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1. General information

Unless otherwise noted, materials were purchased from commercial suppliers and used without
further purification. Column chromatography was performed on silica gel (200~300 mesh).
Enantiomeric excesses (ee) were determined by HPLC using corresponding commercial chiral columns
as stated at 30 < with UV detector at 254 nm. Optical rotations were reported as follows: [a]; (¢ g/100
mL, solvent). All *H NMR spectra were recorded on a Bruker Avance 11 400 MHz and Bruker Avance
III 600 MHz, *C NMR spectra were recorded on a Bruker Avance 11 101 MHz and Bruker Avance III
151 MHz, °F NMR spectra were recorded on a Bruker Avance II 376 MHz and Bruker Avance I1I 377
MHz with chemical shifts reported as ppm (in CDCls, TMS as an internal standard). Data for 'H NMR
are recorded as follows: chemical shift (3, ppm), multiplicity (s = singlet, d = doublet, t = triplet, m =
multiplet, br = broad singlet, dd = double doublet, coupling constants in Hz, integration). HRMS (ESI)
was obtained with a HRMS/MS instrument (LTQ Orbitrap XL TM). The absolute configuration of 3ha
was assigned by the X-ray analysis.

Catalyst C6 was synthesized according to the literature procedure.® The racemic products were
synthesized using diphenylphosphinic acid as the catalyst.

2. Procedures for the preparation of substrate 1

5-Aminopyrazoles 1 were prepared according to the following procedure:?

1
R NH,
0
R KoCO3
©\N,NH2-HCI * Rzﬂ\/CN N

\
H

EtOH, reflux N=
R2
1

A solution of arylhydrazine hydrochloride (10 mmol, 1.0 equiv), potassium carbonate (11 mmol,
1.1 equiv) and alkyl formyl acetonitrile (11 mmol, 1.1 equiv) in EtOH (0.5 M relative to arylhydrazine
hydrochloride) was heated to reflux for 6 h. After cooling to room temperature, the solution was
concentrated under reduced pressure. The residue was dissolved in CH.Cl, and saturated NaHCO3 (aqg.).
The layers were separated, and the aqueous layer was extracted twice with CH2Cl,. The combined
organic layers were washed with brine and dried with anhydrous Na.SO4. The salts were removed via
gravity filtration, and the resulting solution was concentrated under reduced pressure. The crude
mixture was purified by flash column chromatography on silica gel. In addition, substrates 1s and 1t
were synthesized according to the literature procedure.®

3. Procedures for the preparation of substrate 2

1,4-Naphthoquinone derivatives 2 were prepared according to the following procedure:*

OH OH 0]

RI (1.5 eq) MnO, (10.0 eq)
OOy el oy SRR oy
DMF DCM
OH OH 0]

2

Solid KHCO3 (0.92 g, 11 mmol) was added to a stirred mixture of 1,4-dihydroxy-2-naphthoic acid
(2.04 g, 10 mmol) and iodoalkane derivatives (11 mmol) in DMF (20 mL). The mixture was heated to
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70 °c in an oil bath and stirred for 24 h. The reaction mixture was cooled down to room temperature,
diluted with 1 M HCI (50 mL), and extracted with DCM (30 mL x 2). The organic phases were washed
with water (20 mL x 2) and dried over MgSQO,. After evaporation of the solvent, the residue was
subjected to column chromatography on silica gel with petroleum ether/ethyl acetate 10:1 as eluting
solvent to yield 1,4-dihydroxy-2-naphthoate.

Manganese dioxide (6.0 mmol) and magnesium sulfate (3.0 mmol) were added to the solution
of 1,4-dihydroxy-2-naphthoate (1.0 mmol) and DCM (20 mL). The reaction mixture was stirred at 25
oc for 5 h, and the filtrate filtered by diatomite was evaporated in a vacuum to obtain the required
quinone 2.

4. The racemization experiment
The enantiomerisation barrier was obtained by kinetic of racemization of an enantiomer. The slope
of the first order kinetic line gives the racemization (k.p: =§ k,qc)- Erying equation gives the

enantiomerisation barrier (AG3) from enantiomerisation constant (k.y,), R = 8.31451 J-K'*mol?, h =
6.62608%x10% J-s, ky = 1.38066 x10% J-K™1, Enantiomeric excess values were determined by HPLC.

