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1. General methods

NMR spectra were acquired on a Bruker Ultra Shield 700 instrument, running at 700 MHz for
'H and 176 MHz for '3C, respectively. Chemical shifts (§) are reported in ppm relative to
residual solvent signals (CDCl3: 7.26 ppm for "H NMR, 77.16 ppm for 1*C NMR). Mass spectra
were recorded on a Bruker Maxis Impact spectrometer using electrospray (ES+) ionization
(referenced to the mass of the charged species). Analytical thin layer chromatography (TLC)
was performed using pre-coated aluminum backed plates (Merck Kieselgel 60 F254) and
visualized by ultraviolet irradiation. Unless otherwise noted, analytical grade solvents and
commercially available reagents were used without further purification. For flash
chromatography (FC) silica gel (Silica gel 60, 230-400 mesh, Fluka and Davisil Grade 643,
200-425 mesh). The enantiomeric ratio (er) of the products were determined by Ultra
Performance Convergence Chromatography (UPC2) or HPLC using Daicel Chiralpak 1A, IB,
IC and IG columns as chiral stationary phases. Diethyl 2-hydroxyarylideneaminomalonates 3
and 2-hydroxyarylideneaminolactones 4 were synthetized according to the literature
procedure!. Chromone-3- carboxylic acids? 2 were prepared from the corresponding substituted

2-hydroxybenzaldehydes following the literature procedure.

"Tian, L., Xu, G. Q., Li, Y. H., Liang, Y. M., Xu, P. F., Chemical Community, 2014, 50(19), 2428-2430

2 Ishizuka, N., Matsumura, K. I., Sakai, K., Fujimoto, M., Mihara, S. 1., Yamamori, T., Journal of medicinal

chemistry, 2002, 45(10), 2041-2055.



2. Crystal and X-ray data

Single-crystal X-ray diffraction data were collected at temperature of 100 K. The compound
1e (C23H22BrNOy) crystallizes in centrosymmetric triclinic space group P-1 as racemic mixture,
and 1m (CyoH17NOs) crystallizes in the non-centrosymmetric orthorhombic space group
P212121. The asymmetric unit of both crystals contains one crystallographically independent

molecule (Fig. 1).

a) b)

Figure S1. Views of the molecules of 1e (a) and 1m (b) at 100 K, with the atom-labeling

schemes and 50% probability ellipsoids. Hydrogen atoms are drawn with an arbitrary radius.

Single crystal X-ray diffraction data were collected at 100 K by the w-scan technique using a
RIGAKU XtaLAB Synergy, Dualflex, Pilatus 300K diffractometer® with PhotonlJet micro-focus X-
ray Source Cu-Ka (A =1.54184 A). Data collection, cell refinement, data reduction and
absorption correction were performed using CrysAlis PRO software.3 The crystal structure was

solved by using direct methods with the SHELXT 2018/2 program.* Atomic scattering factors

3 Rigaku OD. CrysAlis PRO. Rigaku Oxford Diffraction Ltd, Yarnton, Oxfordshire, England, 2019.
4 Sheldrick, G.M. "SHELXT - integrated space-group and crystal-structure determination", Acta Cryst. 2015, A71,
3-8.



were taken from the International Tables for X-ray Crystallography. Positional parameters of
non-H-atoms were refined by a full-matrix least-squares method on F? with anisotropic
thermal parameters by using the SHELXL 2018/3 program.® All hydrogen atoms were placed
in calculated positions (C=H = 0.95-1.00 A) and included as riding contributions with isotropic

displacement parameters set to 1.2-1.5 times the U¢q of the parent atom.

