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1. General Information. All the reagents and solvents were used as received from commercial

sources without further purification. All air and moisture sensitive reactions were conducted
under inert atmosphere of nitrogen. Reactions were monitored by thin-layer chromatography
carried out on silica plates (silica gel 60 F254, Merck) using UV-light, iodine, ninhydrin and p-
anisaldehyde for visualization. Column chromatography was carried out using silica gel (100-
200 mesh) packed in glass columns. Technical grade ethyl acetate and petroleum ether used for
column chromatography were distilled prior to use. H-NMR and *C-NMR spectra were
recorded in CDCls/DMSO-ds as solvent on 300/400/500 MHz (*H), 75/100/125 MHz (*3C)
spectrometer at ambient temperature. °F NMR spectra were recorded in CDCls as solvent at 283
MHz and 376 MHz respectively. The coupling constant J is given in Hz. The chemical shifts (o)
are reported in ppm on scale downfield from TMS and using the residual solvent peak in CDCl3
(H: 0 =7.26 ppm and C: 6 = 77.16 ppm) or TMS (¢ = 0.00) as internal standard and signal
patterns are indicated as follows: s = singlet, d = doublet, dd = doublet of doublet, ddd = doublet
of doublet of doublet, dt = doublet of triplet, t = triplet, @ = quartet, m = multiplet. High-
Resolution Mass Spectra (HRMS) were recorded on a Thermo Scientific Exactive “ORBITRAP”
spectrometer using H.O/MeOH mixed with 0.1% formic acid as mobile phase. Melting points
have been recorded on Stuart SMP30 melting point apparatus and are uncorrected. 4-methoxy
phenylpropiolic acid,® 4-methyl phenyl propiolic acid,® benzyl isocyanide,® 1-bromo-2-
(isocyanomethyl) benzene,®® and phenyl isocyanide?® were prepared and characterized as

previously reported.
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2. Optimization of the Reaction Conditions:

Table S1. Screening of bases for the cycloisomerization of dihydropyrazinone 2a to yield
the y-lactam fused dihydropyrazinones 3: In the first set of investigations, Ugi-4CR with
aminoacetaldehyde dimethyl acetal, benzaldehyde, phenyl propiolic acid, benzyl isocyanide in
methanol afforded Ugi adduct that was treated with TFA to furnish 2a in 75% yield over 2 steps.

2a was subsequently treated with different inorganic bases.

Ph—==—COOH 75 9, (over 2 steps) © En
Bn—N=C 2a 3a
Entry Base (equiv) Solvent T(°C)/t(h) 3a (% yield®)
1 K2CO3(3.0) CHsCN rt —reflux /8 48
2 Cs2C03(3.0) CHsCN rt —reflux / 8 44
3 NaOAc (3.0) CHsCN rt —reflux / 16 0
4 Na>C03(3.0) CHsCN rt —reflux / 16 0
5 NaH (3.0) CHsCN 0°C—rt/2 54
6 NaH (3.0) THF 0°C-rt/2 60
7 NaH (1.5) THF 0°C—rt/4 52
8 NaH (1.0) THF 0°C-rt/4 48
9 EtsN (3.0) THF rt —reflux / 16 0
10 DIPA (3.0) THF rt—reflux / 16 0
11 DBU (3.0) THF rt—reflux / 16 0

#Reaction conditions: Aminoacetaldehyde dimethyl acetal (0.475 mmol), benzaldehyde (0.475
mmol), phenyl propiolic acid (0.475 mmol) and benzyl isocyanide (0.475 mmol) in methanol (4.0
mL) at rt for 12 h, TFA (9.48 mmol) in THF (6.0 mL) 6 h, reflux; then base and 4.0 mL solvent.
blsolated yields.

S3



Treatment with KoCOs in acetonitrile under reflux afforded 3a in 48% vyield (entry 1, Table S1).
Using Cs2COs as base did not improve the reaction yield and product 3a was furnished in 44%
yield (entry 2, Table S1). Bases NaOAc and Na.COs did not afford the desired product 3a
(entries 3 and 4, Table S1). However, using strong base such as NaH afforded 3a in 54% yield
(entry 5, Table S1). Solvent screening suggested that THF was more suitable for the
transformation, improving the reaction yield to 60% (entry 6, Table S1). Lower concentrations of
NaH did not improve the fate of the reaction (entries 7 and 8, Table S1). With organic bases like
EtsN, DIPA and DBU, the reaction did not proceed and no formation of 3a was observed (entries

9-11, Table S1).
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b) Table S2. Screening of acids for the formation of g-lactam fused dihydropyrazinones 5: Ugi-
4CR was performed with aminoacetaldehyde dimethyl acetal, benzaldehyde, phenyl propiolic
acid, benzyl isocyanide in methanol afforded the Ugi adduct, which on subsequent treatment
with base furnished S-lactam 4a with 53% yield over 2 steps (Table S2). p-lactam 4a was further

treated with various acids to obtain the suitable condition for the preparation of 5a.

H2N OMe o OMe

i) MeOH, rt, 12 h OMe

@SMS Ugid4CC Reaction Conditions
CHO > p -
i) NaH; THF Table S2
Ph—==—COOH 0°Ctort
T 53 %
Bn—N=C (over 2 steps) 5a
Entry Acid (equiv) Solvent T/t(h) 5a (% yield)
1 HCI(5.0) THF rt —reflux /6 42
2 PTSA (5.0) THF rt —reflux /6 74
3 H>SO4 (5.0) THF rt —reflux / 12 38
4 TFA (5.0) THF rt —reflux / 12 55
5 TFA (10.0) THF rt —reflux / 12 72
6 TFA (20.0) THF rt —reflux /8 90
7 TFA (20.0) CHsCN rt —reflux / 8 68
8 BF3.0OEt> (5.0) THF 0°C —reflux/6 71
9 AgOTf (3.0) THF 0°C —reflux/6 .
10 Sc(OTf)3(3.0) THF 0°C —reflux/6 -

@Reaction conditions: Aminoacetaldehyde dimethyl acetal (0.475 mmol), benzaldehyde (0.475 mmol), phenyl
propiolic acid (0.475 mmol) and benzyl isocyanide (0.475 mmol) in methanol (4.0 mL) at rt for 12 h, then NaH (9.48
mmol) in THF (4.0 mL), 0 °C to rt; then acid and 4.0 mL solvent. "Isolated yields. <Complex mixture.

Mild hydrochloric acid (5.0 equiv) in THF under reflux furnished desired product 5a in 42%

yield (entry 1, Table S2). Using PTSA as acid improved the reaction yield to 74% (entry 2, Table
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S2). However, when H2SO4 was used, product 5a was obtained albeit in poor yield (entry 3,
Table S2). 5.0 equiv of trifluoroacetic acid in THF under reflux afforded product 5a in 55% yield
(entry 4, Table S2); increasing concentrations of TFA afforded 5a in 72% and 90% yields
respectively (entries 5 and 6, Table S2). However, changing solvent to CH3CN lowered the
reaction yield to 68% (entry 7, Table S2). In case of BF3.OEty, reaction was also compatible and
formed desired product 5a with 71% yield (entry 8, Table S2). Screening of metal triflates viz.
AgOTf and Sc(OTf)s did not favour the transformation and a complex mixture of undesired

products was observed at reflux (entries 9 and 10, Table S2).
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3. Crystallographic data for 3u and 5j

3.1. X-ray data for the compound 3u:

Figure S1: ORTEP diagram drawn with 30% ellipsoid probability for non-H atoms of the crystal

structure of compound 3u determined at 293 K.

Crystallization: Crystals of compound 3u were grown from the solvent methanol by slow

evaporation method.

Data Collection and Structure Refinement Details: A good quality colorless single crystal of
size 0.49 x 0.19 x 0.15 mm, was selected under a polarizing microscope and was mounted on a
glass fiber for data collection. Single crystal X-ray data for compound 3u were collected on the
RigakuKappa 3 circle diffractometer equipped with the AFC12goniometer and enhanced
sensitivity (HG) Saturn724+ CCD detector in the 4x4 bin mode using the monochromated Mo-
Ko radiation generated from the microfocus sealed tube MicroMax-003 X-ray generator

equipped with specially designed confocal multilayer optics. Data collection was performed

using m-scans of 0.5° steps at293(2)K. Cell determination, data collection and data reduction was

performed using the RigakuCrystalClear-SM Expert 2.1 b243 software. Structure solution and
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refinement were performed by using SHELXTL-NT*. Refinement of coordinates and anisotropic
thermal parameters of non-hydrogen atoms were carried out by the full-matrix least-squares
method. The hydrogen atoms attached to carbon atoms were generated with idealized geometries

and isotropically refined using a riding model.

Table S3: Crystal data and structure refinement details for compound 3u.

Compound 3u
Empirical formula C27 Hi9 N3 O2
Formula weight 417.45
Crystal System Monoclinic
Space group P21/n
a(A) 10.329(3)
b (A) 19.409(5)
c(A) 10.902(3)
a(°) 90.00
A°) 98.698(5)
y(°) 90.00
V (A% 2160.4(10)
YA 4
D¢ (g/cm?®) 1.283
Fooo 872
p(mm™) 0.083
Chax (°) 25.38
Total reflections 13313
Unique reflections 3718
Reflections [1> 2o(1)] 2202
Parameters 290
Rint 0.1072
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Goodness-of-fit 0.866

R [F?> 26(F?)] 0.0599

WR (F?, all data) 0.1463
CCDC No. 1922833
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3.2. X-ray data for the compound 5j:

Figure S2: ORTEP diagram of 5j compound with the atom-numbering. Displacement ellipsoids
are drawn at the 30% probability level and H atoms are shown as small spheres of arbitrary
radius. CCDC 1944108 contains the supplementary crystallographic data for this paper which

can be obtained free of charge at https://summary.ccdc.cam.ac.uk/structure-summary-form.

Crystallization: Crystals of compound 5j were grown from the solvent methanol by slow
evaporation method.

Data collection and Structure Refinement details: Single crystal X-ray data 5j compound
were collected at room temperature on a Bruker D8 QUEST equipped with a four-circle kappa
diffractometer and Photon 100 detector. An | us microfocus Mo source (A=0.71073A) supplied
the multi-mirror monochromated incident beam. A combination of Phi and Omega scans were
used to collect the necessary data and unit cell dimensions were determined using 9929
reflections for 5 data. Integration and scaling of intensity data were accomplished using SAINT
program.® The structures were solved by Direct Methods using SHELXS97° and refinement was
carried out by full-matrix least-squares technique using SHELXL-2014/7.57 Anisotropic

displacement parameters were included for all non-hydrogen atoms. All H atoms were positioned
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geometrically and treated as riding on their parent C atoms, with C-H distances of 0.93--0.97 A,
and with Uiso(H) = 1.2Ueq (C) or 1.5Ueq for methyl atoms. The N bound H atoms were located
from the difference Fourier map. CCDC 1944108 contain the supplementary crystallographic
data for this paper which can be obtained free of charge

athttps://summary.ccdc.cam.ac.uk/structure-summary-form.

Table S4. Crystal data and structure refinement details for compound 5j.

