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gooboooooboooobooobobobooooboboooonb

ogoooan
OTf PhB(OH), Ph
(1.2 equiv)
PdClz(d ppf) - CH2C12
Me (83 mol %) o Me
Me K3POy4 aq Me
THF
50°C, 12h

(6a)

OCAr0000000D00OO0O00OD00O0OOKano, T. et al., Adv. Synth. Catal., 2007, 349
, 5560 0 00 O0DODODODO (R)-2,2"-dimethyl-[1,1"-binaphthalen]-3-yl trifluorometha
nesulfonate (1.27 g, 2.96 mmol)O phenylboronic acid (433 mg, 3.55 mmol)O 1,1"-bi
s(diphenylphosphino)ferrocene-palladium(l1)dichloride dichloromethane complex (7
3 mg, 89 p mol)O aq. potassium phosphate (10 mL)O O O THF (30 mL)O O O O 500 O 1
20000000000 0D0O0D0D0DO0O00O0O0OHL (50 ML)O OO O toluene (30 mL)O O
OOObrineD00O00O0OMgSO,00000CO0OD0ODOODOOODOUODDODDOOODODODOO
OO0o0o00o0o00o0o00o00o0o0O0oOO00o0oO0ooDDoO0o0O0O0 (Si05: hexane/EtOAc = 20/
l1tolo/DH))0 00 0O0OODOODOOOOOO(CS)-2,2"-dimethyl-3-phenyl-1,1"-binaphth
alene (1.00 g, 2.81 mmol, 95% yield)d O O O

oOooooo

0000000000 oo0Do0oo0o0Do0ooDU0oDoDU0ODoDOo0DO0oo0oOO0oDooDooOoDOan

0 Colorless solid. H NMR (600 MHz, CDCl3) 6 7.90 (t, J = 8.4 Hz, 1H), 7.90 (d,

J = 8.4 Hz, 2H), 7.85 (s, 1H), 7.53 (d, J = 8.4 Hz, 1H), 7.51-7.44 (m, 4H), 7.44
-7.37 (m, 3H), 7.27-7.20 (m, 2H), 7.16 (d, J = 8.4 Hz, 1H), 7.03 (d, J = 7.8 Hz,
1H), 2.10 (s, 3H), 1.91 (s, 3H); *3C NMR (150 MHz, CDCl;) & 142.5, 141.4, 136.
1, 135.8, 134.4, 132.9, 132.8, 132.4, 132.13, 132.10, 129.7, 128.9, 128.4, 128.2
, 128.1, 128.0, 127.6, 127.0, 126.3, 126.2, 125.83, 125.79, 125.5, 125.1, 20.3,
18.3; HRMS (FAB™) calcd. for C,gH,3 [M+H™] 359.1800, found 359.1813.

Oooooo

ooo0oo0oo0oooDOooo0ooDo0oooDOoooDooODOooDoDooDoDooDOoOo

ooooao

Ph Ph

OQ NBS (2.2 equiv) OO 5
Me AIBN (5 mol%) r
Me benzene

OO reflux. 3h CO Br

(6a) (5a)

OAr0 00000000000 DOD0OO0O0DODDOOO0Oanes)-2,2°-dimethyl-3-phenyl-1,1"-
binaphthalene (1.32 g, 3.67 mmol)Od N-bromosuccinimide (NBS, 1.44 g, 8.08 mmol)O
azobisisobutyronitrile (AIBN, 30 mg, 0.18 mmol)O O O benzene (38 mL)O O O O 30O
O0ODO0O0OO0O0000DO0O0O0DO0000D0DOD0DO0H (50 mL)O O OO toluene (30 mL)O O
OOO0OO0OObrineD0O00O0OMgSO,0000C000O0O0O0O0O0OCODOOCOOOOOOOODOO
ocoooooo0oooDOooooboo0oobDoobDOoboOoooOooD (sio,: DOoOooDoHYoDOd
0000000000 0O0aoes)-2,2"-bis(bromomethyl)-3-phenyl-1,1"-binaphthalene
(00 74%, 1.88 g)U 0 OO
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oooooao
ooooo0oooooooooOooooooooooooooobooOoooooooan

O Pale yellow foam. *H NMR (600 MHz, CDCl3) & 8.04 (d, J = 8.4 Hz, 1H), 7.96-7.9
O (m, 3H), 7.78 (d, J = 8.4 Hz, 1H), 7.62 (d, J = 6.6 Hz, 2H), 7.54-7.44 (m, 5H)
, 7.33-7.27 (m, 2H), 7.16 (t, J = 8.7 Hz, 1H), 7.11 (d, J = 8.4 Hz, 1H), 4.39 (d
, J =10.2 Hz, 1H), 4.29 (d, J = 10.5 Hz, 1H), 4.25 (d, J = 10.5 Hz, 1H), 4.17 (
d, J = 10.2 Hz, 1H); HRMS (FAB™) calcd. for C,gH,,Br, [M+H"] 516.9992, found 516
-9972.

oooooao

Oo0ooo0oOooooooooUooooooooUooooooDoOoooOoo

Doooo

Ph Ph
OO Br allylamine ‘O __
N——//___

(3.3 equiv)

Br THF
50°C, 12h

(5a) (4a)
OArCOD0DO0O00O0O0OOOODODDODOOOOOODODOE)-2,2"-bis(bromomethyl)-3-phen
yl-1,1"-binaphthalene (1.36 g, 2.62 mmol)O allylamine (0.65 mL, 8.66 mmol)O O O
THF (26 mL)J OO0 O5500 01200 0000000000000 DOO0OOOD0OAOEtOAc (50

mb) OO ObrineD 0 O000O0OMgSO,0 00000000 QCDODOODODODOOODODODOORO
OoODOoo0o00oo0O0oDOO0ooOO00obOO0O0DDOoDObOb0DO0ODb0ODO0O0ODODbDDO (Si05,: hexane/EtOAc =
10/1 to 2/71) 00000000 O0DOO0OOODO (S)-4-allyl-2-phenyl-4,5-dihydro-3H-d
inaphtho[2,1-c:1",2"-e]azepine (711 mg, 1.72 mmol, 66% yield)O O O O
ooooDoaD
0oo0ooDoDoDO00o0o0o0oooDoDoODoDo0Do0o0o0o0ooDoDoDDOo0Do0Do0DoooDoDooao

O Yellow solid. *H NMR (600 MHz, CDCl3) & 7.99-7.93 (m, 4H), 7.71 (bs, 2H), 7.55
-7.45 (m, 6H), 7.43-7.39 (m, 2H), 7.29 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H), 7.28-7.2
3 (n, 1H), 5.82-5.74 (m, 1H), 5.02-4.94 (m, 2H), 3.91 (d, J = 12.0 Hz, 1H), 3.74
(d, 3 =12.9 Hz, 1H), 3.47 (d, J = 12.9 Hz, 1H), 3.02 (dd, J = 13.4, 6.5 Hz, 1H
), 2.86 (dd, J = 13.4, 6.5 Hz, 1H), 2.78 (d, J = 12.0 Hz, 1H); 13C NMR (150 MHz,
CDCl3) 6 141.5, 140.6, 136.35, 136.32, 135.3, 133.2, 133.0, 132.8, 132.6, 131.
6, 130.8, 130.2, 129.4, 128.44, 128.41, 128.37, 128.3, 127.8, 127.70, 127.65, 12
7.2, 125.95, 125.89, 125.8, 125.5, 117.3, 58.5, 54.9, 51.4; HRMS (FAB™) calcd. f
or Cg,HogN [M+H™] 412.2065, found 412.2047.

000000
000000000 D0O00D0O0D0DO0OO0D0OD0ODOO0OO0DODODOOOaO
Ooo0o00oa0
Ph Ph
NDMBA (3 equiv)
Pd(OAc), (2 mol%)
— PPhs (8 mol%)
N—ann - NH

CH,Cl,
G = O

(4a) (2a)
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DArC0D0D000000O0OO0OD0ODODDODODOO0OOO0OODGO((S)-4-allyl-2-phenyl-4,5-dihydro
-3H-dinaphtho[2,1-c:1",2"-e]azepine (604 mg, 1.46 mmol)Od N,N-dimethylbarbituric
acid (NDMBA, 688 mg, 4.41 mmol)O palladium acetate(1l) (6.6 mg, 29 y mol)O triph
enylphosphine (31 mg, 0.12 mmol)O O O CH,CIl, (15 mL)D 0008 O0O00OO0O0OOAO
000000000000 ¢toluene BOML)IODODODDODODDODODODOODODODOOOO
oodooOwmgsSo,0 00000000 O0ODODOODOOODODOOOODODODODODOOOUODDOO
000000000000 0O0O00000 (Si0,: hexane/EtOAc = 2/1 to 1/20)0
00000000 oDoDOooOoDOooDo0DooDOoO0 (484 mg, 1.30 mmol, 89% yield)O O

gogono

ooobooooobobooooboboooobboooobooboooooboooao

Orange solid. H NMR (600 MHz, CDCl3) 6 8.00-7.90 (m, 4H), 7.61 (bd, J = 7.2 H

, 2H), 7.58 (d, J = 8.4 Hz, 1H), 7.52-7.36 (m, 7H), 7.31-7.20 (m, 2H), 3.93 (d,
= 12.6 Hz, 1H), 3.88 (d, J = 12.6 Hz, 1H), 3.64 (d, J = 12.6 Hz, 1H), 3.24 (d

, J = 12.6 Hz, 1H); 3C NMR (150 MHz, CDClz) & 141.6, 140.1, 136.0, 135.3, 135.

