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General experimental details

Melting points were determined on a hot stage microscope and are uncorrected. *H (300 MHz), *3C (75
MHz) NMR spectra were measured in CDCl; or DMSO-ds on a Bruker DPX 300 spectrometer and *H
(400 MHz), *C (100 MHz) NMR spectra were measured in CDCl; or DMSO-ds on a Bruker Avance-
400 spectrometer. Chemical shifts (6) are reported in ppm downfield from tetramethylsilane.
Electrospray ionization mass spectra were measured on a Bruker micrOTOF mass spectrometer.
Elemental analysis was performed on a Hewlett-Packard 185B CHN-analyser. IR spectra were recorded
on a Bruker TENSOR 27 spectrometer for tablets in KBr. Thin-layer chromatography (TLC) was
conducted on aluminium sheets precoated with SiO, ALUGRAM SIL G/UVys. Methyl 2,4-

dioxopyrrolidine-3-carboxylate was synthesized according to the published procedure.

Synthesis of 3-diazopyrrolidine-2,4-dione (1a)

To a solution, obtained after heating under reflux of a suspension of methyl 2,4-dioxopyrrolidine-
3-carboxylate (3.25 g, 20.7 mmol) in anhydrous acetonitrile (1.6 L) for 2 h, a solution of 4-
acetamidobenzenesulfonyl azide (5.46 g, 27.7 mmol) in anhydrous acetonitrile (100 mL) and a solution
of triethylamine (2.5 g, 24.8 mmol) in anhydrous acetonitrile (50 mL) were added at 0 °C under stirring.
The mixture was stirred at 0 °C for 15 min and then at rt for 4 h. The solvent was removed under
vacuum, and the orange solid was subjected to sublimation (150-160 °C/0.1-0.5 torr) for 1.5 h to give
1.47 g (57%) of 3-diazopyrrolidine-2,4-dione as a light yellow solid. o4 (300 MHz; CDCl3; Me,Si) 3.96
(2H,s, CHy), 5.92 (1 H, br. s, NH).

Synthesis of 1-acetyl-3-diazopyrrolidine-2,4-dione (1b)

To a solution of 3-diazopyrrolidine-2,4-dione (623 mg, 5 mmol) and acetic anhydride (815 mg, 8
mmol) in anhydrous dichloromethane (20 mL) a solution of 4-(N,N-dimethylamino)pyridine (305 mg,
2.5 mmol) in anhydrous dichloromethane (3 mL) was added dropwise at rt in 5 min. The mixture was
stirred at rt for additional 2 h, washed with 0.5 N HCI solution (2x20 mL) and dried with MgSO4. The
removal of volatile components under vacuum and washing of the obtained solid with Et,O gave 575 mg
(69%) of 1-acetyl-3-diazopyrrolidine-2,4-dione as a beige solid. Recrystallization of the solid from Et,O
produces colorless prisms. Mp 115-116 °C. Found C, 43.34; H, 2.81; N, 25.15. C¢HsN3O3 requires C,
43.12; H, 3.02; N 25.14. vinax (KBr)/cm™ 2939, 2152 (C=N), 1691 (C=0). & (300 MHz; CDCls; Me,Si)
2.60 (s, 3 H, CHs), 4.25 (s, 2 H, CHy). & (75 MHz; CDCls; Me,Si) 25.1 (CHs), 52.9 (CH,), 68.6 (C=N),
161.5 (C=0), 168.9 (C=0), 182.4 (C=0).
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tert-Butyl 3-diazo-2,4-dioxopyrrolidine-1-carboxylate (1c) was prepared according to published
procedure in 52% vield.? & (300 MHz; CDCl3; Me,Si) 1.53 (9 H, s, CHs), 4.16 (2 H, s, CH,). & (75
MHz; CDCls; Me4Si) 27.9 (CHs), 53.7 (CHy), 68.5 (C=N), 84.2 (C-(CHs)s), 148.3 (C=0), 160.0 (C=0),
182.7 (C=0).