HO ‘ HO O‘

MeO,C OH mesitylene MeO,C OH
HIN— 2 TUSRK T N
/N*N /N*N
Ph Ph
3aa 3aa
Table S1. Racemization of 3aa in mesitylene at 90 °C.

p/m (1+(p/m))/(1-(p/m)) t/s In[(1+(p/m))/(1-(p/m))]
0.065 1.138 0 0.129
0.068 1.145 1800 0.136
0.072 1.155 3600 0.144
0.074 1.161 5400 0.149
0.077 1.168 7200 0.155
0.080 1.175 9000 0.161
0.082 1.179 10800 0.165
0.086 1.188 12600 0.172
0.089 1.196 14400 0.179
0.093 1.205 16200 0.187
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Figure S1. The plot of In[(1+(p/m))/(1-(p/m))] vs time of 3aa at 90 °C

T =90 °C (mesitylene); kepe = % kpge = %slope =15x107¢s%ty, =In2/k,q = 64.2h;

AGE = In(—E") RT = 130.03 kJ-mol* = 31.1 kcal-mol*
hxkent

T=25°C; kyge = 2.06 x 1071 5%ty ) = In2/k,q, = 107 years;

5. HPLC traces

Compound 3aa

VDT A, Wavelengh=254 nm (LIMZ3031303 D)
Mom. =
=
400 T g
HO 2
300 O
MeO,C OH
200 HN— 2
N—N
Ph
100
3aa
Do
0 2 4 8 8 10 12
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %

] = e —— e —— R — |
1 8.770 PB 0.2797 7782.17090 407.22647 50.0535
2 10.842 BV 0.3382 7765.54541 332.29099 49.9465
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VWD A, Wm’eleﬁgh=254 nm (LJM23033102.D)
IHoirm. =
wn
700 ‘ E
w
600 ale O
500 MeO,C OH
400 HoN—~ )
300 NN
Ph
200 3aa
[+
100 2
=
"] 2 4 5] 8 10 12 14 mirt
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
=== === | === === [ === [ === |==—=——-- |
1 8.450 PB 0.2872 1.27107e4 651.93805 97.5408
2 10.539 PB 0.3487 320.45697 13.20418 2.4592
Compound 3ba
VWD1 A, Wavelength=254 nm (LJM\23042406 D)
Norm. | 2
1 <
400 o
350 HO ‘ g
| O g
300 s
| MeO,C OH
250 |
200 1 H2N 72 )
150 | N-N
100 cl
= 3ba
0 1 ———
o 2 4 6 8 10 12 14 16 18 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %
- |- [——m [——— |- |
1 9.385 VB 0.4397 1.10865e4 393.07452 50.0192
2 14.726 BB 0.5582 1.10780e4 294.55469 49,8808
VWD A, Wavelengih=2564 nm (LIM\23042801 D}
Norm. o
N
600 x
HO.
500 O
400 MeO,C OH
Ho,N— ~
300 /
N—N
200
Cl
.
100 S 5
<
0 I . . . . . . . - . . . - _.‘_ — . .
0 2 4 6 8 10 12 14 16 18 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [malT ] %
-l | -———= === | ————————- === === |
1 9.291 BB 0.4232 1.68656e4 612.52307 99.1009
2 14.157 BB 0.4670 153.01498 4.87020 0.8%91
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Compound 3ca

VWO A, Wavelengih=254 nm (LIM23050703 0}
Norm. ]
3
300 ‘ ~
HO
250 O g
200 MeO,C OH -
150 HN— 7
N—N
100
CH
50 3
3ca
4
0 2 4 6 8 10 12 mir|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
=== | ———=1 | el e [————— \
1 7.643 PV 0.2972 5663.50244 290.66556 49.9%211
2 11.599% BB 0.4001 5681.41602 205.25821 50.0789
VWDT A, Wavelength=254 nm (LIM\23050702.0)
Norm. 2
u
M~
800 HO O‘
600 MeO,C OH
HoN—~ )
400 N—N
200 CHs
[sg]
3ca &
0 . . § — .
0 2 4 6 8 10 12 miir|
Peak RetTime Type Width Area Height Lrea
# [min] [min] mAU *s5 [mAl ] %
| | | | - |————— |
1 7.560 BB 0.2740 1.73701ed 958.64136 98.7197
2 11.523 BF 0.3984 225.27487 8.44989 1.2803
Compound 3da
VWD A, Wavelength=254 nm (LIM\23042901 D)
Norm. o
©
600 iy
o ;
500 O 2
MeO,C OH
400
HN—~ )
300 N—N
200 Hac\©
100 3da
0 § i —
0 2 4 6 8 10 12 miny
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s5 [mAU ] %