Compound 5]
chemical formula Ca6H19FN202
Fw; F(000) 410.43; 856
T (K) 293(2)
wavelength (A) 0.71073
space group P212121
aA) 9.0888(9)
b (A) 10.5640(11)
c(A) 21.4630(19)
a (deg) 90
p(deg) 90
7 (deg) 90
V4 4
V (A%) 2060.8(3)
Pealcd (g-cmM3) 1.323
K (mm) 0.091
0 range (deg); completeness 2.434 — 24.998; 0.996
collectedreflections; Re 13121; 0.0222
unique reflections; Rint 13121; 0.0213
R12; wR2P [I > 26(1)] 0.0410; 0.1305
R1; wR2 [all data] 0.0459; 0.1365



https://summary.ccdc.cam.ac.uk/structure-summary-form

GOF 1.149

largest diff peak and hole 0.221 and -0.158

2 R1=X(||Fol-|Fc||)/Z|Fo|

bWR2={Z[W(Fo’—F2)2]/Z[W(Fo?)?]}%
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4. Mechanistic studies for the cycloisomerizations reaction using Density Functional
Theory (DFT) calculations

Computational Methodology:

The geometries of all the reactants, intermediates, transition states, and products were optimized
at the M06/6-31G(d) level of DFT on the Gaussian-09 program package.® Single point
calculations were performed at various levels in the THF solvent using the IEF-PCM method,
Table S5.° Frequency calculations were also performed at the same level of theory to confirm the
obtained stationary points as a minima or a transition state structure. Water molecule was
omitted during the optimization of transition states. The reaction path was validated, wherever

necessary, by IRC calculations.®*

A o ‘/O;Ae\ o}
PthOMeﬁ -------- Unfavored Path ﬂ,\‘/ﬁ
: N + 50.00 Favored Path Ph

Relative Energies (kcal/mol)

Ph NQ\ _Int-
OMe Ph 4 OMe O-Int-2a
H” | Ugi Adduct \/< -8.06
0~ "NH o H OMe

N
&n B

Reaction Coordinate
Figure S3. Energy profile diagram of the reactions: All the given energy values (kcal/mol) are

calculated at the M06/6-31G (d) level of DFT. “Numbers in blue or red colours” depict the
relative energies; “numbers in green colour" show the activation barrier; “numbers in black

colour” show the stabilization energy.

The mode of cyclization (4-exo-dig/5-endo-dig or 6m-electrocyclization) in alkynamide derived

O-Intl and C-Intl adducts is crucial for obtaining the S- and y-lactam. DFT calculations were
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performed using the MO06 level to get more insight into the reaction mechanism. All the possible
transition states and intermediates in both open and close systems are compared in Figure S3.
The activation barrier for § and y-lactam formation were compared. For the open system, O-TS1
is favourable as the activation energy of O-TS1 (20.49 kcal/mol) is much lower compared to O-
TS1a (34.64 kcal/mol) and O-TS1b (50.00 kcal/mol). The activation energy of O-TS1b is very
high and O-Int-2b is unstable compared to O-Int-1, which indicates that g-lactam is not forming
via 67m-electrocyclization followed by the migration of bonds. In case of the cyclic system, the
activation energy for C-TS1 (27.12 kcal/mol) is lower compared to C-TSla (33.03 kcal/mol)
and C-TS1b (39.63 kcal/mol), which facilitates Michael addition in the cyclic system. The
activation energy of C-TS1b is very high and C-Int-2b is unstable compared to C-Int-1, which
indicates that 6m-electrocyclization is not favoured in this reaction. Formation of O-Int-2 and C-
Int-2 through transition states O-TS1 and C-TS1, respectively is a favourable reaction as clear
from Figure S3. These calculations clearly show that the reaction in the closed system proceeds
via the Michael addition pathway. However, the cyclization in 4-exo-dig fashion is energetically
favoured in the open system (Figure S3). The cycloisomerization via an aziridine type
intermediate 8 is not favourable as all efforts to optimize those intermediates and transition states
were futile. We performed single-point calculations at various DFT methods and basis sets,
Table S5. Inclusion of solvent effect reduces the activation energy in all cases and the inclusion
of polarization and diffuse functions in the basis set further reduces the overall activation energy.
Interestingly, change in the DFT method has a minimal effect on the overall energetics.
However, it is interesting to note that the level of the calculation does not affect the overall trend

of the result, Table S5.
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Table S5: Relative energy values for the reaction in the open/close system at various level of DFT

System AE(l) AE(Q2) AE@B) AE(%) System AE(l) AE(Q2) AEB) AE®)
O-Int-1  0.00 0.00 0.00 0.00 C-Int-1  0.00 0.00 0.00 0.00
O-TS1 2049 1681 1514 1560 C-TS1 2712 2274 1984  19.17
O-Int2 273  -465 -4.40 1.03 C-Int-2 -9.88  -1518  -1643  -12.11
O-Int-1  0.00 0.00 0.00 0.00 C-Int-1  0.00 0.00 0.00 0.00
O-TSla 3464  27.05 2537 3162 C-TSla 33.03 2849 2482 2252
O-Int-2a  -8.06  -13.76  -13.42  -9.60 C-Int-2a  6.20 2.66 0.40 4.09
O-Int-1  0.00 0.00 0.00 0.00 C-Int-1  0.00 0.00 0.00 0.00
O-TSlb 50.00 4264 3955  38.07 C-TSlb 39.63 3407 2961 3053
O-Int-2b 2371 19.90 2022  22.28 C-Int-2b 1623  13.18  11.87 1451

AE(1) = M06/6-31G(d)[Gas]

AE(2) = M06/6-31G(d)[ THF]//M06/6-31G(d)[Gas]

AE(3) = M06/6-31++G(d,p)[ THF]//M06/6-31G(d)[ Gas]
AE(4) = B3LYP/6-31++G(d,p)[ THF]//M06/6-31G(d)[Gas]

All energies values are in kcal/mol. Gas indicates the calculation was performed in the gas phase. THF indicates that
the calculation was performed in the solvent phase using the IEF-PCM method. Energy values from AE(1) were
selected to draw Figure-1.
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Table S5a: Optimized XY Z coordinates of O-Int-1

C
C
C
C
C
C
H
C
H
C
H
H
H
Cc
0
Cc
C
Cc
N
Cc
C
Cc
C
H
C
H
C
H
H
H
0
Cc
C
Cc

1.31564727
0.15524933
2.64156287
3.74926433
2.84653778
5.03502448
3.58017834
4.13629312
1.97569854
5.23316086
5.89048552
4.28721500
6.24328240
-1.24490180
-1.68120426
-1.29738848
-3.41214848
-0.54072767
-1.97581400
-1.29567653
-1.67213716
-0.95372424
-1.66245519
-1.96050099
-0.94207859
-0.73838305
-1.28563693
-1.94925490
-0.67404353
-1.27526228
-0.66445846
1.47435517
2.15428081
2.50529190

0.80615284
1.09582161
0.29974220
1.15817140
-1.08958008
0.63611906
2.23416242
-1.60096351
-1.74612818
-0.74235836
1.30945842
-2.67949787
-1.14883265
1.47903483
2.53332621
-0.49786339
0.72937884
-0.02339644
0.54137250
-1.80438124
-1.97550708
-2.99815910
-3.21507447
-1.09708256
-4.23319523
-2.94801533
-4.36616843
-3.28158006
-5.11721849
-5.33922265
1.11456628
-0.31499051
-1.42481044
0.47715223

-2.04291054
-1.83136001
-2.11891011
-2.09251351
-2.13967164
-2.06099289
-2.07373083
-2.11913196
-2.15356735
-2.07187945
-2.02540057
-2.12694723
-2.04393840
-1.68721190
-2.15690057
-0.31434231
-0.95391014

0.80471079
-1.03664429
-0.91496685
-2.27360612
-0.22480256
-2.89146641
-2.85013007
-0.85633633

0.84102812
-2.20000278
-3.94250439
-0.27439740
-2.68977824

1.30118369

2.17961988

2.97342424

1.37450633
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0.97334673
3.28651768
2.56700853
1.40308671
3.63587809
2.93022667
1.98885744
4.30875676
3.76984723
2.86561235
4.36981930
3.23110644
5.11716960
4.77900007
0.43201828
0.78147915
-3.90278777
-3.71990095
-3.86504601
-3.12062059
-4.03719912
-5.08798658
-3.47969201
-4.07551497
-3.48922040
-2.44231944
-5.65517529
-6.52191495
-5.99338885
-4.94297974
0.47726471
-0.35932188
0.98832126

0.37864008
-0.89167771
-2.16449831
-1.95694912

1.00841178
-0.19077072

1.29043950
-0.12383934
-1.71460700
-0.21335646

1.54815380

1.74124473

0.26048648
-0.81419331
-0.88548551
-1.57329589
-0.24751858

1.39220425

1.34374611

2.08074119

0.33621707

1.98385311

0.57928892

1.30551569
-0.37827506

0.93096022

2.60174647

3.17710206

1.87093556

3.29457897

3.81504339

3.59255174

3.01133074

2.87201579
3.84482088
2.26157799
3.57454633
2.24648587
0.60178978
0.84721941
3.01343356
4.39289287
4.60751018
1.62889927
2.96608992
3.65409790
2.29091665
1.34672494
0.68297640
-1.06557700
-1.76964733
0.36054273
0.72133953
1.31531940
0.08033972
2.58747755
3.17005593
3.12115037
2.50079358
1.19607779
0.84991673
1.94777279
1.68185762
-3.58652988
-3.13545982
-3.42780390



Table S5b: Optimized XYZ coordinates of O-TS1

C
C
C
C
C
C
H
C
H
C
H
H
H
Cc
0
Cc
C
Cc
N
Cc
C
Cc
C
H
C
H
C
H
H
H
0
Cc

1.10149413
-0.09625100
2.39091727
3.50748463
2.61105463
4.75544870
3.36443087
3.86940931
1.76144741
4.95330398
5.59307321
4.00218106
5.93657051
-1.50888281
-2.03550146
-1.01752662
-3.49883667
-0.43916084
-2.09106235
-0.95801508
-1.52920124
-0.35489322
-1.47423645
-2.01024522
-0.29813651
0.08506163
-0.85314065
-1.92148281
0.18192946
-0.80550592
-0.98907787
1.69016623

-1.54408059
-1.21119704
-1.61254446
-0.96901606
-2.33859264
-1.01117996
-0.43171312
-2.39264083
-2.83916812
-1.72411939
-0.49199604
-2.95123975
-1.76119878
-1.16764129
-1.50565810
-0.46816725
-0.47006831

0.88415318
-0.64922771
-1.42597833
-2.70707420
-1.15984731
-3.66141391
-2.95354059
-2.12075474
-0.18002304
-3.38476783
-4.64100531
-1.87055495
-4.13652734

1.91186430

2.09517073

-1.47883575
-1.23729946
-0.89099357
-1.47144361
0.30464318
-0.86781172
-2.40892887
0.88548860
0.77093157
0.31527603
-1.33606551
1.81258390
0.78250152
-1.68544266
-2.72562390
0.38156445
-0.34440136
0.43897979
-0.55293338
1.49124450
1.33166396
2.73764936
2.33651759
0.38559896
3.73713413
2.91253236
3.55197471
2.16276161
4.68439598
4.33912864
0.03221393
0.72430870
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2.97338196
2.00489326
1.13168147
3.92126455
3.47805679
2.72465773
294777117
2.47343361
1.06145736
4.23333635
4.84688098
3.45493679
3.17171016
2.45079876
4.91305627
4.76079650
0.85619843
1.35575916
-3.80652670
-4.02603847
-3.90621574
-3.24025790
-5.25249896
-3.82020737
-5.35016188
-6.41327241
-4.94304410
-4.81724264
-3.71008926
-3.68623795
-4.57519198
-2.78021925

1.92420221
2.34678064
2.96493250
3.10219328
0.99940218
1.77766580
3.53062056
1.43497541
2.49595943
3.32685106
2.93938523
4.01499097
3.68813067
4.45192485
4.18363037
2.44002915
0.92442016
0.03860076
-0.95417019
-0.95661259
0.99062653
1.55998301
1.11579541
1.48363906
1.28765663
1.38912044
0.43117348
2.19455676
2.88402878
3.17909413
3.36764860
3.20555050

1.52996604
-0.75103563
1.11034988
1.34372600
1.19296305
2.59160156
-0.92653877
-1.15904974
-1.29037150
-0.13198631
1.91565846
1.75501673
-1.99187954
-0.57355798
-0.25719677
-0.52423867
0.92614564
0.87212082
0.59773556
-1.17738688
-0.31402945
0.36339944
0.13219784
-1.59926735
1.51379870
1.76233039
2.08022389
1.85357948
-1.63574741
-2.69034585
-1.15214073
-1.14399960