1le: Formula Cy3H22BrNO, triclinic, space group P-1,Z = 4, unit cell constants a = 11.1608(1), b
= 14.1880(2), ¢ = 16.0038(2) A, o = 69.852(1), B = 75.621(1) , y = 74.609(1)° , V = 2259.06(5)
A3. The integration of the data yielded a total of 53433 reflections with 8 angles in the range
of 2.99 to 66.59° of which 7974 were unique (Rint = 2.69%), and 7815 were greater than 20(F?).
The final anisotropic full-matrix least-squares refinement on F? with 597 parameters
converged to the final R; = 0.0320 (for | > 20(l)) and wR, = 0.0806 (all data). The goodness-of-
fit was 1.037. The largest peak in the final difference electron density synthesis was 0.93 e A-

3 and the largest hole was -0.67 e A3,

1m: Formula Cx0H17NOs, orthorhombic, space group P212121, Z = 4, unit cell constants a =
6.6243(1), b = 10.9183(1), ¢ = 22.0348(1) A, V = 1593.69(3) A3. The integration of the data
yielded a total of 37878 reflections with 8 angles in the range of 4.01 to 66.58 of which 2806
reflections were unique (Rint = 2.46%), and 2786 were greater than 20(F?). The final
anisotropic full-matrix least-squares refinement on F? with 244 parameters converged to
the final R;1 =0.0211 (for | > 20(l)) and wR, = 0.0530 for all data. The goodness-of-fit was 1.056.
The largest peak in the final difference electron density synthesis was 0.20 e A3 and the
largest hole was -0.12 e A3. The absolute configuration was determined from anomalous

scattering, by calculating the x Flack parameter® of 0.00(2) using 1154 quotients.

CCDC 2167375 (1e) and CCDC 2167382 (1m) contain the supplementary crystallographic data
for this paper. These data can be obtained free of charge from The Cambridge Crystallographic

Data Centre via www.ccdc.cam.ac.uk/structure.

5> Sheldrick, G.M. "Crystal structure refinement with SHELXL", Acta Cryst. 2015, C71, 3-8.
6 Parsons, S.; Flack, H.D.; Wagner, T. "Use of intensity quotients and differences in absolute structure
refinement" Acta Cryst. 2013, B69, 249-259.
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(1R,3aS,9aS)-Diethyl 1-(2-hydroxyphenyl)-7-methyl-9-o0x0-1,2,9,9a-

tetrahydrochromeno|2,3-c]pyrrole-3,3(3aH)-dicarboxylate 1b

'H NMR
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(1R,3a8,9aS)-Diethyl 1-(2-hydroxyphenyl)-6-methyl-9-o0x0-1,2,9,9a-

tetrahydrochromeno|2,3-c]pyrrole-3,3(3aH)-dicarboxylate 1c

'H NMR
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(1R,3aS,9aS)-Diethyl 7-fluoro-1-(2-hydroxyphenyl)-9-oxo-1,2,9,9a-

tetrahydrochromeno|2,3-c]pyrrole-3,3(3aH)-dicarboxylate 1d

'H NMR

€€T

YL
STL
STL
sTL
STL
oTL
£100d 92'L
bSL
SS'L
SS'L
95

mwor —

=9CE
=667

=001

pe0e
Boor

ot

660

=007
20T
=660
=660
=701
=080

F56'0

T
5.0

f1 (ppm)

13C NMR

6.0

9.5

T
10.0

0.5

SOPT ~
v

16%5 —

wes
9b'€9 W
8049

90°9L ~
€DAD OT°LL

0048 —

EETIT~,

WTIT
88'L1T
Zv'6IT V
L8'6TT
T66TT

TToeTr
62°0ZT
z€0zT
Jagzds N

TEPTT
90621
78671

T8HST
9Z'LST
TEULST W
0L°8ST

£9'99T ~
89T

€€748T —

T
100
f1 (ppm)

