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Chiral 1,2-diamine(vicinal diamine) 3IStE22 ©OIM L{OA ZE0H

g TE 2t & CHYet Bd2 4= QUdEe =H4=I=
ArEEICt = Chiral 1,2 diamine 2  @22X|(Mirtazapine),

&S| AEFAIK| (Epinastine), &4 K|(Cefaclor) & CHYst Tty O|FE9|
FHo2r: ZHE0 U0 chiral building blocks 2 X2k AA0A

2 AJN A= chiral 1,2-diamine 2| HIRAHMZEAM  2-nitro-1-
phenylethan-1-amine & X MEIHo=z TdSI7| RIS tert-butyl
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1. HICHH H7F0| {0 ¥t (Phase-Transfer Catalysis)
1-1. H[OfE &Ho| =0 #s 7l

Phase-transfer catalysisPTC)= A2 410|X| &= BLS A ALO[Of|A

2ojLiE 8oz FA Es= Ol2=2 o= Oi/iste HME
0|83ty HELXEE JHZE =+ Us gdEoI LHHoz

Qr|g0iet 21| Htgo=z Bo| EX Yo, 1971H  Starks7t
AMO| HOj HSE XX2 MY HAHLIZS M SHRACE
+5-9715 A2H”OM FHO§Z2| quaternary onium salt (Q+X-)2t

H2FO| metal salt (M+Y-) =X ot Z0H7t =50 Y= 30|22 v-

M*X + QY M*Y + QX
Aqueous
Organic i‘ i‘
R-X + QY _— > R-Y + QX

Figure 1. Stark?| extraction mechanism [
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BFEHO|, 1975 M. Makosza= phase boundary2tl £2|= AH &

(interfacial region)2 O|85t MAHLIZS HYSIFCE & HEH HHA

ro

£ 7iol ME MOIX| e Mo ¥Z ¥omo

2RE0| 2%

|:|9
|0

=
ol = o0 U= EEEL sk 72717t d1ICt B Makoszae AH
AA0| UE= reacting aniondt quaternary ammonium AtO[0f O|2 A&

ggotn o] &0 FHolst= F7I0 23l protone| FE&= LO{HCHD

M*X M*Y
Aqueous “ 4
Interfacial M*X + Q'Y M*Y + QX
Organic ” ”
R-X + QY- B R-Y + Q*X

Figure 2. Makosza?®| interfacial mechanism 2!

2HtM o=z H|CHE PTC B8 chiral ZHOIE ALESIH MER
stereogenic center?t DFEO{ZICE HICHA PTC BHS 9| HFL|E2 Figure
30t ZCh H|CHAE HHE2 path B DPEO0A LIEFLIH X interfacial O A

S 2RH)7F E7|(MOH)O 2|8 =471 A0 metal enolate(MR)



YEl2 Z=XSIA =k CHS 22 chiral catalyst*Q™X)2| 20|2 w2H0|

ol
=

Mo

oK

oLt lipophilic 8t chiral onium enolate(*Q*R)7t THSO{ZICt O]

A2 organic 422 0|&50] FTXH L H-SStAH E[=0 OfUj
st=l ©|= chiral prouduct(*RE)7t B+=O0{ZIC} (Figure 3).

Path A: Symmetric route

T Path B: Asymmetric route
NuE T
A
I R 7 EX
EX *NuE T
oo
NuH MR Qx| *Q'Nu
A L i .
o ! organic phase
"""""""""" J } SO 2 ] e e A
*Q*X !
MOH + NuH =—=| MR | Z—> MX Q"Nu interfacial
_______ |
aqueous phase
MOH H,0 q P

M = alkaline metal (Li, Na, K, Cs)
NuH = reactant (nucleophile)
EX = reactant (electrophile)
NUuE = product (Nu-E bond formed)
Q+X- = phase-transfer catalyst

Q+Nu- = onium-carbanion complex

Figure 3. 2t 0l HICHAE PTC BHE2| mechanism

10



M= o2

[e]
F

g g7

=2 enantioselectivity

0f2| quaternary onium salt(*Q*)2t 7[Z 2]

1g0j0p B} =

X
(]

&=C2

[e)

5 &0 OF

e
[s}
o

0l

F

enolate(R")
40| Za5ict.

oA HE-O|

{

e
O
—

e

S ofLto|H

11



1-2. PTC £0f (Phase-transfer catalyst)

PTC ZOf(phase-transfer catalyst)= Figure 30[A{QtZ0] HtS
Z(MNu)t onium-carbanion S (*Q*Nu)E YHSI0 organic &1t
aqueous & ARO[Q] O|&2 &O|3tA TezM H3E HLds IS

StCh Ol onium-carbanium SEH|7t 2otAH Z2Ee+E H =2 A

1989, M. J. O'DonnellO| cinchona alkaloid A 2| =0jE A3

a-alkyl-a-amino acid 72| glycinate Schiff baseE substrate2 3t chiral

e

TC Ht&

mjo
Fot

=2 3oLt o
Cinchona A €2| Z0Oi& cinchonine, cinchonidine, quinine, quinidine

s2 HASOM Foiet 2EEAM o] s A A 5 At

r
rir

20| QUCE © O'DonnellO] cinchona A€l HO1E LHSH Z0f| Corey,

lygo d2li1 £ XHYMOMEZ cinchona AL ZHOIE HHSHO

12



=z

Br +

) O
7 “'OH

N~

O'Donnell, M. J. et al.

J. Am. Chem. Soc. 1989, 111, 2353.

o A
?‘7

N “'OH
Y
Lygo, B. et al.

Tetrahedron Lett. 1997, 38,8595.

N N
PAGSS
N

1

Park, H.-g. et al.

Angew. Chem. Int. Ed. 2002, 41, 3036.

’,

Br_
Y

N/ﬁ

Corey, E. J. et al.
J. Am. Chem. Soc. 1997, 119, 12414.

s

Br
N+
F
il
N~ H FF
Park, H.-g. et al.

Org. Lett. 2002, 4, 4245.

=z

Br_

N 1-Np
, \—< >+OH
N 0 1-Np
Nz H

Ramachandran, U. et al.
Tetrahedron. 2005, 61, 7022.

Figure 4. CHEZX Q! cinchona alkaloid AI€2| PTC =0f

Maruoka &1L Shibasaki AE®2 non-cinchona Ag€2| ZHOIE

N

herstoict

=402 JIX|= PTC ZO0IE

(Figure 5). 53| Maruokal&2

binaphthyl2 7|2

SHQCE M O] PTC =0E AME35IY



asymmetric alkylationsg ZIASIAS If =2 sty =g <A
T2 YJULCL

Cinchona alkaloid A2l PTC HOS2 B-+=22 Hoffmann
elimination0] 2|3l 23 £ QCt. Non-cinchona A ¥°| PTC Z0jEE

g7 =d0A EstH OlF A8otE =2 =ty i &

— o

1%
12

£88 98 £ ULt BFX|Zt non-cinchona A €Sl PTC =OIEL
o= otdst7|of o280 EXSIH, Zr0] O H[MLCH= THEO

Br_ \ /—Ph-p-OCH3

\—Ph-p-OCH
. /—Ph-p OCH.

‘/ \—Ph-p-OCH,

Maruoka, K. et al. Shibasaki, M. et al.
J. Am. Chem. Soc. 1999, 121, 6519. Tetrahedron Lett. 2002, 43, 9539.

Figure 5. Non-cinchona A €2| PTC Z0f
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2. Neutral #7o| =of ot

0lo

AMO| ZH0f Yt (Phase Transfer Catalysis)lA 7] 2E(alkali
metals hydroxide or carbonate)2 EFXHC=E ALEL[ORCH F7|H

=22 YN (NuH)E ZLdXtelolo] F0jet §=585 S7HA7]=

2%t Ag=S SOt (Figure3). [M2tM &TO| HOf HHZ0| HE

719 =ES "IISH oW H8d0| HAstA ZoTct gLt

2009 Maruoka Group2 Chiral bifunctional 4%0| Z0jE 0|835}0
2-77| 0|F T Z=Z(H,0/toluene=10:1)0A 3-aryloxindolesilt #rans-B-
nitrostyreneE 0|3t Base-free Neutral &70| ZHOf HHSS XX=2

HISIACE (Scheme 1).

Ar Ar
OH_
I =
+
N [0}
.,
OH
Ar Ar
Ph
Ph Ar = 3,5(CF3),CeHs Ph :
L NO,
X NO; (S)-1 (1mol%) <
o + ©/\/ > (o}
N H,O/toluene N
Boc (ratio = 10:1) Boc
0°C,2h
93% yield
90% ee
93:7 dr

Scheme 1. Base-free Neutral 47 0| =0§ HE

15



Maruoka Group2 Scheme 12 O|83}0| Neutral &0 ZHOf EtS
ATE TIHSIED 2014F  Neutral A7HO0| =0 HEg HFHLISS
HotstCEno Ao 2™, Neutral A7HO0| ZH0f Hh30| A
A7 RsiM= 22 Y0l |7 EOHo| FECH HOLOF 3t Ol=
g8 oAU SO 7|Qistch ESH 40| HOoj7t S0 e SZME

-
=} —

o 3E87] 510l 97150 HES 4+ U HEo X8NS AL

A2 LH=3ICH m2kM Neutral 70| HOf EHS2 CHEM 22 F

2-1 o] oo X| 88 =t

At

Maruoka Group2 <M ZHOH2| X[&H0| ME Neutral &7FO0| Z=0j
Htgo| S APSIYUCE Achiral A7HO0| ZH0O§ tetraalkylammonium

bromides®| LZ7| AtE2| ZO|E HIAH2EZM X[8d =S

16



Table 1. Tetraalkylammonium bromides | &% At&o| Z0| ZIp10

Ph
Ph Ph NO
m ©/\/N02 R,N*Br" (5 mol %) (:C‘Q/ 2
o + > o
N H,O/toluene N
x (ratio = 2:1) t
Boc 0°C. 2 h Boc
Entry R;N*Br Yield [%] d.r.
1 BusN*Br trace -
2 Pen,N*Br trace -
3 Hex,N*Br 84 79:21
4 Octs;N*Br >95 76:24
5 Dec,N*Br >95 81:19
6 (Cy2H25)aN*Br >95 78:22

Tetrabutyl- 1t tetrapentyl ammonium bromidesE® AtE3S M=
Hbg0| E  TI™YEX| UUCH (Table 1, entry 1-2). HHHO
Tetrahexylammonium bromideO| M= Bt30| TIHE|D 84%2| =tshH

22 QYO{LHRICH (Table 1, entry 3). Tetraoctyl-, tetradecyl-,

tetradodecyl ammonium bromidesOi A= S0 J&SIAH ZIAHEZ|0] 95%

= Lo

o

IAI-O
S =

oty 82 YO{LHRALCH (Table 1, entries 4-6). 0|5 EL{=Z

17



ZtE  tetraalkylammonium salt”t Neutral AH70| Z0Of

% & UL,

mjo

4SS BIMoz ZS: A

C2 22 Cinchona A€1dl Non-cinchona AYS| Chiral A7%0|

Z0SE A8 2|2t Z2 Neutral &TO0| ZH0j H8S TASIACE
(Schem 2). 010
Ph £h
chiral PTC Ph - NO
X NO; (1mol %) <* ’
(o) + > o
N\ I:Z?!tolu;qt; N\
ratio = 2:
Boc 0°C,2h Boc
Ar Ar
OH_- Z ) Br
I {
N + o) \_
\ / Ph
99 Ty
OH Ny
Ar Ar
(8)-1 N-benzylcinchonidinium bromide
Ar = 3,5-(CF3),CgH; 7% yield, 80:20 dr
96% yield, 90% ee, 91:9 dr (ee: not determined)
Scheme 2. M2 Ct2 A B2l Chiral 40| ZH0{jo| =110
Binaphthyl A€ ZHOHQI (5)-12 X8HE FTEd| XL D AO0A
HESO| RESHA TAEO 96% Olgel 2t =85 AUCL BHEHOY

Cinchona alkaloid A€2| &7%O0| H0O] N-benzylcinchonidinum

18



bromide= 80| ZI&E|7|0fl=

UhS0| T HWE|X| YYCE O
A
& 9tk

2-2 29| =21}

Maruoka Group2 Neutral A7%O0| Z=0f HRZO0|A

=2 E
= o

£=822M0| =0t Neutral 2HF0| Z0j

OF

O] Z£0f= Neutral &7&0| H0i S0 =2

80| 2 0tof| CHSHY ZALSERALE (Table2). )

Table 2. =-77| 0|5 S0M &0 Zuto

rot
Al

HA, Cinchona alkaloid Z €2|

o
HOo| US

87| 0]

Ph
Ph H
CES: xNO, Dec,N*Br (1 mol%) ~

N soolvent N

‘Boc 0°C,2h ‘Boc

Entry Solvent (ratio) Yield [%] d.r.

