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1700 160.0 150.0 140.0 130.0 1200 110.0 1000 90.0 60.0 500 400 300 200 Reovr Gain =50
; L remp Get = 19.3[ac)
J ) | X_30_Hidth = 9.04[us]
Az AN, | L T
ol —o b= QO D & = ® = = X Angle = 30[deq]
o NAXOm oSS S no = S = S F = X_Atn = 51de]
& SLESTEEERSSE S 3 s = L L -
Il L= Cwici=g e = = i o o = ! =3
= FEmAaddaaas == -3 3 [T & Irr Atn Dec = 22.¢81[ds]
= e ks
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abundance

= ~--- PROCESSING PARAMETERS —--=
e de_balanca( O, FALSE )
sexp( 0.2(Hz], 0.0(s] )
trapezoid( 0[%], 0[%], B0[%], 100[%] )
zerofill( 1)
ffE( 1, TRUE, TRUE )
machinaphase
| PEm
N KA FIzesk:: 20150429 _tkm-322-re_Proton-1-1.Jof
-
Filename C:\Users\Arai_lab\Daskto
Authar = delta
xperiment = proton.jxp
Sample_Td tkm-322-re
sSolvent = CHLOROFORM-D
Creation Time = 29-APR-2015 14:35:26
ision_Tims
o Current Time -
ey Commant single_pulse
=_ e Data Format = 1D COMPLEX
o~ il im. = 26214
Dim_Titls Protan
Dim Units = Ippm)
Dpimensions =x
4 Site THM-ECS400
Spectrometer = DELTR2 MR
Field Strength 9.29B2153[T] (400 ([MHz]}
X Req Duration 4.41450496(5]
X Domain =14
= [ ol X_Frag 395.88430144 [MAz]
= ] e X_Dffset 5[ppm]
= ) % points = 32768
] | : ¥ Prescans 1
] | = X_Resolutian 0.22652597 [Hz]
X Sweep = 7.42280285[kHz]
X_Swesp_Clipped = 5.93824228 [kHz]
i Ire Demain Protan
| Irr Freq = 39588430144 [Muz]
3 J Irr_offset 5[ppm]
g Tri Domais Protan
2 | Tri Frag = 39588430144 [Muz]
H | Tri Dffset 5(ppm]
Eo—S— Clipped FALSE
& T T i Scans 4
3.0 2.0 1.0 0 Total Scans 4
[ Relaxation Dalay = 5(s]
| Recvr_Gain 6
] = < 2 Temp Ger = 21.7(ac)
o =+ 168 = 3 x,BU,ﬂx?th = 9.38[us]
s ot = = X Aeq Time 2.41450496[5]
T x angle = 45[deg]
X 1 parts per Million : Proton
E H

®
C
Mm
O
r

PROCESSING PARAMETERS —

=3 N dc_balance( 0, FALSE )
=F sexp( 2.0[Hz], 0.0[s] }
trapezoid( O[*], 0[%], &0[=], 100[%] )
zarofill{ 1 )
= 1, TRUE, TRUE )
<3 CO M machinephase
N hivie Pem
=E| H BT 20150406_tkm-322-carbon_Carbon-1-1.Jd
%] Br
-
= 4c Pilename C:\Users\Arai_lab\Deskto
E author = delta
o~ | Experiment cazbon. jxp
sample_ld tim-322-carhon
=3 Solvent
Creation Time
= Revision Tima
=E Current Time = 28-JUN-2015 14:24:55
3 Commant single pulse decoupled g
o3 Dats Format - 1p comprEx
= Din Size 26214
3 Dim_Title Carbonl3
- Dim Units ]
&4 binensions %
=) s JHM-ECS40085L
Spectroneter = DELTR2 MM
o
= Field Strength 9.20197068[T] (390 MHz])
= X_Req Duration 1.06430464 (8]
% Damain 13¢
o] X_Fraq 9851479726 [MHz]
=3 X offser 100 (ppm]
= X Points 32768
3 %_prascans 4
=4 X_Resolution 0.93958061 [Hz]
= X Sweep 3078817734 [Kiiz]
E %_Swesp_Clipped = 24.53054187 [kHz]
3 Trr Domain Proton
= Irr Freq = 391.78655441 [Muz]
Irr_Gffset 51ppm]
E | Clipped FALSE
= scans =153
= Total Scans 183

T T T Relaxation Delay = Z[s]
600 3500 400 300 20 Feﬂv:émm 50

S | Temp Get = 19.3(dc]
- ) %_80_Width = 3.04[us]
et \.\\\\\\\\ ZIN W neq_Time 1 06430454 (5]