Table S5c: Optimized XYZ coordinates of O-TS1a

C
C
C
C
C
C
H
C
H
C
H
H
H
Cc
0
Cc
C
Cc
N
Cc
C
Cc
C
H
C
H
C
H
H
H
0
Cc

0.65213777
-0.20912156
197115511
2.34163236
2.89265162
3.60298568
1.61571421
4.14914727
2.58378959
4.51039145
3.87240199
4.85344250
5.49691668
-1.56618762
-2.54211081
-0.53761564
-2.96892018
0.13331483
-1.65884188
-0.50269046
0.51573681
-1.45052202
0.53466771
1.35342043
-1.42238416
-2.20128078
-0.43946538
1.35091361
-2.18056428
-0.42054802
0.23237528
1.31287867

-2.21010062
-2.59050291
-2.18788120
-3.10526601
-1.20234735
-3.04555553
-3.85372683
-1.14416636
-0.47824447
-2.06615509
-3.76187875
-0.37093648
-2.01699372
-2.03523585
-2.30139463
-0.86095673
-0.62258384

0.41914290
-1.13089548
-1.55366879
-1.39603069
-2.57255385
-2.14139915
-0.73157497
-3.31148780
-2.80504334
-3.09740839
-1.98111262
-4.08068854
-3.67811794

0.84436180

2.43650164

-1.32759903
-2.17738506
-0.75663218
0.23693907
-1.14153837
0.81862367
0.55395463
-0.55471955
-1.89436973
0.42682681
1.59478655
-0.86374760
0.88799066
-2.05799093
-2.74031587
-0.13071132
-0.64940428
-0.44884166
-0.96908890
1.14968433
2.12556553
1.42752547
3.29756170
1.92332209
2.59835070
0.67437745
3.56496406
4.00424138
2.75434798
4.48660356
-1.59966224
0.43701737

S18
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2.60851404
0.37815714
1.58963541
3.29700618
2.35542611
3.26408358
1.07180085
0.07503081
-0.53958993
2.36585891
4.22274162
3.59876012
0.39655365
1.30927381
2.86349197
2.12467535
0.70040897
0.33334645
-3.27418684
-3.66574399
-3.16150902
-4.22980697
-2.90193214
-2.36074229
-3.03203937
-2.98929957
-4.00124169
-2.22504748
-2.67525200
-3.76399630
-2.33689293
-2.16578923

2.36114547
3.50135503
2.76041878
3.71941306
2.01697921
1.59702519
4.85781508
3.16338291
3.55771231
477767314
3.65311849
4.02971563
5.61193440
5.20408157
5.75924320
4.50905257
1.12762345
0.92512871
-0.92705034
-1.08856087
0.87868908
1.10149336
1.27859648
1.63534768
2.65568364
2.81600330
3.03138535
3.22354562
1.46281107
1.55021403
0.48913619
2.25913680

-0.37047042
-0.14430094
1.45893457
-0.43479316
-1.38343041
0.07300845
-0.21392359
-1.14628107
0.45948706
-1.01631556
-1.02571192
0.58233311
-0.64556781
0.80897001
-1.04823599
-2.05849113
0.60371724
1.52422191
0.36802354
-1.35727918
-0.75308117
-0.48708069
-2.04275990
0.13208644
-2.25519174
-3.33755286
-1.87462442
-1.77137976
1.48064498
1.66008283
1.87387051
2.03798277



Table S5d: Optimized XYZ coordinates of O-TS1b

C
C
C
C
C
C
H
C
H
C
H
H
H
Cc
0
Cc
C
Cc
N
Cc
C
Cc
C
H
C
H
C
H
H
H
0
Cc

3.10953122
2.68953857
3.87551601
3.59524618
4.89153683
4.30620363
2.80200157
5.60215000
5.12327662
5.31244259
4.07056297
6.39144107
5.86747189
1.79687656
2.14305351
0.04880589
-0.49019277
-1.26146075
0.45968771
0.81122714
2.05324498
0.54362122
2.62495005
2.15383077
1.24076530
-0.22546321
2.27687442
3.42477624
0.99396343
2.78804759
-1.67245417
-3.30645696

0.18075683
1.37274750
-0.83261781
-1.07961419
-1.57753245
-2.03436729
-0.49913236
-2.53488506
-1.38886932
-2.77064227
-2.21013768
-3.10126301
-3.52478093
2.21231039
3.23966423
0.43060720
2.66576408
0.31750085
1.77073944
-0.68599328
-0.56948181
-2.00644691
-1.75912875
0.32318893
-3.10800113
-2.13137673
-3.00605495
-1.64161816
-4.08205235
-3.89874643
1.07209791
-1.05204515

-0.09252438
0.09412918
0.61538599
1.96700918
0.00559968
2.68129517
2.43650781
0.71925253

-1.04167301
2.05970246
3.73121023
0.22423747
2.61771229

-0.64063468

-1.22993865

-0.45428129

-1.34305294
0.20708292

-0.68394687

-0.81641312

-1.57547960

-0.30509997

-2.12764475

-2.19350560

-0.72183785
0.45631901

-1.68636472

-2.86176581

-0.29677798

-2.04481410
1.09198872
0.39350881
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-4.33161304
-3.01199356
-3.71321670
-5.60486210
-3.88968032
-4.54750530
-4.28592967
-2.52409980
-2.29000610
-5.30179654
-6.32201060
-6.09068931
-4.05947136
-4.72551821
-6.22725704
-4.89072589
-2.11251949
-1.71410529
-1.24960799

0.04910915
-1.19038188
-1.31076804
-2.47347339
-0.44615724
-3.47842943
-4.43368750
-3.36020484
-3.50298254
-0.89172079
-0.14930003
-1.87160084
-0.97389899

519

-1.62039503
-2.04969717
-0.13525860
-2.05325334
-2.49541288
-0.87558769
-2.47251203
-2.93754771
-1.59874444
-3.04796868
-2.48118473
-1.16346991
-3.19854965
-1.59163834
-3.33520680
-3.97139576
-0.64704672
-1.29762514
2.04756340
3.23986203
3.65969143
3.22534931
3.99507493
4.82717830
3.08640055
3.52295957
2.10599859
2.89374845
5.72472875
6.52768233
6.15848498
5.23648214

-0.57953646
1.51487558
0.85076466
0.13948159

-1.09175086

-1.35934495
2.23621019
1.07277746
2.21022095
1.25542030

-0.57630704
0.57519850
3.03042041
2.73497433
1.77630350
0.81175976

-0.31230652

-0.98001169

-1.83869901

-2.10634518

-0.42054174
0.58993739

-0.93593744

-0.36905941

-0.58697656

-0.90454231

-1.08321537
0.49825243
0.60665082
0.67212250
0.35342289
1.59386424



Table S5e: Optimized XYZ coordinates of O-Int-2

OO0O0O0OO0OIIITOIOIOOOOZO00000IIITIOIOIOOOOOO

-1.24366619
-0.04644931
-2.26793922
-3.52567612
-2.12925588
-4.54330714
-3.67206537
-3.16848937
-1.18103540
-4.38143343
-5.48862380
-3.01868136
-5.18924623
1.15351923
1.51816490
0.82688415
3.28157360
0.21191883
1.86683161
1.20277382
1.69221119
1.12272216
2.06027492
1.76640811
1.48500529
0.74705345
1.95245872
2.42910986
1.40081134
2.23295208
0.65660142
-1.81244107
-2.78419008
-2.55868547

0.78909161
0.34933242
1.26878996
0.61648004
2.41563423
1.04041930
-0.24141405
2.85185002
2.95576342
2.16760071
0.49410030
3.73688405
2.51134300
-0.14099489
-0.32018341
0.17109616
-0.49928445
-0.91812623
-0.33501461
1.45938954
2.51562764
1.65078500
3.72331429
2.38790347
2.86392501
0.84731573
3.90839705
4.52985542
2.98819171
4.85906212
-2.05990687
-1.50736541
-0.77544569
-2.34845852

-2.43404916
-2.06862207
-1.55395953
-1.51702863
-0.73277410
-0.67916857
-2.17419517
0.08134300
-0.74226771
0.13177969
-0.66774296
0.70155729
0.77667796
-2.79327302
-3.94134912
-0.72155467
-1.47123844
0.13529733
-1.61614466
-0.02872514
-0.80856385
1.35264515
-0.23307192
-1.88820532
1.93083210
1.98451755
1.14324642
-0.86619083
3.01045387
1.59569709
0.21582614
1.40325403
2.32154281
0.36782989

S20
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-1.17990650
-3.76996187
-3.34039551
-2.21986529
-3.53682388
-3.10530219
-1.82722806
-4.51764888
-4.47459466
-3.22208704
-4.07436674
-2.97938118
-5.22716316
-5.11353728
-0.92873856
-1.35279557
3.79643089
3.64564527
3.68450732
3.04952992
3.54548783
5.02220762
3.12992187
3.95721147
2.75950444
2.31120449
5.58238001
6.51633201
5.81313804
4.91166001
-1.27416399
-0.92938870
-0.03626199

-2.18133818
-1.73761206
-0.03062600
-0.21271467
-3.30820255
-1.65959159
-2.88425467
-2.55192416
-1.18300522
-2.42783103
-3.89275508
-4.03571075
-3.24308027
-1.86526879
-0.53906937

0.34045929

0.45855677
-0.88536460
-1.44494989
-2.35016364
-0.75411575
-1.78833494
-1.49258839
-2.05516651
-0.76486156
-2.17935982
-2.67335444
-3.05549608
-2.18112099
-3.52882036

0.62673022

0.42431418

0.12127757

2.00570619
2.97283993
1.72313652
3.08026285
1.03234149
-0.29712316
-0.25054579
1.92234608
3.60961292
3.63850026
0.27191670
1.64877494
2.40186059
1.29636794
0.77836282
0.48669941
-1.27292133
-2.43145513
-0.35905263
-0.34244874
0.85343031
-0.62916667
1.97665951
2.44185967
2.70943400
1.72126791
0.29378494
-0.13515602
1.25213236
0.49531972
-4.54052553
-5.43661500
-5.20522572



Table S5f: Optimized XYZ coordinates of O-Int-2a

OO0O0O0OO0OIIITOIOIOOOOZO00000IIITIOIOIOOOOOO

-2.08291291
-2.57194266
-2.73633718
-4.12125968
-2.05289775
-4.78111610
-4.66241333
-2.71797619
-0.97039403
-4.08906249
-5.85499049
-2.15092504
-4.61240986
-1.54589098
-1.50256016
-0.75853814

0.66929585

0.43794290
-0.50199704
-1.04839879
-1.07291093
-1.39784020
-1.40435541
-0.84477916
-1.73010274
-1.41943931
-1.72912748
-1.41472723
-1.99547784
-1.98673319

0.61268167

2.60747693

3.68562871

2.52378274

0.36576824
1.60146823
-0.89486114
-0.89436710
-2.10742902
-2.05230306
0.04921949
-3.27001554
-2.14546068
-3.25392940
-2.01605851
-4.19189263
-4.16323339
2.52977372
3.75679302
0.37684164
2.45397569
-0.25139625
1.79902472
-0.16509074
-1.53485839
0.72179361
-1.99158075
-2.26207078
0.26729781
1.78824701
-1.09438592
-3.06376458
0.98784828
-1.45232387
-0.07922623
-1.38351077
-1.26056502
-2.80746358

-0.58554403
-0.84998330
-0.96913325
-1.21831890
-1.14775331
-1.59976830
-1.13357741
-1.52705160
-1.02888604
-1.74882051
-1.78549658
-1.66229775
-2.04565652
-0.32690949
-0.34931741
0.23790171
0.78197351
-0.50359869
0.26961279
1.63905948
1.93740962
2.66444526
3.20939447
1.16138514
3.93436744
2.44632305
4.21930387
3.40420963
4.70775046
5.21558714
-1.69952577
-0.26147481
0.80615142
-0.80626415
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2.85513238
5.03495398
3.39659349
3.73563744
3.87556057
2.18099016
1.75761137
4.94873650
5.79911393
5.36098608
3.80672588
4.16666989
5.92511494
4.69831221
1.33366280
1.18868279
1.16640253
0.34653918
1.69115735
1.18767902
2.73169323
2.24982323
3.51831332
3.93496937
4.34473632
2.92616812
1.47799613
1.89220585
1.54051632
0.41576619
-4.28336047
-5.27208871
-5.45535155