77.0285
25.5418

182.8769
—169.3402
—161.9481

53.3178

[77.8745
_)77.4515

Synthesis of 1-acetyl-4-hydroxy-3-(4-methoxyphenyl)-1H-pyrrole-2(5H)-one (11)

OMe A solution of 1-acetyl-3-diazopyrrolidine-2,4-dione (116 mg, 0.69 mmol) and
Rh,(OAC)4 (3 mg, 0.01 mmol) in anisole (14 mL) was heated at 120 °C under stirring
for 30 min. Anisole was removed under vacuum and crystallization of the residue from
O\ OH Et,O gave 140 mg (82%) of 1-acetyl-4-hydroxy-3-(4-methoxyphenyl)-1H-pyrrole-
N 2(5H)-one 11 as a beige solid. Mp 153-203 °C (dec.). vinax (KBr)/cm™* 2993, 2938,
Mo 2630, 1734 (C=0), 1605 (C=0), 1516, 1398, 1356, 1312, 1292, 1250, 1185, 1157,
1034, 984, 847. & (300 MHz; acetone-dg; MesSi) 2.48 (3 H, s, CHs), 3.81 (3 H, s, CH3), 4.31 (2 H, s,
CHy), 6.95 (2 H, d, J 8.7 Hz, ArH), 7.92 (2 H, d, J 8.7 Hz, ArH). & (75 MHz; acetone-dgs; Me,Si) 24.8
(CHa3), 47.5 (CH,), 55.5 (CHs), 105.9, 114.1, 124.2, 129.8, 159.3, 168.6, 169.4, 170.5. HRMS (ESI) [M
+ Na'] calcd. for C13H;3NO4Na 270.0737, found 270.0741.
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'H and *C NMR spectra of compounds 3, 4, 6, 7 and 12

(3aRS,6aRS)-6a-Hydroxy-2-(4-methyphenyl)-3a-[4-(4-methyphenyl)-2H-1,2,3-triazol-2-yl]-3a,5,6,6a-
tetrahydropyrrolo[3,4-b]pyrrole-4(3H)-one (3a).

Fig. 1 X-ray structure of the solvate 3axEtOAcC.
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(5RS,9RS)-3-(4-Methylphenyl)-9-[4-(4-methylphenyl)-2H-1,2,3-trazol-2-yl]-1-oxa-4,7-
diazaspiro[4.4]non-3-en-8-one (4a)
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3-(4-Methylphenyl)-9-[4-(4-methylphenyl)-2H-1,2,3-trazol-2-yl]-1-oxa-4,7-diazaspiro[4.4]non-3-en-
8-one (4a) (diastereomeric mixture)
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(3aRS,6aRS)-5-Acetyl-6a-hydroxy-2-(4-methylphenyl)-3a-[4-(4-methylphenyl)-2H-1,2,3-triazol-2-yl]-
3a,5,6,6a-tetrahydropyrrolo[3.4-b]pyrrol-4(3H)-one (3b)

Fig. 2 X-ray structure of compound 3b.

11
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(3aRS,6aRS)-5-Acetyl-6a-hydroxy-2-phenyl-3a-[4-phenyl-2H-1,2,3-triazol-2-yl]-3a,5,6,6a-
tetrahydropyrrolo[3,4-b]pyrrol-4(3H)-one (3c)
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7-Acetyl-3-phenyl-9-[4-phenyl-2H-1,2,3-triazol-2-yl]-1-oxa-4,7-diazaspiro[4.4]non-3-en-8-one (4c)
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(3aRS,6aRS)-5-Acetyl-6a-hydroxy-2-(4-methoxyphenyl)-3a-[4-(4-methoxyphenyl)-2H-1,2,3-triazol-2-
yl]-3a,5,6,6a-tetrahydropyrrolo[3,4-b]pyrrol-4(3H)-one (3d)
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7-Acetyl-3-(4-methoxyphenyl)-9-[4-(4-methoxyphenyl)-2H-1,2,3-triazol-2-yl]-1-oxa-4,7-

diazaspiro[4.4]non-3-en-8-one (4d)

s

/

\

)

|

\N

\Q\(\/ N/

LI e T R s B e R B R e T el © o T OO TO LT O OO DD D D o @
L e R e R R Bl s B R s B S e 5 @ [ e B e B =g = S i e B g =1 oo P
W M~ © O O O oW  NN® G 0 W O [ Lo R o o R o kT B B e Ry o e T o oo
[ e e e S S S 7= T = R e =) oo P e T T R T S S S R B o

by e w ! W W W w
P ¥ T Y — . VIR P ) — D 0
w0 o ] [ele v Y [(o I W's) — s o
- = O 2 =] == =] ™ G o
T T T T T T T T T ‘ T T T ‘ T T
8.0 7.0 5.0 40 30

ppm (t1)

21



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2013

996 67
Lber —

SOFTS
OP0'ES

0155
LZT'SS
S876G
£9E°55

SrlLL
[AN#S

09 wL

B00SL ——-2

£899, ——
gLl ——7

BlLELL

'