1 H,O/toluene (2:1) >95 82:18

2 H,O/toluene (10:1) >95 79:21

3 H,O/toluene (100:1) >95 75:25

4 H,O/toluene (1:10) 39 78:22
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5 Toluene trace -

6 THF trace -

Tetra(decyllammonium bromideE 70| HO{Z ALESI0] CHYst E0f

ZHOM Neutral &70| F0f 8= UASIRAL) 1 & =-

=t
\d

=]
o

S0 E50| O e = (H,0/toluene 221)UHA =2 3tstd =81

-

m
>

mjo
HL
o
=2
rc
olo
o
j2al
o
H1

=2 Diastereomer MEHN |ACt (Table 2, entry

=350

IHY
on
Ot

2 XA (H.Oftoluene 10:1-100:1)0AM &=
KEXMOoZ H20| XAHEL|QULCt (Table 2, entries 2-3). HHHO|, S 7|50|
O B2 = (H,O/toluene 1:10)0ME HHS HE7t ZAEs A2
ZHESI AL (Table 2, entries 4). 30| 2Ms| MAHE Y Hof
Toluene 801 ZHOME S E 880 AKX QAyUD LEXHY
=d 012 THFYAME BrS0| TIME|X| BERULE (Table 2, entries 5-6).
ojzfst Md ZIES E38 Neutral 40| =0f HE0A £30| O
®2 =-77 Ol & &0i7t E=H As ¢ = UL Maruoka
group Neutral &ZF0| H0j Hhg G0N 2ES ZISE EOZE

Cr2df 22 88 HAHLES X eHSHALH (Figure 6).
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NuE =——mmm
+
NuH QX NuQ*
organic phase
y
. interfacial
-— QX -+
NuH » NuQ™ + HX
aqueous phase
NuH = reactant (nucleophile)
EX = reactant (electrophile)
NuE = product (Nu-E bond formed)
Q+X- = phase-transfer catalyst
Nu-Q+ = onium-carbanion complex X + H

Figure 6. Neutral &% 0| Z0f Bt HFHL|F

M (NuH)= H0ie| HO[29Q Halide®| 2|5t EFGXAt=trt

2HMSlE  Halogen halideHX)E B32=2 W=7 SHAEICEH

(R7IB0IM AlEIRIE HAHE BHO| 92Zoz XLKEE
st xpeoz mgech 250 Bo| ENUSE FHHO|

/71500 H=g AE Hoi= At SLHNuQH)E OlE Z,
HEAHM  d=2X8st0  H7To|  HOf HS0] Lo
A

o
= CHAl B30 HOSHH 2Hetrt.

-—
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2-3 ¢o| s}

2011H  Song Group2 24-pentanedionell trans-B-nitrostyrene=

0|8t Michael addtion HHSOIAM Brine2| ZAsd ZME S
HESEE A JHdst gt 82 YL 1 2y Zike

YA WA THEiESl 3K fx=E Z2Fotd JE-TH HSOM

TEMet 2IZES| ¥ ES FTSHE AYs ofrf 1

Table 3. Brine2| A=A gt

P . ©/\V"°2 Catalyst (2 mol%) PN
+ L H

solvent, rt ©/\/N02

Y NH B NH B NH
CF
NZ s nu N~ 0/’&3', CF, N /o # NH 3
F4C CF, 3 CF;
QN-TU QN-SA QN-SAQ
Entry Catalyst Solvent Time Yield [%] ee [%]
1 QN-TU CH,Cl, 13h >99 61
2 QN-TU Brine <20min >99 81
22



=
—

61
>99
>99

CC

Trace
>99
>99
>99
Of23}0  Brine

=
=

27|

48h
Th
20min
<3min
=

=
LIHSHCE

o

QN-SQA

CH,Cl,
Brine

CH,Cl,
Brine
addtion

QN-SA
QN-SQA
QN-SQA

QN-SA
QN-SA 2|2

5

6

QN-TU,
CH.CLOA  Michael

o[l

S5 ETh A AMEYD, o &

oj

K17t

.|

A
o

A
=l

Brine2|

L

—

C} (Table 3, entries 1-6). O]

FX]

got7[of
HSoME 2E5H7|of HESHA| B,

CH,CI,EC} Brine

A

FSalting out)Ofl F=SIYLCE Neutral &7H0| Z0j

1o

23
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3. Chiral 1,2-diamine 3}g+&

-

3-1. Chiral 1,2-diamine 322 =4

Chiral 1,2-diamine(vicinal diamine) 3IStE2 ©OQIM L{OIA ZE0H

oot
=
gt

2 2E 21 5 CHYot 2 HE 2Lt 19 Chiral 1,2 diamine 2

0Ot

22 Xl(Mirtazapine), &S| AEHDIA|(Epinastine), &4 |(Cefaclor) &

|
02
rd
ok

b oIEel SZ4e=2k ETE[0 U0 chiral  building

o
(@]

(@)

8
(V2]

u
]
12
>
2
2
>
=
o
of
>
>
ol
it
+
20
fu)

NH,
H
Oy s
¢ I
o Cl
O~ "OH
Fidarestat Mirtazapine Cefaclor
NH,
\ O
N— N\7/NH2 H o H
S
o NH N HO d
(o} 2
/—OH
o/_
Mephenytoin Epinastine Amoxicillin
Figure 7. Chiral 1,2 diamine 2 EZ¥5t= gd QYE=
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3-2. YHMEHE Ol 3za-Michael reaction ¢4t
20084, Li group2 Cinchona Alkaloid Derivative ®7| Z0{E A5t
o, B-unsaturated ketone= Z|EE ot M MEAEOl aza-Michael

reaction® %X2 H 13t H QC} (Scheme 3). '3

R
/@ NH,

N A

Z | Boc._ _OBn

0 Boc\N,OBn H 2N N" o

+ > *
R1/\)LR2 Ill 1J\/U\R2
TFA R

up to 96% ee
up to 83% yield

Scheme 3. Li group2| Asymmetric aza-Michael reactions '3

2011 &, Xiao group 2 Thiourea-Substituted Cinchona Alkaloid 7|

Z0§E 0|83}0] anilines It nitroolefin enolates & 7|EZ 3t A
MEHR Ol aza-Michael-Michael addition cascade £ M3ZFHo=
HSGCH (Scheme 4). 4
7
OCH,
N
N e
N S)\NH
RZ

4
R2 RS NO2 FsC CF3 HN:©
X | : R* —R!
10 . N > “=LNO,
ZSNH R33 i-PrOH R3: S
2 = X/\/COZEt =T 2 X COzEt

‘o

Scheme 4. Catalytic asymmetric aza-Michael-Michael addition cascade
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Maruoka group2 2011H0{ Binaphthyl modified chiral ammonium
salts &470| ZO|E AME35t0 H|CHE Neutral aza-Michael Reaction2 &

Sl 2-nitro-1-phenylethan-1-aminel| x| MEAX QI BHd

Ct (Scheme 5). 1"

Ar Ar
OH -
QRN
N + o]
oo
OH B
Boc. _OBn Ar Ar ’:’C\N’OBn
S = A,
H Toluene:H,0 Ar
(1:10) up to 95% ee

up to 92% yield

Scheme 5. Asymmetric Neutral aza-Michael reaction

2008 O 2 AAMOME tert-butyl benzyloxycarbmate 2+ CHFst
electron-deficient olefins & Z7|&Z ¥t PTC aza-Michael reaction O|Af

=2 T8 (>99%)2 2103 Ht QUCH (Scheme 6). [1°)

(0] R
n-BuysNBr
1/\/EWG Bno‘N/u\otBu N BnO\N)\/EWG
R b 50% KOH .
Toluene, rt Boc

Scheme 6. Park group2| PTC aza-Michael addition
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PTC aza-Michael reaction 2 <¢lgt Michael donor E tert-butyl
benzyloxycarbmate & A&3IQICE Ol carbamates LH Nitrogen 2|
2 FHEE2 Oxygen moiety & EZUHCEZM a-effect & Sl
XS Z3ISIQULE tert-butyl benzyloxycarbmate & AHo=z 0|

7tsditte Mt M8=22| selective deprotection 2 &l CHYSH

2020 Hoj 2 HAAMOME cyclic B-amino carbonyl S22 LA

MEH™ O 2

L ~1™1

ot

FdSt= RS ZWESHRACE 17 H|CHE Cinchona Alkaloid
Aol £0§ 50| tert-butyl (naphthalene-2-ylmethoxy)carbamate 2} 2-
cyclohexen-1-one & 7|2 E -40 °C O|M =2 2}StH F=g(99%)1 &3¢

TE8(98% ee)2 AQULL

F
(N
N oAk
Boc_ _O.__NAP
o FsC CF N
Boc. O __NAP 3 3 H
+ v > -
H 50% KOH(1.2eq) @
toluene o

up to 99% ee
up to 98% yield

Scheme 7. Park group2| Enantioselective aza-Michael Reactions ['”]
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Urea-Substituted ~ Cinchona A€  &7HO0| HOf=  tert-butyl

ie}
0=
0x
Mo
=2
Io
Xt

(naphthalene-2-ylmethoxy)carbamate 2t &3 Z&3}

Meyy

o

=0

ot

F 2= QUQACEH 07 SEX| Bt Cinchona Alkaloid A €9 =0j=
Neutral &M0| HO| ZHHANE 2 =842 Qs =2/st 2HZ

ZtX| 2 RUCH (Scheme?).

2 AR ME Cinchona Alkaloid A€el #H0O§o| $tAEES =£310

Neutral &7 0| Z0{ H20|

rio

g5t T

0%

2 & UAEE HME 9S

PN
=x

Of

=

o

o =M =2 =

ol
0x
o

7l Cinchona Alkaloid

rr

Z007t R7150 S=5 ENMY = UA=E G4 =2HE EEOIRALL

Neutral &7%0| ZH0Of B8 OFLIE (Figure 6)0A Halide 2| HEO
FF0| CHHQ| Halide € 38€ =+ A& NaCl, KBr, Csl & CHash
Alkali Metal Halide & €S2 AL&SIRUCE EH =2 4 I[NE
205t 1&sE2| Halide & 3307 <9I6t0 =3 $F8UZ

A& =E0M Xt HE S REMIS| LEERL ALY,
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o.= £

1. transB-nitrostyreneS/ Neutral PTC aza-Michael
reaction
1-1. 27| S =AU &MY
AMO| E£0fE 0|2%+ Neutral PTC aza-Michael reaction®| x7| Bt
e SESH fof, d>d AR oMo Hts EAES X{EHSIRICE
AN MEEES

FO5t7| 2l MO ARES YO

u
0

=

rjo

Ct=2

-

_ -
OCH, Br
N+

Nt
I A NH :

F
Y NH
N N F F
Z O)\NH Z o)\NH
FsC” i “CF, FsC CFs
1a 1b
Z Z
OCH, Br OCH, Br
N : N
F
A NH I X NH
F F
N&F S)\NH NF S)\NH
FsC CF, FsC CF,
2a 2b
Figure 8. Hh-3 &AM
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tert-butyl oxycarbamate®} trans-B-nitrostyrenes 7|EZ A3,
HEAQl chiral 80| HOIE Sof UM ME4EQI Neutral PTC aza-
Michael reaction ZI&SIQULCt (Table 4).

Table 4. =£7| Htg T A

o]
JOL J( N0, cat. (10mol %) R°~NJL0J<
RC)‘N (0] * toluene/water > NO,
H (1:3)
R.T., 1 day
3 4 5
Entry R- Catalyst Yield (%) ee (%)
1 1a 16 36
2 1b 43 55
Oy
3 3 2a N.R. -
4 2b N.R. -
5 1a 65 52
6 1b 66 70
O
7 3a 2a 77 35
8 2b’ 71 46

N.R. = No Reaction
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tert-butyl  benzyloxycarbamate(3)2t  fert-butyl  (naphthalene-2-
ylmethoxy)carbamate(3a)& Michael donor2 S0 47tX| Cinchona
derivatives &7M0| HOHE AT Z1l, thio-urea &7 7t H0Of
(2a-2b)E AIEY E% HHS0| TAEX| QAL B2 ™ =88 &
QUCH(Table 4, entries 3-4, 7-8). 0|2 Edl thio-urea 0= 7|21t ¢
M MEiXOl Ago| MOZ O|FOX|X| UUSS =CISHALCE HHH
urea TZE ZESIE 40| Z0i(1a-1b) M= LMMENES 2Tt
(Table 4, entries 1-2, 5-6). J12|11 fert-butyl benzyloxycarbamate(3)&
Ct tert-butyl (naphthalene-2-ylmethoxy)carbamate(3a)E Michael donor

LSt

St =85 HERUCH (Table 4,

kI

2 54

mjo

WO &S SN 81

Mo

rlo
0

entries5-8). O|E EL{E Michal donorZ2A tert-butyl (naphthalene-2-
ylmethoxy)carbamate(3a)2 MHSIFLCt Urea TXE ZESH= 47O
H0f BOME T =2 o 2HT0% ee)2 EUHE 1b FHE (A

3t IPE0| ArESH7| 2 SHRULE (Table 4, entries5-6).

1-2. 771 80§ &

1=

-

AN =Bt 1b FHO|E O|85t0 trans-B-nitrostyrene (1 eq)ut tert-

ol

butyl (naphthalene-2-ylmethoxy)carbamate (3 eq.), 2-77| 0|5 & &0f
(w/o0=3:10A |7| 80§ EMZ ZTIWSIRACt (Table 5). Benzene ring=

EZo5 QI7I200M O £2 2t =82 YALCKTable 5, entries4-



8). 1 BOAM Mesitylene (1,3,5-trimethylbenzene)df|A| 7}& =2 &3t

TE(74% ee)2 Y2 = ULt (Table 5, entry 7).

Table 5. 7| 01 B4

o
N0,  cat. 1b(10mol %) O‘N/U\OJ<
o. JL B
solventlwater NO,
(1:3)
3a R.T., 1 day

5a

Entry Solvent Yield (%) ee (%)
1 DCM 56 51
2 CPME 47 65
3 Cyclohexane 42 73
4 Benzene 84 64
5 Toluene 66 70
6 Xylene 58 70
7 Mesitylene 70 74
8 Anisole 75 65
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A=t

ElQ
=2 o

£ Michael DonorgE

of H-SO0flA Halide

ol &

A
o

Neutral

ZINZICE of2f3t TS

Aot6t7| ot CHEO| HalideE &

off

Cinchona alkaloid Ag =01& {7

=

wid

E=

oo
e

Table 6.

NO,

e, A K

— -

o
Xla
S5 =
Elo T
o )

]
SleEe™,
Q|27
T2 e
- 7]
Sle

=
N
o
4
/ ©

<

H °J<+
3a

o
o\NJL

5a

Yield (%) ee (%)

Salt solution (sat.)