e R |-——-1 |
1 7.682 PB 0.2680 1.14761e4 642.88098 50.0791
2 10.447 BB 0.3464 1.14399%e4 482.71222 49.9209
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VWD1 A, Wavelength=254 nm (LJM\23043001.D)
Norm. | 2
2000 - ‘ i
1750 | HO O
1200 MeO,C OoH
1250 HN— /
1000 N—N
o H:@‘@
500
| 3da 2
250 S
0 1 —_— —_— — S
0 4 6 8 10 12 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU Bl= [mAU ] E
| el [-———— [-—mmmm |——=— |
1 7.65% PB 0.2774 3.75162e4 2051.58301 96.0438
2 10.500 PB 0.3643 1545.34241 62.15542 3.9562
Compound 3ea
VWD1 A, Wavelength=254 nm (LJM\23042903.D)
Norm. 8
©
350 ‘ -
HO 5
300 I
2
250 MeO,C OH
200 HN—~ y
150 N-N
100 MeO@
50 3ea
0
0 25 5 75 10 125 15 175 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
e e e — e
1 11.656 BB 0.4254 1.03263e4 357.91409 49.9805
2 16.721 BB 0.6009 1.03343e4 249.62901 50.0195
VWD1 A, Wavelength=254 nm (LJM\23043003.D)
Norm. a
b
800 =
700 HO ‘
600 O
MeO,C OH
500
HoN—~
400 /
N—N
300
o
200
~
100 3ea )
©
0 { S S ——
0 25 5 75 10 125 15 175 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
I ===
1 11.629 PB 0.4326 2.47935e4 834.29657 97.8797
2 16.847 BB 0.6100 537.08673 12.77207 2.1203
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Compound 3fa

VWD1 A, Wavelength=254 nm (LJM\23053106.D)
Norm 5 é
| =4 -
500 ey ‘
400 | O
- MeO,C OH
300 HaN &
N—N
200 Q
100 | :
| 3fa
0-
0 2 4 6 8 10 12 14 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU &= [mAU ] %
= = e — e —— e — |
1 10.321 BV 0.3618 1.32058=4 530.50122 49.8582
2 11.%21 VB 0.3903 1.32809=4 490.25571 50.1418
VWD1 A, Wavelength=254 nm (LJM\23053103.D)
Norm 3
700 HO =
600 O
MeO,C OH
500
HzN @&
400 N—N
300
200
F @
100 3fa g
o - - =
0 2 4 6 8 10 12 14 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s3 [mAU 1 %
= |—=—=-—————- e ——— e R — |
1 10.198 BV 0.3632 1.67727e4 673.93170 97.5583
2 11.849 VB 0.4005 419.78558 14.81282 2.4417
Compound 3ga
VWD1 A, Wavelength=254 nm (LJM23042403.0}
Norm. 3
]
175 HO ‘ @
©
150 O g
MeO,C OH =
125 €02
100 HN— 7
N—N
5
50
25
¢ g
U 1
1] 2 4 6 8 10 12 14 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAl ] %
| -1 | - |mmmmmmoe- R— |
1 9.885 BB 0.4234 4925.13574 177.13052 50.1538
2 12.128 BB 0.5915 4894.93848 127.24306 49.8462
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MNorm

VIWD1 A, Wavelen.gih=254 nm (LIM\23042802 D)