-0.70976512
-1.73998354
-1.87447303
-0.21513154
-3.28033919
-3.47358481
-2.83962585
-3.16650912
-1.66362853
-1.07165593
-4.31297484
-2.65789230
-3.49223503
-3.84732827
-0.94086092
-0.97030235
1.83119333
3.38770316
2.82062716
2.79678242
1.89424769
4.09664100
1.94419695
2.94993439
1.23396711
1.64682986
5.11887423
6.07417719
5.07589684
5.04449108
2.08381627
2.26424719
2.59215140

-1.09770857
0.28374891
1.67987971
1.14396675

-1.32723316
0.00573857

-1.59371278

-0.24957240
1.07077006

-0.53220757

-1.69847661

-2.19072011

-0.63784809
0.58272390
0.26448157
1.26626669
1.54052184
1.26449371

-0.30218074

-1.29230422

-0.27558559

-0.09009980

-1.43861734

-1.59805751

-1.30896251

-2.32021328

-0.67764174

-0.33602599

-1.78016054

-0.39939851

-1.51327642

-1.59280764

-0.70415338



Table S5g: Optimized XY Z coordinates of O-Int-2b
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-2.93922755
-2.52703184
-3.94398043
-4.00677649
-4.87833303
-4.94262338
-3.29273941
-5.81685406
-4.88375629
-5.85431069
-4.95905299
-6.53306978
-6.58872453
-1.44127999
-1.44554061

0.06299852

0.98237530

1.34047981
-0.14396630
-0.77861739
-2.05876998
-0.55609899
-2.63724337
-1.84094721
-1.27219604

0.19952106
-2.28606310
-3.40919305
-1.08241815
-2.76962621

1.62272102

3.45293330

4.46121864

3.22898225

0.23738942
1.50621179
-0.32069918
0.19067497
-1.30591779
-0.26545137
0.96988535
-1.76974959
-1.70846557
-1.25700651
0.15295416
-2.53412139
-1.62072521
2.02697893
2.96394255
0.17025853
2.39846345
-0.06625013
1.47914001
-0.89034913
-0.69709484
-2.18086196
-1.98647142
-0.07650958
-3.27460490
-2.26835561
-3.18339346
-1.91889519
-4.23239843
-4.09584561
0.45841907
-1.34056448
-1.71898415
-2.49895863

0.73376930
0.65326796
-0.20091281
-1.50740702
0.14338380
-2.42346692
-1.77145136
-0.77377376
1.15369936
-2.06488490
-3.43051233
-0.46922476
-2.78385499
1.39277387
2.20005674
0.61608794
1.13195302
-0.14618308
1.01232083
0.86018207
1.64604539
0.24624916
2.12638198
2.53010646
0.59902834
-0.53516413
1.62503411
2.89566501
0.11546896
1.97646342
-1.21596340
-0.11012512
0.96657232
-1.08181837

Table S5h: Optimized XY Z coordinates of C-Int-1

O o000

2.93763049
1.86677146
4.19152733
5.17595417

-1.37704532
-1.61182407
-1.05476377
-2.04515957

-0.13827990

0.37905251
-0.72189382
-0.85637948
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3.84020326
5.77354219
4.03238375
4.62241437
4.54344668
2.75447921
2.52114543
5.54418152
6.48147691
6.23916801
4.36837576
4.96922101
6.49587270
5.15121170
2.21896821
1.86512656
1.91439965
0.80710512
1.08376699
0.98923764
2.33120255
0.06971525
3.35665909
4.24092079
3.62084965
3.09168556
-0.28297979
-1.27647384
0.44715031
-0.34872159
-3.17341095
-3.09593579
-2.51157242

1.43319020
2.79317467
2.07947142
3.21995307

-0.48338469
-2.19611543
-2.53018195
-0.86274874
-2.96991881
-3.33019012
-2.18067532
-3.35534665
-2.48236379
-1.35933876
-3.81237468
-2.15568626
-3.67808369
-4.21970326
-0.89188722
-1.38944723
1.83795488
3.02481117
3.30777244
2.70824802
3.98987560
4.22876095
3.24955231
3.89628121
2.34330253
2.91713919
4.86250899
5.29010745
5.63925694
4.12897827
3.54143010
4.48142076
4.36128334

0.26473510
3.02933739
3.92688747
1.88834231

-0.68512450
0.35472431
1.58360893
1.63703461

-1.69303948

-0.52994223

-1.85946077

-0.60935619
1.14566389

-0.19333200

-2.37703168

-2.30402098

-1.05623511

-0.04655357
0.50318844
1.31277684
1.27707739
2.01369133

-0.08503570

-1.01339706

-0.10522118
0.01058913

-0.69821492

-0.74948043

-0.12266558

-1.71659530

-1.19255648

-1.02522632

-1.47195886

-2.01431121
0.07408370
0.33710114
1.10658002

2.54079250
1.10959923
-0.71656831
2.89071546



4.46020520
6.40602801
4.95165901
5.69606424
3.69088941
6.66786685
7.16787471
5.90493106
7.63571688
0.70254904
0.69014532
-0.34615536
-1.52138933
-1.52159038
-2.65562227
-1.45813130
-3.62781782
-0.31808976
0.70352769
0.92868757
1.56771430
1.94520399
0.27265056
2.58185217

0.25827557
-1.72694841
-3.05023910

0.56362765

1.02077833
-0.42446920
-2.49873045

1.58404826
-0.17637523
-2.00364031
-3.08729756

0.15724689
-1.51918892

0.44651112
-1.18208995
-2.12120597
-1.45160398
-1.10821942

1.12735084

2.19816526

1.06366468

3.11960170

2.28521657

1.98628818

-1.13708378
-1.41409901
-0.49827648
-1.69028552
-1.00769235
-1.83388912
-1.51764086
-2.00876732
-2.26882750
1.13554891
1.74594759
0.47539445
1.79577117
-0.25362557
1.17280733
2.69483310
1.58426688
1.17775283
0.69396636
-0.20530006
1.81165673
0.00654324
-1.06641466
2.01090622

S23
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3.59601924
-1.72837774
-3.89422024
-4.69716578
-4.74300061
-3.59342415
-5.96274383
-4.98741450
-4.06606672
-6.01576484
-5.00989367
-4.12999922
-6.81591927
-6.54249092
-5.67971724
-6.63142551
-5.74085283
-7.72190289
-7.15801780
-2.64013624

2.85458479

2.22913646

2.65603744

3.75019655
1.39748825
-0.12129754
-1.36439271
0.86451495
0.39294524
-0.98176187
-1.91752414
-2.04424191
1.23493680
0.41213732
1.75128188
-0.00801125
-1.88034933
-0.50501378
1.92627337
1.77626302
0.26756525
-0.51077550
-0.44672418
-4.60770900
-4.20365953
-4.09334347

1.26302993
-1.02388568
-0.65891612
-1.03013689

0.14381002
-1.58327567
-1.79106929
-0.11915510
-1.61990685
-0.60832110

1.11604072

0.35204472
-0.98448700
-2.04981753
-2.74522684
-0.01373483
-1.52968042
-1.54531105
-0.06251524
-0.00054394

0.52938981

1.16409531
-0.26286242



Table S5i: Optimized XYZ coordinates of C-TS1

C
C
C
C
C
C
H
C
H
C
H
H
H
Cc
0
Cc
C
Cc
C
H
H
N
C
Cc
C
Cc

1.59295407
1.43655751
2.31153094
3.48038637
1.88127438
4.19640169
3.80173773
2.60860455
0.97098229
3.76347781
5.10039860
2.26264630
4.32580107
0.51403601
0.16269403
0.34286430
-1.16988953
-0.78993472
-2.20208523
-1.20243618
-3.14441767
0.00586936
1.43055855
1.68037538
2.29474028
2.71629630

0.24677205
1.32910958
-0.99316250
-1.15750692
-2.04795878
-2.34412499
-0.32969520
-3.23192699
-1.92822407
-3.38896821
-2.45399445
-4.04526604
-4.32208952
2.36006775
3.38057545
0.82562147
2.70183721
-0.03268387
1.94077395
3.78544200
2.35315957
2.04207535
0.91867260
-0.07069364
2.03040255
0.06060918

1.86923997
2.50878408
1.75008578
2.51389065
0.93595141
2.46532342
3.14414035
0.89159496
0.34677694
1.65126541
3.06488727
0.25379985
1.61162215
2.04655817
2.61612565
0.07368551
0.37170129
-0.21348024
-0.00145710
0.43263834
-0.35752580
0.76168129
-0.91732946
-1.88943886
-0.91386652
-2.80417553

S24
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1.03752624

3.32910521

2.13716124

3.55495098

2.86897087

3.97077828

437187111
-0.73834847
-3.22898616
-4.38735928
-3.67312902
-2.88322619
-5.55520254
-4.73341683
-4.03797442
-4.85452148
-3.95676036
-2.81502538
-6.01039573
-6.39031515
-5.24092409
-5.18355130
-4.52855864
-6.85013761
-6.38843730
-2.06659618

-0.94586544
2.15419539
2.81238121
1.17150186

-0.72758473
3.03583343
1.26550406

-1.19843273

-0.28434377
0.00255980

-0.19676580

-1.31418776

-0.93871191
1.04284943

-0.08690921

-1.12031879
0.84456248

-0.45175940

-0.83571450

-0.72426824

-1.97641675

-1.02964001

-2.16584673

-1.52065476
0.18524521
0.54798508

-1.91981513
-1.82987284
-0.17337055
-2.79017414
-3.54347846
-1.78931554
-3.50569964
-0.63729295
-0.29668539

0.65380281
-1.75624418
-0.12508648

0.37602536

0.52822095

1.69196469
-2.02963475
-1.99128620
-2.39224847
-1.07609332

1.05913679

0.58123546
-3.07539812
-1.89468579
-1.26743143
-1.26094275
-0.02371789



Table S5j: Optimized XYZ coordinates of C-TS1a

TOITOOO0O0OZ00000IIITOIOIOOOOOO

-2.62171000
-1.57923400
-3.52689500
-3.37259200
-4.66247900
-4.28265600
-2.50288100
-5.58248500
-4.78597400
-5.40411200
-4.11993200
-6.45117100
-6.12635600
-0.80913600
-0.90870300
-0.10673200

1.52081400

0.86100500

0.19520000
-0.53249700
-0.60040700
-0.96876300
-1.07684400
-0.28297800
-1.44403100
-0.91731500

0.63812300
0.00654600
1.39497000
2.80143500
0.83696700
3.58489400
3.24739000
1.63782200
-0.24548200
3.01751900
4.66222800
1.17326400
3.64145600
-0.37393800
-0.09455100
-0.89969700
-1.19326700
-0.03119600
-1.13559000
-2.08324300
-3.35135300
-1.96217500
-4.45078000
-3.45766100
-3.06625500
-0.98332900

0.98620700
1.32012400
0.22704600
0.14595000
-0.40725700
-0.54190100
0.62730500
-1.06631300
-0.39071300
-1.14922400
-0.60084400
-1.53531000
-1.67500500
2.52793800
3.70030900
0.49912300
2.35018300
-0.17438900
1.90256100
-0.27201200
0.32499100
-1.60261900
-0.37681900
1.36137600
-2.29891900
-2.07461400

S25
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-1.50526200
-1.11231600
-1.77786800
-1.87878300
0.71119800
3.07725600
4.10141400
3.77028300
2.53709900
5.11874500
4.65415300
3.57901600
4.72129300
4.35070000
3.01828500
5.78196900
5.87555000
4.61416000
5.16665000
4.13992900
6.51110300
6.34827700
2.04647400
2.42518500
1.75331300
3.48289800