2, 133.4, 133.2, 132.6, 131.6, 130.9, 129.82, 129.75, 129.1, 128.5, 128.45, 128.

38, 127.62, 127.59, 127.3, 127.0, 126.0, 125.9, 125.8, 125.5, 49.1, 46.6; HRMS (

FAB™) calcd. for C,gH,oN [M+H"] 372.1752, found 372.1768.

OoOoo0ooOogano

u
O
g
a
O
g
a
u
z

ooooon
goobobobuobobobuobobobobobooobooao
ooooao
Ph / A Ph
Br N-HCI
oqui (3a)
NH (2 equiv) - __<z::>
Pd(OAc), (4 mol%)
RuPhos (8 mol%)
NaOf-Bu (4 equiv)
DME
90°C, 15h
(2a) (1a)

CAr0000000D0OO0O0D0ODO00DO0DO0DO0OO0DODO0DOoODUOOoDDODOooODOoOO (60 mg, 0.1
6 moDOOOODODOOODDO 4-bromopyridine hydrochloride (63 mg, 0.32 mmol)O N
a0t-Bu (62 mg, 0.65 mmol)O 2-dicyclohexylphosphino-2' ,6" -diisopropoxybiphenyl
(RuPhos, 6.0 mg, 13 py mol)O palladium acetate(ll) (1.5 mg, 6.5 y mol)O O O dimet
hoxyethane (1.6 mL) O OO0 O 900 01500 00000000 DOO0OOODOOODOAO tolue
ne (10 mL)OH,0 AOmL) D OO O0O0OOOCOO0OOObrineD000O00OMgSO,00000O0
00000000 oD0ooDo0Do0oo0D0Do0ooDo0oo0Do0DO0o0D0Do0oDoDU0ooDDO0oOoDOo0DOooODoDoOoDOooOaO
OO0O0D0OO0O0O00 (Si0,: EtOAc - CH,CIL/MeOH = 5/1)0 000 0O0O00COOQCOOO
0 (S)-2-phenyl-4-(pyridin-4-yl1)-4,5-dihydro-3H-dinaphtho[2,1-c:1",2"-e]Jazepine (
60 mg, 0.13 mmol, 83% yield)J O O O
Oooooo
ooo0o0ooU0oooDOooo00ooDU0oDDOooOoDooODU0oooDooDOoDoOooDOoO
O Pale yellow foam; *H NMR (600 MHz, CDCl3) & 8.09 (d, J = 5.7 Hz, 2H), 8.00-7.
92 (m, 4H), 7.58-7.50 (m, 4H), 7.47 (d, J = 8.4 Hz, 1H), 7.42-7.20 (m, 7H), 6.37
(d, 3 =5.7 Hz, 2H), 4.87 (d, J = 13.2 Hz, 1H), 4.66 (d, J = 12.6 Hz, 1H), 3.97
(d, J = 12.6 Hz, 1H), 3.58 (d, J = 13.2 Hz, 1H); *3C NMR (150 MHz, CDCl3) & 15
3.0, 149.9, 140.9, 140.0, 135.9, 135.5, 135.4, 132.8, 132.7, 131.52, 131.48, 130
.7, 129.9, 129.8, 129.5, 128.6, 128.50, 128.46, 127.7, 127.60, 127.55, 127.3, 12
6.5, 126.3, 126.2, 126.1, 108.5, 50.6, 46.0; IR (KBr) 3050, 2362, 1592, 1507, 12
33 cm™*; HRMS (FAB*) calcd. for CssHoN, [M+H'] 449.2018, found 449.1997.
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goooogag
oooaon

oooobOboOoooooooobbboboooooooobbobooooan
ooooDao

] [ OMe
Me
. I Me

(6b) (5b)
OCAr0000000DO0O0O00ODO0O0OAKano, T. et al., Adv. Synth. Catal., 2007, 349,
5660 0 00000000 O0OODOODODOOOO((S)-3-methoxy-2,2"-dimethyl-1,1"-binaph
thalene (811 mg, 2.60 mmol)O N-bromosuccinimide (1.02 g, 5.71 mmol)O azobisisobu
tyronitrile (21 mg, 0.13 mmol)O O O benzene (13 mL) O OO DO 20000000000
OO00D000000000H0 B0mML)ODO O OELOAc (30 mL)J OO OO OO brined O
ocoo0oOwmgso,00000O000O0O0COOOOOOOOCODOOOOOOOODOCOODOGD
OO0O00O00OO00o0OO0O0OoO0oo0OOoOooOooOoO (Si0,: hexane/EtOAc = 20/1 to 10/1)0 O
0000000 00O00O0aoes)-2,2"-bis(bromomethyl)-3-methoxy-1,1"-binaphthalene

O

O

OMe

NBS (2.2 equiv)
AIBN (5 mol%)

benzene
reflux, 2h

(0 O 89%, 1.11 g, 2.38 mmol, 92% yield)D O O O
g uood
gooboooooobobooooboooobbooooboboooobobooo
0 Colorless foam. *H NMR (600 MHz, CDCl) & 8.02 (d, J = 8.7 Hz, 1H), 7.92 (d, J
= 7.8 Hz, 1H), 7.83 (d, J = 7.8 Hz, 1H), 7.76 (d, J = 8.7 Hz, 1H), 7.51-7.43 (m
, 2H), 7.34 (s, 1H), 7.28-7.24 (m, 1H), 7.14-7.10 (m, 1H), 7.08 (d, J = 8.4 Hz,
1H), 6.99 (d, J = 8.4 Hz, 1H), 4.41 (d, J = 9.6 Hz, 1H), 4.34 (d, J = 10.5 Hz, 1
H), 4.24 (d, J = 10.5 Hz, 1H), 4.18 (d, J = 9.6 Hz, 1H), 4.12 (s, 3H); HRMS (FAB
) calcd. for C,3H,oBr, [M+H*] 470.9784, found 470.9775.
gooooao
gobobobobuobuobobuobobUobUobobuobobobono
goooao

allylamine
(3.3 equiv)

OMe
lilllulli! Br
) e

(5b)
JAr0000O00DOO0OO00ooboooobDbDao

Y

THF
50°C, 15h

OMe

v

L
96

(4b)
000 (s)-2,2"-bis(bromomethyl)-3-meth

oxy-1,1"-binaphthalene (4.03 g, 8.57 mmol)O allylamine (2.12 mL, 28.3 mmol)O O
OTHF (28 ML) OO O OS50001500 00 000000000000 0O0O0OODODAO toluene

(B0 mL)O O O brined OO OO O MgSO,0 OO
gogoboooooboboooooboooooboboao
Ac = 5/1 to /)00 O00O0O0DODODODOODOO

Oo0O0o0o0ooooooDOooOooooooog
0000000000 (Si0,: hexane/EtO
O ad (sS)-4-allyl-2-methoxy-4,5-dihydro-