600 HO ‘
500 O
MeO,C OH

11.427

400 HoN— /
300 N—-N
200 Q
100 Cl 3ga §
[=2]
0} : : : : i
0 2 4 6 8 10 12 14 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
-l [ =—-1 | - [ - \
1 9.485 BB 0.4087 370.25998 13.69192 1.8379
2 11.427 PB 0.5514 1.97756e4 554.60211 98.1621
Compound 3ha
VWDT A, Wavelength=254 nm (LJM\23101304 D)
Norm.
250 HO O‘
200 MeO,C OH
o
HoN g
150 A S
N—N Q
o
100 2
50
B" 3ha
01 v _
T 4 6 8 10 12 14 16 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s5 [mAT ] %
| | | | Sl it | ——=———- |
1 10.426 BB 0.3875 3336.52041 132.95291 49.7320
2 13.986 BB 0.5791 3372.88892 90.16001 50.2680
YWD1 A, Wavelength=254 nm (LJM\23101901.D)

Norm. e
~
™

500 HO O‘ ~
400 MeO,C OH
HoN—~
300 /
N—N
200
o
100 Br 3ha §
=
D { . — . .7 - . .
0 2 4 6 8 10 12 14 16 min
Peak RetTime Type Width Lrea Height Area
# [min] [min] mAU *3 [mAl ] %
| | | | - |- == |
1 10.440 PB 0.3788 362.06198 14.78962 1.5810
2 13.778 BB 0.59%922 2.25381led 596.58563 98.4190

S8



Compound 3ia

VWD1 A, Wavelength=254 nm (LIM\23042902.0)
Norm. ]
4
@ v
400 HO O‘ 5o
™ o
:;%a?
MeO,C OH
300
HoN @&
200 AR
100 y
3
o B _
0 2 4 6 8 10 12 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
| ——- | | =1 | |- |
1 B.793 BV 0.2800 B8475.60254 445.90482 49.9¢6l¢
2 11.387 MM 0.4297 B8488.61621 329.21371 50.0384
VWD1 A, Wavelength=254 nm (LJM\23043002 D)
Norm. ]
M~
(==
1200 HO ‘
1000 O
MeO,C OH
800 HoN- /
600 N-N
400
@
200 Me i g
U T . . . . . . . . . - . T -‘_. - T
0 2 4 6 8 10 12 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU 1 B
| —— | |- | —— |- [ ————— |
1 8.745 PB 0.3214 2.83127=4 1283.47046 97.8048
2 11.409 vv 0.3994 635.46554 22.80053 2.1952
Compound 3ja
VWD1 A, Wavelength=254 nm (LIM\23052603 D)
Norm 8
@
400 HO ‘ i
[{=]
® g
X
200 MeO,C OH =
H2N @&
200 N-N
100 Q
MeO 3ja
0 —
0 25 5 75 10 12.5 15 17.5 20 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU * 3 [mAU ] %
- | — | ———— [ —m——- |- \
1 11.860 BB 0.3979 1.22208e4 446.51791 49.9967
2 17.496 BB 0.5767 1.22224e4 304.08835 50.0033
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VWD A Wavelength=254 nm (LIM\23053102.0}
Norm. &
wn
500 HO ‘ T
= MeO,C O OH
300 HN— 7
N—N
200 Q
100 MeO ) §
3ja S
e ——— - . — : .
1] 25 5 75 10 125 15 175 20 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s5 [mAl ] %
| | | | - |- [———m——- |
1 11.557 BB 0.3975 1.37811e4 501.90637 97.3789
2 17.003 BB 0.5495 370.94406 9.86231 2.6211
Compound 3ka
VWD1 A, Wavelength=254 nm (LJM\23053107.D)
Norm. Qe
(=]
175 HO &
o
150 O s
MeO,C OH g
125
H2N 74
100 /
N—N
75
50
25 ON - o
0
0 5 10 15 20 25 30 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %
- [ [ [ |- |
1 25.036 BB 1.1021 1.23472e4 172.68776 50.0983
2 29.400 BB 1.4265 1.22988e4 130.05869 48.9017
VWD1 A, Waveleﬁgth:254 nm (LJM\23053108.D)
Norm_ | ‘
! ]
1 HO =
120 O 2
100 MeO,C OH
80 | H,N //
60| N—N
v
20 O,N N
' g 3ka 2
0 B S — . B
-20
0 5 10 15 20 25 30 min
Peak RetTime Type Width RArea Height LArea
# [min] [min] mAU *3 [mAU ] 2
== |———= === [-m=m | ———mmm- |-—=— |
1 25.327 BB 0.8015 130.10416 1.93230 1.2022
2 29.493 BB 1.3892 1.06920e4 114.21236 98.7978
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Compound 3la