-4.32034200
-5.42387100
-2.94069200
-5.18340600
0.44717700
0.97391300
1.67697100
0.07748900
1.75845700
2.45033800
0.95094400
2.34696900
0.91001400
-0.68969800
-0.44120600
1.55307700
2.89863900
3.28698100
0.31794800
1.71389700
2.11996400
0.76083300
0.27544300
-0.50235300
-1.74460200
-0.52188700

-1.69532000
0.11521700
-3.32987800
-2.24631400
-1.29721200
-0.22077500
0.66832200
-1.24527200
-0.77023800
-0.16930800
1.28676100
1.36644700
-2.09560600
-0.70054100
-1.85084900
-1.20994600
0.49141600
-0.68124300
-2.90741200
-2.57887400
-1.80751500
-0.68910600
0.54858400
1.65067600
3.25753000
1.90032600



Table S5k: Optimized XYZ coordinates of C-TS1b

C
C
C
C
C
C
H
C
H
C
H
H
H
Cc
0
Cc
C
Cc
N
Cc
C
Cc
C
H
C
H

0.86887390
-0.05617939
2.31158924
2.90979905
3.14074882
4.29165303
2.27098751
4.52174280
2.66881006
5.10372196
4.73890785
5.14930846
6.18792341
-1.39760266
-2.40092316
-0.56255866
-2.81427311
-0.58625812
-1.54387003
0.29882543
0.16363970
1.40670624
0.89205767
-0.81603769
2.18455666
1.60508434

-2.27956694
-1.79526488
-2.46748383
-3.69964716
-1.37920424
-3.84386404
-4.54817556
-1.52186913
-0.41946775
-2.75580676
-4.81329981
-0.66263864
-2.86760369
-1.39021341
-1.78877992
-0.00925523

0.17019164

1.39096595
-0.41306146
-0.94293667
-2.37126495
-0.56278029
-3.29237841
-2.71436504
-1.49410527

0.49480370

-1.24641205
-1.97816617
-1.26646707
-0.98195615
-1.56929695
-1.00879168
-0.74007007
-1.59465259
-1.77615725
-1.31400495
-0.78822637
-1.83123309
-1.33101577
-1.74392086
-2.34857285
0.24072351
-0.62460249
0.61757980
-0.72887729
0.85237946
0.60159167
1.67937515
1.41539110
0.26939631
2.31585213
1.80883615

S26

I OIZIIIIIIOIIOIIOIOOOnOoOITITIO

1.92706861

0.65113791

3.01336120

2.53757472

0.29591155
-1.87079960
-2.54319038
-2.55092067
-0.82810378
-2.55069288
-3.58493348
-2.02645784
-2.57801513
-3.58394932
-2.01579764
-3.23931075
-3.03826857
-1.51013839
-3.08959926
-1.54135044
-3.23305275
-4.29963984
-1.77196528
-3.64272959
-2.91378708
-3.87103995

-2.88423099
-4.35326513
-1.14973459
-3.60191540
2.00628408
3.48194843
4.35800151
3.63859238
3.81136020
5.81720227
4.02991323
4.23417670
5.09885107
3.25165953
3.01741373
5.97893377
6.44583751
6.17514198
5.20483830
5.44348783
7.03380236
5.68743192
2.09208797
-0.41452117
1.40097997
1.89622796

2.20964105
1.32127389
2.93633981
2.75756776
1.22695507
0.69931736
-0.35367083
2.05974823
0.81613402
0.08869014
-0.51308506
-1.31576378
2.49602692
1.99854049
2.79107266
1.44035182
-0.67101832
0.17163386
3.46413393
2.65152012
1.75362547
1.33950385
0.28678841
-1.00603109
-0.11999407
0.02408847



Table S51: Optimized XYZ coordinates of C-Int-2

OIT O O0O0OO0OZITITOO0OO000O0O0IITITOIOOIOOO0OOOOOO

1.82164114
2.08465710
2.68678320
3.85130022
2.43579384
4.71207591
4.06804304
3.30395281
1.53440758
4.45060897
5.60365111
3.07340870
5.13101095
1.02568635
0.78862719
0.59318921
-1.02606819
-0.59795275
-2.00537348
-1.13027953
-2.96230082
0.18778660
0.99115941
0.38274989
2.00862651
0.78152162
-0.40662028
2.40384340

-0.34766443
-0.01751452
-1.20005380
-1.75226279
-1.48022847
-2.53671924
-1.55065403
-2.26330847
-1.10000680
-2.79790317
-2.95045453
-2.45834321
-3.41371560
0.92673034
1.48490986
0.39597654
1.81444620
-0.47133228
1.36472918
2.65525554
1.86374860
1.17143362
1.34373022
1.34532439
2.26949743
2.24415139
0.62593125
3.16974898

1.22066429
2.51382719
0.38596090
0.95241660
-0.96505886
0.20020420
2.00222709
-1.71806804
-1.43612268
-1.14393422
0.67313015
-2.76609517
-1.73307667
2.91177626
3.96923874
0.62317475
1.80176843
0.20179233
1.00585374
2.48218813
0.89666199
1.77957198
-0.51281217
-1.76705441
-0.26746114
-2.75369090
-1.99016456
-1.24578670

S27
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2.4931639%4

1.79074769

0.29344375

3.20140683

2.10289606
-0.50072696
-2.99525868
-3.77016470
-3.90595061
-2.58187598
-4.94212302
-4.13941666
-3.08017656
-5.06262526
-4.32465391
-3.31974550
-5.85055405
-5.51192962
-4.55175171
-5.72096191
-4.66364553
-6.68020266
-6.30705689
-1.82455029

3.45212939

4.31781455

4.86533196

2.26159694
3.16290141
2.22419230
3.88095890
3.86779066
-1.61553570
-0.55362299
-1.21000647
0.30951677
-1.35569719
-2.02392237
-0.42732452
-1.84042468
-0.52348427
1.14087107
0.76396103
-1.16989764
-2.46979621
-2.86477401
0.09957949
-1.31388115
-1.77112376
-0.37640917
0.17405159
-0.58054125
-0.79365078
-0.06480647

0.70864113
-2.49714793
-3.72809086
-1.03217295
-3.26731641
-0.21504550
-0.21563842

0.92374144
-1.08274424
-0.84497005

0.38711132

1.60906160

1.50141119
-1.62636122
-0.49083295
-1.89542075
-0.49127648

1.21499080
-0.21095508
-2.24912881
-2.28452685
-0.89156717

0.12583630

0.26895804

3.71709537

4.18526699

3.86912330



Table S5m: Optimized XYZ coordinates of C-Int-2a

C
C
C
C
C
C
H
C
H
C
H
H
H
Cc
0
Cc
C
Cc
C
H
H
N
C
Cc
C
Cc
H
Cc

2.56542163
1.47341432
2.99280763
2.44827709
4.04576707
2.90862162
1.62794472
4.48444073
4.49229316
3.92291623
2.45190935
5.28203637
4.27649016
0.92055114
1.09728504
0.31206832
-1.34663306
-0.81207714
-2.33430279
-1.50887548
-3.36181352
-0.05105963
0.74252677
1.10861623
0.83090920
1.56743506
1.05259657
1.28371766

0.69250319
1.19877292
-0.66996697
-1.74471286
-0.97208560
-3.04212243
-1.54256970
-2.27311723
-0.15511264
-3.32799888
-3.84953157
-2.46952810
-4.34958158
2.56943673
3.67759745
0.74100737
2.57888514
-0.06504954
1.68836634
3.59319256
1.90268215
2.16161252
0.10841747
-1.24192506
0.85837257
-1.81722081
-1.83299451
0.27661466

1.20925322
0.64093667
1.04174582
1.77653873
0.14976747
1.59799371
2.46301715
-0.03529824
-0.41801752
0.68562412
2.17329460
-0.75408945
0.54688554
0.55189998
1.00919877
-0.33143829
-0.67052841
0.29313825
-0.51552347
-1.02664432
-0.79573630
-0.41159953
-1.63013111
-1.66255843
-2.80335549
-2.84030182
-0.74916887
-3.98335732

S28
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0.55292711

1.65617286

1.87351841

1.34849831

2.01948365
-0.63404318
-3.23154238
-3.90162159
-4.24065187
-2.78789419
-5.04285607
-4.29240488
-3.14380854
-5.37061929
-4.67480749
-3.72677546
-6.05233769
-5.53443032
-4.62992737
-6.09970106
-4.95798747
-6.86332683
-6.52183238
-2.09576810

3.47913248

3.60300456

2.81730426

1.91085855
-1.06294435
-2.86301666

0.87866309
-1.51632832
-1.08605739
-0.37023909

0.28913173
-0.68238206
-1.31772962
-0.57323478

1.27896691

0.46555746
-1.55203431

0.25234997
-1.17197971
-0.88470796
-0.07877458
-1.52072380
-1.76874205
-2.52399167
-1.51939263

0.05641299

0.41076482

2.28208747

3.20330783

3.62038193

-2.78034053
-4.00733234
-2.83654761
-4.89002327
-4.92949891
0.93594005
0.51326992
1.71553032
-0.58763116
0.85054628
2.24375525
1.42184318
2.49165628
-0.04581239
-0.98239339
-1.42652837
1.14374267
3.09377053
2.62954227
-0.83994423
0.27362586
1.52994181
0.80772177
0.02345156
2.23811947
2.55805084
2.17143149



Table S5n: Optimized XYZ coordinates of C-Int-2b

TOITIOITOOOOZ00000IITITOIOIOOOOOO

-2.70856622
-2.04159219
-3.78024086
-4.98338528
-3.61005651
-5.97057287
-5.15483756
-4.59075305
-2.67967839
-5.77859870
-6.90229970
-4.42645548
-6.55076260
-0.88490554
-0.67141678

0.17478952

1.47700095

1.38219853

0.24002576
-0.92111345
-2.07264444
-1.07783215
-2.97783935
-1.68211902
-2.05923126
-0.36938705
-2.98977380
-3.68199445

1.03745240
1.93645042
0.18869852
-0.08826860
-0.34053300
-0.86697698
0.32842664
-1.12047743
-0.11220576
-1.39219566
-1.05704588
-1.52291108
-2.00430260
2.59027600
3.81084219
0.33142741
2.35029208
-0.45874179
1.71979387
-0.23617602
0.65211202
-1.65393957
0.05480389
1.60300612
-2.13632364
-2.32750645
-1.26150595
0.73218547

0.00808775
-0.71534572
-0.56427381

0.09500315
-1.85089821
-0.50017413

1.08604651
-2.44825939
-2.36937151
-1.77346447

0.03388779
-3.44824182
-2.23992088
-0.23864387
-0.16944562

0.37458270

0.17957951

0.03397150

0.08649889

0.99746597

1.40407262

1.22234295

2.41939783

1.79765916

2.02475911

0.75545206

2.69207495

2.90608228

S29
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-2.13451731
-3.70081461
1.40899356
3.79835664
4.70151700
4.54822875
3.46911583
5.93810800
5.02773104
4.13699588
5.79949249
4.82915776
3.86694704
6.70035811
6.58948344
5.62799298
6.34761638
5.49787022
7.58778538
7.06979325
2.56480608
1.43004866
2.60659710
3.58639374
-2.71270113
-2.78959480
-2.02288813

-3.21169586
-1.67984234
-1.68219227
-0.48334091
0.15947463
-0.72324907
-1.46101251
-0.70289758
1.15814330
0.31022133
-1.56253180
0.24860788
-1.21492454
-0.93068304
-0.23771644
-1.67812975
-1.70575656
-2.56734202
-1.55615630
0.04050667
0.26351289
3.42800424
1.64429794
2.09807132
4.48342661
3.51357623
4.62720512

2.18667502
3.40525663
-0.09024249
-0.32994681
-1.37734086
0.97891859
-0.70897660
-1.61068356
-1.04147067
-2.30809511
0.74664655
1.42188342
1.68714244
-0.30910086
-2.36452442
-2.02282276
1.68909193
0.40528886
-0.48575235
0.06389831
-0.10767240
0.27926477
0.11066216
0.21884295
-2.11293129
-2.02563669
-1.44203925



5. Experimental procedures and characterization data:

5.1. General procedure A for the synthesis of 3a-3aa:

HoN"  CH(OMe), o/ Q %
MeOH TFA , THF Y

R'—CHO _ T RN " . %\NK , —NaH, THF (\ p
R2-—=—CO,H rt, 12 h I LOMe reflux, 6 - 8 h Rs/”%w R® o°c-i,26h R? ]

o R R?