Entry

74

70

Water

76

76

NaCl

77

81

KCl

77

96

CsCl

78

27

NaBr
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6 KBr 53 81

7 CsBr N.R. -

8 Csl 59 76

N.R. = No Reaction

Bromide(pKp,=22) £+ lodide(pKp=23)S ZE&St +2HS ALEI/AS

Ko(O| 23} &4=)7} Bromide=Ct 2F 108 lodide 2F 100HHS| E7|=E 7t
X2 QOO Z Basel| dgts O &St A ZE MZEICE ChlorideE =

= OH
[S

of

Ol M Cesium Chloride T=2HH A 7IE =2 3}t

1
0]

A
T

96%)2 L2 == JURULt (Table 6, entry 4). Sodium chloride(6.2 M)2

_—

12

Potassium chloride(4.8 M) 2L} Cesium chloride(11.0 M) Z2}+&

AN O =2 258 7IX2 7] MZ20| E2 L2 ChlorideE 3=
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o =2 gx HEdES 7] {5t 67HX|e] X0 HOHE
SHSHRACE x7| g8 = BMIPZOIM o0l H0§ 1aE Ll 1b0i|A
o £2 21 2% =82 ¥ = JUNUCL 0|0 EHOt5IH 27HOl
Z04o] Benzyl ZHE7(0| G 2 Fluoro?|& X|EA|Z|7LL O Lst
Electron Withdrawing Group@! Trifluoromethyl7| & CHSHA X|EHsHRALE,

M=t g0l ALESH 0] Z0j

- O -

rr

CHZ 1 ZCt (Figure 9).

= Br = Br
OCH, OCH, OCH,
N F NI/ CF;
B NH\C[ NH F B NH\©
N ¢J\ F N = NE N 44\

O~ 'NH

m

1b 1c 1d

/ Br Br- Z Br
OCH, OCH, OCH,
NZ NX/ CF,
N N
4 OJ\NH CF; T4 OJ\NH CF,
|=3,c/<)\m=3 FsC CF3 F3C/©\CF

1e 1f 19

3

Figure 9. XX ot0f A8 &7H0|

u

O

mujn
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Saturated Cesium chloride €21t Mesitylene®| =-77| 0|F & 20f
A w/o=31)0M  trans-B-nitrostyrene (1  eq)dt  tert-butyl

(naphthalene-2-ylmethoxy)carbamate (3 eq.) 7|2 Z3st0] &7H0| =0 &

>

Mg FISELQITH (Table 7).

Table 7. &7T10| 0Of EA

0 JL J< ©/\/N02 cat. 1b-g (10mol %) _ °~N)ol\zi<

Mesnylene CsCI(aq)

3a RT 1day
5a
Entry Catalyst Yield (%) ee (%)
1 1b 96 77
2 1c 91 80
3 1d 78 79
4 le 66 69
5 1f 86 75
6 19 87 86

S7T0[ Z0 1bECH 1M § =2 8% +20B80%E 2= = UM

N

2
1=

2etd =80 HOX|= A2 ZQISIRUCHTable 7, entries 1-2).



Trifluoromethyl7| & X|&tst AFO| 0§ 1dE 1e2Cf O =2 &3t +
B27I%)E Y2 5 UJACH (Table 7, entries 3-4). 0|= =3l Benzyl”|2
A X|ECt 2 |X|Q| Electron Withdrawing Effect’t &282 =0l

SHALCE IS Benzyl?|2 2811F 420 27H2| Trifluoromethyl 7|2 X|&hst

Z0§2| Benzyl?|2| -t 4= A& &=} O|= Hunter and Sander's (HS)
YHEIH RHE 0|85 ALY £ ULt ¥ HS modelM|A{= Benzene
ringS 282Xl LMt SM3| regionS 7HEl QuadrupoleZ 7HYTH
Ct  (Figure 10). Electron-Withdrawing Groupsd} Electron-Donating
Groups2 Aromatic EHS| =8 HIIAA n-n H2XHES E2A7|A
Lt OF3l5tCE ZH0H2| Benzyl groupdl EWGSE X|SHAZASEM  trans-B-
nitrostyrene2| Benzene ringdt m-nt &= %-&0| 71510 &3t 80| &

oszistel

or

bt Ao 2 MZEICt (2) F0§2| Quinuclidinel| 4X 22

r

Michael Donor2| S7%35te| AXM7|A Q18 Z=3t Ol& Quinuclidined| X

SHEl Benzyl?Z|2| Electron Withdrawing EffectOll 2|8l 4X} ZF2| 2O

ro

Mol 2 ZSHXIHAM Michael Donor2t ™ZE7|& Q20| A5ty

rir
POt
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o2 MZIEICt Ol BenzylZ|2| 4 {IX|ECH 28 2X|7t 4%t L EE0t
HE|7} 7t EZ Electron Withdrawing Effect?t ZstA Z&38t0] &3t

+80) o 2 Y%

0ot
mjo

F£ Ao =2 MZEICE (Table 7, entries 3-4).

S
—

@
@

Weaker

o< )e

Stronger
— e
S——
Arenes
= = =

Figure 10. Hunter and Sander's @™ 7|8 24

>
o
mjo
=
R
Ot
9
n
3
Q
=3
()
(o
()
=
~*
=.
[}
[7,]
—
1
N
W
u
!
=
it
|o
HU
(e}
(o]
(@)
=2
x
A

2 35t £ (93%)1t A 8 91% ee)= Y2 = URALCH (Table
8, entry 5). 0|2 EC{Z Michael acceptor EIME 2[3t HE ZT7Ho=Z

0°C, Catalyst Scale= 30mol %2 2t 3}ILCE



Mesitylene:CsCl(aq)
(1:3)

o\NJoLOJ< . (>/§/Noz cat. 1g N O\NJOL::OJZ<

3a 4a
5a

Entry Temperature Catalyst Scale Time Yield (%) ee (%)

1 RT. 10 mol % 1 day 87 86
2 R.T. 20 mol % 1 day 94 86
3 0 °C 10 mol % 3 days 67 91
4 0°C 20 mol % 3 days 79 91
5 0°C 30 mol % 3 days 93 91

3. Michael acceptor
3-1. Michael acceptor %

Michael acceptor?| &0 M2 YX HEAHQI Neutral PTC aza-
Michael reaction| 2t&tX =g &<t =82 X0|7} JU=X|E =I5t

7] 2l CtEat 22 147tX| nitroolefinse MLt (Figure 11).
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2

NOZ S NOZ ©/§/N02

Figure 11. EfMOf| AF$H 147+X]| 9] Michael acceptor

3-2. C}YSE Michael acceptor B

Saturated Cesium chloride 1t Mesitylenel| =-/7| 0|5 & &
of = (w/o=3:1)0lA 147tX| Michael acceptor (1 eq.) 2t tert-butyl
(naphthalene-2-ylmethoxy)carbamate (3 eq.), &0 1g (30 mol %), 0 °C

ZUOM gHES TIASIRAL (Table 9).
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Table 9. Michael acceptor Ef*

(o]
o cat. 1g (30mol %) J<
O\NJLOJ< o RIYANO: > O‘NJ\O
H

Mesityle(r;t:e;;.‘,sCI(aq)' R/'\/Noz
0 °C, 3 days
3a 4 5
Entry Michael acceptor Product Yield (%) ee (%)
NO
1 ©/\/ 2 5a 93 91
4a
2 /©/\V"°2 5b 91 90
ab
3 /@N"% 5¢ 82 89
F 4c
4 W"“ 5d 93 85
cl 4d
5 /©/\V"°2 Se 81 89
Br 4e
NO
6 N0 5f 74 91
af
~_NO,
7 @N 59 32 89
49
F
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10

11

13

14

12 N°2
PN

5h

5i

5

5k

51

5m

5n

77

70

74

71

65

63

60

88

90

90

86

88

88

Michael acceptor (4a-4i)2 ALESIAS [If & 85% O|A°| &2

o o
IS =22

_|ok

2 (93%)1}

—_—
A
x=13

T8 (91% ee)

2 Ao
= XA

A1, AF Michael product 5a0A 7t& w2 3}

_|Ok
1A
o

!

C}. Michael acceptor®| 4% ¢

ok

Al

Of X|&HEl 7|& (4b-4e)ECt 3 X0 K|BE 7|= (4f-4)0| A SHEHH

+80 O 4

o 7

= L

o & 3
2 290l

42

ULt (Table 9, entries 1-9). Heteroaromatic



Aqe 7|21} (4§-41) AliphaticS Zesta U

It Naphthalene

Ct (Table 9, entries

0= 86% Of

10-14).
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4. Plausible Mechanism 1} Plausible Transition State
2 o0 A ZFESE Cesium Chloride Solution € 8% Neutral PTC

aza-Michael Reaction Mechanism 2 X|Qtsf E ULt (Figure 12).

(o}

NAP_ _O.
N~ N’U\Ot-Bu

Ph%»\’Noz \

0 /
NAP\/O‘NJLOt-Bu interphase
H (o]
NAP,__O.-
hd r_l’U\Ot-Bu
é+

Figure 12. Plausible Mechanism

(1) Michael Donor = 2%2| Chloride o 2|3l Deprotonation 0| =l

= AMTHO| Z0i2F Complex & O|ZL.

(2) Complex & A™O|A Michael Acceptor 2F #Z28310 aza-

Michael Reaction 0] &0 L},

(3) Aza-Michael product = =39 Hydrogen Chloride Of 2|3}

Protonation O| &0 H30| A EICH
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(R)-form 2| K|

=0f Zte] 37X &

Figure 13. Plausible Transition State

(1) 4%0| =0 W quinuclidine 2 4 X} &4Z& YFSIQL Michael

donor 2| STot At0[2] FH 7N 2IH0| JdElrt

(2) Michael acceptor W Nitro 2t-&7|2t &7F0| =0{2| urea AHO[O]|

Hydrogen bonding &= %-&0| &4 EICt

(3) Michael acceptor L aromatic Z-&7|2t 470| Z0f L{| Benzyl
TZ& b m-m interaction O] EME £ RUCL O|= Table 4 O A
Benzyl 7|9| Electron Withdrawing Effect 7t ZeiE+= |
MEHEOl AHX|= FoM dasiE = UACL du¥oz 2o &2
3 7K HZE80| FES Yold £ UXE J|EA =0j
Zto| 3 Xt M HfEko| RX|=ICHH Si face attack 2 ol =2 A

o
HEYS HO|l= (R)-form 2| E=0| EAY 5+ UL
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2 A0 ME=  tertbutyl (naphthalene-2-ylmethoxy)carbamate 2

o o

CHSE nitroolefins & 7|&EZ 3 Neutral PTC aza-Michael reaction &
MEZHMo=z HASIQULCE Cinchona alkaloid AES| =0f 1g oo tert
butyl (naphthalene-2-ylmethoxy)carbamate 2} trans-B-nitrostyrene =

7|-Z2 0°COM 52 3™ £=8(93%)10F He +=8(91% ee)2 HRULL

i
0 N0,  cat. 1g (30mol %) O\NJJ\OJ<
O*HJ\ok + ©/\/ > : J__No,

Mesitylene:CsCl(aq)
(1:3)

3b 4a
5a

E|ZEZ salt solution = 8%t Neutral PTC aza-Michael reaction =

rA
0%
Of
2
H
o
o
e

u

25t Mechanism 2 | @t CE.
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Iv. & o

1. Yubsel uh

1-1. Spectra H|O|E{

Infrared (IR) spectra = JASCO FT/IR-300E and Perkin-Elmer 1710 FT
spectrometer & AFE3}ISICt Nuclear magnetic resonance ("H-NMR &
13C-NMR) spectra = JEOL JNM-ECZ 400S/L [400 MHz ('H), 100 MHz
('3Q)] spectrometer 2t 5-mm triple resonance inverse cryoprobe 7 U=
Bruker Avance II HD [800 MHz ('H), 200 MHz (*C)] spectrometer & Al
25FLCE 'H-NMR & *C-NMR spectra & CDCl; (§ 7.24)& W& 7|&E2
2 30 ZEHYIRA2M, chemical shift & ppm(parts per million) THIZ,
coupling constant (J)& Hz 2 #7|5tRICt Low-resolution mass spectra
(LRMS)2} high-resolution mass spectra (HRMS)& JEOL JMS 700, or
Agilent Q-TOF 6530 mass spectrometer 2 FESIACE 5= Biichi

= o

B-540 melting point apparaturs & AF&SISILCE Optical rotations 2 a

JASCO polarimeter P-2000 series & AM83}0] ZHSIRALE.

1-2. A20EJ2) Dt HPLC
TLC = Merck precoated TLC plate (silica gel 60 GF;s4, 0.25 mm)E At

83 LCt Flash column chromatography = E. Merch Kieselgel 60
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(230~400 mesh)E AF23SIQULCE.  HPLC Z|A = Instrument (Hitachi, L-

A4

2130)2} software (Hitachi, Version LaChrom 8908800-07)& At&3}0{

JotRALE. 222 HE2Y0|

0x

A H| 0t Y & (enantiomeric excess, ee)2 4.6
mm x 250 mm Daicel CHIRALPAK AD-H EE= CHIRALCEL OJ-H £ A3}

0l HPLC 7|A 2 ZHYSIFLCE

e |

2. Michael donor 2| g4
o K,CO o)
N °J< " Br MeCN, 80 °C 0\NJI\0J<

Scheme 9. Michael donor 2| &4 HiH

AHIPE(A)

RBF Off 2-(bromomethyl) naphthalene (1.23 g, 5.56 mmol), potassium
carbonate (1.15 g, 8.35 mmol), tert-butyl hydroxycarbamate (926mg, 6.95
mmol)& Y=Lt CF2 22 acetonitrile (16 mL)S E1 80 °C Of|Af mHt

gich bt Z2 %,

1 —

olo
ol

g e s=A7{ MABHCE 21 EtOAc

u

3 B FESD |II5E MgSO, 2 Ax 8 TEDCL 0|F flash
column chromatography (Ethyl acetate/Hexane, 1/20~1/10, v/v)& S5

gHot dd=5 H=Ct
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tert-butyl (naphthalen-2-ylmethoxy)carbamate (3a)

=13

J< 2-(Bromomethyl)naphthalene® ZUEEZ

3

o)
O\NJ\O
H St MEMHA)SE THSI0 white solid

ogk

Eio] E& 3a2 Y=Lt (1.32 g, 87% yield). m.p. 59 °C; "TH-NMR (400
MHz, DMSO-D6) & 10.08 (s, 1H), 7.85-7.90 (m, 4H), 7.46-7.50 (m, 3H),
4.86 (s, 2H), 1.36 (s, 9H) ppm; *C-NMR (100 MHz, CDCl3) & 156.9, 133.5,
133.4, 133.3, 128.5, 128.2, 127.9, 126.8, 126.5, 126.4, 82.0, 78.7, 28.4 ppm;
IR (KBr) 3290, 3056, 2979, 2932, 2874, 1719, 1603, 1509, 1477, 1456,
1392, 1368, 1272, 1250, 1167, 1107, 1042, 1017, 951, 895, 855, 819, 773,
753 cm™; HRMS (FAB) m/z: [M+H]* Calcd for [CisHaoNOs]*([M+H]*)

274.1443; found 274.1432.