VWD1 A, Wavelength=254 nm (LJM\23052606.D)
Norm E
() i
]
1200 HO o
S
1000 MeO,C OH =
800 H,N N
600 AR
(Y
L 3la
0 [
0 25 5) 7.5 10 12.5 15 17.5 20 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
| [—=== == | === [==mmm— |——=—
1 12.574 VB 0.4339 3.82935e4 1300.10034 50.3948
2 16.952 PB 0.5665 3.76935e4 952.59644 49.6052
VWD1 A, Wavelength=254 nm (LIM\23053105.0)
Norm. 3
w
™
600 HO ‘ -
500 O
MeO,C OH
400 HoN 2
300 N—N
100 2
3la o
=
L — -
0 25 5 75 10 125 15 17.5 20 min|
Peak RetTime Type Width Area Height LArea
# [min] [min] mAU *3 [mal ] %
| |-———1-- | = === |-——————- |
1 12.634 PB 0.4280 1.89490e4 648.98395 96.7296
2 16.945 BB 0.5534 640.66058 16.99238 3.2704
Compound 3ma
VYWD1 A, Wavelength=254 nm (LJM\23102202.D)
Norm. | ‘
200 HO O g
1 (=]
_ MeO,C OH ©
150 e
' HN— 7 ) <
100 O N-N
. (/)
3ma
0! _
0 25 5 75 10 12.5 15 17.5 20 min|
Peak RetTime Type Width Area Height Area
¥ [min] [min] mAU * 3 [mAU ] %
| |———= == | === [ | ===
1 9.870 PB 0.4537 5129.75830 175.93369 49.9791

2 18.708 PB 0.6441 5134.05420 117.40109 50.0209
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VWD1 A, Wavelength=254 nm (LJR\23102504.D)

Norm.
250 | HO
zals MeO,C OH 2
150 HN~
o=
v
50 -
1 3ma 5
| =
0— — —
'5 25 5 7..5 . 1.0 1é.5 15 .17..5. . 20 . l.'nin
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
[ | === === e t— R — |
1 9.652 BB 0.410e 4805.28613 180.75287 98.6464
2 17.971 BB 0.4658 65.93560 1.73846 1.3536
Compound 3na
VWD1 A, Wavelength=254 nm (LJM\23060103.D)
Norm
| &
1200 ‘ 2
| "o O N g
] =
1000 e
| MeO,C OH
800 | HoN—_~ /
600 N—N
- O
200 3na
0 t :
o 2 4 6 8 10 12 miry
Peak RetTime Type Width Rrea Height Lrea
# [min] [min] mAU *g5 [mAU ] %
e R |===mmmmmm- P R \
1 7.092 BV 0.2458 1.75855e4 1077.07288 49,9738
2 8.499 VB 0.2626 1.76040e4 970.44611 50.0262
VWD1 A, Wavelength=254 nm (LJM\23060601.D)
Norm
300 | HO ‘ 5
e
250 O it
| MeO,C OH
200 HoN—~ ;
150 N-N
. O
1 Ts]
50— 3na ﬁ
| B
0! _— -
] 2 4 6 8 10 12 miry
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
e e P — O — I — |
1 6.897 VB 0.2555 4246.07227 254.91765 89.9347
2 8.265 BB 0.2519 475.20877 27.19509 10.0653
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Compound 3oa