3H-dinaphtho[2,1-c:1",2"-e]azepine (2.12 g, 5.80 mmol, 77% yield)Od O O O

gooooao
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0000000000000 00000000000000000000000a0
O Colorless solid. *H NMR (600 MHz, CDCl3) & 7.99 (t, J = 8.1 Hz, 2H), 7-89 (d,
J =7.8 Hz, 1H), 7.60 (d, J = 7.8 Hz, 1H), 7.56 (d, J = 9.0 Hz, 1H), 7.51-7.41 (
m, 3H), 7.35 (s, 1H), 7.30 (bt, J = 7.8 Hz, 1H), 7.15 (bt, J = 7.8 Hz, 1H), 6.15
-6.05 (m, 1H), 5.31 (d, J = 17.4 Hz, 1H), 5.26 (d, J = 9.6 Hz, 1H), 4.46 (d, J =
12.6 Hz, 1H), 4.06 (s, 3H), 3.82 (d, J = 12.3 Hz, 1H), 3.30-3.22 (m, 2H), 3.12
(dd, J = 13.2, 6.0 Hz, 1H), 2.88 (d, J = 12.6 Hz, 1H); *3C NMR (150 MHz, CDCl;)
d 155.5, 137.2, 136.4, 134.9, 134.1, 133.6, 133.1 131.4, 128.4, 128.3, 127.8, 1
27.6, 127.5, 127.1, 126.9, 126.1, 126.0, 125.8, 125.4, 123.4, 117.7, 105.5, 58.8
, 55.5, 55.0, 46.6; HRMS (FAB*) calcd. for C,gH,,NO [M+H*] 366.1858, found 366.1
854.

ooao
oooObObOO00Do0ooooooobObboooooooooanb
oo

OMe ] OMe
NDMBA (3 equiv)
Pd(OAc), (2 mol%)
— PPh3 (8 mol%
N—Jf—— 3 ( 0)

> NH
CH,Cl,
OO reflux, 6h OO
(4b) (2b)

OArCOD0D0O0O000O0OOCDOODODDODDOOO0OOOOODOS)-4-allyl-2-methoxy-4,5-dihydr
o-3H-dinaphtho[2,1-c:1",2"-e]azepine (2.12 g, 5.80 mmol)O N,N-dimethylbarbituric
acid (2.72 g, 17.4 mmol)O palladium acetate(1l1) (26 mg, 0.12 mmol)O triphenylph
osphine (122 mg, 0.46 mmol)U O O CH,CIl, (29 mL) OO D OO0 00 O00O0O0DOODOO
OD0DO00O0O00O0O0D0CHCI, aqoomb)0ODO0O0DODOO0OO0OO0DDODODOODODODODODODO
Omgso,0 00 00DO00D0OO0O0O0O0ODOOCOODOOOOOOODODOOODDODOOODOOODOD
OoooO0oo0ooO0oo0oO0o0O0oo0OO0O00 (Si0,: 1 % EtgN in EtOAc to EtOAc/MeOH 10/1 t
o1/ 0DODOOODDOOODODODO (S)-2-methoxy-4,5-dihydro-3H-dinaphtho[2,1-c
17 ,2"-el]azepine (1.77 g, 5.43 mmol, 94% yield)J O O O

oooooao

gooooOobDbOO0oOooOooooobDbObOoUoUoUoUoUooDobDDbDbUooOoOouooo

0 Orange solid. *H NMR (600 MHz, CDCl3) & 7.97 (d, J = 8.4 Hz, 1H), 7.94 (dd, J
7.5, 1.5 Hz, 1H), 7.84 (bd, J = 8.4 Hz, 1H), 7.57 (d, J = 8.4 Hz, 1H), 7.48-7.
43 (m, 2H), 7.42 (ddd, J = 8.1, 6.8, 1.4 Hz, 1H), 7.33 (bd, J = 8.4 Hz, 1H), 7.3
0 (s, 1H), 7.28-7.25 (m, 1H), 7.11 (ddd, J = 8.1, 6.8, 1.4 Hz, 1H), 4.48 (d, J =
12.9 Hz, 1H), 4.03 (s, 3H), 3.83 (d, J = 12.0 Hz, 1H), 3.50 (d, J = 12.0 Hz, 1H
), 3.06 (d, J = 12.9 Hz, 1H), 1.85 (bs, 1H); HRMS (FAB™) calcd. for C,zH,oNO [M+
H*] 326.1545, found 326.1561.

oooooao

gooooDoOOooooodooooDoDoDooooodoooooao
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ooooao
OMe —4<i:> OMe
OO Br N<HCI CO
oy (3a) —
NH (2 equiv) . N__<C::>N
Pd(dba), (2 mol%) \_7
OO RuPhos. (4 mol%) CO
NaOt-Bu (4 equiv)
toluene
(2b) 90°C, 15h (1b)

OAr0 0000000000000 O00DODOOOO0DO0(s)-2-methoxy-4,5-dihydro-3H-din
aphtho[2,1-c:1",2"-e]azepine (1.66 g, 5.06 mmol)0 0 OO0 OO0 0O 0ODO OO 4-bromopyr
idine hydrochloride (1.97 g, 10.1 mmol)O NaOt-Bu (1.95 g, 20.2 mmol)O 2-dicycloh
exylphosphino-2' ,6' -diisopropoxybiphenyl (94 mg, 0.20 mmol)O bis(dibenzylidene
acetone)palladium(0) (57 mg, 0.10 mmol)O O O toluene (25 mL)O O O O 900 O 150 O
OoOOoo0o0Ooo0O0ooDOooo0oOob0O0Dn toluene (50 ML)OH,0 (BOmML)ODODODODODOO
OOO0OObrinel0000OMgSO,00000COO0ODO0OOOODOUODDOOOODODODOO
OoOooo0oooO0oobDOooboOobO0O0oOobDooboOoo0oO0oo0oDbDO0 (Si0,: EtOAc- CH,CI,/MeOH
=1/0 to2/)0 00000000 OOD0ODOOO((S)-2-methoxy-4-(pyridin-4-yl)-4,5-d
ihydro-3H-dinaphtho[2,1-c:1",2"-e]azepine (1.61 g, 4.00 mmol, 79% yield)d O O O
oooooo
gogooboooobbtooobboooobbooobooooooooao
0O Pale brown solid. H NMR (600 MHz, CDCl3) 6 8.27 (dd, J = 5.3, 1.7 Hz, 2H), 7.
95 (dd, J = 8.1, 2.1 Hz, 2H), 7.84 (d, J = 8.4 Hz, 1H), 7.55-7.47 (m, 3H), 7.45
(ddd, J = 8.1, 6.9, 1.2 Hz, 1H), 7.39 (d, J = 8.4 Hz, 1H), 7.31 (ddd, J = 8.4, 7
.1, 1.4 Hz, 1H), 7.28 (s, 1H), 7.15 (ddd, J = 8.4, 7.1, 1.4 Hz, 1H), 6.79 (dd, J
=5.3, 1.7 Hz, 2H), 5.40 (d, J = 13.2 Hz, 1H), 4.59 (d, J = 12.6 Hz, 1H), 3.95
(s, 3H), 3.78 (d, J = 12.6 Hz, 1H), 3.41 (d, J = 13.2 Hz, 1H); 13C NMR (150 WMHz,
CDCl3) & 154.7, 153.6, 150.1, 137.0, 135.2, 134.3, 133.4, 132.9, 131.5, 129.4,
128.4, 127.65, 127.57, 127.56, 127.3, 126.8, 126.6, 126.3, 126.1, 125.6, 123.9,
108.7, 106.3, 55.8, 50.8, 41.3; HRMS (FAB™) calcd. for C,gH,5N,0 [M+H™] 403.181
0, found 403.1802.

oooooao
oodoobobooooboor Dobboboooobobooooooooao
Ooo0oooao
OMe OoTf
= | N 1)BBrsy (2.4 equiv) 7 | N
0°C, 3h;
NS 7 - concentration N 7 -
N \\ /N > N \\ /N
2) TH,0 (1.2 equiv)
Z | S EtsN (3 equiv) Z | A
-78°C tort, 8h
(1b) (1b")

DArC 00000000000 D0DDODO0O0O0OO0OOODODO (S)-2-methoxy-4-(pyridin-4-yl)-4
,5-dihydro-3H-dinaphtho[2,1-c:1",2"-eJazepine (80 mg, 0.20 mmol)O O O CH,CI, (2.
OmL)ODOODOOODOODOUOO boron tribromide (1.0 M in CH,CI, solution, 0.48 mL, O
A8 mmoDD DD DDDOOODDODDDDODODODODOOODDODDODOMeOH (20 ML) D OO OODOOO
0000000000000 O0O00DO0D0DO0DOO0OO0OOD0O0OOArdDOOOdOtriethylamine
(B84 p L, 0.60 mmol)O O O CH,CI, (2.0 mL)O O OO -780 O O O O O O trifluoromethane