110

T T T
180 170 160

T
190




(1R,3aS8,9aS8)-Diethyl 7-bromo-1-(2-hydroxyphenyl)-9-oxo-1,2,9,9a-

tetrahydrochromeno|2,3-c]pyrrole-3,3(3aH)-dicarboxylate 1e

'H NMR
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(1R,3a8,9aS)-Diethyl 7-chloro-1-(2-hydroxyphenyl)-9-oxo-1,2,9,9a-

tetrahydrochromeno|2,3-c]pyrrole-3,3(3aH)-dicarboxylate 1f

'H NMR
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(1R,3aS8,9aS8)-Diethyl 7-chloro-1-(2-hydroxyphenyl)-6-methyl-9-oxo-1,2,9,9a-

tetrahydrochromeno|2,3-c]pyrrole-3,3(3aH)-dicarboxylate 1g

'H NMR
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(7a8,10R,10aS)-Diethyl 10-(2-hydroxyphenyl)-11-0x0-9,10,10a,11-
tetrahydrobenzo|[5,6]chromeno|2,3-c]pyrrole-8,8(7aH)-dicarboxylate 1h

'H NMR
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(1R,3aS,9aS)-Diethyl 1-(2-hydroxy-5-methylphenyl)-9-o0xo0-1,2,9,9a-

tetrahydrochromeno|2,3-c]pyrrole-3,3(3aH)-dicarboxylate 1i

'H NMR
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'H NMR
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(1R,3aS,9aS)-Diethyl 1-(5-(zert-butyl)-2-hydroxyphenyl)-9-oxo-1,2,9,9a-

tetrahydrochromeno|2,3-c]pyrrole-3,3(3aH)-dicarboxylate 1k

'H NMR
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trophenyl)-9-0x0-1,2,9,9a-

-11

(1R,3a8,9aS8)-Diethyl 1-(2-hydroxy-5

tetrahydrochromeno|2,3-c]pyrrole-3,3(3aH)-dicarboxylate 11

'H NMR
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Im

mone

[chromeno|2,3-c|pyrrole-3,3'-furan|-2',9(2H)-d

(1R,3R,3a5,9a5)-1-(2-Hydroxyphenyl)-3a,4',5',9a-tetrahydro-1H,2'H-
spiro

'H NMR
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(1R,3R,3a5,9aS)-7-Chloro-1-(2-hydroxyphenyl)-3a,4',5',9a-tetrahydro-1H,2' H-
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(1R,3R,3a5,9a5)-6-Fluoro-1-(2-hydroxyphenyl)-3a,4',5',9a-tetrahydro-1H,2' H-

ione 1r

[chromeno|2,3-c|pyrrole-3,3'-furan]-2',92H)-d

spiro

'H NMR

£€5°C
€9°C
$S'T
bS'T
SS°T
SS°T
95T
95°Z
85T
65T
65T

197
197
197
297 1
€6€
YEE
se'e
se'e
ob'e |
[ 3

e ﬁ
Fad

g
el
el
b
9y
1434
[
€5 |
€5 |
b5 |
S5 |
S5 |
7rs
2rs
€1 |
ST'S |
o

o
w9
w9
089
089
189
189
289
€89
989
89
889 1
889 1
689 1
689 1
069 1
069 1
269
oL

0z'L &
0T A
1L A

LA
we
7L
we
we
€00 9L
16
6L
WL
€6°'L

L

J |

160
6'0

6'0
190

E96°0

Fer1

60
60

=480
bere

E00T

060

0z'9e —

1065 —

18'€9
1250/
€69 ~

60%8 —

£1°50T
LTs0T >
I
SETTT >
8T9TT >

ot
o1
o611 /-
sg'TeT
06'82T

647671
S8'6ZT W
68621

96°9ST ~
02097

87°09T >
0b£9T ~
18891 —

09°4£T —

€081 —

T
100
f1 (ppm)

T
110

T T T
180 170 160

T
190




(1R,35,3a5,9aS5)-6-Fluoro-1-(2-hydroxyphenyl)-3a.4',5',9a-tetrahydro-1H,2' H-
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(1R.,35,3a5,9aS)-7-Chloro-1-(2-hydroxyphenyl)-6-methyl-3a,4',5',9a-tetrahydro-1H,2' H-
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spiro

