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Figure S2. ORTEP drawing of (+)-1b.
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Figure S4. ORTEP drawing of (+)-1d.
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Figure S5. ORTEP drawing of 9.
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Figure S6. ORTEP drawing of (aR,S)-(-)-12a.
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Figure S7. ORTEP drawing of (a$,S)-(+)-11b.
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Figure S8. ORTEP drawing of (aR,S)-(-)-12c.
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Figure S9. ORTEP drawing of (aS$,S)-(+)-11d.
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Figure S10. Thermal racemization of optically active 1a

0 95.72 98.32 91.34
1800 88.74 71.08
3600 72.92 56.36
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7200 56.34 32.68
12600 69.48
14400 29.72

E.e. was determined by chiral HPLC (Daicel CHIRALCEL® OJ, 0.46 ¢ x
25 cm, hexane : ethanol ethanol = 90 : 10, 0.50 mL/min, UV 254 nm)
analysis.
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Figure S11. Thermal racemization of optically active 1b
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3600 93.31 90.72 84.42
7200 86.59 80.57 69.95
14400 75.49 64.23 50.45

E.e. was determined by chiral HPLC (Daicel CHIRALPAK® AD-H, 0.46
¢ x 25 cm x 2, hexane : ethanol = 99.7 : 0.3, 0.20 mL/min, UV 254 nm)

analysis.
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Figure S12. Thermal racemization of optically active 1c
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7200 85.82 43.60
14400 74.54 49.16

E.e. was determined by chiral HPLC (Daicel CHIRALPAK® AD-H, 0.46
¢ x 25 cm x 2, hexane : ethanol = 99.7 : 0.3, 0.20 mL/min; UV 254 nm)
analysis.
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Figure S13. Thermal racemization of optically active 1d

0 96.54 96.53 96.36
1800 94.52 90.32 82.28
3600 84.47 68.38
7200 87.79 73.76 49.94
14400 79.17 57.54 26.02

E.e. was determined by chiral HPLC (Daicel CHIRALCEL® OD-H, 0.46 ¢
0.20 mL/min; UV 254 nm) analysis.
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"H NMR of 2¢
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"C NMR of 2¢
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'P NMR of 2¢
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'"H NMR of 3a
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3C NMR of 3a
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3'P NMR of 3a
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'H NMR of 3b
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"C NMR of 3b
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*'P NMR of 3b

WO/ZH p86¢ 6SLE WOZH

wo/udd (S57e6°0€ WOWdd
ZH Ly E89LE- d
wdd £90°0T¢- ded
ZH 05°%06LE T4
udd 685 80¢ d1d
wd §0°0¢ X0
siajawered J01d ¥WN AT

00°T d

0 49

ZH 00°T a1

0 4ss

Wi MaM

ZHW STLTSES 12T EN
89LTE 18
s1ajowered buTssadoid - g4
P 00°¢ T1d
die TONN

ZHW 0Z8TSES 1T 1048
Dasn (0°8 Td
ap 00°S¢ (Tl
P 00°¢ 7
HT CONN

ZHW 600ZT€Z°00¢ 2048
2981 00°00T 20d)d
9123TEM 79¥dadd

098 (00000000°8 10
ap 00°9C £11d
298 (00200000 1414
098 (000000€0°0 1P
A 0°00€ ar
o9sn (09 aa
2381 0599 Ma
16¢¢ Rl

098 §¥985¢7°0 ov
ZH LLTLYT T STYATA
ZH 696°L8TSL HMS

1 Sa

8 SN
€100 IN4ATOS
9€459 ar
0¢bdbz 90¥4d'10d

T-48 089 ww G QHEOMd
00¢xdp HOYLSNI
20°LT SWTL
L0S0T00Z JERL
SI3jaweleq uoTITSTNDOY - 74
T ONDO¥d

1 ONdXd
dg0901 AWIN

SIajaweIed B JUSIIND

09LT°9C——

wdd

S23



"H NMR of 3¢
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3C NMR of 3¢
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3P NMR of 3¢
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C NMR of (+)-1b
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3P NMR of (+)-1¢
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"C NMR of 5
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'H NMR of 6
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'H NMR of 7
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'H NMR of 8
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Chiral phase HPLC-UV (254 nm) and —CD (254 nm) chart of 9

[mv]

0 22.9 30.0 [min]