1 o = - = © T =0 = v o= X Angle = 30[deg]
2 issaad o d88 & & R Z
=] SEEHT o 2 ~Sg F5 = 5
i PP i w RS g o B *_Pulse 3.01333333[us]

ooz == = - e Irr Atn Dee = 22.681[d8)
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240

abundance

[

da_balanca( 0, FALSE }
sexp( 0.2(Hz]), 0.0(s] ]
trapezoid( 0[%], 0[3],
zerofill( 1)

£fe( 1, TRUE, TRUE )
machinaphase

pEm

80[%], 100(%] )

EUFICea3k:: 20150429 _tkm-324-re_Proton-1-1.jof

Filenane C:\Dsors\Arai_Lab\Daskto:
Author = delta
riment = proten.jxp
sample_ld tlem-324-re
solvent = CHLOROFORM-DI
Creation Time = 29-APR-2015 14:43:22
ision_Time 28-JUN-2015 1.
Current Time = 28-JUN-2015 14:
Commant. single_pulse
Data Format = 1D CoMPLEX
im - 26214
Dim_Title Protan
Dim Unite = Ippm]
Dimensions =x
Site THM-ECS400
Spectrometer = DELTAZ MR
Field_Strength 5.2982153 [T] (400 [MHz]}
X_Req Duration 4.41450496(5]
% Domain =1
X_Freq 395.88430144 [MAz]
X_Offser 5(ppm]
X points = 32768
X_Prescans g

0.22652897 [Hz]

X Sweep = 7.42280285 [kHz]
X_Sweep_Clipped = 5.93824228 [kHz]
Ire Demain Protan

Ire Freg = 395 88430144 [Mnz]
Ire_Offset 5[pEm]

Tri Domai Frotan

Tri Freq = 395 88430144 [Muz]
Tri Offset 5 (ppm]

Clipped FaLSE

scans 3

Total Scans 4

Relaxation Dalay = 5[s]
in 26

Recvr_Ga.
Temp Get = 21.7[dc]
%_80_Width = 9.38[us]
X Aeq Time 2.41450496[5]
x angle = 45[deq]

13 14 15 1.6
‘r
7

12

Iz

1.1

1.0

08 09

0.7

0.6

04 05

03
I

ZT

Br
COsMe

sexp( 2.0[Ez], 0.0
trapezoid( 0[%], 0
zerofill( 1 )
££t( 1, TRUE, TRUE
machinephase

PPm

ELTICH®

ts1 )
(%], 8o[%], 100[%] )
)

20151211_tkm 324_Carbon- 1-1.] df

Fi | enane =
Authar -
Experiment =
sample_Td =
Selvent -

Current Time

Commant. =
Dats Format
Dim Size

Dim_Title =
Dim Units
Dimensions =
Site
Spectrometer B

Field_Strength
X_Aeq Duration
X Domain

X_Resolutiecn
X &
X_Swaep_Clipped
Tre Domain

I
7
'
1
&
"

Irz_Gffset =

g
g8
B
&
W

abundance

206.221

2172980 ——

204

1347

52549 —
47770~

5
o
A
8
.

X_S0_Width =

=
B
&
B
v

¥ _Pulse =

F:¥f3% SI¥20151211_tkm &
delta

carben. jxp

thm-324

ACETONE-DE

11-DEC-2015 17:52:21

11-DEC-2015 18:20:48
11-DEC-2015 18:21:22

single pulse dacoupled g
1D coMPLEX

26214

Carbonl3

[ppa]

x

INM-ECAS0D
DELTA2_NMR

11.7473579[7] (500[MHz])
0.83361792(s]

13¢

125.76529768 [MHz]

100 (ppm]

22768

2

1.19959034[Hz]
293081761 [kiz]
31.44659088 [kHz]

= Proten

500.15991521 [MHz]
5.0ppm]

FALSE

156

156

zls]
= 50

19.4[de]
11[us]
0.83361792 (5]
20[deg]

.11dB]
366666667 [us]
19.566[as)




P
e PROCESSING PARAMETERS —
[ ALSE )
5 als) )
trapezoid({ 0[3], O[w], 80[%], 100(%] )
zerofill( 1)
o f€t( 1, TRUE, TRUE )
24

machinephase
ppm

EUFICE: 2 20151218_myzk-448-2_Proton-1-1.Jdf

Filename = C:\Users\Arai_lab\Deskto
Author = delta
Experiment = proton.jxp
Sample_Td = myzk-443-2
Selvent = CHLOROFORM-D
- Creation Time = 18-DEC-2015 13:33:41
5 Revision Tima = 18-DEC-2015 18:14:58
Carrent Time = 10-DEC-2015 18.16.10
Commant - single_pulse
Data Tormat S i
= Dim Size = 26214
e | Dim_Title = Proton
o | Dim Units - ppm)
Dimensions =X
‘ Site = JNM-ECS400C
Spect ramstar = DELTAZ_NMR
Field Strength 9.2982153[T] (400 [MHz]])
= X_Req Duration 4.41450496[s]
b | % pomain 1n