'H NMR

vrL
STz
STL
orL
ot

€000 97
L
B
vv.L
b

€06 —

EPET
P11

=007

Fror

Free

EHO0T
o1

2.5 2.0 15 1.0 0.5

3.0

4.0 3.5

4.5

5.0

f1 (ppm)
13C NMR

5.5

9.5

10.0

Tebe — —
[

815 — —

59'65 — e

29b9 — —

2589 — —

€00 9T'LL —

978 — —
8TOTT — -—
60°LTT~ _

e — e
o981t/ ]
vrrer

8L'STT . J—
90°ZT — —
6TOET ~ ]
90e1

ozser — —
S9bST — -—
60'85T — —
£8b1 — —
€8'881 — -

T
100
f1 (ppm)

T
110

T
190

T
200



1w’

one

'H NMR

[chromeno|2,3-c]pyrrole-3,3'-furan]-2',9(2H)-d

(1R,35,3a8,9aS5)-1-(5-Bromo-2-hydroxyphenyl)-3a,4',5',9a-tetrahydro-1H,2' H-
spiro

£ wn
8£T °©
8€'T
667
[
e o
69
8I'E
81°E
6T n S8'6T
61°€ - 608~
(43
53
17°€E
1€ r
65°€ #

65°€
2]
19°€ #
19°€
19°€
29°€
ov'y
Lad S £0€9 "
v 10T 29'59
vt | 69~
v
by |
vt

Feot

9TES —

)

1
T T
3.5 3.0

=107

05 | e
15 |

5% r M 18—
50
25
6L
08 &
8%
8%

20's T = =660
20's W o)

20's S 6 2
: - =60 [0
€0°S I /l
we zZ Q 4
29 I, Q
8.9 L@

T

O

=0T
Fo0T [0

4.5

T a—
]
!

f1 (ppm)

13C NMR

T —

5.5

649
06'9
169
169

S6°L1T “
o ¥8'6TT
° PIETT
[Axx43 N.
war
S0°L 0 6LTET ~
Ly F o 69°ZET
€T°L POLET ~\_
&ZL )

1L
- F960
- =860 | o
=260 [N
- =107
=90
e’

1L
s F e

v0'L
v0'Z
502

€100 9T°L A
T

e p—p—

STL
s - =860 80'95T —
85, Sb8sT —
85,

ot = =60 | o
65 o
65L
062
062 n
6L b o

6L 9€LLT —
167
6L

10°88T —

n
€56 — — Wk.o [ o

180 170 160 150 140 130 120 110 100
f1 (ppm)

190

200



1w

m0one
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(8aS$,14aS5,14bR)-Diethyl 2-(tert-butyl)-14-0x0-8a,14,14a,14b-tetrahydrobenzo-

boxylate 9a
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4. HPLC data

(1R,3a8,9aS)-Diethyl 1-(2-hydroxyphenyl)-9-0x0-1,2,9,9a-tetrahydrochromeno|2,3-

clpyrrole-3,3(3aH)-dicarboxylate 1a
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(1R,3aS,9aS)-Diethyl 1-(2-hydroxyphenyl)-7-methyl-9-0x0-1,2,9,9a-
tetrahydrochromeno|2,3-c|pyrrole-3,3(3aH)-dicarboxylate 1b
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(1R,3a8,9aS)-Diethyl 1-(2-hydroxyphenyl)-6-methyl-9-0x0-1,2,9,9a-
tetrahydrochromeno[2,3-c|pyrrole-3,3(3aH)-dicarboxylate 1c
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(1R,3a8,9aS)-Diethyl 7-fluoro-1-(2-hydroxyphenyl)-9-0xo0-1,2,9,9a-