VWD1 A, Wavelength=254 nm (LJM\23060101.D)
Norm.
175 ‘ s
150 HollD I
129 Me0,C OH 8
100 HN~ 2 -Ph e
e N-N
50 Ph
3oa
25
0 S
0 5 10 15 20 25 30 35 40 _min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *35 [mAU ] 3
e [ === [ == [——mm | === \
1 21.012 BB 1.2832 1.24291e4 146.39575 50.1288
2 32.232 BB 2.0489 1.23652e4 89.08466 49.8712
VWD A, Wavelengih=254 nm (LIM23060104 0]
Norm.
80 HO ‘ &
™ —
L)
60 MeO,C OH
H,N—~ Ph
40 /
N—N
. PH
3oa
0 —
0 5 10 15 20 25 30 35 40 mir|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
== | ———-1 | | [ |
1 20.585 BB 1.2680 5428.79150 63.98292 39.5949
2 31.564 BB 2.0285 8282.05469 59.08276 60.4051
Compound 3pa
VWD1 A, Wavelength=254 nm (LJM\23060102.D)
MNorm | b
350 ‘ é
| HO [=:]
300 &
| 3
250 MeO,C OH
200 HoN—~ > 2\
150 N-N
»
50 3pa
0 o
0 5 10 15 20 25 min
Peak RetTime Type Width Area Height Lrea
# [min] [min] mAU *s [mAU ] %
| [ === === | === |- |—=mm— |
1 18.151 BB 0.6671 1.53599e4 326.29727 50.0600
2 24.959 BB 0.8386 1.53231e4 260.15469 49.9400
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VWD1 A, Wavelength=254 nm (LJM\23060602.D)
Norm. "“ -
&
80 HO O =
60 MeO,C OH 2
H,N—~ “ b
! &
40 N—N
. O
s 3pa
-20
0 5| 10 15 20 25 30 min
Peak RetTime Type Width Rrea Height Area
# [min] [min] mAU *g [mAU ] %
— [ el e e — I — |
1 17.988 BB 0.6272 3312.70630 75.67870 58.8438
2 23.908 BB 0.8103 2316.95435 40.84604 41.1582
Compound 3qga
VWD1 A, Wavelength=254 nm (LJM\23052502.D)
Norm. | 2 ©
350 g &
| HO. o
300 | O
250 MEOZC OH
200 | HN— 7~ )
150 AR
»
50 3qga
0 — . . S
0 2 4 6 8 10 12 14 16 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU ] [mAU 1 %
e e e — e —— [ |
1 10.966 BB 0.3880 9845.97852 371.28793 49.9730
2 13.906 BB 0.4525 9856.59961 311.18057 50.0270
VWD1 A, Wavelenglh=254 nim (LJM\23060504.D)
Norm. o]
1y
g
HO ‘ s
200 O
MeO,C OH
150
HzN @
100 N-N
0
[y
O °-
<
S0 -
3ga
D {
4] i 4 ] 8 10 12 14 16 Tir
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU 1 %

I
1 10.735 VB 0.3894 5311.96729 198.49724 77.6779
2 14.075 BB 0.4561 1526.48621 46.48724 22.3221
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Compound 3ra

VWD A, Wavelength=254 nm (LOM23102203.0)
Norm.
HO
: ¢
MeO,C OH
~
& HoN— 7N ~CHa - 3 g
40 SN_N »
20
3ra
0
20 . . . . . . . . . . : :
0 10 20 30 40 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAl ] %
| | | | - |- [-=———- |
1 28.917 BB 0.9530 2915.38232 42.50959 50.2288
2 37.102 BB 1.1706 2888.82153 34.60181 49.7712
VWD1 A, Wavelength=254 nm (LJM\23102201.D)
Norm.
0
150 O o -
S ~
125 MeO,C OH g
100 HaN~—” ) CHs
N—N
75
a O
25 3ra
0 -
0 10 20 30 40 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %
= R e — e —— e —— R — |
1 28.511 PB 1.0547 9494.67285 127.57211 50.0572
2 36.711 BB 1.1873 9472.96387 111.54%48 49.9428
Compound 3sa
VWD1 A, Wavelength=254 nm (LJM\23072401.D)
Norm 4
©
~
400
@
&
300 =
200
100
0
0 2 4 6 10 mir|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
e R — e — I — R —— |
1 7.625 PV 0.307> 9026.89160 437.84744 50.6440
2 9.338 VB 0.4543 8797.30664 291.30371 49.3560
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VWD1 A Wavelength=254 nm (LJM\23072402.D)
Norm.