3 O~ 'NH "OMe e}
R*—N= R3 1 2 3

Equimolar mixture of aminoacetaldehyde dimethyl acetal (0.475 mmol), aldehyde (0.475 mmol),
acid (0.475 mmol) and isocyanide (0.475 mmol) were dissolved in methanol (4.0 mL) in an oven
dried round bottom flask and stirred at room temperature for 12 h. After consumption of all the
substrates (based on TLC), the solvent was removed under vacuum. The crude adduct 1 was
dissolved in THF (6.0 mL), trifluoroacetic acid (9.51 mmol) was added to it at room temperature
and the reaction mixture was refluxed for 6-8 h. After completion of the reaction (based on
TLC), the reaction mixture was cooled to room temperature and the solvent was evaporated
under reduced pressure. The resultant crude mixture was then dissolved in dichloromethane and
washed with saturated sodium bicarbonate solution (2.0 mL x 2). Aqueous layer was extracted
with dichloromethane (10.0 mL x 2) and the combined organic layers were dried over anhydrous
sodium sulfate, filtrate was concentrated under reduced pressure. The residue was purified by

column chromatography to afford desired product 2.

Dihydropyrazinone 2 (0.127 mmol) was dissolved in anhydrous THF (4.0 mL), after complete
dilution of starting material, sodium hydride (60% dispersion on mineral oil) (0.381 mmol) was
added portion-wise at 0 °C and the reaction was kept at room temperature. After consumption of
starting material (based on TLC), the reaction mixture was filtered through a celite pad, filtrate
was concentrated under reduced pressure. The residue was purified by column chromatography

to afford desired product 3.
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5.2. General procedure B for the synthesis of 5a-5aa:

O MeO
P RZ
R'-CHO MeOH OMe NaH, THF I N TFA, THF No,
— > 1 — R R N
RZ-=co,nH 12" Ry oMe 0°C-rt.26h oy’ R reflux, 6-8 h 7R

N i I ’NH RZ (@]
_N=- 07 "NH 5

RN= R 1 R® 4 5

Equimolar mixture of aminoacetaldehyde dimethyl acetal (0.475 mmol), aldehyde (0.475 mmol),
acid (0.475 mmol) and isocyanide (0.475 mmol) was dissolved in methanol (4.0 mL). The
resulting mixture was stirred at room temperature for 12 h. On completion of the reaction (based
on TLC), methanol was removed in vacuo. The crude Ugi adduct 1 was dissolved in THF (6.0
mL), sodium hydride (60% dispersion on mineral oil) (1.43 mmol) was added portion-wise at 0
°C and the reaction was stirred at room temperature for 2-6 h. On completion of the reaction
(based on TLC), the reaction mixture was filtered through a celite pad and the filtrate was
concentrated under reduced pressure. The residue was purified by column chromatography to

afford desired product 4.

p-lactam 4 (0.109 mmol) was then dissolved in THF (4.0 mL), after complete dilution of starting
material, trifluoroacetic acid (2.18 mmol) was added at room temperature and the reaction was
refluxed for 6-8 h. After completion of the reaction (based on TLC), the reaction mixture was
cooled to rt and the solvent was evaporated under reduced pressure. The resultant crude mixture
was then dissolved in dichloromethane and washed with saturated sodium bicarbonate solution
(3.0 mL x 2). Aqueous layer was extracted with dichloromethane (10.0 mL x 2) and the
combined organic layers were dried over anhydrous sodium sulfate. The filtrate was
concentrated under reduced pressure and the residue was purified by column chromatography to

afford desired product 5.
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5.3. Gram-Scale synthesis of compound 3t:

M
HZNA(O e o
OMe
NCOCHO MeOH,t,  peo TFATHE K\N N NaH, THF
Ph————>
12h reflux 8h 0°C-rt,2h Cy
Ph—==—COOH OMe 82% o 87%
4 CN
Cy-NE=- over two steps) 2t

Equimolar mixture of aminoacetaldehyde dimethyl acetal (0.510 mL, 4.76 mmol), 4-
cyanobenzldehyde (590.0 mg, 4.76 mmol), phenylpropiolic acid (695.0 mg, 4.76 mmol), and
cyclohexyl isocyanide (0.592 mL, 0.475 mmol) were dissolved in methanol (15.0 mL) in an oven
dried round bottom flask and stirred at room temperature for 12 h. After consumption of all the
substrates, the solvent was removed under vacuum. The crude adduct 1t was dissolved in THF
(20.0 mL), trifluoroacetic acid (6.19 mL, 95.11 mmol) was added to it at room temperature and
the reaction mixture was refluxed for 8 h. After completion of the reaction, the reaction mixture
was cooled to room temperature and the solvent was evaporated under reduced pressure. The
resultant crude mixture was then dissolved in dichloromethane and washed with saturated
sodium bicarbonate solution (10.0 mL x 2). Aqueous layer was extracted with dichloromethane
(25.0 mL x 2) and the combined organic layers were dried over anhydrous sodium sulfate,
filtrate was concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (15% ethyl acetate/hexane) to afford desired product 2t as a grey solid (1.78 g,

82%).

To a stirred solution of 2t (1.78 g, 4.35 mmol) in anhydrous THF (20.0 mL), after dilution of
reaction mixture then sodium hydride (312.0 mg, 13.04 mmol) was added portion-wise at 0 °C
and the reaction was kept at room temperature for 2 h. After completion of the reaction (based on

TLC), reaction mixture was filtered through a celite pad, filtrate was concentrated under reduced
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pressure. The residue was purified by column chromatography (30% ethyl acetate/hexane) to

afford desired product 3t as a yellow solid (1.32 g, 87%).

5.4. Gram-Scale synthesis of compound 5j:

cy 0 MeO
OMe e
HzN/\( HN o
OMe MeOH Mmoo _ NaH, THF _TRATHF
—_—
F«i%CHO i, 12 h Toc-man T reflux 8h
OMe 67% 90%
Ph—=——COOH (over two steps)

+
Cy—N=

Equimolar mixture of aminoacetaldehyde dimethyl acetal (0.510 mL, 4.76 mmol), 4-
fluorobenzaldehyde (0.513 mL, 4.76 mmol), phenylpropiolic acid (695.0 mg, 4.76 mmol), and
cyclohexyl isocyanide (0.591 mL, 0.0475 mmol) was dissolved in methanol (15.0 mL). The
resulting mixture was stirred at room temperature for 12 h. On completion of the reaction,
methanol was removed in vacuo. The crude Ugi-adduct 1j was dissolved in THF (20.0 mL),
sodium hydride (570.0 mg, 14.27 mmol) was added portion-wise at 0 °C and the reaction was
stirred at room temperature for 2 h. On completion of the reaction, the reaction mixture was
filtered through a celite pad and the filtrate was concentrated under reduced pressure. The
residue was purified by column chromatography (30% ethyl acetate/hexane) to afford desired

product 4j as a white solid (1.48 g, 67%).

To a stirred a solution of 4j (1.48 g, 3.17 mmol) in THF (20.0 mL) was added trifluoroacetic acid
(4.17 mL, 63.44 mmol) at room temperature and the reaction was refluxed for 8 h. After
completion of the reaction (based on TLC), the reaction mixture was cooled to rt and the solvent
was evaporated under reduced pressure. The resultant crude mixture was then dissolved in
dichloromethane and washed with saturated sodium bicarbonate solution (6.0 mL x 2). Aqueous
layer was extracted with dichloromethane (30.0 mL x 2) and the combined organic layers were
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dried over anhydrous sodium sulfate. The filtrate was concentrated under reduced pressure and
the residue was purified by column chromatography to afford desired product 5j as a white solid

(1.15 g, 90%).

N-(2-(Benzylamino)-2-0xo-1-phenylethyl)-N-(2,2-dimethoxyethyl)-3-phenylpropiolamide (1a):

oM
H,N © Bn
OMe HN_ _O
MeOH, rt MeO
CHO 2 W/\N
_—
. 12 h OMe
Ph—=——COOH — 0
+ =
Bn—N=- Ph 1a

Equimolar mixture of aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475 mmol),
benzaldehyde (0.049 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475 mmol), and benzyl
isocyanide (0.058 mL, 0.475 mmol) were dissolved in methanol (4.0 mL) in an oven dried round
bottom flask and stirred at room temperature for 12 h. After consumption of all the substrates,
the solvent was removed under vacuum. The resultant crude mixture was then dissolved in
dichloromethane and washed with saturated sodium bicarbonate solution (4.0 mL x 2). Aqueous
layer was extracted with dichloromethane (4.0 mL x 2) and the combined organic layers were
dried over anhydrous sodium sulfate, filtrate was concentrated under reduced pressure. The
residue was purified by column chromatography (25% ethyl acetate/hexane) to afford desired
product 1a as yellow oil (190.0 mg, 87%). Two rotamers were present on NMR timescale (R :
R?=1:0.6); 'H NMR (400 MHz, CDCl3): ¢ 8.45 (t, J = 5.0 Hz, 1H), 7.62 — 7.59 (m, 2H), 7.56
—7.52 (m, 1.3H), 7.49 — 7.42 (m, 3H), 7.41 — 7.36 (m, 6.7H), 7.35 — 7.26 (m, 9.6H), 7.25 — 7.20
(m, 1.7H), 6.66 (t, J = 5.5 Hz, 0.6H), 6.32 (s, 1H), 5.77 (s, 0.6H), 4.89 (dd, J = 7.3, 3.9 Hz, 1H),
4.72 (dd, J = 14.7, 6.1 Hz, 1H), 4.55 (dd, J = 14.9, 5.8 Hz, 0.6H), 4.48 (dd, J = 9.9, 4.9 Hz, 1H),

4.44 (d, J = 4.8 Hz, 0.6H), 4.31 (t, J = 5.2 Hz, 0.6H), 3.82 (dd, J = 15.2, 5.2 Hz, 0.6H), 3.70 (dd,
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J =153, 5.3 Hz, 0.6H), 3.34 (dd, J = 14.4, 3.9 Hz, 1H), 3.27 (s, 3H), 3.23 (s, 1.7H), 3.19 (s,
1.6H), 3.05 (s, 3H), 2.79 (dd, J = 14.4, 7.3 Hz, 1H); 3C NMR (100 MHz, CDCl3): § 169.2,
168.9, 156.9, 156.2, 138.13, 134.6, 134.4, 133.2, 132.6, 130.8, 130.4, 129.9, 129.7, 129.2, 129.0,
128.9, 128.9, 128.8, 128.8, 128.7, 128.2, 127.9, 127.6, 127.5, 120.4, 119.8, 103.5, 102.0, 93.1,
91.5,82.0, 81.4, 68.2, 64.8, 55.8, 55.3, 55.0, 54.7, 50.7, 47.1, 44.0, 43.9; HRMS (ESI) m/z calcd
for C2sH20N204 [M+H]* 457.2127; found: 457.2128.