10

20

30

40

50



(30) JP W02013/183642 Al 2013.12.12

sulfonic Anhydride (39 p L, 0O.24a mmoDH)OD O DD OO OOO8IOOOOODOODODOGO
OCoOO0O0O0O00O00ODOoD0D0DO0 Gm)OODOCHCI, 20mOODOOCODODOOODO
ocooooooO0oobDOooooboOooDbDOoOMgSO,00000D0O0O0DOODOODODODODO
I A o R I S A A B Y €57 [0 P =
OAc- 1% Et3N in EtOAC)0 00 0O O O0ODO0 000000 (S)-4-(pyridin-4-yl)-4,5-d
ihydro-3H-dinaphtho[2,1-c:1",2"-e]azepin-2-yl trifluoromethanesulfonate (75 mg,
0.14 mmol, 72% yield)OJ O O O

goooooao

gooooObDDbOO0 oooooobbboooUoUoooobpbobUoooouooo

O Yellow solid. *H NMR (600 MHz, CDCl3) & 8.31 (d, J = 5.4 Hz, 2H), 8.16 (d, J =
8.4 Hz, 1H), 7.98 (dd, J = 8.1, 5.7 Hz, 2H), 7.93 (s, 1H), 7.60 (bt, J = 7.5 Hz
, 1H), 7.57-7.50 (m, 3H), 7.43 (d, J = 9.0 Hz, 1H), 7.40-7.33 (m, 2H), 6.77 (bd,
J =5.4 Hz, 2H), 5.13 (d, J = 13.5 Hz, 1H), 4.64 (d, J = 12.9 Hz, 1H), 3.78 (d,
J = 12.9 Hz, 1H), 3.64 (d, J = 13.5 Hz, 1H); HRMS (FAB™) calcd. for C,gH,oFsN;0

3S [M+H'] 521.1147, found 521.1130.

oooooao

goooboooooboboogooboooboboboooobboooonob
gooooao

OTf PhB(OH), Ph
(1.2 equiv)
— PdCly(dppf)-CH,Cl, —
Y’ K3PO4 aq \_7
THF
50°C, 18h

(1b") (1a)
OArCOD0DO0O000O0O0OOOODODDDO ODO0O0OO0ODOE)-4-(pyridin-4-yl)-4,5-dihyd
ro-3H-dinaphtho[2,1-c:1",2"-e]azepin-2-yl trifluoromethanesulfonate (38 mg, 73
g mol)O phenylboronic acid (11 mg, 88 p mol)O 1,1"-Bis(diphenylphosphino)ferroce
ne-palladium(l1)dichloride dichloromethane complex (3.0 mg, 3.7 y mol)d aq. pota
ssium phosphate (0.2 mL)O O O THF (0.7 mL) O OO O5000180 00 0000O0O0O0OAO
OO00O000O000H0 (20mL)O OO O toluene (20 ML) OO OO O brine0 00 00OM
gso,0 0 0O0O0O0O0OO0O0OO0OO0O0OO0DO0DOO0OOOO0OOOO0DOODOOOODODODOODOO
OCOO0O0CO0O0O0O0O0ODOO0O0OOD0 (Si0,: CH,CIL/EtOAc = 8/1 to 4/1)0 00 O0D0OQOO
0000000 ((S)-2-phenyl-4-(pyridin-4-yb)-4,5-dihydro-3H-dinaphtho[2,1-c:1",2"
-e]azepine (O O 80%, 33 mg)O O O O

\

gooooao
ooono
godooooooobooooobobobooobobooooooodad
ogoooan
Ph / A Ph
Br N-HCI
— (3a )
NH (2 equiv)

Pd(dba), (4 mol%) —<:>
RuPhos (8 mol%)
NaOt#-Bu (6 equiv)

Ph Ph

toluene, 90°C, 24h
(2c) (1c)
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JAr0 0000000000000 O0o0DoDoDooooDooooooooonGg8 mg, 0.16
mmol)O OO OODODOOODO 4-bromopyridine hydrochloride (50.9 mg, 0.26 mmol)0O
NaOt-Bu (75.1 mg, 0.78 mmol)O 2-dicyclohexylphosphino-2' ,6' -dilisopropoxybiphen
yl (Ruphos) (4.9 mg, 10.5 py mol)O bis(dibenzylideneacetone)palladium(0) (3.0 mg,
5.2pymo) 0000000 @3mb)DOODOo00O020000000000000O0H0
CmooOooO0o0DoU0oooU0oODOoO0oUODoDoUOO0OObrinedl 0DO00O00OMgSO,000000C
gooooboooobooooooooooboboo oo oo o0oDbooooobooodad
OO0000 (Si0,: hexane/EtOAc = 5/1(v/v) to 1%EtsN to EtOAc + 1%Et N)O O 0O O O
0O0o0o0D0o0Ooooooes)- 2,6-diphenyl-4-(pyridin-4-yl)-4,5-dihydro-3H-dinaphtho[

2,1-c:1",2"-e]azepine (41.8 mg, 0.80 mmol, 61% yield)O O O O

gooooao

ggoobooobbtooobboooobbouoobbooobboao

O Colorless solid. m.p. 143-144 0O ; [a ]152° -170.3 (c 0.20, CHCI3); *H NMR (400

MHz, CDCl3) & 7.97-7.95 (m, 6H), 7.55-7.31 (m, 16H), 6.03 (dd, J = 5.2, 1.6 Hz,
2H), 4.88 (d, J = 12.6 Hz, 2H), 3.66 (d, J = 12.6 Hz, 2H); 3C NMR (100 MHz, CD
Cl3g) 0 152.3, 149.4, 140.7, 139.8, 136.2, 132.7, 131.1, 130.7, 129.9, 129.7, 12
8.5, 128.3, 127.6, 127.4, 126.4, 126.1, 108.3, 45.8; IR (KBr) 3053, 2925, 2852,

2360, 1593, 703 cm~t; HRMS (FAB™) [M+H]" calcd. for CgoH,gN, 525.2331, found 525
-2331.

oooooo

ooon

ggoooboooobobtbooobbtboooobbuoouobbooobbooo

ooDooao

OMe OMe
OO NBS (2.2 equiv) OO B
Me AIBN (10 mol%) r
Me benzene
oo TN G & O
OMe oM

e
(6d) (5d)

OJOAr0 00000000 O0O0D0OOOdOoi, T. et al., J. Am. Chem. Soc. 2003, 125, 5
100D oDOoDooDUooDOooOoDOooO0Oooaos)-3,3 -dimethoxy-2,2"-dimethyl-1,1"-
binaphthalene (6.19 g, 18.1 mmol)O N-bromosuccinimide (7.08 g, 39.8 mmol)O azobi
sisobutyronitrile (297 mg, 1.81 mmol)O O O benzene (90.5 mL)O O O O 900 O 70 O
OO0O00O00OOoO0oO0OO0OH0@GOMmMLHODOODODODDODOD BomL x 2)00O0O00OODOO
OOO0OO0OO0Obrine000O0OMgSO,000000DO0O0O0OOOODODODOOODOODODOO
OO00O000 (CHCl,/hexane)D O OO OO O0O0O0O0O0OO00OO(CS)-2,2"-bis(bromometh
y1)-3,3 -dimethoxy-1,1"-binaphthalene (7.39 g, 14.8 mmol, 82% yield)O O 0O O
ooDoooo
0 I e I A I e 0 o 0 O N N O B A B R B R R N N A W A
O Colorless solid. [a ]5%° -163.5 (c 0.22, CHCI3); *H NMR (400 MHz, CDCl3) & 7.
81 (d, J 8.3 Hz, 2H), 7.44 (ddd, J = 8.3, 7.1, 1.4 Hz, 2H), 7-33 (s, 2H), 7.11
(ddd, J 8.3, 7.1, 1.4 Hz, 2H), 6.99 (bd, J = 8.3Hz, 2H), 4.35-4.26 (m, 4H), 4
.11 (s, 6H); *3C NMR (100 MHz, CDCl3) & 155.5, 136.4, 127.7, 127.3, 127.2, 126.7
, 126.6, 124.1, 106.4, 55.8, 27.8; IR (KBr) 3060. 2935, 1599, 1170, 750 cm™1; HR
MS (FAB*) [M+H]" calcd. for C,,H,,Br,0, 500.9889, found 500.9881.
gooooao
ggogoobooodbbtooobboooobbooobbooobboao
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goooano