Daicel Chiralcel OJ®, hexane : ethanol=99 : 1, 0.3 mL/min
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C NMR of (+)-1d
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3P NMR of (+)-1d
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'H NMR of (aS,S)-(+)-11a
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"C NMR of (aS,S)-(+)-11a
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3P NMR of (a$,S)-(+)-11a
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'H NMR of (aS,S)-(+)-11b
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C NMR of (a$,S)-(+)-11b
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3P NMR of (a$,S)-(+)-11b
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3P NMR of (a$,S)-(+)-11¢

uo/zH
10 /udd
ZH
udd
ZH
wdd
uo

ZH

ZHH

ap

Z

==

it
o9sn
qp
qp

ZHR
Josn

03

ap
088
088

[

oasn
ossn

098
ZH
ZH

7P86€°6SLE WOZH
LSTE6'0E WOWdd
Ly €89LE- 4!
T90°0T¢- dzd
06°905LE T4
685°80¢ d1d
00°0T XD
sxalawered 301d WWN QT
00°T d
0 i)
00°T a1
0 4ss
Wi MaM
GTLTSESTTT as
89L2¢ iy
s1a3aueed Burssedo1d - zd
00°¢ 11d
d1¢ TonN
0281557 TCT T0dS
00°8 Td
00752 71d
00°¢ 71d
HT ZONN
6002T€C700¢ 70dS
00°00T 7addd
9T23TeM 7o¥dadd
00000000°8 1a
00°SC £11d
0002000070 414
000000€0°0 TP
0°00¢ cas
00°9 1a
05979 Ma
£7968¢ o
77985€%°0 ov
LLTLYT T STYAT
696" LBTSL HMS
T Sa
8 SN
€TI0 INJATOS
9€499 a
0¢bdbz 50¥d'10d
T-89 Odg ww § (aHE0¥d
10ads WOYISNI
70787 SUTL
T1607002 Ta1eq
SI9]3WeIed UOTITSTIDOY - Zd
T ONDO¥d
4 ONdXH
dggser TN

SIgjsweled eIeQ JUIIIN)

00¢- 00T- 0 001 00¢

s B b o b Lo be s

udd
1

e e R

8vC6°¢t¢C

udd

S61
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C NMR of (a$,S)-(+)-11d
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3P NMR of (a$,S)-(+)-11d
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'"H NMR of (aR,S)-(-)-12a
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C NMR of (aR,S)-(-)-12a
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3P NMR of (aR,S)-(-)-12a
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'H NMR of (aR,S)-(-)-12b

0 4 8 0T wdd
— _ 1 1 1 1 1 1 1 1 \— _ 1
o | W] = %] o (=] | o ro| 2wl — =
- olo||o| |o o | S| [ro] of to| |- o 3
(Sl ook w o e~ = oy | o] ~af e w ,m
o oo () O (=2l | | OO W ooy _ Y
DO O ) [=a) o [ O] (O Il = s o, ~3 -
wo/zH €97L0° LST HOZH
wo/udd §T€zS"0 WOWdd
ZH 9T°9T¢- d
wdd 9%0°1- dzd Y L e 2 S /
ZH 95°86C¢ T4
udd (86°0T d1d ﬁ
w 00°€T o]
sxojourexed J0Td WHAN QT
00°T 2d
0 9
ZH 0¢°0 g7
0 ass
g MaM
ZHW 68000€2700¢ a8
78€9T IS
s1e7auered buTssed0Id - 7d
ap 00°¢ Td
HT ToNN
ZHW TTOSTEZ 00€ TO4S
23S (00°6 1d
085 (0000000°T 1a
¥ 0°00€ cas
0981 (09 qa
088N (07" 8T Ma
¥°L8T N
098 (THISGES'P (04
ZH 15201170 STYATL
ZH LTL'TT9¢ HMS
T Sa
97 SN
[ARN] INIATOS g
89L2¢ ax
0¢bz 90¥d'10d
T-499 0gg W § (HA0¥d
300ds WOMISNI
A N A A
62117002 “a%eq
SI9jaWered UOTITSTODOY - Zd = [ ST OV Ov Oy 3 -1~ —1 1 -3 3
= © o oo Go o it B B e i e g
1 ONOO¥d S 52 IBVSR ISR LERETT A 2
1 ONdYd S - AR A IR R APAR = Gy g A
69921 TRYN

sI9jaweIed ©IBQ JUSIIN)

S68



"C NMR of (aR,S)-(—)-12b
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3P NMR of (aR,S)-(—)-12b
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'"H NMR of (aR,S)-(-)-12¢
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"C NMR of (aR,S)-(—)-12¢
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3P NMR of (aR,S)-(—)-12¢
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'H NMR of (aR,S)-(-)-12d
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C NMR of (aR,S)-(-)-12d
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3P NMR of (aR,S)-(—)-12d
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'"H NMR of (+)-13
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3P NMR of (+)-13
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Chiral phase HPLC chart of (aS)-(+)-1a

0,00~
> 1
15.00
30.00 "
Conc.Level:0 Calc.Method:0(Area%) PA:1.00000  PB:1.00000
NO. NAME RT AREA  MARK CONC HEIGHT
1 12.869 10165300 100.0000 . 80774
TOTAL 10165300 100.0000 .. 90774
>99%ee

Daicel CHIRALCEL® OJ (0.46 ¢ x 25 c¢m, hexane : ethanol = 90 : 10, 0.50 mL/min, UV 254
nm)

Chiral phase HPLC chart of (aR)-(-)-1a

0.00"
} 1
\> 2
40.00 —r‘
Conc.Level:0 Ceslc.Method:0(AreaX). PA:‘1.0000‘0‘* PB:1.000CO
NO. NAME RT AREA  MARK CONC HEIGHT
1 13.792 158391 . 0.4309 896
z 33.952 38597200 ' 99.5690 70933
TOTAL 36755591 160.0000 71829
99.1%ee