2-Benzyl-8,8a-diphenylpyrrolo/1,2-a/pyrazine-1,6(2H,8aH)-dione (3a):

OMe Bn
H2Nm HN__O Q
e
@\ MeOH, rt, MeO TFA, THF (\NK NaH, THF P
_— = —_ _ =
CHO 12 h W/\N reflux, 6 h B N Ph 0°C-rt,4h Bn
OMe o, n 0,
Ph—==—COOH = Yo 75% o 60%
. Ph = (over two steps)
Bn—N=- 1a 2a

According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), benzaldehyde (0.049 mL, 0.475 mmol), phenyl propiolic acid (70.0 mg, 0.475 mmol),
and benzyl isocyanide (0.058 mL, 0.475 mmol), in methanol (4.0 mL) to perform Ugi-4CC,
followed by the second step with trifluoroacetic acid (0.830 mL, 9.51 mmol) in THF (6.0 mL),
compound 2a was prepared and purified by silica gel column chromatography (15% ethyl
acetate/hexane) as a yellow solid (140.0 mg, 75%). Two rotamers were present on NMR
timescale (R!: R2=1: 1); m.p: 126-128 °C; 'H NMR (300 MHz, CDClz): & 7.56 (dd, J = 8.2,
1.4 Hz, 2.33H), 7.48 — 7.36 (m, 14H), 7.35 — 7.31 (m, 8.46H), 7.29 (d, J = 1.8 Hz, 2H), 7.23 (dd,
J=17.3,2.0Hz, 2H), 7.18 — 7.14 (m, 2H), 6.86 (dd, J = 6.2, 1.4 Hz, 1H), 6.77 (dd, J=6.1, 1.4
Hz, 1H), 6.29 (s, 1H), 6.25 (s, 1H), 5.71 (dd, J = 9.4, 6.1 Hz, 2H), 4.78 (s, 2H), 4.74 (d, J = 2.4
Hz, 2H); 13C NMR (100 MHz, CDCls): § 164.3, 164.2, 163.4, 163.3, 161.8, 161.7, 152.4, 151.9,
135.9, 135.6, 132.8, 132.7, 131.9, 131.8 131.7, 131.6, 131.0, 130.9, 129.1, 129.0, 128.8, 128.7,

128.3, 128.2, 128.1, 128.0, 127.9, 119.7, 119.5, 116.2, 116.0, 115.7, 114.7, 113.6, 109.4, 107.8,
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93.2, 93.0, 80.6, 80.3, 62.3, 58.1, 49.5, 49.4; HRMS (ESI) m/z calcd for C2sH21N202 [M+H]"
393.1603; found: 393.1587.

Using 2a (50.0 mg, 0.127 mmol) and sodium hydride (9.0 mg, 0.381 mmol) in THF (4.0 mL),
the titled compound was prepared and purified by silica gel column chromatography (20% ethyl
acetate/hexane) to yield 3a as a yellow solid (30.0 mg, 60%); m.p: 194 -196 °C; *H NMR (300
MHz, CDCls): 6 7.29 (dd, J =12.8, 5.0 Hz, 11H), 7.23 (d, J = 2.0 Hz, 4H), 6.56 (s, 1H), 6.43 (d,
J=5.3 Hz, 1H), 5.83 (d, J = 5.3 Hz, 1H), 4.89 (d, J = 14.7 Hz, 1H), 4.74 (d, J = 14.8 Hz, 1H);
13C NMR (100 MHz, CDClz): § 169.1, 162.7, 160.9, 135.8, 134.8, 132.2, 129.9, 129.4, 129.1,
129.0, 128.8, 128.4, 128.2, 128.1, 126.1, 122.0, 117.4, 106.9, 72.9, 50.1; IR (CHCIz) vmax (cm™)
= 1066, 1675, 2922, 3394, 3740, 3840; HRMS (ESI) m/z calcd for CasH21N202[M+H]"

393.1603; found: 393.1601.

2-Benzyl-8-phenyl-8a-(p-tolyl)pyrrolo/1,2-ajpyrazine-1,6(2H,8aH)-dione (3b):

HQN/YOMe Bn

‘ 0
OMe HN._O
MGOCHO MeOH, rt, MeO _TFA,THF _ fN)\ NaH, THF
TAN reflux, 6 h Bn/N Phgec-rt,4h Bn
= 12h M )
Ph—==—COOH OMe~o M 78% o 56%

N Ph Z 1b (over two steps) Me

2b

According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 4-methyl benzaldehyde (0.056 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475
mmol), and benzyl isocyanide (0.058 mL, 0.475 mmol) in methanol (4.0 mL) to perform Ugi-
4CC followed by the second step with trifluoroacetic acid (0.830 mL, 9.51 mmol) in THF (6.0
mL), compound 2b was prepared and purified by silica gel column chromatography (20% ethyl
acetate/hexane)as a white oil, (152.0 mg, 78%). Two rotamers were present on NMR timescale
(R':R?=1:1); *H NMR (300 MHz, CDCls): ¢ 7.55 (dd, J = 8.2, 1.5 Hz, 2H), 7.45 (ddd, J =
9.1, 6.9, 1.6 Hz, 4H), 7.39 — 7.28 (m, 13H), 7.26 — 7.22 (m, 3H), 7.16 (dt, J = 10.1, 5.5 Hz, 6H),
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6.84 (dd, J = 6.2, 1.5 Hz, 1H), 6.75 (dd, J = 6.1, 1.4 Hz, 1H), 6.25 (s, 1H), 6.21 (s, 1H), 5.71 (dd,
J=9.1, 6.1 Hz, 2H), 4.77 (s, 2H), 4.73 (s, 2H), 2.34 (s, 3H), 2.32 (s, 3H); 13C NMR (125 MHz,
CDCls):6 163.7, 163.6, 152.5, 152.5, 152.0, 138.8, 138.6, 136.0, 135.8, 133.0, 132.9, 132.8,
132.7, 130.8, 130.8, 129.8, 129.6, 129.0, 128.7, 128.3, 128.2, 128.1, 128.0, 126.8, 126.1, 119.8,
120.0, 114.8, 113.8, 109.6, 108.0, 92.9, 92.8, 80.8, 80.5, 77.41, 77.2, 76.9, 62.7, 58.5, 49.5, 49.4,
21.2; IR (CHCI3) vmax (cm) = 699, 741, 961, 1358, 1432, 1511, 1649, 1657, 3024; HRMS
(ESI) m/z calcd for C27H23N202 [M+H]": 407.1760 ; found: 407.1751.
Using 2b (52.0 mg, 0.127 mmol), sodium hydride (9.0 mg, 0.381 mmol) in THF (4.0 mL), the
titled compound was prepared and purified by silica gel column chromatography (30% ethyl
acetate/hexane) to yield 3b as a yellow solid, (29.0 mg, 56%); m.p: 163-166 °C; *H NMR (300
MHz, CDCls): § 7.36 — 7.30 (m, 5H), 7.29 — 7.21 (m, 5H), 7.14 — 7.04 (m, 4H), 6.55 (s, 1H),
6.42 (d, J = 5.4 Hz, 1H), 5.83 (d, J = 5.4 Hz, 1H), 4.81 (dd, J = 44.0, 14.7 Hz, 2H), 2.32 (s, 3H);
13C NMR (125 MHz, CDCls): ¢ 169.0, 162.8, 160.9, 139.3, 135.8, 132.3, 131.7, 129.8, 129.8,
129.0, 128.9, 128.4, 128.2, 128.1, 126.01, 121.8, 117.3, 106.8, 72.7, 50.0, 21.3; IR (CHCI3) vmax
(cm-1Y) = 1067, 1675, 2921, 3395, 3738, 3838; HRMS (ESI) m/z calcd for C27H23N202 [M+H]™:
407.1760; found: 407.1752.
2-Benzyl-8a-(4-bromophenyl)-8-phenylpyrrolo/1,2-ajpyrazine-1,6(2H,8aH)-dione (3c):

OMe

HoN Bn

\ o]
OMe HN._O
BrOCHO MeOH, rt, MeO TFA, THF fN)\ NaH, THF p
%N reflux, 6h g N Phgec-rt,4h Bn
Ph—==—COOH 12h OMe~q 5 65% I 520

r
/
Bn—NE- PH 1c (over two steps) 2 Br

According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 4-bromo benzaldehyde (88.0 mg, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475

mmol), and benzyl isocyanide (0.058 mL, 0.475 mmol), in methanol (4.0 mL) to perform Ugi-
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4CC followed by the second step with trifluoroacetic acid (0.830 mL, 9.51 mmol) in THF (6.0
mL), compound 2c was prepared and purified by silica gel column chromatography (15% ethyl
acetate/hexane) as a yellow solid, (145.0 mg, 65%). Two rotamers were present on NMR
timescale (R' : R =1 : 1); m.p: 126-128 °C; 'H NMR (300 MHz, CDCl3): § 7.58 — 7.37 (m,
13H), 7.37 — 7.27 (m, 10H), 7.24 — 7.13 (m, 5H), 6.85 (dd, J = 6.2, 1.5 Hz, 1H), 6.77 (dd, J =
6.1, 1.4 Hz, 1H), 6.22 (s, 1H), 6.19 (s, 1H), 5.72 (dd, J = 8.3, 6.1 Hz, 2H), 4.83 — 4.67 (m, 4H);
13C NMR (100 MHz, CDCls): § 162.9, 162.8, 152.3, 151.9, 135.7, 135.5, 134.9, 134.7, 132.7,
132.6, 132.1, 132.0, 130.9, 130.8, 129.0, 128.9, 128.7, 128.5, 128.2, 128.15, 128.1, 127.8, 127.8,
123.0, 122.8, 119.5, 119.3, 114.6, 113.5, 109.3, 107.7, 93.2, 93.1, 80.4, 80.2, 62.3, 58.1, 49.5,
49.4; HRMS (ESI) m/z calcd for C2sH20BrN2O2 [M+H]" 471.0708; found: 471.0699.

Using 2c¢ (60.0 mg, 0.127 mmol), sodium hydride (9.0 mg, 0.381 mmol) in THF (4.0 mL), the
titled compound was prepared and purified by silica gel column chromatography (20% ethyl
acetate/hexane) to yield 3c as a yellow solid, (37.0 mg, 62%); m.p: 172-175 °C; 'H NMR (300
MHz, CDCl3): § 7.44 — 7.26 (m, 11H), 7.24 (s, 1H), 7.05 (d, J = 8.5 Hz, 2H), 6.55 (s, 1H), 6.43
(d, J = 5.4 Hz, 1H), 5.85 (d, J = 5.4 Hz, 1H), 4.90 (d, J = 14.7 Hz, 1H), 4.69 (d, J = 14.7 Hz,
1H); 13C NMR (100 MHz, CDCls): 6 168.9, 162.2, 160.6, 135.6, 134.0, 132.7, 131.8, 130.11,
129.0, 128.9, 128.4, 128.2, 127.8, 123.4, 122.1, 117.4, 106.8, 72.3, 50.2; IR (CHCI3) Vmax (cm™)
= 765, 1074, 1410, 1681, 2922, 3396, 3740, 3839; HRMS (ESI) m/z calcd for C26H20BrN20-

[M+H]* 471.0708; found: 471.0701.