OMe OMe
CCC, s QT
(3.3 equiv) —
= N——/—
Br MeCN / touene = 3:1
OOy T O
oM oM

e

e

(5d) (4d)
OAr0 000000000 0DODDODO0OO0O0DODDOOOO0ODnES)-2,2"-bis(bromomethyl)-3,3 -
dimethoxy-1,1"-binaphthalene (1.58 g, 3.16 mmol)O allylamine (781 p L, 10.4 mmol
YO ooooooDo @Gi.emb)DO0O0DDOO @o.5mb)0OOO5sB00020000000
OOoo0o0O0o0oOHO0¢GOMDHIOIOOODODODODOO (GOmL x 2)00000O00O00O0OH0 (3
OmL x 2)Dbrine0 0 00O0OMgSO,0 000000000000 ODOOCOOOOOODODO
gogoobooggooooobbooobbooo o bbooooDbbouoobboodg
00oo0oooD0ooo0DooO0ooDUoooDO0ooo0Do0ooDU0ooDUOoDODOooODO0DOoDOoOoDDOO
000 (Si10,: hexane/EtOAc = 3/1(v/v) to hexane/EtOAc = 2/1(v/v))0 000 0O
ogoooao
00o0o00ooDooo0DOoo0oDU0oooODO0oo0o0Do0ooDO0OoDUooDOoDOooODOoDooDOOo
Colorless solid. [a ]52° +438.8 (c 0.23, CHCl3); *H NMR (400 MHz, CDCl3) & 7.
83 (d, J = 8.3 Hz, 2H), 7.41 (ddd, J = 8.3, 6.8, 1.3 Hz, 2H), 7.34 (d, J = 8.3 H
z, 2H), 7.28 (s, 2H), 7.10 (ddd, J = 8.3, 6.8, 1.3 Hz, 2H), 6.08-5.98 (m, 1H), 5
-23-5.14 (m, 2H), 4.36 (d, J = 12.4 Hz, 2H), 4.02 (s, 6H), 3.25 (dd, J = 13.2, 6
.7 Hz, 1H), 2.98 (dd, J = 13.2, 6.7 Hz, 1H), 2.78 (d, J = 12.4 Hz, 2H); 13C NMR
(100 MHz, CDCl3) &6 155.4, 137.0, 136.4, 134.0, 127.5, 127.0, 126.8, 126.2, 125.
9, 123.3, 117.3, 105.5, 59.0, 55.4, 46.6; IR (KBr) 2950, 2827, 1596, 1226, 752 c
m~1; HRMS (FAB*) [M+H]* calcd. for C,,H,gNO, 396.1964, found 396.1967.
gooooao
Ooo0oo0oo0oooDOoooDooD0oooDoooDOooDoooDoooOg

Oo0Oo0oood

ooooo

OMe OMe
NDMBA (3 equiv)
Pd(OAc), (5 mol%)

— PPh3 (20 mol%)
N—/_ > NH
CH,Cl,
OO reflux, 13h OO
OMe OMe
(4d) (2d)

JAr0 0000000 boo0oooboboooobbooo0oDoboooDboooooooodd
0 O palladium(l1) acetate (34.5 mg, 0.153 mmol)O triphenylphosphine (160 mg, 0.6
08 mmol)O 1,3-dimethylbarbituric acid (NDMBA) (1.43 g, 9.15 mmol)O O O CH,CI, (3
mb) OO DO0400 0130000 0000000 0O0O0ODODO0OO@GOmMLOOOOO0OO
OCObrineD0O0O0OOMgSO,0 000O0DOOCODODOOODODODODODOOODODODODODO
0Ooo0o0o0oo0oooDO0ooO0DooODU0oDOoooDO0oDO0oDUooDoDooDoooDooOoOOd
OO0 (Si0O,: EtOAc- 1% EtgN in EtCAC) D D0 000 O0DO0O0OO0O0DO0O0D0ODO0ODODOO
O (1.08 g, 3.04 mmol, 96% yield)J O O O
a
O

ooao
ooobObOO0o0oDoooooooObobboooooooobobbooooo

Oo0OoO0ooOooog o
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O Orange solid. [a ]52° +388.5 (c 0.20, CHCl3); *H NMR (400 MHz, CDCl3) & 7.83

(d, J = 8.3 Hz, 2H), 7.41 (ddd, J = 8.3, 6.8, 1.3 Hz, 2H), 7.34 (d, J = 8.3 Hz,

2H), 7.29 (s, 2H), 7.11(ddd, J = 8.3, 6.8, 1.3 Hz, 2H), 4.47 (d, J = 12.0 Hz, 2H
), 4.03 (s, 6H), 3.04 (d, J = 12.0 Hz, 2H); *3C NMR (100 MHz, CDCl3) & 154.8, 1
36.9, 133.9, 127.5, 127.3, 127.0, 126.8, 125.9, 123.4, 105.8, 55.5, 39.9; IR (KB
r) 2934, 1595, 1231, 832, 748 cm~'; HRMS (FAB*) [M+H]* calcd. for C,,H,,NO, 356.
1651, found 356.1661.

oooooao
00000000000 000000000000000000
Oo0o0o0oao
OMe / \ OMe
o O, OO
Ui (3a) —
NH (2 equiv) . N \ N
Pd(dba), (4 mol%) Y,
RuPhos (8 mol%)
NaOt-Bu (6 equiv)
OMe DME, 90°C, 23h OMe
(2d) (1d)

CArDCO000O00O0O0OD0OQCOO0OO0OO0O0ODOODODOO0OOO0DO0DDODOODODODODOO(732.9 mg, 2.06
mmol)OD O DO OOOOODODO 4-bromopyridine hydrochloride (801.0 mg, 4.12 mmol)QO
NaOt-Bu (1-192 g, 12.4 mmol)O RuPhos (77.2 mg, 0.17 mmol)O bis(dibenzylideneacet
one)palladium(0) (47.4 mg, 82.4 pmol)D OO OO OO (20.6 mL)O OO O 900 O 230
OO0o0oO0o0ooooO0o0oHO0COML)IDODODODDODODODDOODOODODODODODOODDODObri
ned 20000 0MgSO,0 0 D D ooooOOO0DO0DO0DO0O0ooooooobooooooooan
OO0O0OO0O0O0OO0O00O00C0CO00O000000D«0O0(SioO,: EtOAC to 2%EE3N in EtOAc)O O O
000000 O00000dad(es)-2,6-dimethoxy-4-(pyridin-4-yl)-4,5-dihydro-3H-dinaph
tho[2,1-c:1",2"-e]azepine (638.8 mg, 1.48 mmol, 72% yield)DO O 0O O

goooon

ocooooooooUoooUoooooUoooooooooooooooao

0 Orange solid. [a ]52° -293.7 (c 0.20, CHClI3);*H NMR (400 MHz, CDCl3) & 8.25 (
dd, 3 = 5.2, 1.5 Hz, 2H), 7.83 (d, J = 8.4 Hz, 2H), 7.46-7.43 (m, 2H), 7.38 (d,

J = 8.4 Hz, 2H), 7.28 (s, 2H), 7.15 (ddd, J = 8.4, 7.2, 1.2 Hz, 2H), 6.85 (dd, J
=5.2, 1.5 Hz, 2H), 5.38 (d, J = 12.6 Hz, 2H), 3.96 (s, 6H), 3.36 (d, J = 12.6
Hz, 2H); 13C NMR (100 MHz, CDCl3) & 154.5, 153.8, 149.5, 137.1, 134.2, 127.5, 1
27.1, 126.7, 126.5, 125.7, 123.8, 108.8, 106.2, 55.7, 41.2; IR (KBr) 3421, 3003,
2937, 1507, 749 cm™t; HRMS (FAB*) [M+H]* calcd. for C,gH,sN,O, 433.1916, found
433.1913.

goooon

ocooooogoooooo ocoooUooooooooooooao

goooao

OMe OTf
OO 1) BBr3 (3.3 equiv) CO
- CH,Cl,, 0°C, 3h -
N N > N N
\_ 7 2) Tf,0 (2.4 equiv) \_ 4

EtzN (5 equiv)
CH,Cl,

OM oT

e -78°C tort, 13h f
(1d) (1d")
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CAr000000O0DOO0CO0OD0ODO0OO0ODOODOOO0OODdO(s)-2,6-dimethoxy-4-(pyrid
in-4-yl)-4,5-dihydro-3H-dinaphtho[2,1-c:1",2"-e]azepine (86.3 mg, 0.200 mmol)O

Oo0DOoo00o0o00 .omb)bO0O0O0OoODOO0DODOBBrg (ca. 1.0 M CH,CI, solution) (
0.72 mL, O.72 mo) D D0 O0O0O040 0000000 DODUODODDODOOOODO (30 mLO

00 oo0oooOoOO0O0O0oOooooobOOOo0DoOoU0oUoo0AODODbODO0O0DOoOoooOoDoDODO
OO0o0oDoDoDoooo0o (2.0 mL)d triethylamine (139 p L, 1.0 mmol)O O O O -78
O O O trifluoromethanesulfonic anhydride (78.7 p L, 0.48 mmol)OD OO DO OO
WBOODOoOODODOODOODODO0ODOHRO GmML)OUOOODODOOODODO Gmex 2)d0
H,0 (G mL)ObrineD 00 O0OMgSO,0 00 O0O0DODOOOOOODOODODDODODOO
000000000000 000O0D0D0O0 (S105: hexane/EtOAc = 1/1(v/v))O
00000’ oooooooooDooogd (99.7 mg, 0.149 mmol, 75% yield)O