tetrahydrochromeno|2,3-c|pyrrole-3,3(3aH)-dicarboxylate 1d
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(1R,3aS5,9a8)-Diethyl 7-bromo-1-(2-hydroxyphenyl)-9-oxo-1,2,9,9a-
tetrahydrochromeno|2,3-c]pyrrole-3,3(3aH)-dicarboxylate le
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(1R,3aS8,9a8)-Diethyl 7-chloro-1-(2-hydroxyphenyl)-9-0x0-1,2,9,9a-
tetrahydrochromeno|2,3-c]pyrrole-3,3(3aH)-dicarboxylate 1f
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(1R,3a8,9a8)-Diethyl 7-chloro-1-(2-hydroxyphenyl)-6-methyl-9-0x0-1,2,9,9a-
tetrahydrochromeno|2,3-c]pyrrole-3,3(3aH)-dicarboxylate 1g
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(7a8,10R,10aS)-Diethyl 10-(2-hydroxyphenyl)-11-0x0-9,10,10a,11-
tetrahydrobenzo[5,6]chromeno|[2,3-c|pyrrole-8,8(7aH)-dicarboxylate 1h
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(1R,3a5,9a8)-Diethyl 1-(2-hydroxy-5-methylphenyl)-9-0x0-1,2,9,9a-
tetrahydrochromeno|[2,3-c]pyrrole-3,3(3aH)-dicarboxylate 1i
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(1R,3aS8,9a8)-Diethyl 1-(5-chloro-2-hydroxyphenyl)-9-0x0-1,2,9,9a-
tetrahydrochromeno|2,3-c]pyrrole-3,3(3aH)-dicarboxylate 1j
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(1R,3aS8,9a8)-Diethyl 1-(5-(tert-butyl)-2-hydroxyphenyl)-9-0x0-1,2,9,9a-
tetrahydrochromeno|2,3-c]pyrrole-3,3(3aH)-dicarboxylate 1k
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(1R,3aS,9a8)-Diethyl 1-(2-hydroxy-5-nitrophenyl)-9-0x0-1,2,9,9a-
tetrahydrochromeno|[2,3-c]pyrrole-3,3(3aH)-dicarboxylate 11
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(1R,3R,3a5,9a8)-1-(2-Hydroxyphenyl)-3a,4',5',9a-tetrahydro-1H,2'H-

spiro[chromeno|2,3-c]pyrrole-3,3'-furan]-2',9(2H)-dione 1m
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(1R,38,3a5,9a5)-1-(2-Hydroxyphenyl)-3a,4',5' 9a-tetrahydro-1H,2' H-
spiro[chromeno|2,3-c]pyrrole-3,3'-furan]-2',9(2H)-dione 1m’
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(1R,3R,3a5,9a8)-1-(2-Hydroxyphenyl)-7-methyl-3a,4',5',9a-tetrahydro-1H,2' H-
spiro[chromeno[2,3-c]pyrrole-3,3'-furan]-2',9(2H)-dione 1n

0.00

Peak Results

RT |%Area
4535 3971
4682 | 6029

-

N

4.549

4.686

0.00

Peak Results
RT | % Area

4549 | 11.05
468 | 8895

-

N




(1R,35,3a5,9a5)-1-(2-Hydroxyphenyl)-7-methyl-3a,4',5',9a-tetrahydro-1H,2' H-
spiro[chromeno[2,3-c]pyrrole-3,3'-furan]-2',9(2H)-dione 1n’
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1R,3R,3a5,9a8)-1-(2-Hydroxyphenyl)-6-methyl-3a,4',5',9a-tetrahydro-1H,2' H-
( ydroxypheny y y