= 395.88430144 [MHz]
5 [ppm]

32768
1
0.22652597[Hz]
7.42280285 [kiiz]

X_Resolutiecn
X &

X_Swasp_Clipped = 5.93824228 [kKAz]
Irr Domain = Broton
= 39588430124 [Muz]
g = 5ppm)
E
=2 29586430144 [Muz]
£ s(ppm]
=1 FALSE
= T ™ T Scans =2
5.0 2.0 1.0 0 | rotsl scans -a
Relaxation Dalay = 5[s]
Reeve_Gain =3
v a & | remp Ge = 20.4[dc]
= X Z | x_s0_width = 11.6[us]
S = | K meq_Time = 4.41450896(s]
X angle = 45[deg]
X ¢ parts per Million : Proton
: @
PROCESSING PARAMETERS -
- ALSE )
pegE als) )
= trapezoid( G(s], O[%], 80[%], 100(s] )
E serafill( 1)
£E€( 1, TRUE, TRUE )
S machinephase
=3 ppm
= BUF(zgas:: 20151218_myzk-448-2_Carbon-1-1.jdf
tn | Filename =F:M#3% SIe0151218_myzk-448
=1 Authar = delta
E Experiment = carbon. jxp
- Sample_Td = myzk-448-2
= Selvent = CHLOROFORM-D
= | Creation Time = 18-DEC-2015 13:34:48
E Revision Tima = 18-DEC-2015 18:18:14
o Current Time = 18-DEC-2015 18:19:20
= Commant: = singls pulse dacoupled g
E Data Format = 10 comprEx
i Dim Size = 26214
= Dim_Title = Carbonll
Dim Onits = [ppm)
& Dimensions =%
& site = JMM-ECS400
=1 Spectrameter = DELTA2 MR
- Fisld Strength = 9.2982153[T] (400 [MHz])
=4 X_Aeq Duration = 1.048576[s]
= X Domain = 13c
X_Fraq = 99.54517646 [MHz]
o X offser = 100(ppm]
= X Points = 32768
= X_Prascans =
E X Resolution = 0.95367432(Rz]
et X s = 31.25 (kiz)
=7 X_swasp_Clipped = 25[kHz]
Irr Domain Proten
5 1rr Freq = 39588430124 [Muz]
L= Irz_Offset = 5[ppm]
S 2 . Clipped - FaLse
= Scans =137
RS Total Scans - 137
2 <
G T T T T T T T T T T T T Relaxation Dalay = 2[s]
190.0 180.0 170.0 160.0 150.0 1400 130.0 120.0 110.0 100.0 90.0 80.0 700 60.0 500 40.0 30.0 20.0 100 Recve Gain = so
Temp Cet = 21.5[de]
J/\ |k X_90_Width = 11fus]
- - SN LA K Acq_Time - 1. 0a8576[s]
g 2 i gecmwoma o & s i
& =5 q AamSe=Z®ns = = H_Atn =4.51dn]
b i = S e e X_Pulse = 3.66666667 [us]
= =z = R N = & 1rz Atn Dec = 22.425(ds)
X : parts per Million : Carbon13
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] @ dEDL
, -——- PROCESSING PARAMETERS —-—
> dc_balance{ 0, FALSE )
I cexp{ 0.2(He], 0.0[=] )
o trapezeid( 0[%], O[%], 80[%]1. 100[%] )
zerofill( 1)
£EE( 1, TRUE, TRUE ]
= nachinephase
24 ppe
BLFICE%:: 20151215_kwn58C_Proton-1-1.jdf
Filename - \Users\Arai lab\Docume!
Author delt.
Experimant proton. jxp
= Sample_td = Jms8C
o Solvent = CHLOROFORM-D
Creation Time = 15-DEC-2015 21:34:39
Ravision T: 18-DEC-2015 12:46:33
Currane_Tina 18-DEC-2015 12:46:55
Comment = single pulae
Data Format 1 C
Dim Siza 28214
= Dim_titla Proton
= | Dpim_Units [ppm]
i Dimensions =x
DM-ECS400
Spectrematar DELTAZ_MMR
Field strength = 9.2982153(T] (400[MEz])
¥ Acq Duration = d.41d50436[]
X Demsin 1m
%_Freq 39588430144 [Miz]
%_offaat 5 [ppm)
= X Points = 32768
-7 X Prescans =1
*X_Rasolution 0.22652597 [Kz]
X_Sweep 7.42280285[kHz]
X Sweep Clippad = 5.93824228([kHz]
Irr Domain Eroton
Irr Freg 395.82430144 [Maz]
o Trr_Offset 5 [ppm]
g Tri_Domain = Protol
e m Tei Freg = 395 88430144 [Miz)
g 5 LJ\_A&_W Tri Offset = 5[ppm]
£ Clipped = FALSE
& T y T T cans =4
8.0 7.0 6.0 3.0 2.0 Tatal_Scans s
i ‘ iy 1| Relaxation Delay = §[s]
el & pa | e Recvr Gain 32
IR e ol - T e Lo o4 &2 Tamp_Gat 20,8[dC]
o 28388 = b3 2 3 oo Lo FF 5 [xeken 11.6[us.
T s - o o st B S8 e X Aeq Time = 4.41450496(s]
v X Angle = 45(deg)
X : parts per Million
3 @ dEDL
-——- PROCESSING PARAMETERS
dc_balance( 0, FALSE )
sekp( 2.0(Hz], 0.0[=] )
trapezeid( 0[%], O[%], 80[%]1. 100[%] )
zerofill( 1)
£EE( 1, TRUE, TRUE ]
nachinephase
e
BUFIZERH:: 20151215_kwn58C_Carbon-1-1.)df
o Filename = C:\Users\Arai lab\Decume!
i Author
Experimant cazbon. xp
Sample_td Kuns6C
Solvent = CHLOROFORM-D
Creatios Time = 15-DEC-2015 21:40:07
Ravision T: = 17-DEC-2015 10:45:21
Currane_Tina 17-DEC-2015 10:46:31
Comnent aingle pulse decoupled g
Data Format 1D CoMPLEX
Dim Siza 28214
Dim_titla Carbonl3
Dim Units m]
Dimensions =x
DM-ECS400
A spectromater DELTAZ_MMR
Field strength = 9.2982153(T] (400[MEE])
¥ Aeq Duration = 1.048576 (=]
X Demsin 130
X_Freq 99.54517646 [Mz]
X _Offset 100 [ppm]
X Points = 32758
X Prascans =a
*X_Rasolution 0.95367432[Kz]
X_Sweep 31.25[kHz]
X Sweep Clippad = 25[kz]
Irr Domain Eroton
Irr Freg 395.82430144 [Maz]
o Trr_Offset 5 [ppm]
£ clipped = FALSE
z = Scans =106
]
b T T T T T T T T T T T Rolaxstion Delay = 2[s]
170.0 160.0 150.0 140.0 130.0 120.0 1100 1000 90.0 800 70.0 600 5 400 300 200 100 0  Resvr_Gain 2;’ _—
Temp._
y\ L\l\k | ‘. ) I ‘ % 90 width = 11[us]
PN o AN ! X Aeq Time 1.088576 (2]
g 2232322990733 3F 3533 73 a 5 e T
= hEmaganaohanSal =99 e = o S xrulee = 368666667 [us)
& ﬂﬁﬁifiﬁ?&%‘ﬁfﬂ:%‘a‘; YRR 2 % & G | Zer aen pee - 2% .425(de
i ul T T TTmT T