3. Michael acceptor 2| £H’d™H

(o)
NO
M . > N
R H Nitromethane
Scheme 10. Michael Acceptor 2| e g

e (B)
RBF Of aldehyde (4.0 mmol), ammonium acetate (100 mg, 1.3 mmol)=

211 nitromethane (6.84 g, 112.1 mmol, 28 eq)2 2 =QIC} 0|F 100°C
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M 2 AlZh S wHiste} 2

—

OR¥

g 2, 08 BUE 4Y sEAA
M7 ztCt. 1t Dichloromethane 22 3 ¥ F&3t1 |F7|5E MgSO, 2
Ax 9 ZE$ct 0|%  flash  column  chromatography — (Ethyl

acetate/Hexane, 1/100~1/50, v/v)& Sd X5t MMHMES A =Lt

HEIE (O

LA

RBF Of aldehyde (4.0 mmol), nitromethane (244.5 mg, 40 mmol)2 €1

MeOH (2.7 mL)2 &2 =QICt 0|F 0°CO|A 3N NaOH (1.6 mL, 4.8 mmol)

2 HHEG| HItst = 1 AlZH SQF WmBHSHCE 0]|& 2N HCl (4 mL, 8 mmol)
2 HIt%t = 15 2 7t uHtsit 88 Z8 2, U8 801 4Y 5=

A7 H7$tCt 23t Dichloromethane 22 3 B F&ESt1 KQI|15E
MgSO, 2 AZx 8 ZE$ICE 0|F flash column chromatography (Ethyl
acetate/Hexane, 1/100~1/50, v/v)& Sd M5t MMHES A =Lt

(E)-1-fluoro-4-(2-nitrovinyl)benzene (4c)

XNO; 4-fluorobenzaldehyde (500 mg, 4.0 mmol)& E&=
F/O/\/ AZ 510 HEad B) 2 250 yellow solid &
Eie] E& 4cE YL (3522 mg, Yield = 52%). m.p. 101-102 °C; H-
NMR (400 MHz, CDClz) & 797 (d, / = 13.5 Hz, 1H), 7.51-7.57 (m, 3H),
7.12-7.16 (m, 2H) ppm; *C-NMR (100 MHz, CDCl3) & 166.1, 163.6, 137.8,

136.7, 131.3, 131.2, 126.2, 126.2, 116.8, 116.6 ppm.
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(E)-1-chloro-4-(2-nitrovinyl)benzene (4d)

/©/\/N02 4-chlorobenzaldehyde (565 mg, 4.0 mmol)E
Cl =P Yo: N

2 B) 2 ddtH yellow

solid HEjCo| 2& 4d € Y=Lt (362.7 mg, Yield = 49%). m.p. 108-
109 °C; "H-NMR (400 MHz, CDCl5) & 7.95 (d, /= 14.1 Hz, 1H), 7.55 (d, /
= 134 Hz, 1H), 7.45 (dd, / = 24.5, 8.6 Hz, 4H) ppm; *C-NMR (100 MHz,

CDCls) & 138.5, 137.8, 137.5, 130.4, 129.9, 128.6 ppm.

(E)-1-methyl-3-(2-nitrovinyl)benzene (4f)

N0 m-tolualdehyde (485 mg, 4.0 mmo)E EL=EE ¢
; NI (B) @ SAIBI0] yellow ol HEfO| 2T 42

=L} (599.4 mg, Yield = 91%). "H-NMR (400 MHz, CDsCN) 6 8.01 (d, / =

14.1 Hz, 1H), 7.77 (d, / = 14.1 Hz, 1H), 7.47-7.53 (m, 2H), 7.34-7.39 (m,
2H), 2.37 (s, 3H) ppm; C-NMR (100 MHz, CDCl5) & 139.3, 137.0, 133.1,
130.1, 129.8, 129.4, 126.5, 21.3 ppm.

(E)-1-fluoro-3-(2-nitrovinyl)benzene (49g)

3-fluorobenzaldehyde (500 mg, 4.0 mmol)E ZEL=ZEZ

X NO,
;F ot AMentd B) 2 243t yellow solid HE S| =&
4g= Y=Lt (376.5 mg, Yield = 56%). m.p. 45-46 °C; 'H-NMR (400 MHz,

CDCl3) & 7.92 (d, /= 13.8 Hz, 1H), 7.52 (d, / = 13.8 Hz, 1H), 7.40 (td, / =
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8.0, 5.8 Hz, 1H), 7.30 (d, / = 7.8 Hz, 1H), 7.14-7.22 (m, 2H) ppm; *C-NMR
(100 MHz, CDCl3) & 164.3, 161.8, 138.2, 137.8, 137.8, 132.3, 132.2, 131.2,
131.2, 125.3, 125.3, 119.3, 119.1, 115.6, 115.4 ppm.

(E)-1-chloro-3-(2-nitrovinyl)benzene (4h)

s_No, 3-chlorobenzaldehyde (570 mg, 40 mmohE EL=H=
©/\/ ot Agutd B) 2 MG yellowish solid HE{HS| &
Z 4h2 YT} (4154 mg, Yield = 56%). m.p. 49-50 °C; 'H-NMR (400
MHz, CDCl5) & 7.92 (d, / = 13.8 Hz, 1H), 7.51-7.57 (m, 2H), 7.37-7.47 (m,
3H) ppm; *C-NMR (100 MHz, CDCl5) & 138.1, 137.5, 135.5, 132.0, 131.9,
1307, 1288, 127.3 ppm.

(E)-2-(2-nitrovinyl)furan (4k)

~XNO2 2-Furaldehyde (385 mg, 40 mmo)E ZELUEHZ 3}0]
\_o

Al
=

oot

Y B) 2 4310l yellow solid HES| EF 4k
£ Y=Lt (4794 mg, Yield = 86%). m.p. 73-74 °C; 'H-NMR (400 MHz,
CDCly) 6 7.75 (d, / = 13.3 Hz, 1H), 757 (d, /= 14 Hz, 1H), 749 d, / =
13.3 Hz, 1H), 6.88 (d, / = 3.2 Hz, 1H), 6.56 (q, / = 1.8 Hz, TH)ppm; 3C-
NMR (100 MHz, CDCl;) & 147.0, 146.7, 135.0, 125.5, 120.2, 113.5 ppm.

(E)-2-(2-nitrovinyl)naphthalene (4l)

=dr2 X|

No2 2-naphthaldehyde (625 mg, 4.0 mmol)& EZ=EZ2
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sl AEHIPY B) 2 43I0 yellow solid HE S| EE 412 He=rt
(345.5 mg, Yield = 43%). m.p. 122-123 °C; '"H-NMR (400 MHz, CDCls) &
8.12 (d, /= 13.3 Hz, 1H), 7.96 (s, 1H), 7.86 (dd, / = 8.0, 6.2 Hz, 3H), 7.66
(d, /= 13.8 Hz, 1H), 7.54-7.60 (m, 3H) ppm; *C-NMR (100 MHz, CDCl3) &
139.3, 137.2, 135.0, 133.2, 132.4, 1294, 1289, 128.5, 128.0, 127.6, 1274,
123.4 ppm.

(E)-4-methyl-1-nitropent-1-ene (4m)

3-methylbutanal (345 mg, 40 mmol)& ZEL=EEZ
)\/\/NOZ

SHASIIE (C) 2 A3t pale yellow oil EEHQ]

=22 4mE Y=Lt (168.0 mg, Yield = 32%). "H-NMR (400 MHz, CDCl3) &
7.21-7.29 (m, TH), 6.97 (d, / = 13.4 Hz, 1H), 2.13-2.17 (m, 2H), 1.80-1.87
(m, TH), 0.96 (d, / = 6.7 Hz, 6H) ppm; 3C-NMR (100 MHz, CDCl5) & 141.8,
140.2, 37.4, 27.9, 22.4 ppm.

(E)-3,3-dimethyl-1-nitrobut-1-ene (4n)

. _NO, trimethylacetaldehyde (345 mg, 40 mmo)E EL=E
>r\/ 2 510 ™I () B &3t pale yellow oil HEj
o 2& 4nE =Lt (155.2 mg, Yield = 30%). 'H-NMR (400 MHz, CDCls)
8725 (d, /= 134 Hz, 1H), 6.89 (d, / = 14.1 Hz, 1H), 1.15 (s, 9H) ppm;

13C-NMR (100 MHz, CDCl;) & 152.2, 137.3, 32.8, 28.6 ppm.
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FsC CFs4 FsC CF,4 FsC CF,
1b 1c 1d
= Br = Br = Br
OCH, OCH, OCH,
N N Nt/ CF,
N NH Ny NH N NH
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Figure 9. X[ M3t0f| ALESH &7H0| ZOIS

Michael reaction®lAl &I MEIYS HOg 7590 =2 ZMSS

HASACE. Urea moiety® ZgHE  3,5-Bis(trifluoromethyl)phenyl 7| &=

N
%

Electron-Withdrawing &1F2 ureal| acidityS =0 O &

rc
4

A Zd
*r=
o 7bssteE HAMCE E3H Quinuclidinel| Electron Withdrawing

GroupO| X|ZtEl BenzylZ|& 4%t 22 E0| YMsIE L3st0] Michael

Donor®t O 4ot dXM7|& Q0| 7tsst=E HAA UL
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Ok

4-2. &Ho| o e

o

Urea-derived cinchona alkaloids &M0| =0j= Ct2uf Z2 Hfoz

2t sl SCH (Scheme 11).

7 z oz
OCH, OCH, OCH,
N N N
. (a) (b)
(XY ‘o —> Y NH,  — Y NH
N =2
NF N& OJ\NH
FiC CF;
‘2
OCH, Br
+
L) \—Ar cat 1b: Ar=2,3,4-F,C¢H,
Ar  Br P i‘l cat 1c: Ar=2,3,4,5,6-F5Cq
Benzyl bromide N& O“ NH cat 1d: Ar=2-(CF)C¢Hs

cat 1e: Ar=4-(CF)CgH5
cat 1f: Ar=3,5-(CF),CgH,

cat 1g: Ar=2,4-(CF),C;H
FiC CF, g (CF),CegH4

(a) DIAD; DPPA; PPhs; THF; 0 °C~rt. 4 h; 40°C~50 °C 2 h

Mitsubonu &3} Staudiger BF &2 2 G2 -OH 7[& -NH, 22
K|etEICE ofmf, MO g2 R)OIM (S)2 MeHEICEH

(b) 3,5-Bis(trifluoromethyl)phenyl isocyanate; THF; r.t. 4 h
M= —NH, of isocynate% 0| 235l Urea moiety% T QISHCT

(c) Benzyl bromide; Acetone; 40 °C 48 h
Quinuclidine@| 3Xt Z20] Benzyl bromideE O|83}0] 4%} 2

& 0| Z0iE ghdetct

Scheme 11. &7X0| =0f g8
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9-Amino(9-deoxy)epiquinine (1a”)?%

Z RBFO|  Quinine (300 g, 925  mmol)xt
OMe
N Triphenylphosphine (291 g, 11.10 mmol)2 &1 Ar

| NH, Z|HZ2 WEE X[&et = anhydrous THF (65 mL)Of

Na
=QICt 0 °ColM 52 =S¢t wbBket =, Diisopropyl

azodicarboxylate (2.24 g, 11.10 mmol)2 H7}stCt 52 ¢ FItE bt
ot =, Diphenyl phosphoryl azide (3.10 g, 11.10 mmol)2 M35 H7tot
Ch Ol7, 4222 VS 2EE =0FCLL 447 3¢ wgh o =

50 °CO|AM F7I2 2A|ZF WHISICEH O], Triphenylphosphine (3.40 g,

F

_

=0}
O -

12.95 mmol)2 A7t otCt 24|71

|'|'|\l

ro

SEON UE ¥, MeoR

252 WHEC DW 2 mDE X7t = 16A1ZH SO w3 3 g

O
!

AlZICH Brg EOHE

— —

oN

&t == AlAH HZAH$H &, DCMIt 2N HCIE O]

oo

oto] 298 ZW7|0| s/t 52 DCM2Z 3 MlojFECt L2 Lot

2=

ol
i

120] 4

|0

9| pH 2 HH3iCt DCMoZ 3H FE}

4
kl
10
]
ol

mjo

MgSO,2 A= A EHHESTICE 0| Flash chromatography on silica gel
(EtOAc/Acetone/MeOH=8/1/1 to EtOAc/MeOH/NH,OH=8:1:0.1)E &5}
22| ZH 50 yellowish viscous oil HEHC| amine 1a”"S ¥=Ct (247 g,

82% yield).
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1-(3,5-bis(trifluoromethyl)phenyl)-3-((S)-(6-methoxyquinolin-4-

yD)((1S,2S,4S,5R)-5-vinylquinuclidin-2-yl)methyl)urea (1a")®*"

RBFO| amine 1a” (231 g, 7.16 mmol)2 €11
Ar 7|Hz WEE X[got £ anhydrous THF

21 mL)O| =QICt A20|AM 52 SO uH

— —

A
rot

2, 3,5-Bis(trifluoromethyl)phenyl  isocyanate

(1.34 mL, 7.87 mmol)g A 7}$tCt 24A|7F S0

El
T
rot

o
, 2S

mjo
O

FZUN

Lt Hg EME Y A7 MAS.

ot

Flash chromatography on silica gel (Hexane: DCM: EtOAc=4:4:1 to EtOAc:
Acetone: MeOH=81:1)& &3 =22l XS pale yellow solid HE{2|
urea 1a'€ Y=L (3.52 g, 85% yield).