OooooogoQgQg

O

000

00000’ D0D0D0DO0D00D0D0O0D0DO0D0O0O0DO0DO0D0O0DO0OO0O0O0DaO

Colorless solid. 1H NMR (400 MHz, CDCl3) 6 8.33 (d, J = 6.0 Hz, 2H), 8.01 (bd,
J =7.6 Hz, 4H), 7.64 (ddd, J = 8.0, 6.0, 2.1 Hz, 2H), 7.46-7.41 (m, 4H), 6.79
(d, J = 6.0 Hz, 2H), 5.15 (d, J = 13.6 Hz, 2H), 3.59 (d, J = 13.6 Hz, 2H); 3C N
MR (100 MHz, CDCl3) & 152.9, 150.3, 144.5, 137.6, 133.2, 130.3, 128.8, 128.3, 1
28.1, 127.5, 126.0, 121.3, 118.7 (g, J = 318.4 Hz), 108.9, 42.7; HRMS (FAB™) [M+
H]* calcd. for C,gH,oFgN5-0gS, 669.0589, found 669.0582.

oooooao

oooao

0000000000000 0D0O00O0DO0D0DO0DO0oDOoOoOoOoaO

ooooo

OooooooogQgoo
OO0 oooogogaog

Br@N-HCI

(2 equiv) (3a )‘

Pd(dba), (4 mol%)
RuPhos (8 mol%)
NaO#-Bu (6 equiv)
toluene, 90°C, 24h

CAr0000000DO0DD0O0DO0OD00DO0ODO0DO0O0DO0OD0DO0DO0DD0DODDODODODOODO0DODODOO
OoDo0o0o0Doo0ooDoDOoooDoooooDoooDOoo (201 mg, 0.367 mmol)O OO O OO
0000 0O 4-bromopyridine hydrochloride (143 mg, 0.734 mmol)O NaOt-Bu (212 mg, 2
-21 mmol)O RuPhos (13.7 mg, 29.4 p mol)O bis(dibenzylideneacetone)palladium(0) (
8.6 mg, 1I5.0pymoDNDO OO ODOCDOO @B-7mL)00O0O09CC D200 000000000
OoooOoooO0 qomb)DH 0 GmML)OOODODODODODODODOODDODDODOOODDODODODOO
Obrined 200 000MgSO,0 00000000000 OCODODOOODODOOOOOODODO
OO0 (CHCIg/hexaned)D O OO OO0OOOO0OOOOODODO ((S)-2,6-di(naphthalen-2-yl)-4
-(pyridin-4-yl)-4,5-dihydro-3H-dinaphtho[2,1-c:1",2"-e]azepine (187.4 mg, 0.300
mmol, 82% yield)d O O O

OoDoooo
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Jooo0ooDoDU0oU0U0oUoUdOooooDoODOoDUDUUOUUOoOoDoDDoDDOO0ODOoOOoOOo
0 Colorless solid. m.p. >280 O ; H NMR (400 MHz, CDCl3) 6 8.07(s, 2H), 7.99 (d
, J =8.2Hz, 2H), 7.89 (d, J = 8.2 Hz, 4H), 7.83 (bd, J = 4.8 Hz, 4H), 7.57-7.4
9 (m, 10H), 7.36 (ddd, J = 8.2, 7.2, 1.4 Hz, 4H), 6.05 (d, J = 6.0 Hz, 2H), 4.96
(bd, J = 9.6 Hz, 2H), 3.79 (bd, J = 12.6 Hz, 2H); 3C NMR (100 MHz, CDCI3) 6 1
52.2, 149.4, 139.8, 136.2, 133.1, 132.8, 132.4, 131.3, 130.7, 130.3, 128.7, 128.
6, 128.4, 128.3, 128.1, 128.0, 127.9, 127.7, 126.6, 126.5, 126.3, 126.2, 108.4,
46.1; IR (KBr) 3053, 2866, 2359, 1589, 749 cm~1; HRMS (FAB™) [M+H]" calcd. for C
a7H33N> 625.2644, found 625.2662.
oooooao 10
oooao

gogoboboooooboouooboooobobobboooobboooonn
goooao

0, O
NH (2 equiv) (3a ) _C
Pd(OACc); (4 mol%)
DPPP (4 mol%)
OO NaOt-Bu (4 equ;v)
20

toluene, 70°C, 9h
(2f) (1)

OArC0D0D0O0O0O0O0OO0OOOODDOGOOAKkhatou, A. et al., Tetrahedron 2007, 63, 62
32; Ooi, T. et al., J. Am. Chem. Soc. 1999, 121, 65190 0 0 0 0 0 0O OOOOAO
ooooooooooooono (2mg, 018 mmol)D OO DO OODODOO 4-bromopyri
dine hydrochloride (69 mg, 0.36 mmol)O NaOt-Bu (68 mg, 0.71 mmol)O 1,3-Bis(diphe
nylphosphino)propane (2.9 mg, 7.1 py mol)O palladium acetate(ll) (1.6 mg, 7.1 py m
oHO OO toluene (.6 ML)YDODODO70001500 0000000000 0O0OOODOCC0m
HOooOoooOooO0DooU0ooDoUooOoOooOUOooDoOUOooDOoOooOoOMgso,000O0OoOoOO
oooooooU0oooDOooo0DooOU0ooDUoooDO0oDO0oDoDU0ooDDUOooDoDooODOooOoDUOoLoOaO 30
000 (Si0,: CHCI,/MeOH = 5/1 to 2/1)0 0 0000000000000 CS)-4-(pyri

din-4-yl1)-4,5-dihydro-3H-dinaphtho[2,1-c:1",2"-e]azepine (58 mg, 0.16 mmol, 88%

yield) O O O O

Oooooao

000000000 oD0o0o00ooDU0oDoDooDo0Do0ooDo0DooDooDOoDoOooDO0Oo

O Colorless solid. *H NMR (600 MHz, CDCl3) & 8.29 (bd, J = 6.3 Hz, 2H), 7.95 (d,
J = 8.9 Hz, 4H), 7.54-7.48(m, 6H), 7.31 (bt, J 8.9 Hz, 2H), 6.75 (bd, J = 6.3
Hz, 2H), 4.63 (d, J = 12.6 Hz, 2H), 3.83 (d, J = 12.6 Hz, 2H); 13C NMR (150 MHz
, CDCl3) 6 153.5, 150.3, 135.0, 133.5, 132.9, 131.5, 129.4, 128.5, 127.6, 127.4,
126.3, 126.1, 108.6, 50.7; HRMS (FAB™) calcd. for C,,H,;N, [M+H*] 373.1705, fou 40

nd 373.1699.
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ggao

(10 mol %

0°C,12h

(A) (S) -

PRO_
N B catalyst N

0 g

(X — L

O 07 ~0” “oPh CHyClp MeO 0”7 o
(B)

goooooooboogooboooboboooobooooboboooobbooo
ooocooobooboooooooooobbboooooooooDobobobooOooooooboonndl

200 00000 IN HCI (4.0 mL)O D OO CHCI, (5.0 mL)J 2000 00 brined OO O
OMgso,0 0 ooooOboObob0ooooooobobboboooooooobobbboooooodn

OO0
o0
tel

O 0Oo0oooOod
O Oodoood

OO0O0O000 (Si0,: hexane/Et,0 = 1/1(v/v))0 000 00O0O0O0O0OO0COODGOO
(S)-phenyl 4-benzyl-2-(4-methoxyphenyl)-5-0x0-4,5-dihydrooxazole-4-carboxyla
0000000000000 0Do0DU0O0oDDoD0oo0O0DOdODentry 400 000000DOO
0000000000000 o0ooDU0ooDooo0Do0oDo0ooDooDoDooDoooDoooOog
086:14(72% eed)0 DD DO D ODODDODODOOODODDODODODDODDODODODODODODODD
ooooo0ooO0oooDOooo0DooODU0oDOooOoDoOooDU0oDUooDoDooDOoooDUooDDODOd
Ooo0oo0oDooooooao
Oooo
00

entry catalyst conv. (%) ee (%)’ er(SR)

1 (1a) 46 42 71:29
2 (1b) >08 62 81:19
3 (1c) >08 68 84:16
4 (1d) 83 72 86:14
5 (1e) >98 62 81:19
6 (1f) 62 58 79:21
7 (1d") >08 46 73:27
8 DMAP >08 - -