\

£39'30]
105601
L00FLL
LS0FLL
8l ¥l
861 FLL
00 el
090zl
4Tl
BaE Tl
QLT LT
[ A"
558621
[galsgeran
LidLel
FSOZEl
025 8rl
BEL 8FL
568651
066851
95979l
PS8 79l
96591
EEE 99l
204691

L0104
855041 w
Pag 041

po2 ) ) o

50

I
100

pom (£

22



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

tert-Butyl (3aRS,6aRS)-6a-hydroxy-2-(4-methylphenyl)-3a-[4-(4-methylphenyl)-2H-1,2,3-triazol-2-

yl]-4-ox0-3a,4,6,6a-tetrahydropyrrolo[3,4-b]pyrrole-5(3H)-carboxylate (3e)
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(3aRS,6aRS)-6a-Hydroxy-5-(4-methoxybenzyl)-2-(4-methylphenyl)-3a-[4-(4-methylphenyl)-2H-
1,2,3-triazol-2-yl]- 3a,5,6,6a-tetrahydropyrrolo[3,4-b]pyrrol-4(3H)-one (3f)
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7-(4-Methoxybenzyl)-3-(4-methylphenyl)-9-[(4-methylphenylyl)-2H-1,2,3-triazol-2-yl]-1-oxa-4,7-
diazaspiro[4.4]non-3-en-8-one (4f)
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(3aRS,6aSR)-6a-Hydroxy-2-(4-methylphenyl)-3a-[4-(4-methylphenyl)-1,2,3-triazol-2-yl]-6,6a-
dihydro-3H-furo[3,4-b]pyrrol-4(3aH)-one (6a)

Fig. 3 X-ray structure of compound 6a.

31



LhvE'T

v68E'C %
86y’ —
b5 ——

8Y.E'€ —

0TT6'€ —~_
9TL6'E —

909
19897 —\

=
99697 —

VoL Y ——
65607/

LYT0 L —

SE8TL——
88&%
EVEEL \
T29€L

S8LLL——
25081/

6626'L ——
RmmsS

L0VY'8 —

2.0

[l

25

3.0

35

4.0

4.5

55 5.0
(ppm)

6.0

6.5

7.0

7.5

8.0

8.5

I

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2013

€€68°0C
0/STTZ

7,998
05768
§2¢ee'6e
000S'6€
GLLL'6E
05500
SCEE0r —E
CESLTY —

00LE°€L —~_
¢ESC'SL —

YETSE0T —

686/'52T —
2085°92T —/—

mam.mﬂ\
w:q.mﬁ
Swmg \
oT8ECET

proeeeT
TY2SThT —

80€L° VT —

LEVE LT —
Sv00'€LT

20

30

90 80 70 60 50 40

100

(ppm)

32

110

120

180 170 160 150 140 130

190




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

(5RS,9SR)-3-(4-Methylphenyl)-9-[4-(4-methylphenyl)-1,2,3-triazol-2-yl]-1,7-dioxa-4-
azaspiro[4.4]non-3-en-8-one ((5RS,9SR)-7a)
CH,4

Fig. 4 X-ray structure of compound (5RS,9SR)-7a.
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3-(4-Methylphenyl)-9-[4-(4-methylphenyl)-1,2,3-triazol-2-yl]-1,7-dioxa-4-azaspiro[4.4]non-3-en-8-
one (7a) (diastereomeric mixture)
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(3aRS,6aSR)-6a-Hydroxy-2-(4-methoxyphenyl)-3a-[4-(4-methoxyphenyl)-1,2,3-triazol-2-yl]-6,6a-
dihydro-3H-furo[3,4-b]pyrrol-4(3aH)-one (6¢)
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(3aRS,6aSR)-2-(4-Bromophenyl)-3a-[4-(4-bromophenyl)-1,2,3-triazole-2-yl]-6a-hydroxy--6,6a-dihydro-
3H-furo[3,4-b]pyrrol-4(3aH)-one (6d)
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3-(4-Bromophenyl)-9-[(4-bromophenyl)-1,2,3-triazol-2-yl]-1,7-dioxa-4-azaspiro[4.4]Jnon-3-en-8-one
(7d)
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(3aRS,6aSR)-5-Acetyl-6a-hydroxy-2-(4-methylphenyl)-3a-(4-methoxyphenyl)-3,5,6,6a-
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tetahydropyrrolo[3,4-b]pyrrol-4(3H)-one (12)
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