Catalyst 1b-1g

= .
OCH; Br
N* cat 1b: Ar=2,3,4-F3CgH,
\—Ar cat 1c: Ar=2,3,4,5,6-F5Cg
I O NH cat 1d: Ar=2-(CF)CgH5
cat 1e: Ar=4-(CF)CgHs
NF OJ\NH cat 1f: Ar=3,5-(CF),CoHs
cat 1g: Ar=2,4-(CF),CgH,4
F3C CF;

HHIPE(D)
RBFO{| urea 1a’ (500 mg, 0.86 mmol)& 21 Acetone (2.5 mL)0f| =QIC}.

AL20M 52 Q2 wHt 3t = Benzyl bromideS (1.30 mmol, 1.5 eq)S
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HIIotCt. 40 °COlM 48A12H SQF bt

o
Jot

o
, 28

mjo
OpA

ZA|Zict g

—

olo

=L

mjny

e s=AA AT F, Flash chromatography on silica gel
(DCM: Acetone=9:1 to DCM: MeOH: NH,OH=8:2:0.1)E &3l £z HA

5t0] white solid HEH2| catalyst 1b-1gE =Lt

Catalyst 1b
= Br 2,3,4-Trifluorobenzyl bromide (290.7 mg, 1.3
OCH,
N mmo)E =EE=EE oo ddud D) 2

F

" NH a3t White solid HE{2| Catalyst 1bE
F F
N~ OJ\NH

AL} (2137 mg, Yield = 34%). m.p. 139-
o oF, 142 °C; "H-NMR (400 MHz, CD;OD) & 8.81
(d, /= 4.6 Hz, 1H), 8.03 (d, / = 12.3 Hz, 3H), 7.72-7.75 (m, 2H), 7.49-7.56
(m, 3H), 7.34 (dd, / = 16.7, 7.5 Hz, 1H), 646 (d, / = 11.0 Hz, 1H), 5.87-
5.96 (m, 1H), 540 (d, / = 13.3 Hz, 1H), 5.22-5.28 (m, 2H), 4.97-5.02 (m,
2H), 4.51-4.62 (m, 1H), 4.01 (s, 3H), 3.86 (t, / = 10.7 Hz, 1H), 3.48-3.60 (m,
2H), 2.80 (g, / = 8.4 Hz, TH), 2.01-2.31 (m, 4H), 1.27 (d, / = 12.3 Hz, 2H)
ppm; 3C-NMR (100 MHz, CD;OD) & 160.7, 156.4, 148.6, 145.6, 1454,
142.8, 137.3, 133.3, 132.9, 132.0, 131.0, 1289, 126.0, 124.4, 1234, 120.7,

119.3, 1184, 116.1, 114.6, 1145, 102.6, 69.5, 64.3, 61.8, 56.4, 51.4, 50.7,

38.7, 27.8, 25.6, 24.4 ppm; IR (KBr) 3734, 2961, 2349, 2309, 1748, 1689,
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1622, 1516, 1474, 1388, 1279, 1220, 1178, 1134, 1028, 883, 772, 682 cm;
HRMS (FAB) m/z: [M+H]* Calcd for [C3sH32FsN4Oo]*([M+H]*) 723.2382;

found 723.2376. [0]?% = +0.2 (¢ 1.0, CHCI3).

Catalyst 1c
Z Br pentafluorobenzyl bromide (3383 mg, 1.3
OCH, .
N F mmol)2 EY2ZEZE st Admd D) =2
| Y NH F 2143510 White solid ®EHC| Catalyst 1cE &

=L (2548 mg, Yield = 35%). m.p. 147-

FsC CF, 150 °C; "H-NMR (400 MHz, (CDs),SO) & 8.49-

896 (m, 2H), 7.71-8.02 (m, 4H), 7.32-7.60 (m, 2H), 6.02-6.28 (m, 1H),
5.83-5.98 (m, 1H), 5.13-5.46 (m, 4H), 4.91-5.08 (m, 1H), 4.24 (d, / = 10.1
Hz, 1H), 4.04 (d, / = 72.2 Hz, 3H), 3.72-3.84 (m, 1H), 3.38-3.68 (m, 2H),
2.64-2.79 (m, 1H), 1.83-2.34 (m, 4H), 1.03-1.71 (m, 2H) ppm; C-NMR
(100 MHz, (CDs),SO) & 158.1, 154.3, 147.8, 147.6, 1444, 143.0, 141.8,
136.6, 131.7, 130.8, 130.5, 126.9, 124.6, 121.9, 119.4, 117.7, 1174, 102.2,
67.4, 59.4, 55.5, 54.9, 49.7, 48.7, 36.9, 26.9, 25.3, 24.0 ppm; IR (KBr) 3233,
2962, 2349, 1690, 1622, 1579, 1525, 1508, 1474, 1388, 1279, 1220, 1180,
1135, 1030, 984, 965, 944 cm™; HRMS (FAB) m/z: [M+H]* Calcd for
[C36H30F11N4O2]*(IM+H]*) 759.2193; found 759.2205. [a]*% = +20.7 (¢ 1.0,

CHCl;).
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Catalyst 1d

- 2-(trifluoromethyl)benzyl bromide (309.9 mg, 1.3

a Br
OCH; N . N .
oy mmol)E ELSEE 0] Ad¥NE D) 2 &4
3
Ny NH S5t0f White solid EEfQ| Catalyst 1dE Y=Lt
NF o)\NH
(183.1 mg, Yield = 26%). m.p. 148-151 °C; 'H-
i cr, NMR (400 MHz CD;OD) & 8.80 (d, / = 3.7 Hz,

1H), 7.98-8.09 (m, 3H), 7.89-7.94 (m, 2H), 7.73-7.83 (m, 4H), 7.48-7.51 (m,
2H), 6.47 (d, / = 9.8 Hz, 1H), 5.87-5.96 (m, 1H), 5.57 (d, / = 14.1 Hz, 1H),
5.20-5.33 (m, 4H), 4.58 (s, 1H), 3.98-4.21 (m, 3H), 3.53-3.69 (m, 3H), 2.66-
2.75 (m, 1H), 1.97-2.29 (m, 4H), 1.12-1.43 (m, 2H) ppm; *C-NMR (100
MHz, CD;OD) & 160.7, 156.2, 148.6, 1457, 145.2, 142.6, 138.0, 1373,
134.0, 133.3, 132.9, 132.6, 132.0, 129.3, 128.8, 126.8, 126.1, 124.4, 124.1,
123.3, 120.8, 120.6, 119.4, 1184, 116.4, 102.5, 71.4, 65.1, 64.3, 62.1, 56.4,
51.9, 387, 28.9, 27.6, 25.7 ppm; IR (KBr) 2959, 1692, 1622, 1583, 1508,
1474, 1389, 1308, 1279, 1227, 1177, 1130, 1029, 882, 682, 1369, 1323,
1255, 1220, 1162, 1071, 1005, 904, 855, 820, 773, 672 cm™'; HRMS (FAB)
m/z: [M+H]* Calcd for [Cs;H34FgN4OL]*(IM+H]*) 737.2538; found
737.2537. [a]?% = +6.0 (¢ 1.0, CHCly).

Catalyst 1e

4-(trifluoromethyl)benzyl bromide (309.9 mg, 1.3 mmol)& ELEEZ 3}
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= Br o Ay D) 2 MBI White solid
OCH;,4
N YEO| Catalyst 1eE YECH (2261 mg,

N NH\©\ Yield = 32%). mp. 147-150 °C; 'H-NMR
N A 04L~ CF,

(400 MHz, CD;OD) & 8.80 (d, / = 3.1 Hz, TH),
F.c o, 812797 (3H), 7.85 (d, / = 80 Hz, 4H), 7.74
(d, /= 43 Hz, 2H), 7.50 (dd, / = 9.2, 2.5 Hz, 2H), 6.46 (d, / = 9.8 Hz, 1H),
5.87-5.95 (m, 1H), 5.14-5.33 (m, 4H), 499 (s, 1H), 4.58 (d, / = 386 Hz,
1H), 401 (d, / = 19.0 Hz, 3H), 3.77-3.86 (m, 1H), 3.55-3.69 (m, 2H), 2.78
(d, /= 80 Hz, 1H), 1.94-2.23 (m, 4H), 1.26 (d, / = 11.7 Hz, 2H) ppm; °C-
NMR (100 MHz, CD;OD) & 160.7, 156.4, 148.6, 145.7, 145.2, 142.6, 137.5,
135.5, 133.7, 133.4, 133.3, 133.2, 1330, 132.1, 1288, 1287, 127.3, 127.2,
1265, 126.0, 124.3, 123.8, 123.3, 120.8, 120.6, 119.3, 1184, 116.4, 102.5,
68.8, 66.5, 64.3, 62.4, 56.4, 515, 38.7, 28.7, 28.0, 25.6 ppm: IR (KBr) 2960,
2310, 1689, 1622, 1581, 1508, 1474, 1388, 1325, 1279, 1175, 1131, 1069,

854, 682 <cm'’; HRMS (FAB) m/z [M+H]* Caled for

[C37H34FoNLO,]* ([M+H]*) 737.2538; found 737.2542. [a]*°, = +30.6 (¢ 1.0,

CHCl;).
Catalyst 1f
= Br 3,5-bis(trifluoromethyl)benzyl bromide
OCH,
N (398.0 mg, 1.3 mmo)& EL=EE o0 A
CF;3

Ny NH
N
Z OékNH

CF3 61

Fs;C CF;



e

A0 (D) 2 ™5 White solid YEH2| Catalyst 1fE 2 =CF (290.8

0l

mg, Yield = 38%). m.p. 145-148 °C; "H-NMR (400 MHz, CDs;OD) & 8.75 (d,
J =313 Hz, 1H), 8.36 (d, / = 44.6 Hz, 2H), 8.15 (s, TH), 7.91-8.01 (m, 3H),
7.81 (d, /= 24.4 Hz, 2H), 745 (dd, /= 8.5, 2.1 Hz, 2H), 6.48 (d, / = 9.7 Hz,
1H), 5.91-5.99 (m, 1H), 5.45 (d, / = 129 Hz, 1H), 5.14-5.31 (m, 4H), 4.58
(s, TH), 412 (d, / = 70.3 Hz, 3H), 3.43-3.79 (m, 3H), 2.78 (t, / = 6.9 Hz
1H), 1.96-2.21 (m, 4H), 1.12-1.65 (m, 2H) ppm; C-NMR (100 MHz,
CD;OD) & 160.7, 156.4, 148.6, 145.6, 145.2, 142.5, 137.5, 135.2, 133.9,
133.5, 133.3, 133.0, 132.0, 128.8, 128.7, 126.0, 125.7, 125.6, 124.3, 123.3,
123.0, 120.8, 120.6, 119.3, 118.4, 116.4, 102.3, 69.6, 64.3, 62.5, 56.4, 51.4,
50.8, 38.7, 28.7, 28.0, 25.6 ppm; IR (KBr) 2938, 2310, 1598, 1508, 1474,
1389, 1279, 1178, 1133, 903, 683 cm™’; HRMS (FAB) m/z: [M+H]* Calcd

for [C38H33F12N402]+([M+H]+) 805.2412; found 805.2424. [Q]ZOD = -32.1 (C

1.0, CHCly).
Catalyst 1g
= Br 2,4-bis(trifluoromethyl)benzyl bromide
OCH,
N/ CF, (398.0 mg, 1.3 mmoh)E EY=EE 5l A
X NH A (D) 2 310 White solid HEHQ

|
N~ O?A\NH CF,
Catalyst 19§ =Lt (189.8 mg, Yield =

o _ o 1.
F\C CF, 25%). m.p. 132-135 °C; '"H-NMR (400 MHz,
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CDs;0D) & 8.80 (s, 1H), 7.94-8.16 (m, 6H), 7.85 (d, / = 30.0 Hz, 2H), 7.50
(dd, /= 9.2, 24 Hz, 2H), 6.48 (d, /= 9.2 Hz, 1H), 591 (t, /= 7.3 Hz, 1H),
562 (d, /= 14.1 Hz, 1H), 5.04-5.28 (m, 4H), 4.57 (d, / = 8.6 Hz, 1H), 4.13
(d, /= 70.3 Hz, 3H), 3.55-3.69 (m, 3H), 2.74 (d, / = 6.7 Hz, 1H), 1.98-2.28
(m, 4H), 1.22-1.34 (m, 2H) ppm; C-NMR (100 MHz, CD;0OD) & 160.7,
156.4, 148.6, 145.6, 1454, 142.8, 139.1, 137.1, 134.3, 134.0, 133.5, 133.2,
132.9, 132.6, 131.9, 1314, 130.7, 128.8, 128.8, 126.1, 126.0, 125.7, 124.3,
123.4, 123.3, 123.0, 1209, 120.7, 119.3, 1184, 116.1, 102.6, 71.7, 64.3,
62.3, 56.4, 52.1, 51.5, 38.7, 27.5, 25.7, 24.4 ppm; IR (KBr) 2959, 1691, 1622,
1587, 1508, 1474, 1389, 1345, 1279, 1179, 1133, 1089, 1060, 1030, 943,
883, 856, 768, 704, 681 cm”; HRMS (FAB) m/z: [M+H]* Calcd for
[C3sH33F12N4O,]* (IM+H]*) 805.2412; found 805.2413. [a]*%, = -0.6 (¢ 1.0,

CHCl;).
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5. Neutral PTC aza-Michael IS