9 none <2 - -

4 Determined by '"H NMR analysis.

b Determined by HPLC analysis.

er = enantiomeric ratio

ee = enantiomeric excess

DMAP = N,N-dimethyl-4-aminopyridine
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goooano
PhO,
(1d) ©
N " (10 mol %) N
0 mol % HIBn
St - ,
MeO 0o~ Mo~ Yoph solvent MeO 0”7 X0
0°C,12h
(A) (S)-(B)
gooooooooboogoobooobbobooobobooobbooobboooooboao
goobobooooobooooboooboobobooobboooooboboooobobooooonan
ooocoobbobop,0oooooobbbobooooooobobb,O0o0oo0oooboooboao
goooooooboogooobooobobbooobobooobbooobboooooboao
OoOO0O0oO0O0oo0o0oDOooO0oOobOO0oOooDOoodb01200000001INHCI (4.0omL)0 O
OCHLCI, (5.omb)J200000brine00000OMgSO,000000CO0000O0DODOO
O0OOo0o0O0O0o0O00DO0OO0OO0DO0O00O0OD0ODO0O0ODbDO0ODbODODOD0ODD0OOD0D (Si05: hexane/Et,0 =

/7a(w/v))0OooooooOooooooooDOoooDoooooDoooDoooooooDoDOd
gooooagao

ooocooao

goooao

entry  solvent conv. (%)* er (S:R)b

1 CH,Cl, >98 87:13
2 toluene >98 93:7
3 Et,O >98 94:6
4 i-Pr,O >08 95:5
5 CPME >98 95:5
6 TBME >98 94:6
7 THF >08 88:12
“Conversions were determined by "H NMR analysis of the unpurified reaction mixture.
"Determined by HPLC.
gooooao
ooon
I T I 6 A N O N B O A R 0 R A A W R NV R A
ogoooan

(1d)
(10 mol %)

PhO
0]
N Bn N
O s
MeO 0] 0 OPh Et,O (0.1 M) MeO o) 0]
temp., 12 h
(A) (S)-(B)
gobo0odoodooooboooo0oooo b0 oooDob oo ooOoooDbOd
00000000 oDoDO0o0o0oDoDOo0o0oo0ooDoDOoO0o0DDOoOO0i120000 000 1IN HCE (4.
OmL)ODOODOCHLCI, (5.0mL)J 2000 00brine0 0000OMgSO,0 00000000
I I M A B Y (€57 [0 PN ¢ <!
xane/Et,0 = /1(v/v))0 OO O0O0O0DO0O0OO0OoOoOO0OoOoOoo0oooDooooooooDoo
godoooboooooooao
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000000
0000
entry temp. (°C) conv. (%)2 er (S:R)? ee (%)°
1 25 >08 93.7 86
2 0 >98 94:6 88
3 -20 >98 95:5 90
4 -40 >08 95:5 90
5 -60 >98 96:4 92
6 -78 66 90:10 80

@ Determined by "H NMR analysis. ? Determined by HPLC analysis.

oOooooo

DArC 00000000000 DDODOoDO0DO0O00ooooDooDDoDO (39-2 mg, 0.10 mmol)O
oooooooo0ooD0D .omb)ODOO0O-78000000D0OO0OO0OO0O0OODOO((S)-2,6
-dimethoxy-4-(pyridin-4-yl)-4,5-dihydro-3H-dinaphtho[2,1-c:1",2"-e]azepine(4.4 m
g, 10.2 ymo)D 0D D120 0000 0O O 4M HCI in 1,4-dioxane (1.0 mL)O O O OO O
00o0000o0oooo0oo0oo0o0ooooDooo0o0oooooo0O0n0 (Si0,: hexane/Et,0
=1/1(v/v))0 00000000 D0ODODODOOOOOODDOODOD (S)-phenyl 4-benzyl-2-(
4-methoxyphenyl)-5-ox0-4,5-dihydrooxazole-4-carboxylated 0 0 0 0O O O O O 1H NMR
0000000000000 oDoDoDoooOog2%w] 00000000000 097:-3(94%
ee)J0000D0OO0OO0ODODDOODODOODDODODOOOD

000000
0ooo
entry temp. (°C) conv. (%)? er (S:R)? ee (%)
7 -78 25 97:3 94

@ Determined by 'H NMR analysis.
b Determined by HPLC analysis.
er = enantiomeric ratio

ee = enantiomeric excess

oooooao
ooooao
I 1 e T I 1 I A B B A R 0 R A A R R NV R B A
oo0oooo
1 PhO o
N Bn o) (1(0 mol)%) N—{.uBn
OLK “ue{
MeO 0 o OPh toluene (0.1 M) MeO o 0
temp., 12 h
(A) (S)-(B)
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ooooDDoOO000o0ooooo0oDoDoDo0DO0O00o0oo0o0DDODO0ODO0DO0DOoO0ooDODaonentr
y500000000000D00OODODOOOD-e0O0000D0O0OO0OODODOODODDODODODDODOGO
OD0097:3(%4% eed)D 000 O0DOO0DO0DDODDODDODODODODDUODDODDODODDODODODODODDODOO
00

oooooo

CAr0000000D0OO0O0DOO00DO0DDO0DODODOODODOO0ODO0O (38.8 mg, 0.10 mmol)O
ooooDDD0O (-omb)DODO0DO-200000000000000003003((8)-2,6-dimethox
y-4-(pyridin-4-yl1)-4,5-dihydro-3H-dinaphtho[2,1-c:1",2"-e]azepine (4.4 mg, 10.2
pmo) DO DO O120 00000 01N HCI (4.0 mL)O O OOCHLCI, (5-0mL)O0D 20000
Obrine0 0 000OMgSO,0 00000 O0O0OCODODOODOOOOODODODOODODODODOO
000000000000 O000 (Si0,: hexane/Et,0 = 1/1(v/v))000O00COD0OA0O
000000 0ooos)-phenyl 4-benzyl-2-(4-methoxyphenyl)-5-oxo-4,5-dihydrooxazo
le-4-carboxylate (40.5 mg, 0.10 mmol, >98% yield)O O O O

goooon
ogoogn
entry temp. (°C) conv. (%)? er (S:R) ee (%)°
1 25 >08 92:8 84
2 0 >98 93:7 86
3 -20 >98 95:5 90
4 -40 >98 95:5 90
5 -60 >08 97:3 94
6 -78 65 95:5 90

@ Determined by 'H NMR analysis. ? Determined by HPLC analysis.

OoDoooo

CAr0000000D00ODO0O0DO0O0DO0OD0ODODDODOO0DODOD0ODO0ODO (38.9 mg, 0.10 mmol)O
ooooDDoD0O (-omb)DODO0DO-78000000000O0O0O0O000O0O0O0((S)-2,6-dimethox
y-4-(pyridin-4-yl1)-4,5-dihydro-3H-dinaphtho[2,1-c:1" ,2"-e]azepine(4.4 mg, 10.2
pmol)DOOO0120 00000 O 4M HCI in 1,4-dioxane (L.O0mL)J OO0 OD0DO0OODOOO
OO0o0o00o0oo0o0oo0o0o0o00o0oo0O0oOO0oO0ooO0ooDDOo0on0 (Si0,: hexane/Et,0 = 1/1(v/
v OooooooooooooooooooooDao S)-phenyl 4-benzyl-2-(4-methox
yphenyl)-5-0x0-4,5-dihydrooxazole-4-carboxylate0 0 0 0 OO O O 0O 1H NMRO O O O
OD0D000D0000D0D0D00D0O00O0O45%0 000000000000O97:3(94% ee)l O
00000000 oDoDooDoDooDoooDoo

oooooao
Ooo0ooao
entry temp. (°C) conv. (%)? er (SR ee (%)°
7 -78 45 97:3 94

a Determined by 'H NMR analysis.
b Determined by HPLC analysis.
er = enantiomeric ratio

ee = enantiomeric excess
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goooogag
ooooao

ooocobOboooooooooobbboooooooooDbao
ooooDao

(1d)
(10 mol %)

PhO
o o)
n
N (@) N 1IBn
q 1 /u\ CPME (0.1 M) / I
MeO 0”07 Sopn RGN MeO 0" o

(A) (S)-(B)

goooooooooooootootoooo0otboobooboo0oboooooooooooOooooao
Of0120 00 0000000000000 DO0O0ODODODODOOOOOOOOOOOOOOGODOO
000000 d0entry 5000 00000O00O0OOODODODODOO-e000000000O
0000000000 00097:3(%4% ee)l 00 0DDOO0ODDOOODDODOOOOGDO
gooooo0ooooooao
gooooao
Oo0oano
entry temp. (°C) conv. (%)? er (S:R)? ee (%)°