spiro[chromeno[2,3-c]pyrrole-3,3'-furan]-2',9(2H)-dione 10
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(1R,35,3a5,9a5)-1-(2-Hydroxyphenyl)-6-methyl-3a,4',5',9a-tetrahydro-1H,2' H-
spiro[chromeno|2,3-c]pyrrole-3,3'-furan]-2',9(2H)-dione 10’
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(1R,3R,3a5,9a8)-7-Chloro-1-(2-hydroxyphenyl)-3a,4',5',9a-tetrahydro-1H,2' H-
spiro[chromeno[2,3-c]pyrrole-3,3'-furan]-2',9(2H)-dione 1p
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(1R,38,3a5,9aS5)-7-Chloro-1-(2-hydroxyphenyl)-3a,4',5',9a-tetrahydro-1H,2' H-
spiro[chromeno|[2,3-c]pyrrole-3,3'-furan]-2',9(2H)-dione 1p’
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(1R,3R,3a5,9a8)-6-Fluoro-1-(2-hydroxyphenyl)-3a,4',5',9a-tetrahydro-1H,2' H-

spiro[chromeno|2,3-c]pyrrole-3,3'-furan]-2',9(2H)-dione 1r
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(1R,35,3a5,9a5)-6-Fluoro-1-(2-hydroxyphenyl)-3a,4',5',9a-tetrahydro-1H,2' H-
spiro[chromeno[2,3-c]pyrrole-3,3'-furan]-2',9(2H)-dione 1r’
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(1R,3R,3a5,9a8)-7-Chloro-1-(2-hydroxyphenyl)-6-methyl-3a.4',5',9a-tetrahydro-1H,2' H-
spiro[chromeno|2,3-c]pyrrole-3,3'-furan]-2',9(2H)-dione 1s

0.00 1.00 200 3.00 4.00
Minutes

Peak Results

RT | % Area
4921 44.00
5779 56.00

--

N

o 4.925
87 Hh%

. 5.783
. D>—

0.00 1.00 200 3.00 4.00
Minutes

Peak Results
RT | % Area
4925 13.09
5783| 8691

-

N




(1R,35,3a5,9aS5)-7-Chloro-1-(2-hydroxyphenyl)-6-methyl-3a,4',5',9a-tetrahydro-1H,2' H-
spiro[chromeno|2,3-c]pyrrole-3,3'-furan]-2',9(2H)-dione 1s’
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(1R,3R,3a5,9a8)-1-(2-Hydroxy-5-methylphenyl)-3a,4',5',9a-tetrahydro-1H,2' H-
spiro[chromeno[2,3-c]pyrrole-3,3'-furan]-2',9(2H)-dione 1t
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(1R,35,3a5,9a5)-1-(5-Bromo-2-hydroxyphenyl)-3a,4',5' 9a-tetrahydro-1H,2'H-
spiro[chromeno][2,3-c]pyrrole-3,3'-furan]-2',9(2H)-dione 1u’
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(1R,3R,3a5,9a8)-1-(5-Chloro-2-hydroxyphenyl)-3a,4',5',9a-tetrahydro-1H,2' H-
spiro[chromeno[2,3-c]pyrrole-3,3'-furan]-2',9(2H)-dione 1w
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(1R,38,3a5,9a5)-1-(5-Chloro-2-hydroxyphenyl)-3a,4',5',9a-tetrahydro-1H,2' H-
spiro[chromeno[2,3-c]pyrrole-3,3'-furan]-2',9(2H)-dione 1w’
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(1R,3R,3a5,9a8)-1-(2-Hydroxy-5-nitrophenyl)-3a,4',5',9a-tetrahydro-1H,2' H-
spiro[chromeno[2,3-c]pyrrole-3,3'-furan]-2',9(2H)-dione 1x
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(1R,35,3a5,9aS5)-1-(2-Hydroxy-5-nitrophenyl)-3a,4',5' 9a-tetrahydro-1H,2' H-
spiro[chromeno|2,3-c]pyrrole-3,3'-furan]-2',9(2H)-dione 1x’
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(8aS$,14aS5,14bR)-Diethyl 2-(tert-butyl)-14-ox0-8a,14,14a,14b-tetrahydrobenzo-
[e]chromeno[3',2':3,4]pyrrolo[1,2-c][1,3]oxazine-8,8(6H)-dicarboxylate 9a
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