[0}
[0} cat. 1g (30mol %) J<
O\NJ\OJ< + R/\/Noz > O\NJ\O
H

Mesitylene:CsCI(aq)'
(1:3) R/k/Noz

5

U9l

RBF Ol nitroolefin (0.08 mmol), 40| =0§ 1g (21.4 mg, 30 mol %), =

Z 3a (66 mg, 0.24 mmol)E 211 mesitylene (1 mL)Of| =QICH A20f A

DE 7|H0| 58 W7HX| met $tct 2= 7|&0| 2™ 0 °COM 10 &
S0t weksict 254 /7|82 H|E0| 3:1 0] E|=% Saturated Cesium

rir

chloride 8% 3 mL)E Y=Ch TLC MOAM 7|Z0| 25 Af2tX|H Ht

82 JZAMZICE 21t EtOAc B 3 ¥ FH5t |7|158 MgSO, B U
Z= 8 ZEH3CE 0o|F  flash column chromatography  (Ethyl

acetate/Hexane, 1/20~1/10, v/v)& Sl MAsI M MHES A =Lt

tert-butyl (naphthalen-2-ylmethoxy)(2-nitro-1-phenylethyl)carbamate (5a)

PN

o =72 4a (120 mg, 0.08 mmol)E& EL=E=E ¢
e 2k

I no, Ht& Ol Neutral PTC aza-Michael MA@ ntdo =z
dEjo] EF 5aE Y=r

colorless caramel =2

(31.1 mg, 93% yield). '"H-NMR (400 MHz, CDCl;) & 7.78-7.86 (m, 4H),

64



7.48-7.53 (m, 3H), 7.34-7.40 (m, 5H), 5.88 (g, / = 4.9 Hz, 1H), 5.13 (dd, /
=128, 9.8 Hz, 1H), 492 (d, /= 9.2 Hz, 1H), 4.72-4.83 (m, 2H), 1.48 (s, 9H)
ppm; C NMR (100 MHz, CDCl3) & 156.4, 135.1, 1335, 133.3, 1325,
129.0, 129.0, 128.9, 1284, 128.2, 128.2, 127.8, 127.1, 126.5, 126.4, 83.1,
78.9, 75.3, 61.4, 28.3 ppm; IR (KBr) 3060, 2978, 2931, 1733, 1711, 1603,
1557, 1497, 1455, 1426, 1369, 1307, 1254, 1162, 1098, 1098, 900, 855,
819, 752, 700 cm™'; HRMS (ESI-TOF) Calcd for [Co4H26N,OsNa]* ([IM+Na]*)
445.1734; found 445.1727. The enantioselectivity was determined by
chiral HPLC analysis (DIACEL Chiralpak AD-H, hexane : 2-propanol = 98 :
2, flow rate = 1.0 ml/min, 23 °C, A = 254 nm) retention time: minor
isomer 12.7 min, major isomer 15.2 min, 91% ee, [a]*°, = +27.3 (¢ 1.0,

CHCl;).

tert-butyl (R)-(naphthalen-2-ylmethoxy)(2-nitro-1-(p-tolyl)ethyl)carbamate (5b)

0 =% 4b (13.1 mg, 0.08 mmo)E EL=E=Z &

o\NJLOJ< )
/@/k/NOZ HEX Ol Neutral PTC aza-Michael A&ty oz
gEel =& 5bE YECt

colorless caramel ==

-

(32.1 mg, 91% yield). '"H-NMR (400 MHz, CDCl;) & 7.77-7.85 (m, 4H), 7.50
(td, /= 6.4, 3.1 Hz, 3H), 7.26 (t, / = 3.9 Hz, 2H), 7.14 (d, / = 7.8 Hz, 2H),
5.84 (dd, /= 9.2, 55 Hz, 1H), 5.10 (dd, / = 129, 9.7 Hz, 1H), 491 (d, / =

9.7 Hz, 1H), 4.70-4.83 (m, 2H), 2.33 (s, 3H), 1.49 (s, 9H) ppm; *C NMR
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(100 MHz, CDCl;) & 156.5, 138.9, 133.5, 133.3, 132.6, 132.0, 129.6, 128.9,
128.4, 1282, 128.1, 127.8, 127.1, 126.5, 126.4, 83.0, 78.8, 75.4, 61.2, 28.3,
21.3 ppm; IR (KBr) 2977, 2925, 1710, 1602, 1557, 1515, 1456, 1426, 1369,
1307, 1253, 1220, 1162, 1119, 1094, 1059, 1004, 900, 855, 819, 772 cm™;
HRMS (ESI-TOF) Calcd for [CysHpsN.OsNal*([M+Na]*) 459.1890; found
459.1883. The enantioselectivity was determined by chiral HPLC analysis
(DIACEL Chiralpak AD-H, hexane : 2-propanol = 98 : 2, flow rate = 1.0
ml/min, 23 °C, A = 254 nm) retention time: minor isomer 13.2 min, major

isomer 14.7 min, 90% ee, [a]*°, = +51.6 (¢ 1.0, CHCI5).

tert-butyl (1-(4-fluorophenyl)-2-nitroethyl)(naphthalen-2-ylmethoxy)carbamate (5c)

o =% 4c (135 mg, 0.08 mmo)E ELEHE
O‘NJI\OJ<

O)\/No HA Ol Neutral PTC aza-Michael A8t o=z
2
F colorless caramel HE{C| =& 5¢E Y=rt

(28.8 mg, 82% yield). '"H-NMR (400 MHz, CDCl3) & 7.79-7.87 (m, 4H), 7.51

—

(td, /= 6.9, 3.7 Hz, 3H), 7.36 (td, / = 6.0, 2.6 Hz, 2H), 6.99-7.04 (m, 2H),
5.84 (q, /= 49 Hz, 1H), 5.08 (dd, / = 12.8, 9.8 Hz, 1H), 4.90 (g, /= 10.0
Hz, 2H), 470 (g, / = 6.1 Hz, 1H), 149 (s, 9H) ppm; *C NMR (100 MHz,
CDCl;) & 164.1, 161.6, 156.3, 133.4, 133.1, 132.2, 130.8, 130.7, 130.0,
130.0, 128.8, 128.3, 128.1, 127.7, 126.9, 126.5, 126.3, 115.9, 115.7, 83.2,

78.8, 75.3, 60.7, 28.1 ppm; IR (KBr) 2978, 2928, 1710, 1604, 1558, 1511,
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1370, 1305, 1223, 1161, 1107, 1003, 900, 839, 820, 772 cm™"; HRMS (ESI-
TOF) Calcd for [CosHsFN,OsNal*([M+Na]*) 463.1640; found 463.1651.
The enantioselectivity was determined by chiral HPLC analysis (DIACEL
Chiralpak AD-H, hexane : 2-propanol = 98 : 2, flow rate = 1.0 ml/min,
23 °C, A = 254 nm) retention time: minor isomer 14.2 min, major isomer

17.8 min, 89% ee, [0]?% = +38.1 (¢ 1.0, CHCly).

tert-butyl (1-(4-chlorophenyl)-2-nitroethyl)(naphthalen-2-ylmethoxy)carbamate (5d)

0 2% 4d (148 mg, 008 mmol)E EL=ZH
o 5
/@/K/Noz QUHtA Ol Neutral PTC aza-Michael Mg tHo
cl Z colorless caramel HE{C| 2% 5dE &

(34.0 mg, 93% yield). '"H-NMR (400 MHz, CDCl;) & 7.84-7.86 (m, 3H), 7.78

hu

rr
n

(s, TH), 7.48-7.53 (m, 3H), 7.30 (s, 4H), 5.82 (dd, / = 9.2, 5.5 Hz, 1H), 5.07
(dd, / =129, 9.7 Hz, 1H), 490-4.93 (m, 2H), 470 (dd, / = 12.9, 5.5 Hz,
1H), 1.49 (s, 9H) ppm; *C NMR (100 MHz, CDCl3) 6 156.5, 135.1, 133.5,
133.3, 1324, 129.6, 129.2, 129.0, 1285, 128.2, 127.9, 127.1, 126.7, 126.5,
83.4, 79.0, 75.3, 60.9, 28.3 ppm; IR (KBr) 2978, 2927, 1710, 1558, 1493,
1369, 1305, 1252, 1220, 1161, 1113, 1092, 1015, 900, 856, 820, 772, 661
cm™”; HRMS (ESI-TOF) Calcd for [CoaH2sCIN,OsNa]*([M+Nal*) 479.1344;
found 479.1358. The enantioselectivity was determined by chiral HPLC

analysis (DIACEL Chiralpak AD-H, hexane : 2-propanol = 98 : 2, flow rate
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= 1.0 ml/min, 23 °C, A = 254 nm) retention time: minor isomer 15.9 min,

major isomer 20.9 min, 85% ee, [a]*’p = +62.1 (¢ 1.0, CHCls).

tert-butyl (1-(4-bromophenyl)-2-nitroethyl)(naphthalen-2-ylmethoxy)carbamate (5e)

PN =13

o =% 4e (184 mg, 0.08 mmol)E ELEEZ &
T Kk

NO, B0l Neutral PTC aza-Michael H&Ipgo =

Br/©/'\/ colorless caramel HE{S| =Z 5eE Y=Ct
(32.7 mg, 81% yield). '"H-NMR (400 MHz, CDCls) & 7.84-7.86 (m, 3H), 7.77
(s, TH), 7.43-7.54 (m, 5n), 7.23-7.25 (m, 2H), 5.81 (dd, / = 9.2, 5.5 Hz, TH),
5.07 (dd, / = 12.9, 9.2 Hz, 1H), 4.90-4.93 (m, 2H), 4.69 (dd, / = 13.1, 5.7
Hz, 1H), 1.49 (s, 9H) ppm; C NMR (100 MHz, CDCls) 6 156.5, 134.1,
133.5, 133.3, 1324, 132.1, 129.9, 129.0, 1285, 128.2, 127.9, 127.1, 126.7,
126.5, 123.2, 83.4, 79.0, 75.2, 60.9, 28.3 ppm; IR (KBr) 2977, 2349, 1712,
1557, 1490, 1370, 1305, 1252, 1220, 1160, 1093, 1011, 820, 772, 649 cm™;
HRMS (ESI-TOF) Calcd for [Co4H2sBrN,OsNa]*([M+Na]*) 525.0822; found
525.0834. The enantioselectivity was determined by chiral HPLC analysis
(DIACEL Chiralpak AD-H, hexane : 2-propanol = 98 : 2, flow rate = 1.0
ml/min, 23 °C, A = 254 nm) retention time: minor isomer 16.8 min, major

isomer 22.3 min, 89% ee, [a]*%, = +60.9 (¢ 1.0, CHCI5).
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tert-butyl (naphthalen-2-ylmethoxy)(2-nitro-1-(m-tolyl)ethyl)carbamate (5f)

o) =% 4f (13.1 mg, 0.08 mmo)E ELEEZ ¢
o\NJLOJ<

no, 2tA 2l Neutral PTC aza-Michael Higo=

colorless caramel HEHS| =F 5fE Y=Lt
(26.0 mg, 74% vyield). 'TH-NMR (400 MHz, CDCl3) & 7.76-7.86 (m, 4H),
7.47-7.52 (m, 3H), 7.15-7.26 (m, 4H), 5.84 (g, / = 4.9 Hz, 1H), 5.11 (dd, /
=129, 9.2 Hz, 1H), 492 (d, / = 9.8 Hz, 1H), 4.73 (g, / = 6.1 Hz, 2H), 2.33
(s, 3H), 1.50 (s, 9H) ppm; *C NMR (100 MHz, CDCl;) & 156.4, 138.7, 134.9,
133.5, 133.2, 132.5, 129.8, 128.9, 128.9, 1284, 128.2, 127.8, 127.1, 126.5,
126.4, 125.2, 83.1, 78.8, 75.2, 61.3, 28.3, 21.6 ppm; IR (KBr) 2977, 1711,
1557, 1369, 1309, 1254, 1161, 1102, 855, 819, 753, 710 cm™; HRMS (ESI-
TOF) Calcd for [CosH2sN,OsNa]*([M+Na]*) 459.1890; found 459.1882. The
enantioselectivity was determined by chiral HPLC analysis (DIACEL
Chiralpak AD-H, hexane : 2-propanol = 98 : 2, flow rate = 1.0 ml/min,
23 °C, A = 254 nm) retention time: minor isomer 12.0 min, major isomer

15.8 min, 91% ee, [a]*p = +31.6 (¢ 1.0, CHCl;).

tert-butyl (1-(3-fluorophenyl)-2-nitroethyl)(naphthalen-2-ylmethoxy)carbamate (5g)

o =% 4g (135 mg, 0.08 mmol)E EL=E=Z ¢
O\NJ\OJ<

; J__no, BHEQl Neutral PTC aza-Michael HEIPEo=Z

F
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colorless caramel FEHQ| E& 5gE Y=Lt (11.4 mg, 32% yield). 'H-

NMR (400 MHz, CDCl3) & 7.79-7.86 (m, 4H), 7.49-7.52 (m, 3H), 7.31 (td, /

8.0, 6.0 Hz, 1H), 7.03-7.16 (m, 3H), 5.84 (q, / = 5.1 Hz, 1H), 5.08 (dd, /

13.1, 94 Hz, 1H), 4.92 (t, / = 9.2 Hz, 2H), 4.71 (dd, / = 12.9, 5.5 Hz, 1H),

1.49 (s, 9H) ppm; 3C NMR (100 MHz, CDCl3) & 164.1, 161.7, 156.4, 137.5,
137.4, 133.5, 133.3, 132.3, 130.7, 130.6, 129.0, 128.5, 128.3, 127.9, 127.1,
126.6, 126.4, 123.9, 123.8, 116.2, 116.0, 115.5, 115.2, 83.4, 79.0, 75.2, 61.0,
28.3 ppm; IR (KBr) 2925, 1712, 1592, 1558, 1451, 1370, 1309, 1254, 1160,
1099, 820, 752 cm™; HRMS (ESI-TOF) Calcd for
[C24H25FN2OsNal*([M+Na]*) 463.1640; found 463.1653. The
enantioselectivity was determined by chiral HPLC analysis (DIACEL
Chiralpak AD-H, hexane : 2-propanol = 98 : 2, flow rate = 1.0 ml/min,
23 °C, A = 254 nm) retention time: minor isomer 13.6 min, major isomer