Daicel CHIRALCEL® OJ (0.46 ¢ x 25 c¢m, hexane : ethanol = 90 : 10, 0.50 mL/min, UV 254
nm)
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Chiral phase HPLC chart of (aS)-(+)-1b

¢.007

20,00~
1 i

T e e et v T o P it St et i b bt et et e 7 e o eme

40.00
Conc.Level:0 Calc.Method:0(Area%) PA:1.00000 - PB:1.00000
NO. NAME RT AREA MARK CONC | - HEIGHT
1 35.962 47614500 99,9559 i356132
4 38.810 | 20363 06.0440 700
TOTAL 47635469 ; 100.0060 : 1356532
>99%ee

Daicel CHIRALPAK® AD-H x 2 (0.46 ¢ x 25 cm x 2, hexane : ethanol = 99.7 : 0.3, 0.25
mL/min, UV 254 nm)

Chiral phase HPLC chart of (aR)-(-)-1b

.28 win

=8 —
i

s

=

>99%ee

Daicel CHIRALPAK® AD-H x 2 (0.46 ¢ x 25 cm x 2, hexane : ethanol = 99.7 : 0.3, 0.15
mL/min, UV 254 nm)
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Chiral phase HPLC chart of (aS)-(—)-1¢

0.00
k i
Conc.Level:0 Calc.Method:0(Area%) PA:1.00000 PB:1.00000
NO. NAME RT AREA MARK CONC HEIGHT
1 32.144 35339400 100.0000 658496
TOTAL 35339400 100.0000 658496

>99%ee

Daicel CHIRALPAK® AD-H x 2 (0.46 ¢ x 25 cm x 2, hexane : ethanol = 99.7 : 0.3, 0.25
mL/min, UV 254 nm)

Chiral phase HPLC chart of (aR)-(+)-1¢

CHART SPEED - 1 wwmomin
START DEL&Y . B.088 win ATTEMUATION 32 wM F.5.
58 —
IS =)
57:452 F,,," 2
—— X CALCULATION RESULT —
TEST-DATH
WINCOW = 8 = SCALE FaCTOR = 1. 88688 PEAK SREA
PEAKE RTimin> ARES HEIGHT MK ARERA:
1 55. 182 743 is 3.9638BE-82
2 57.523 1886377 182Z3 99, 9654
N " TOTAL 1837125 18252 118G, 586868
>99%ee

Daicel CHIRALPAK® AD-H x 2 (0.46 ¢ x 25 cm x 2, hexane : ethanol = 99.7 : 0.3, 0.15
mL/min, UV 254 nm)
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Chiral phase HPLC chart of (aS)-(—)-1d

o.oo‘\ | S

P '

Conc.Level:0 Celc.Methed:0¢Area%)>  FA:i.000GY

" NO. HAME KT AKEA MARK CONC
t
i i5.3i7 2304540 i00.0600
TOTAL 2304540 100,0000
>99%ee
[UBVRY

Conc.Level:

NO. NAME K1 AREA MARK CONC

i id.485% 140EB530 E0.5419

Z i5.3B¢6 i37e37¢ 49,4581

TOTAL 2782800 00,0000
(x)-1d

Daicel CHIRALCEL® OD (0.46 ¢ x 25 c¢m, hexane : ethanol = 99 : 1, 0.40 mL/min, UV 254

nm)
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Chiral phase HPLC chart of (aR)-(+)-1d

0.00 "

[
[52]
<
<

Conc.Level: 0

Calc.Method:0(Area%>

AREA

2372450
5548

2381998

MAKRK

NO. NAME RT
1 45.47°2
2 47.408
TOTAL
99.2%ee
0.00—-F
25.00
y _
50.00

Conc.Level:0

NO. NAME RT
1 45.824
2 47.818
TOTAL
(+)-1d

Calc.Method:0(Area%)

AREA

2113320
1501920

3615240

MARK

FA:1.00000

CONC

99.5991
0.4008

100.0000

- PA:1.00000

CONC

58.4558
41.5441

100.0000

Daicel CHIRALCEL® OD+OD-H (0.46 ¢ x 25 cm x 2, hexane :

mL/min, UV 254 nm)
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PB:1.00000

HEIGHT

£8361
243

8604

PB:1.00000

HEIGHT

52665
35708

88373

ethanol = 99 : 1, 0.25



'"H NMR of (R)-16
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Chiral phase HPLC chart of (R)-16 (Table 1, entry 4)

Mame:123 §8:07 DCT. E1,E2004 Sample: (27 ATTN: &2 FOEI: 0
{1 x_:zfx-
7 1
srnc.Level ;¢ Calc.Method:8{Arsai> Pa:ri. 0004080 FE:1.00000
> NAME RT AREA } CONG
i 37.581
Z Z.408E

95% ee

Daicel CHIRALCEL® OD-H (0.46 ¢ x 25 cm, hexane : i-PrOH =99 : 1, 0.40 mL/min, UV
254 nm).
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