350
HO
300 O
250 MeO,C OH

200 BnHN—~
/ ,.JD'::‘&
150 tiatl ] 2,}-;”
~e
100 -
it
50 =
3sa
0
0 2 4 6 8 10 miny
Peak RetTime Type Width Lrea Height Area
# [min] [min] mAU *s5 [mAlT ] %
-1 | | | | [——=m—= |
1 7.9%96 MM 0.3642 2393.50049 109.53661 64.7209
2 9.565 VB 0.5071 1304.68726 37.43550 35.2791
Compound 3ab
VWD1 A Wavelength=254 nm (LJM\23060501.D})
MNorm. 4
800 =
[a2]
700 . ‘ =
600 O =
500 EtO,C OH
400 HoN //
300 /N—N
Ph
200
3ab
100
0 2 4 6 8 10 12 min|
Peak RetTime Type Width Area Height Lrea
# [min] [min] mAU *s5 [mAl ] %
| | | | o — | — |
1 7.955 BB 0.2580 1.32643e4 T63.48193 49.9153
2 10.163 BB 0.3355 1.33093e4 572.03174 50.0847
VWD1 A, Wavelength=254 nm (LJM\Z3060803 D)
Norm.
w
350 ‘ 8
o0
300 HO O
Zal EtO,C OH
200 HoN—~ ;
150 N-N
Ph
100 =
3ab 5
50 e
0 1
0 2 4 6 8 10 12 miny
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %
|- [—=== === === | —m—————- | === \
1 8.006 VB 0.2602 5548.29639 318.20441 83.2331
2 9.971 PB 0.3213 1117.68066 50.40136 16.7669
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Compound 3ac

VWD1 A, Wavelength=254 nm (LJM\23060810.D)
Norm. a2
N
100 = 8
HO. r~
n-PrO,C OH
60 HoN— /
40 /N—N
Ph
el 3ac
U —
-20
0 25 5 75 10 12.5 15 17.5 20 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU &= [mAU ] %
Sl —— e P — e I —
1 12.20%5 PB 0.6615 4122,77441 98.51266 50.0468
2 17.156 BB 0.7463 4115.06152 83.99258 49.9532
VWD1 A, Wavelength=254 nm (LJM\23070103.D)
MNorm.
(=]
- - O g
0 1-PrO,C OH
40
H2N 724
30 //
/N—N
20 Ph N
M~
e 3ac e
0
-10
-20
0 25 5 75 10 125 15 17.5 20 min
Peak RetTime Type Width Area Height LArea
# [min] [min] mAU *g [mAU 1 %
= e — e —— e — R —— |
1 13.005 BB 0.6634 2569.74731 53.81838 89.4147
2 18.772 BB 0.7462 304.21674 5.53345 10.5853
Compound 3ad
VWD1 A, Wavelength=254 nm (LJM\23060808.D)
MNorm. i
=
175 =
o L) .
O g
125 o
i-PrO,C OH
100
H2N 724
75 //
N—N
50 PH
25 3ad
0
0 2 4 6 8 10 12 14 16 miny
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s5 [mAU ] %
=== | ———=1 | -] |
1 10.454 BB 0.5450 5970.06982 175.66077 49.9479
2 13.433 BB 0.7840 5982.51758 115.93729 50.0521
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VWD1 A, Wavelength=254 nm (LJM\23060809.D)
MNorm.
=
80 HO. O g
60 i-PrO,C OH
HoN
40 )
/N_N [=2]
Ph )
20 =
3ad -
U 4 S— —L
20 . . . : : .
0 2 4 6 8 10 12 14 16 min{
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU 1 %
R [ — R —— [ —— R — |
1 10.814 BB 0.5506 2402.86743 69.71330 86.94¢66
2 13.869 BB 0.5306 360.74530 9.88536 13.0534
Compound 3ae
VWD1 A, Wavelength=254 nm (LIM\23060801.D)
Norm =)
]
=
800
HO <
I
™~
600 O -
PhO,C OH
HoN
400 2~
/N—N
Ph
200
3ae
0 "
0 2 4 6 8 10 12 14 16 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU 1 %
— R e —— e —— o — R — |
1 10.201 BB 0.3357 1.97630e4 848.84637 49.9922
2 12.742 PB 0.4959 1.97692e4 587.57397 50.0078
VWD1 A, Wavelength=254 nm (LJM\23060805.D)
Norm. | [is]
{ [5¢]
175 o
150 HO ‘
125 O
PhO,C OH
100 HN- /
75 /N—N
50 Ph
| 2
25 3ae iy
0 —
0 2 4 5] 8 10 12 14 16 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU ] %
———— | ——_——_ - — — — |____‘ ___________________________________
1 10.23% VB 0.3358 3705.920820 158.25160 91.9957
2 12.791 PB 0.4780 322.44257 9.92463 8.0043
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Compound 3af