1 25 >08 919 82

2 0 >08 95:5 90

3 -20 >08 95:5 90

4 -40 >98 96:4 92

5 -60 >08 97:3 94

a Determined by 'H NMR analysis.
b Determined by HPLC analysis.
er = enantiomeric ratio

ee = enantiomeric excess

Oooooo
CAr0000000D00OO0D0DOO0O0DO0ODO0DODODOODODOO0ODO0OO0 (38.9 mg, 0.10 mmol)O
ooooDoDoDoDoooooooDoDDo (-ombOODODO-78 0000000000000
O 00 (S)-2,6-dimethoxy-4-(pyridin-4-yl)-4,5-dihydro-3H-dinaphtho[2,1-c:1",2"-¢€]
azepine(4.4 mg, 10.2 pmoH)O OO O120 00 0 0O O O 4M HCI in 1,4-dioxane (1.0 mL
ybooooooooooooooooooooooooooooooooooo (sios:
hexane/Et,0 = 1/1(vw/v))0 0000000000 O00O0O0O0OOOCOO0OO((S)-phenyl
4-benzyl-2-(4-methoxyphenyl)-5-o0x0-4,5-dihydrooxazole-4-carboxylatell 0 O O 0O O
OCOOIHNMROOODODODODODDOODODDODODOODODODDO3SWOOOODOODODODO
0094:6(88% ee)J 0 000D DDODDDODODODODOODOODOODDOGO
Ooooooo
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Ooo0ooao
entry temp. (°C) conv. (%)? er (S:R)P ee (%)°
6 -78 36 94:6 88

a Determined by 'H NMR analysis.
b Determined by HPLC analysis.
er = enantiomeric ratio

ee = enantiomeric excess

goooogao

goooano
uygobobooooobooouooboboooobooooboogdo
gooooao

(1d)
(10 mol %)

PhO,
5 o}
n
N o} N—{i1Bn
/1 /U\ i-Pr,0 (0.1 M) /
MeO o) o OPh I-tPerrzn > (01; , ) MeO o 0

(A) (S)-(B)
ooocooobooboooooooooobobbooooooooobOboboboooooypbooDbOoo
1200 00000000000 b 0000000 oooDob oo ooooOobOd

Ooooao
ogooooao
Ooooao
entry temp. (°C) conv. (%)? er (S:R)? ee (%)°
1 25 >98 94:6 88
2 0 >08 95:5 90
3 -20 >08 96:4 92
4 -40 >08 94:6 88
5 -60 >98 96:4 92

4 Determined by 'H NMR analysis.
b Determined by HPLC analysis.
er = enantiomeric ratio

ee = enantiomeric excess

oooooao

JArC0D0D00000OCOOODODODODO0OOOO0UOoOoOoOOoODDDOO (38.6 mg, 0.10 mmol)O
ooocooObOOoOO0oOooooo0D GomoOOD-y8U0O0CDODDDODOOOOOOODOOCCEG-
2,6-dimethoxy-4-(pyridin-4-yl)-4,5-dihydro-3H-dinaphtho[2,1-c:1",2"-e]azepine(4.
4 mg, 10.2 ymoDHO OO DO1200 00 0 0 O 4M HCI in 1,4-dioxane (1.0 mL)O O O O
OoOoo0co0ooO0ooDOooO0OO0obOO0O0oDO0oOoODbDO0OO0bODO0OD0ODO0O0ODODDO (Si05: hexane/E
.0 = 1/1(v/v))0000000DO0OOCDODOO0OO0O0ODOODODOOODOOO((S)-phenyl 4-benzyl
-2-(4-methoxyphenyl)-5-0x0-4,5-dihydrooxazole-4-carboxylated 0 0O O 0O 0O 0O O O 1H
NMROOOOODGOGOGoOQoOOoOOoODODDODDOOoOoooooo1owooooobboooououoooao
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(42)
oooooooaoao
ogooooao
Oooooao
entry temp. (°C) conv. (%)? er (SR ee (%)°
6 -78 <10 -

@ Determined by TH NMR analysis.
b Determined by HPLC analysis.

er = enantiomeric ratio 10
ee = enantiomeric excess
oooooao
ooooao
I 1 e I I e A e 6 A 6 R R A B A M O
a
ooooao
R'O
Bn (1d) O

N (10 mol %) N—{iBn

St . / .
RZ’@/{O o~ DoR! toluene R? 07 X0

-60°C,12h

(C) (S)-(D)
bbb bobobuouoobbooUoboDo=-e0UU01200 00O DO0O0OO
OooUoUooooooooooPoooooooo®ooOoOoooDOoOO0OOO0OOoOOoOoDOoOO
I I e 1 I I 0 A A B A B A e B e A B N N N e e N E N N N N NN N
DDDDDI]DDDDDDDDDDDDDDDDDDDDDDDDDentrySDDDDD
godooboooooboooooboboooboboo oo oDboboooboDooooooooan
oooooofoOoO0oO0U00O0O0DO0O00000D0D0D00000D0DoDO0oDOoOO0OO0OoooDooOOo
goboooooobob oo oo ooooboooooooo 30
oooooao
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gooooao
) ’ conv. b
entry compound R R er (S:R)
(%)
1 (S)-(D)-1 Ph OMe >98 97:3
2 (S)-(D)-2 p-FCsHy OMe >98 96:4
3 (S)-(D)-3 p-MeOCgHy OMe >98 50:50
4 (S)-(D)-4 Et OMe >98 81:19
5 (S)-(D)-5 i-Pr OMe >98 86:14
6 (S)-(D)-6 i-Bu OMe >98 85:15
7 (S)-(D)-7  Neopentyl OMe >98  89:11
8 (S)-(D)-8  1,1,1-Trichloro-2-methyl-2-propyl OMe 91 92:8
9 (S)-(D)-9  Benzyl OMe >98  88:12
10 (S)-(D)-10 Ph H >08 94:6
11 (S)-(D)-11  Ph NO, >98 &1:19
“Conversions were determined by "H NMR analysis of the unpurified reaction mixture.
’Determined by HPLC.
er = enantiomeric ratio
gooooaod
Ooo0o0oOoao
gooo0Do00oooooo0o0oooooo0o0ooobooooo0oo0ooaooao
goooao
PhO, o
N Bn ()(( 1dl)/ ) N
0 mol % |
A = 84
MeO 0O o) OPh toluene MeO 0] e
-60 °C, time
(A) (S)-(B)

ooooobobobOooooooooboobobobooooooooDbD-eO0DbO120000000000
ocoOooco0ooO0ooDO0oooO0obOO0OoDOooODbDO0OO0ODOoOODO0OoODODDOSBmoI%D O00DO
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ogoooan
o conv. ,
entry X (mol %) Time (h) ,  Cr(S:R)
(%)a

1 10 12 >98 97:3

2 5 12 >98 97:3

3 3 12 >08 97:3

4 1 12 >98 94:6

5 3 6 83 97:3

6 3 3 54 97:3

7 3 1 18 97:3
“Conversions were determined by "H NMR analysis of the unpurified reaction mixture.
’Determined by HPLC.
er = enantiomeric ratio
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goooao
3 conv. b
entry compound R er (S:R)
(%)
1 (S)-(F)-1 Bn >98 97:3
2 (S)-(F)-2 Me 36 96:4
3 (S)-(F)-3 i-Bu 84 93:7
4 (S)-(F)-4 CH,CH,SMe 48 94:6
“Conversions were determined by '"H NMR analysis of the unpurified reaction mixture.
"Determined by HPLC.

er = enantiomeric ratio

oOooooo
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0 Colorless oil. Enantiomeric excess was determined by HPLC with Chiralcel OD-H

column (hexane/iPrOH = 20/1 (v/v), flow rate = 0.525 mL/min, 40 ° C), tg(R) 18.5
min and tz(S) 24.3 min, 89.9% ee; *H NMR (400 MHz, CDCl3) & 7.86-7.90 (m, 2H),

7.36-7.40 (m, 2H), 7.18-7.27 (m, 6H), 7.10-7.13 (m, 2H), 6.92-6.96 (m, 2H), 3.86
(s, 3H), 3.73 (d. J = 13.6 Hz, 1H), 3.60 (d, J = 13.6 Hz, 1H); 13C NMR (100 MHz
, CDCl3) 6 173.6, 164.5, 163.6, 163.1, 150.2, 132.8, 130.2, 129.5, 128.3, 127.6
, 126.5, 121.1, 117.2, 114.2, 77.5, 55.5, 40.2.
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