2. Relative configuration of exo’-, and endo-products

NOESY spectrum of exo’-product 3¢

nOe experiment on €X0’-product 3¢
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NOESY spectrum of endo-product 4a
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3.HPLC spectra

[l

1 H
i ¥

/ \ O,N \
. 050 z_)*\
\ @ N~ ~CO,fBu
H
\ 3b

'R
—— _/’-'ﬁ\ }l‘a | T

R T - AT [ T 0T o A0 Tnacl

rac
7. 0Een -] /Aflnl

R
— !
| \

P |
g /ﬁ \ / \

" - - By
ERY FE L] .07 - 5. A nir |

Chiralpack AD-H column (90:10 hexane: 2-propanol, 1.0 mL/min, 254 nm)
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Chiralpack AS-H column (80:20 hexane: 2-propanol, 1.0 mL/min, 254 nm)
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Chiralpack OD-H column (80:20 hexane: 2-propanol, 1.0 mL/min, 254 nm )
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Chiralpack AD-H column (80:20 hexane: 2-propanol, 1.0 mL/min, 254 nm )
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Chiralpack AD-H column (80:20 hexane: 2-propanol, 1.0 mL/min, 254 nm)
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Chiralpack OD-H column (80:20 hexane: 2-propanol, 1.0 mL/min, 254 nm)
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Chiralpack OD-H column (80:20 hexane: 2-propanol, 1.0 mL/min, 254 nm)
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Chiralpack OD-H column (70:30 hexane: 2-propanol, 1.0 mL/min, 254 nm)
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Chiralpack OD-H column (80:20 hexane: 2-propanol, 1.0 mL/min, 254 nm)
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