17.0 min, 89% ee, [a]?°%, = +16.0 (¢ 1.0, CHCl3).

tert-butyl (1-(3-chlorophenyl)-2-nitroethyl)(naphthalen-2-ylmethoxy)carbamate (5h)

o =% 4h (148 mg, 0.08 mmol)E EL=E=Z ¢
o\NJLOJ<

NO HtX Ol Neutral PTC aza-Michael A&1td
2
©/'\/ colorless caramel H™EHS| =% 5hE Y=Lt

Cl

(28.2 mg, 77% yield). "H-NMR (400 MHz, CDCl;)

S 7.77-7.86 (m, 4H), 7.47-7.52 (m, 3H), 7.25-7.37 (m, 4H), 5.81 (dd, / =
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9.2, 5.5 Hz, 1H), 5.05 (dd, / = 13.1, 9.4 Hz, 1H), 493 (d, / = 9.7 Hz, 1H),
4.67-4.83 (m, 2H), 1.49 (s, 9H) ppm; C NMR (100 MHz, CDCl;) & 156.3,
137.0, 134.8, 133.5, 133.3, 132.3, 130.3, 129.3, 129.0, 128.5, 1284, 128.3,
127.9, 127.1, 126.6, 126.4, 83.5, 79.0, 75.0, 60.9, 28.3 ppm; IR (KBr) 2978,
1712, 1557, 1477, 1370, 1309, 1252, 1160, 1094, 1000, 855, 819, 754, 706
cm™; HRMS (ESI-TOF) Calcd for [Co4H25CIN,OsNal*([M+Na]*) 479.1344;
found 479.1350. The enantioselectivity was determined by chiral HPLC
analysis (DIACEL Chiralpak AD-H, hexane : 2-propanol = 98 : 2, flow rate
= 1.0 ml/min, 23 °C, A = 254 nm) retention time: minor isomer 12.8 min,

major isomer 15.8 min, 88% ee, [a]*’p = +35.3 (¢ 1.0, CHCls).

tert-butyl (1-(3-bromophenyl)-2-nitroethyl) (naphthalen-2-ylmethoxy)carbamate (5i)

o 2% 4i (184 mg, 0.08 mmol)E ZUEE=Z Uut
oy Mo K

Q)\/NOZ X0l Neutral PTC aza-Michael AIHo=Z
colorless caramel HEHS| =& 5iE Y=Lt (283

Br

mg, 70% yield). '"H-NMR (400 MHz, CDCl3) & 7.79-7.87 (m, 4H), 7.47-7.54
(m, 5H), 7.31 (d, /= 7.8 Hz, 1H), 7.21 (t, /= 7.8 Hz, 1H), 5.81 (dd, / = 9.2,
5.5 Hz, TH), 5.06 (dd, / = 129, 9.2 Hz, TH), 494 (d, / = 9.2 Hz, 1H), 4.83
(d, /= 9.7 Hz, 1H), 471 (dd, / = 12.9, 5.5 Hz, 1H), 1.50 (s, 9H) ppm; 3C
NMR (100 MHz, CDCl5) 6 156.3, 137.2, 133.5, 133.3, 132.3, 132.2, 131.3,

130.6, 129.0, 128.5, 128.3, 127.9, 127.1, 126.9, 126.6, 126.4, 122.9, 83.5,
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79.0, 75.0, 60.8, 28.3 ppm; IR (KBr) 2977, 1712, 1557, 1475, 1370, 1309,
1252, 1160, 1103, 998, 854, 819, 753, 705 cm™"; HRMS (ESI-TOF) Calcd for
[Co4H25BrN,OsNal* ([M+Nal*) 525.0822; found 525.0831. The
enantioselectivity was determined by chiral HPLC analysis (DIACEL
Chiralpak AD-H, hexane : 2-propanol = 98 : 2, flow rate = 1.0 ml/min,
23 °C, A = 254 nm) retention time: minor isomer 14.3 min, major isomer

17.6 min, 90% ee, [a]*p = +34.9 (¢ 1.0, CHCl;).

tert-butyl (naphthalen-2-ylmethoxy)(2-nitro-1-(thiophen-2-yl)ethyl)carbamate (5j)

o =% 4j (125 mg, 0.08 mmol)E ELEEZ ¢
o\NJLOJ<

NO, Ht&A Ol Neutral PTC aza-Michael A&t o=z

~
\ _ o
S yellowish caramel HE{S| =& 58 &Ct

(25.5 mg, 74% vyield). "TH-NMR (400 MHz, CDCl5) & 7.85 (q, / = 4.9 Hz
4H), 7.48-7.54 (m, 3H), 7.28-7.29 (m, 1H), 7.07 (d, / = 3.7 Hz, 1H), 6.96
(dd, /= 49, 3.7 Hz, 1H), 6.12 (g, / = 4.9 Hz, 1H), 495-5.10 (m, 3H), 4.72
(g, /= 6.1 Hz, 1H), 1.51 (s, 9H) ppm; *C NMR (100 MHz, CDCls) & 156.5,
136.0, 133.5, 133.3, 132.6, 128.7, 1284, 1282, 127.9, 127.5, 127.0, 1269,
126.6, 126.5, 126.4, 83.5, 78.9, 76.1, 57.5, 28.3 ppm; IR (KBr) 2978, 2349,
1712, 1557, 1509, 1370, 1306, 1220, 1160, 1092, 854, 819, 772, 707, 651
cm™: HRMS (ESI-TOF) Calcd for [CaH24N2OsSNal*([M+Na]*) 451.1298;

found 451.1290. The enantioselectivity was determined by chiral HPLC
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analysis (DIACEL Chiralpak AD-H, hexane : 2-propanol = 98 : 2, flow rate
= 1.0 ml/min, 23 °C, A = 254 nm) retention time: minor isomer 15.1 min,

major isomer 18.0 min, 90% ee, [a]*’p = +23.2 (¢ 1.0, CHCl;).

tert-butyl (1-(furan-2-yl)-2-nitroethyl)(naphthalen-2-ylmethoxy)carbamate (5k)

o 23 4k (112 mg, 0.08 mmol)E EL=EE ¢
O Ak

No, EHEQl Neutral PTC aza-Michael AEntdo=z

~
\_o
yellowish caramel HEfS| =& 5kE Y=Ct

(23.6 mg, 71% yield). 'TH-NMR (400 MHz, CDCl3) & 7.76-7.84 (m, 4H),
7.42-7.51 (m, 4H), 6.37 (s, 2H), 5.99 (dd, / = 8.7, 6.0 Hz, 1H), 4.93-5.01 (m,
2H), 4.76-4.85 (m, 2H), 1.53 (s, 9H) ppm; *C NMR (100 MHz, CDCls)
156.2, 148.3, 142.9, 133.5, 133.3, 1325, 128.8, 128.4, 128.2, 127.8, 127.1,
126.5, 126.4, 110.9, 109.3, 83.4, 78.8, 73.7, 55.5, 28.3 ppm; IR (KBr) 2978,
2927, 2349, 1712, 1559, 1501, 1475, 1427, 1370, 1349, 1308, 1256, 1160,
1097, 1013, 900, 854, 819, 772, 749, 678 cm™; HRMS (ESI-TOF) Calcd for
[C22H24N206Na] *([M+Na]*) 435.1527; found 435.1532. The
enantioselectivity was determined by chiral HPLC analysis (DIACEL
Chiralpak AD-H, hexane : 2-propanol = 98 : 2, flow rate = 1.0 ml/min,
23 °C, A = 254 nm) retention time: minor isomer 18.7 min, major isomer

20.3 min, 86% ee, [a]*% = -5.4 (¢ 1.0, CHCly).
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tert-butyl (1-(naphthalen-2-yl)-2-nitroethyl)(naphthalen-2-ylmethoxy)carbamate (5I)

o =% 41 (16.0 mg, 0.08 mmo)E EL=E=Z ¢
0, Ao K o

I No, Ht& Ol Neutral PTC aza-Michael A&1tdo=z

OO colorless caramel ™EHS| =E 5IE Y =Ct

==

(24.8 mg, 65% vyield). 'TH-NMR (400 MHz, CDCl5) 6 7.68-7.84 (m, 8H),
7.44-7.54 (m, 6H), 6.05 (dd, /= 9.2, 5.5 Hz, TH), 5.21 (dd, /= 12.9, 9.2 Hz,
1H), 4.85-4.96 (m, 2H), 4.74 (d, / = 7.8 Hz, 1H), 1.50 (s, 9H) ppm; 3C
NMR (100 MHz, CDCl;) & 156.4, 133.5, 1334, 133.3, 133.2, 132.5, 129.0,
128.9, 128.4, 128.3, 128.2, 127.8, 1274, 127.1, 126.9, 126.7, 126.5, 126.4,
125.9, 83.2, 78.9, 75.2, 61.4, 28.3 ppm; IR (KBr) 3734, 2977, 2927, 2349,
2309, 1710, 1556, 1509, 1370, 1307, 1254, 1220, 1160, 1096, 899, 857,
820, 772 cm™; HRMS (ESI-TOF) Calcd for [CasH.sN.OsNal*(IM+Nal*)
495.1890; found 495.1884. The enantioselectivity was determined by
chiral HPLC analysis (DIACEL Chiralpak AD-H, hexane : 2-propanol = 98 :
2, flow rate = 1.0 ml/min, 23 °C, A = 254 nm) retention time: minor
isomer 21.7 min, major isomer 27.5 min, 88% ee, [a]*°y = +65.4 (¢ 1.0,

CHCly).

tert-butyl (4-methyl-1-nitropentan-2-yl)(naphthalen-2-ylmethoxy)carbamate (5m)

o =% 4m (104 mg, 0.08 mmol)E &
O\NJLOJ<
/(V\/Noz MOl Neutral PTC aza-Michael
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2 colorless oil "ES| EF 5mE Y=Lt (204 mg, 63% yield). 'H-
NMR (400 MHz, CDCl;) & 7.85 (q, / = 4.1 Hz, 4H), 7.48-7.56 (m, 3H), 5.04
(9, / = 94 Hz, 2H), 4.64-486 (m, 2H), 432 (dd, / = 12.2, 43 Hz, 1H),
1.62-1.72 (m, 1H), 1.53 (d, / = 4.9 Hz, 9H), 1.19-1.25 (m, 2H), 0.92-0.98
(m, 6H) ppm; *C NMR (100 MHz, CDCl;) 6 156.6, 133.5, 133.3, 132.9,
128.6, 128.5, 128.2, 127.9, 126.9, 126.5, 126.4, 82.7, 78.8, 76.5, 57.3, 38.5,
28.3, 24.8, 23.0, 22.2 ppm; IR (KBr) 2960, 1792, 1711, 1556, 1369, 1318,
1247, 1165, 1135, 1086, 1038, 855, 819 cm™ HRMS (ESI-TOF) Calcd for
[CooH30N2OsNH4 ] (IM+NH,*])  420.2493;  found  420.2481.  The
enantioselectivity was determined by chiral HPLC analysis (DIACEL
Chiralcel OJ-H, hexane : 2-propanol = 98 : 2, flow rate = 1.0 ml/min,
23 °C, A = 254 nm) retention time: minor isomer 49.1 min, major isomer

35.5 min, 88% ee, [0]?%, = +0.6 (¢ 1.0, CHCl3).

tert-butyl (3,3-dimethyl-1-nitrobutan-2-yl)(naphthalen-2-ylmethoxy)carbamate (5n)

o) =% 4n (104 mg, 0.08 mmol)& ELEEZ
o\NJLOJ<

E)\/No UHFM Ol Neutral PTC aza-Michael A&
2

OZ colorless oil HEC| &% 5nE Y=Lt

(19.4 mg, 60% yield). '"H-NMR (400 MHz, CDCl;) & 7.82-7.86 (m, 4H),
7.48-7.56 (m, 3H), 5.09 (dd, / = 86.8, 9.8 Hz, 2H), 4.69-4.89 (m, 2H), 4.52

(dd, / = 12.8, 2.4 Hz, 1H), 1.54 (s, 9H), 1.03 (s, 9H) ppm; *C NMR (100
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MHz, CDCl3) 6 1334, 133.3, 133.0, 1284, 128.2, 127.8, 126.7, 126.4, 126.4,
82.5, 784, 774, 73.8, 35.8, 284, 27.7 ppm; IR (KBr) 2963, 1710, 1557,
1370, 1316, 1251, 1164, 1103, 1038, 818 cm'; HRMS (ESI-TOF) Calcd for
[CooH3oNLOsNHL]*([M+NH4*]) 420.2493; found 420.2481. The
enantioselectivity was determined by chiral HPLC analysis (DIACEL
Chiralpak AD-H, hexane : 2-propanol = 99 : 1, flow rate = 0.5 ml/min,
23 °C, A = 254 nm) retention time: minor isomer 10.3 min, major isomer

9.0 min, 92% ee, [a]*%p = -14.6 (¢ 1.0, CHCly).
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Abstract

Chiral 1,2-diamine (vicinal diamine) functionality is a remarkable
template which displays a broad spectrum of biological activity. The 1,2-
diamine conformation may be found in many important compounds
including antiarrhythmic, antihypertensive, antipsychotic, analgesics,

antianxiety, local anesthetics

In our research, we conducted neutral phase-transfer catalytic aza-
Michael reaction with tfert-butyl (naphthalene-2-ylmethoxy)carbamate
and trans-B-nitrostyrene for Synthesis of 2-nitro-1-phenylethan-1-amine
which is Chiral 1,2-diamine precursor. We could find specific phase-
transfer catalyst (C-(9) urea-substituted cinchona derivatives) that shows
a high yield (93%) and high optical yield (91% ee) under neutral
conditions in water-rich biphasic solvent at 0°C (saturated cesium
chloride (aqg): mesitylene=3:1). This established phase-transfer catalyst
was used to carry out neutral phase-transfer catalytic aza-Michael

reactions with 14 nitroolefins.

A Plausible mechanism for the novel Neutral Phase-Transfer Catalysis

based on some interesting observations was presented in this study.
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When the fert-butyl(naphthalene-2-ylmethyl)carbamate and trans-j3-
nitrostyrene were used. we suggest that the following three interactions

are involved (lon-pair interaction, T-Tt interaction, Hydrogen-bonding

interaction).