VWD1 A, Wavelength=254 nm (LJM\23060802.D)
Norm E
L)
600 ‘ i
HO g
500 O a
400 BnO,C OH
HoN
300 2 ¢ //
/N—N
200 Ph
3af
100
U —
0 2 4 6 8 10 12 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
| e | [—mm— |- |
1 8.578 VB 0.2519 1.07886e4 626.43762 51.0825
2 10.228 BV 0.3377 1.03313e4 445.28378 48.9175
VWD1 A, Wavelength=254 nm (LJM\23061001.D)
MNorm. ~
b
o]
250
HO
200 O
BnO,C OH
150
HN— 7
/) ~
100 N-N g
PH 2
50 3af
0
0 2 4 6 8 10 12 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU &= [mAU ] %
= e [ ol e |
1 8.521 VB 0.2574 4829.89893 276.92002 76.5379
2 10.207 FB 0.3216 1480.569%94¢6 67.45082 23.4621
Compound 4
VWD1 A, Wavelength=254 nm (LJM\23102101.D)
Norm =]
1 [=]
I
600 ~ =
1 =
1 <
500
400
300
200
100
0 1
0 2 4 6 8 10 12 14 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU &S [mAU 1 5
= el P —— e — R \
1 7.409 vV 0.2465 9783.51563 583.60919 49.9251

2 8.400 VB 0.2780 9812.86133 517.62292 50.0749
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VWD1 A, Wavelength=254 nm (LJM\23102103.D)
Norm. § @?
AcO m Q§
800 n‘; &
¥
MeO,C OAc
600 H N~ ;
N—N
400
200 Br b:\gs)
4 8 47
o™
0 n
0 2 4 6 8 10 12 14 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
= Rl — |- | R ———
1 7.460 MM 0.2791 1.57032e4 937.85052 98.4514
2 8.458 MM 0.3153 247.00552 13.05557 1.5486
Compound 5
VWD1 A, Wavelength=254 nm (LJM\23102204.D)
Norm. ] s
1 =
j 2
200
] =]
150 2
w0
100
50—
D__ L T L T
T T T T T T T
0 2.5 5 7.5 10 12.5 15 17.5 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
e B e | ====mmmm o |--=-=--- |
1 10.474 PB 0.4347 5561.59863 197.58485 50.1911
2 15.780 BB 0.7124 5519.24268 120.74728 49.8089
VWD1 A, Wavelength=254 nm (LJM\23102205.D)
Norm. ]
i !'| ;
4 ~
200—_ u_:»
MeO,C O 5
b
150 HoN— ~ > 2
1 N—-N
100
50 Br
5
~ NonC . .
0 T
T T T T T T T
0 25 5 7.5 10 12.5 15 175 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

e R | === =mmm= |-=-mmmm- R |
1 10.497 PB 0.4345 3789.64478 135.32426 31.7146
2 15.785 BB 0.7025 8159.56592 179.36205 68.2854
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8. X-ray crystal structure of 3ha

Figure S2. ORTEP diagram of 3ha. Thermal ellipsoids are shown at 50% probability level.
All hydrogen atoms on carbon are omitted for clarity.

CCDC: 2311460

Table 1 Crystal data and structure refinement for 1.

|dentification code 1

Empirical formula CagH24BrN;O4

Formula weight 510.38

Temperature/K 299.0

Crystal system orthorhombic

Space group P212124

a/A 8.5837(8)

b/A 16.3187(15)

c/A 19.3809(17)

a/” 90

B/° 90

v/° 90

Volume/A3 2714.8(4)

Z 4

Pealcd/cm? 1.249

p/mrrr'1 1.546

F(000) 1048.0

Crystal size/mm? 0.33 x 0.32 x 0.29
Radiation MoKa (A = 0.71073)

20 range for data collection/®4.204 to 52.742

Index ranges 10=<h=<10,-20=k <20, -24<| <24
Reflections collected 70426

Independent reflections 5559 [Ript = 0.0755, Rsjgma = 0.0490]
Data/restraints/parameters  5559/0/306
Goodness-of-fit on F2 1.020

Final R indexes [I==20 (1)] Rq = 0.0539, wR; = 0.1205
Final R indexes [all data] Rq = 0.0944, wR; = 0.1364
Largest diff. peak/hole / e A-3 0.33/-0.44

Flack parameter 0.041(16)
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