1,139.7, 148.2. 1R (neat) 699, 773, 894, 990, 1493, 1589, 3057, 3087 cm™".
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AWFFeTlE, ERXIGICHWON T WA o2 T = v LRI X - T
ST IONTIATALET IV boo- BT IAT IV EERT ZHTED
FR%EIT- 7=,

B 1 ETEAT = LI X B ERERN T VAT 2 LRSS DORFE %
fTof. RIGHEEE LTEZMTIATE—b2HG, TAFY vEREA & L
TAT =7 Ll X 2 EEIRT VAT 2 ALRIGOGET 21T - 72, %
DFER, Cp*RuCly/5,5-dimethyl-2,2"-bipyridyl (L12)% il & L CRIG%#TS T &
THRARMEERECHNO G ZH#ETIE, SRIEHNE T 20,0- BT U v
TIVE IN%DHENETHESL Z LI L7z, S HIC5 IO TIERkA 7
TIVICXBRIGHBETL, wihd BRIFARINE Coo-—ERT VLT I V%215
52 I LT, FRIC, RYUAT I v EREAE L CTHWRZBRIC IR D BRI
BAERDBE LN, 610, RIGREZEE T 5 L TRIGICHWE =HRKT I vz
AT N O ALK T 5 Z LI YIL 72,

2B CRRICEE ZAEE R ZMT VAT 2 —F & LT, (LEERY

T INMLT I ARG & RO RIGEMETT VLT 2 2ALRIG % T2 72, %
DFER, KEIGICEWTH HIVE T do,0- BT VLT I v Z BRI ICHE
fTX8202, TLICENFEEELRT VAT & — 1 ORI EIZITEE IR
FF(>99% es)X &% Z LICINL, HMONEEET VAT I v EEICRTES
LI L 7=,

Fram T b7 X oic, v7=v AT VAT I 2 ALRICOFE 78 BOG
BRI RZZICAHTH 23, SHFEELARBLZArT = A X 2 =T
VNI ATADT INAAT I 7LRIGE, X7V L, A VY LBl rY
VALK BRIED A A= RN TR 2 R[REER D 5. Sk, VT =7 Ll
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~DIEHZRMtT 2 e TR 5. T/, BonARICE SR, TV
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