Key words : Chiral 1,2-diamine functionality, Neutral Phase-Transfer
Catalysis, Enantioseletive aza-Michael reaction, nitroolefins,

tert-butyl oxycarbamates

Student Identification Number : 2019-20665
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TH-NMR of compound 1c (400 MHz, (CDs),SO)
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"TH-NMR of compound 1d (400 MHz, CD;0D)
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"TH-NMR of compound 1e (400 MHz, CDs;0OD)

F3C CF3

Chemical Formula: Ca7HgBrFgNsO;

v

=
3

NE NK

8
=1
s A JJJ' NG R, (SO .
E-] A T Tt SE, T
T T T 1] T T T T T
5.0 8.0 70 60 5.0 40 30 20 Lo e
X - parts per Million - Proton
13C-NMR of compound 1e (100 MHz, CD;0D)
E z = & g
= & O &5 =t
i g R = b
BE || | |
z
& = Br
23 ocH,
b N
2
~Ng
i
N
=] Z OANH CFy
- 2,
-3 F;C CF;
=3 Chemical Formula: C47Hy,BrFgN,O,
]
|
o~
g
o]
=
i R
T T It T T T T T T LY T T AT T T
1700 160.0 1500 140.0 1300 1200 1100 200 80.0 700 60.0 50.0 400 30.0 200 10.0

3 - parts per Million : Carbonl3

85

¢

5492

o

L

.]'| '@}

TU



TH-NMR of compound 1f (400 MHz, CD;0D)
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"TH-NMR of compound 1g (400 MHz, CD;0D)

2] \ \\\\/ (¥ Y WYY WY IV Y \\\ﬂ/ \W
2 Br
OCH;
e bl
= N&/ CF,
] f N NH
) N oa"NH CFs
g
=3
F;C CF3
1 Chemical Formula: C3gH33BrF12N,0,
=
. Fe /ff 3 meal | a TRE e S Y
g,
o
Ug_
Z A A
T’;:_ T T T T T T T T T
9.0 80 70 60 50 40 30 20 1o
X : parts per Million : Proton

13C-NMR of compound 1g (100 MHz, CD;0D)

24 ) I v
= |1 \\\\W/r///r/// | "y | VI
oo /33
=3 CF;
R OPUS
= N -~
25 OJ\NH CFs
?\,
E FiC CF,
Chemical Formula: C3gH33BrF,N40,
23
Lo
ﬁ,
J I| hli | iy I
gc l | }. I La L,
17ho 1600 | 1500 1400 Iho 10 10bo  se0 | 800 760 &do  s60 408 300 200 100
% parts per Million : Carbenl3

87



"TH-NMR of compound 4c (400 MHz, CDCl5)
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"TH-NMR of compound 4d (400 MHz, CDCls)
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TH-NMR of compound 4f (400 MHz, CDsCN)
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"TH-NMR of compound 4g (400 MHz, CDCls)
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"TH-NMR of compound 4h (400 MHz, CDCl,)
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"TH-NMR of compound 4k (400 MHz, CDCls)
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"H-NMR of compound 4l (400 MHz, CDCls)
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TH-NMR of compound 4m (400 MHz, CDCls)
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"H-NMR of compound 4n (400 MHz, CDCl,)
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"TH-NMR of compound 5a (400 MHz, CDCls)
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"TH-NMR of compound 5b (400 MHz, CDCls)
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"TH-NMR of compound 5¢ (400 MHz, CDCl5)

= e NRurn ILCES H
e U
°*NJ\0J<
=3 /©)\/N°z
F
= Chemical Formula: Cp;H,5FN,05
E
<=4
=l
j J h j ' b5 i { E
=3
=
=1
=
ei]
=3
N
3
JE & Hl LAJ_L n ad m ach ol
QTII B‘O TTU t;ll.l SID -Ifi! 3‘1] thb 'Ifﬂ 1’]
X - parts per Million - Proton
13C-NMR of compound 5¢ (100 MHz, CDCls)
RE © - s g5 = ]
Iz £ EE g &« s &
1IN v ]|
ik
O\NJLO
= F
Chemical Formula: Cy4H,5FN,O5
;.
g J ‘ L
5 H |
2. ol | L
- T T T T T T T T T T T T T T T
170.0 160.0 130.0 1400 1300 1200 110.0 100.0 0.0 B0.O T o0.0 50.0 40.0 30.0 200
X : parts per Million : Carbonl3

99

5 9 )8t



"TH-NMR of compound 5d (400 MHz,

CDCls)
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"TH-NMR of compound 5e (400 MHz, DMSO)
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"TH-NMR of compound 5f (400 MHz, CDCls)
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"TH-NMR of compound 5g (400 MHz, CDCls)
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"H-NMR of compound 5h (400 MHz, CDCl3)
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"TH-NMR of compound 5i (400 MHz, CDCls)
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"H-NMR of compound 5j (400 MHz, CDCls)
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"TH-NMR of compound 5k (400 MHz, CDCls)
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"H-NMR of compound 5l (400 MHz, CDCls)
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TH-NMR of compound 5m (400 MHz, CDCls)
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"H-NMR of compound 5n (400 MHz, CDCl3)
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HPLC Graph of rac-5a
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UV Results
Name Retention Time Area Area Percent Integration Codes
12.757 12504810 38298 mm
15.243 20146826 61.702 BI
Totals
32651636 100.000

HPLC Graph of chiral-5a
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UV Results
Name Retention Time Area Area Percent Integration Codes
12.700 2523171 4227 mm
15.22 57163106 95.773 mm
Totals
59686277 100.000
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HPLC Graph of rac-5b
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UV Results
Name Retention Time Area Area Percent  Integration Codes
13.207 12309340 43224 IV
14813 16168836 56.776 VI
T'otals
28478176 100.000

HPLC Graph of chiral-5b

o s e | —— Laon
chiral-5b
FhN b esmc s sndinss s snnesnnealussnpusspes s il sopusanas s so o emdbesatillon e s o i sonuane s Bions sonp s snndlous s snu, s s Fa50
TR R R e R R e R O R R e S e R (R R S S L e S S SR SR R [F200
A e B B B B B P e B B P e e e e e B B B B B S U B B A s e P B S F1so
1115 WSO, | DU O UI /- I | (SO . SOV | S . PO | ST (OUUE. . IYOSOU L | IO SO, F1oo
o
ER .
11 S S N, S — g b s reas A T hese R e T s e - o e TR s TS T e T S s T e Tk TR s SRR R R AR teo
E
ety
0+ e ‘-g : e —— e 0
) ) " " 12 ) 13 " 14 ! 15 ) 16 17 ! 1% " 1@ " n
Minutes
UV Results
Name Retention Time Area Area Percent Integration Codes
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Totals
44820399 100.000
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HPLC Graph of rac-5c¢
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UV Results
Name Retention Time Area Area Percent  Integration Codes
14.023 19902115 46.022 Mx
17.687 23343056 53.978 xM
Totals
43245171 100.000

HPLC Graph of chiral-5¢
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UV Results
Name Retention Time Area Area Percent  Integration Codes
14210 5580198 5266 mm
17.813 100394540 94.734 mm
Totals
105974738 100.000
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HPLC Graph of rac-5d
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UV Results
Name Retention Time Area Area Percent Integration Codes
16.337 13483407 47.209 1
21.557 15077959 52.791 BI
Totals
28561366 100.000

HPLC Graph of chiral-5d
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Minutes
UV Results
Name Retention Time Area Area Percent  Integration Codes
15.917 5092295 7.488 Mx
20.900 62914465 92,512 xM
Totals
68006760 100.000
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HPLC Graph of rac-5e
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UV Results
Name Retention Time Area Area Percent Integration Codes
16.567 26630153 45902 BI
22.150 31385058 54.098 BI
Totals
58015211 100.000

HPLC Graph of chiral-5e
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Name Retention Time Area Area Percent  Integration Codes
16.833 6139059 5.714 BI
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Totals
107440036 100.000

115



HPLC Graph of rac-5f

00

a0

50

3004 --annns

25042 emmnas

00
: ; m 5 > = - 5 = =

UV Results

Name Retention Time Area Area Percent Integration Codes
11.970 18905662 29720 Mx
15910 44705950 T0.280 xM

Totals

63611612 100.000

HPLC Graph of chiral-5f
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12.017 7235981 4653 mm
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Tuotals
155514783 100,000
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HPLC Graph of rac-5¢g
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UV Results
Name Retention Time Area Area Percent Integration Codes
12.943 9619892 7 mm
15.973 9902263 BB
Totals
19522155 100.000

HPLC Graph of chiral-5g
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UV Results

Name Retention Time Area Area Percent Integration Codes
13.587 3795369 5.656 BB
16.980 63306103 94344 mm

lotals
67101472 100.000
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HPLC Graph of rac-5h
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UV Results
Name Retention Time Area Area Percent Integration Codes

12.653 21559800 35.390 Mx

15.703 39360923 64.610 xM
Totals

60920723 100.000

HPLC Graph of chiral-5h
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UV Results
Name Retention Time Area Area Percent Integration Codes
12.767 4439916 5.940 mm
15.807 70302899 94.060 MM
Totals
74742815 100.000
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HPLC Graph of rac-5i

hdnutes
UV Results
Name Retention Time Area Area Percent  Integration Codes
14.310 To4R698 47966 BI
17.757 8297428 52034 Bl
Totals
15946126 100.000

HPLC Graph of chiral-5i
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UV Results
Name Retention Time Area Area Percent Integration Codes
14.283 4422070 5.034 mm
17.600 83418888 94.966 mm
Totals
87840958 100.000
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HPLC Graph of rac-5j
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UV Results
Name Retention Time Area Area Percent  Integration Codes

15.190 28262709 53523 Mx

18.413 24542138 46477 xM
Totals

52804847 100.000
HPLC Graph of chiral-5j
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UV Results
Name Retention Time Area Area Percent  Integration Codes

15.063 9411423 4984 mm

18.007 179426349 95016 mm
Totals

188837772 100000
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HPLC Graph of rac-5k
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UV Results
Name Retention Time Area Area Percent Integration Codes
18800 31880140 50358 BV
20.577 31426303 49.642 V1
Totals
63306443 100000

HPLC Graph of chiral-5k
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UV Results
Name Retention Time Area Area Percent  Integration Codes
18.720 9132445 6874 mm
20.257 123713051 93126 mm
Totals
132845496 100.000
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HPLC Graph of rac-5I
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UV Results

Name Retention Time
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Area Percent Integration Codes
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HPLC Graph of chiral-5I
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HPLC Graph of rac-5m
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Totals
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100.000

HPLC Graph of chiral-5m
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UV Results
Name Retention Time Area Area Percent Integration Codes
35.533 92160709 94.140 Mx
49.113 5736331 5.860 xM
Totals

97897040

100.000
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HPLC Graph of rac-5n
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UV Results
Naine Retention Time Area Area Percent Integration Codes
8.553 74147939 53.255 BV
9.510 65083804 46.745 VI
Totals
139231743 100.000
HPLC Graph of chiral-5n
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UV Results
Name Retention Time Area Area Percent Integration Codes
9.020 87961507 96.011 Mx
10.257 3654905 3.980 xM
Totals
91616412 100.000
124



	Ⅰ. 서    론
	1. 비대칭 상전이 촉매 반응 (Phase-Transfer Catalysis)
	1-1. 비대칭 상전이 촉매 반응 개요
	1-2. PTC 촉매 (Phase-Transfer Catalyst)

	2. Neutral 상전이 촉매 반응
	2-1. 상전이 촉매의 지용성 효과
	2-2. 물의 효과
	2-3. 염의 효과

	3. Chiral 1,2-diamine 화합물
	3-1. Chiral 1,2-diamine 화합물의 중요성
	3-2. 입체선택적인 aza-Michael reaction 연구


	Ⅱ. 본    론
	1. trans-β-nitrostyrene의 Neutral PTC aza-Michael reaction
	1-1. 초기 반응 조건 탐색
	1-2. 유기 용매 탐색
	1-3. 수용액 탐색

	2. Neutral 상전이 촉매 최적화
	2-1. Neutral 상전이 촉매 탐색
	2-2. 온도 탐색

	3. Michael acceptor
	3-1. Michael acceptor 선정
	3-2. Michael acceptor 탐색

	4. Plausible mechanism과 Plausible transition state

	Ⅲ. 결    론
	Ⅳ. 실    험
	Ⅴ. 참고문헌
	Ⅵ. Abstract
	VⅡ. 부   록


<startpage>4
Ⅰ. 서    론 8
 1. 비대칭 상전이 촉매 반응 (Phase-Transfer Catalysis) 8
  1-1. 비대칭 상전이 촉매 반응 개요 8
  1-2. PTC 촉매 (Phase-Transfer Catalyst) 12
 2. Neutral 상전이 촉매 반응 15
  2-1. 상전이 촉매의 지용성 효과 17
  2-2. 물의 효과 19
  2-3. 염의 효과 22
 3. Chiral 1,2-diamine 화합물 24
  3-1. Chiral 1,2-diamine 화합물의 중요성 24
  3-2. 입체선택적인 aza-Michael reaction 연구 25
Ⅱ. 본    론 29
 1. trans-β-nitrostyrene의 Neutral PTC aza-Michael reaction 29
  1-1. 초기 반응 조건 탐색 29
  1-2. 유기 용매 탐색 32
  1-3. 수용액 탐색 33
 2. Neutral 상전이 촉매 최적화 35
  2-1. Neutral 상전이 촉매 탐색 35
  2-2. 온도 탐색 39
 3. Michael acceptor 40
  3-1. Michael acceptor 선정 40
  3-2. Michael acceptor 탐색 41
 4. Plausible mechanism과 Plausible transition state 44
Ⅲ. 결    론 46
Ⅳ. 실    험 47
Ⅴ. 참고문헌 77
Ⅵ. Abstract 80
VⅡ. 부   록 82
</body>