2-Benzyl-8a-(4-fluorophenyl)-8-phenylpyrrolo/1,2-a/pyrazine-1,6(2H,8aH)-dione (3d):

OMe
H,N ?n o
me HN (0] J\
Z N
P )oHo_MeOH A weo TRATHE NN N THE
12 Wﬁ reflux, 6h g 0°C-rt,2h Bn
—_— OM 0,
Ph—=———COOH %O F ( 72% o 62%
Ph 1d

Bn—NE- over two steps) 2d F

S38



According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 4-fluorobenzaldehyde (0.052 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475
mmol), and benzyl isocyanide (0.058 mL, 0.475 mmol), in methanol (4.0 mL) to perform Ugi-
4CC followed by the second step with trifluoroacetic acid (0.830 mL, 9.51 mmol) in THF
(6.0mL), compound 2d was prepared and purified by silica gel column chromatography (15%
ethyl acetate/hexane) as a yellow solid (140.0 mg, 72%). Two rotamers were present on NMR
timescale (R! : R2=1: 1); m.p: 112-115 °C; *H NMR (300 MHz, CDClz): & 7.55 (dd, J = 5.2,
3.2 Hz, 2H), 7.48 — 7.29 (m, 18H), 7.25 — 7.13 (m, 4H), 7.09 — 6.97 (m, 4H), 6.85 (dd, J = 6.2,
1.4 Hz, 1H), 6.77 (dd, J = 6.1, 1.3 Hz, 1H), 6.24 (s, 1H), 6.22 (s, 1H), 5.73 (dd, J = 8.2, 6.2 Hz,
2H), 4.85 — 4.64 (m, 4H); 3C NMR (75 MHz, CDCls): 6 163.4, 163.3, 163.0 (d, Jc.r= 246.0
Hz), 162.9 (d, Jc.r= 246.0 Hz), 152.4, 152.0, 135.8, 135.6, 132.8, 132.7 131.8 (d, Jc-r= 3.0 Hz),
131.6 (d, Jcr= 3.75 Hz), 131.0, 130.9, 129.1, 129.0, 128.8, 128.7, 128.3, 128.2, 128.0 (d, Jc.r=
8.25 Hz), 127.9, 119.6, 119.5, 116.0 (d, Jc-r= 21.75 Hz), 115.8 (d, Jcr= 21.0 Hz), 114.7, 113.6,
109.4, 107.8, 93.2, 93.1, 80.6, 80.3, 62.3, 58.1, 49.5, 49.4; HRMS (ESI) m/z calcd for
CasH20FN202 [M+H]": 411.1509; found: 411.1499.

Using 2d (52.0 mg, 0.127 mmol), sodium hydride (9.0 mg, 0.381 mmol) in THF (4.0 mL), the
titled compound was prepared and purified by silica gel column chromatography (20% ethyl
acetate/hexane) to yield 3d as a yellow solid, (32.0 mg, 62%); m.p: 173-176 °C; *H NMR (300
MHz, CDCls): § 7.37 — 7.29 (m, 6H), 7.28 — 7.26 (m, 2H), 7.24 (dd, J = 3.1, 1.9 Hz, 2H), 7.20 —
7.13 (m, 2H), 6.98 (t, J = 8.6 Hz, 2H), 6.55 (s, 1H), 6.43 (d, J = 5.4 Hz, 1H), 5.85 (d, J = 5.4 Hz,
1H), 4.90 (d, J=14.7 Hz, 1H), 4.71 (d, J = 14.7 Hz, 1H); 13C NMR (75 MHz, CDClz): ¢ 168.9,

163.0 (d, Jo.= 247.5 Hz), 162.5, 160.8, 135.7, 132.0, 130.5 (d, Jo.r= 3.75 Hz), 130.0, 129.0,
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128.8, 128.3, 128.2, 128.1 (d Jcr= 9 Hz), 122.1, 117.4 , 116.2 (d Jcr= 21.7 Hz), 106.8, 72.3,

50.2; HRMS (ESI) m/z calcd for C2sH20FN202 [M+H]": 411.1509; found: 411.1494.

2-Cyclohexyl-8,8a-diphenylpyrrolo/1,2-a/pyrazine-1,6(2H,8aH)-dione (3e):

oM c
H,N © y

HN._O Q
OMe /
@CHO _MeOH. 1t _ MeO. A~y CTRATHE PN N NaH, THF
o
(
e

T e
12h reflux, 6 h Cy/N Phoec-rt, 4n
OMe 78% 58%
o
over two steps)

M
Ph—=—=—COOH =
+
Cy—N=- Ph 1 2e

According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), benzaldehyde (0.049 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475 mmol),
cyclohexyl isocyanide (0.06 mL, 0.475 mmol) in methanol (4.0 mL) to perform Ugi-4CC,
followed by the second step with trifluoroacetic acid (0.830 mL, 9.51 mmol) in THF (6.0 mL),
compound 2e was prepared and purified by silica gel column chromatography (20% ethyl
acetate/hexane) as a yellow oil (155.0 mg, 78%). Two rotamers were present on NMR timescale
(R':R?2=1:1); 'H NMR (400 MHz, CDCls): § 7.59 — 7.56 (m, 2H), 7.49 — 7.40 (m, 8H), 7.39
— 7.35 (m, 6H), 7.34 — 7.30 (m, 4H), 6.83 (dd, J = 6.2, 1.2 Hz, 1H), 6.75 (dd, J = 6.1, 1.1 Hz,
1H), 6.22 (s, 1H), 6.16 (s, 1H), 5.87 (d, J = 6.3 Hz, 1H), 5.84 (d, J = 6.2 Hz, 1H), 4.50 — 4.39 (m,
2H), 1.84 (s, 6H), 1.72 — 1.62 (m, 5H), 1.49 — 1.41 (m, 4H), 1.39 (s, 3H), 1.14 (d, J = 3.8 Hz,
2H); C NMR (100 MHz, CDCls): § 162.9, 162.9, 152.4, 151.9, 136.1, 135.9, 132.8, 132.7,
130.8, 130.7, 129.0, 128.9, 128.7, 128.70, 128.5, 126.8, 126.2, 119.9, 119.7, 111.6, 110.7, 109.1,
107.7, 92.8, 92.7, 80.8, 80.6, 62.9, 58.6, 52.7, 52.5, 31.5, 31.4, 30.7, 30.5, 25.7, 25.7, 25.6, 25.6,
25.4, 25.3; HRMS (ESI) m/z calcd for CosH25N202 [M+H]": 385.1916; found: 385.1904.

Using 2e (49.0 mg, 0.127 mmol), sodium hydride (10.0 mg, 0.390 mmol) in THF (4.0 mL), the

titled compound was prepared and purified by silica gel column chromatography (30% ethyl
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acetate/hexane) to yield 3e as a yellow solid (28.0 mg, 58%); m.p: 211-213 °C; 'H NMR (400
MHz, CDCls): § 7.35 — 7.33 (m, 3H), 7.31 — 7.27 (m, 4H), 7.25 — 7.20 (m, 3H), 6.56 (s, 1H),
6.43 (d, J = 5.5 Hz, 1H), 5.90 (d, J = 5.5 Hz, 1H), 4.54 (dd, J = 14.4, 6.6 Hz, 1H), 1.90 — 1.76
(m, 5H), 1.41 (dd, J = 27.8, 11.7 Hz, 4H), 1.16 — 1.10 (m, 1H); 133C NMR (100 MHz, CDCls): 6
169.1, 162.2, 160.9, 134.9, 132.4, 129.8, 129.2, 129.0, 128.6, 128.0, 126.0, 121.9, 113.8, 106.6,
72.6, 53.3, 31.7, 30.9, 25.8 25.7, 25.3; HRMS (ESI) m/z calcd for CasH2sN20, [M+H]":

385.1916 ; found: 385.1902.

2-Cyclohexyl-8-phenyl-8a-(p-tolyl)pyrrolo/1,2-a/pyrazine-1,6(2H,8aH)-dione (3f):

oM
HoN € Cy o
OMe HN O )\
=
MeOCHo MeOH, rt, MeO . TFA, THF ﬁN N N NaH, THF p
> Wﬁ reflux, 6 h Cy/N 0°C-rt,4h Cy

Ph—=—COOH 12h OMeNo o 69% 5 55%

+ Z4 over two steps M

Cny*':_ Ph 1 ( ps) of e

According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 4-methyl benzaldehyde (0.056 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475
mmol), and cyclohexyl isocyanide (0.058 mL, 0.475 mmol), in methanol (4.0 mL) to perform
Ugi-4CC followed by the second step with trifluoroacetic acid (0.830 mL, 9.51 mmol) in THF
(6.0 mL),compound 2f was prepared and purified by silica gel column chromatography (15%
ethyl acetate/hexane) as a yellow oil, (131.0 mg, 69%). Two rotamers were present on NMR
timescale (R* : R2=1: 1); 'H NMR (300 MHz, CDCls): & 7.60 — 7.54 (m, 2H), 7.52 — 7.45 (m,
3H), 7.44 — 7.40 (M, 2H), 7.40 — 7.34 (m, 3H), 7.33 — 7.26 (M, 3H), 7.24 (s, 1H), 7.13 (t, = 7.7
Hz, 4H), 6.81 (dd, J = 6.3, 1.4 Hz, 1H), 6.73 (dd, J = 6.2, 1.3 Hz, 1H), 6.18 (s, 1H), 6.12 (s, 1H),
5.84 (dd, J=9.2, 6.3 Hz, 2H), 4.54 — 4.35 (m, 2H), 2.31 (d, J = 3.5 Hz, 6H), 1.83 (m, 6H), 1.74 —

1.59 (m, 7H), 1.40 (dd, J = 17.4, 6.3 Hz, 7H); 3C NMR (100 MHz, CDCls): § 163.1, 163.1,
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152.4, 151.9, 138.6, 138.4, 133.2, 133.1, 132.8, 132.7, 130.8, 130.7, 129.7, 129.6, 128.7, 128.7,
126.8, 126.1, 119.9, 119.8, 111.7, 110.7, 109.1, 107.7, 92.7, 92.6, 80.8, 80.6, 62.7, 58.4, 52.7,
52.5, 31.6, 31.5, 30.8, 30.6, 25.7, 25.7, 25.6, 25.6, 25.5, 25.4, 21.2, 21.1; HRMS (ESI) m/z calcd
for C26H27N202 [M+H]™: 399.2073 ; found: 399.2062.

Using 2f (51.0 mg, 0.127 mmol), sodium hydride (9.0 mg, 0.381 mmol) in THF (4.0 mL), the
titled compound was prepared and purified by silica gel column chromatography (30% ethyl
acetate/hexane) to yield 3f as a yellow solid (28.0 mg, 55%); m.p: 163-166 °C; *H NMR (300
MHz, CDCls): § 7.34 — 7.27 (m, 3H), 7.26 — 7.20 (m, 2H), 7.19 — 7.07 (m, 4H), 6.63 (s, 1H),
6.44 (d, J=5.5 Hz, 1H), 5.91 (d, J = 5.5 Hz, 1H), 4.64 — 4.41 (m, 1H), 2.33 (s, 3H), 1.90 — 1.64
(m, 6H), 1.49 — 1.35 (m, 4H); 13C NMR (125 MHz, CDCls): ¢ 169.4, 162.4, 161.1, 139.3,
132.5, 131.8, 129.8, 128.7, 128.1, 126.0, 121.8, 114.0, 106.6, 72.6, 53.4, 31.8, 31.0, 25.9, 25.8,

25.4, 21.3; HRMS (ESI) m/z calcd for C26H27N202[M+H]": 399.2073; found: 399.2062.

2-Cyclohexyl-8a-(4-methoxyphenyl)-8-phenylpyrrolo/1,2-a/pyrazine-1,6(2H,8aH)-dione (3g):

OMe
HoN Cy o
me HN__O )\
=
MGQCHO MeOH.1t,  Meo _TEATHE (PN N T
=" N reflux, 8h g~ o°C-m,6h Cy
Ph—=—COOH 12h OMe~o o 66% o 29%
L Z over two steps oM
Cy*N+:— Ph 19 ps) 29 e

According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 4-methoxy benzaldehyde (0.045 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475
mmol), and cyclohexyl isocyanide (0.060 mL, 0.475 mmol), in methanol (4.0 mL) to perform
Ugi-4CC followed by the second step with trifluoroacetic acid (0.830 mL, 9.51 mmol) in THF
(6.0 mL),compound 2g was prepared and purified by silica gel column chromatography (15%

ethyl acetate/hexane) as a yellow oil, (130.0 mg, 66%). Two rotamers were present on NMR
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timescale (R': R2=1: 1); 'H NMR (400 MHz, CDCls): § 7.59 — 7.55 (m, 2H), 7.52 — 7.48 (m,
2H), 7.46 — 7.39 (m, 3H), 7.37 (d, J = 9.2 Hz, 3H), 7.33 (d, J = 8.5 Hz, 2H), 7.29 (d, J = 8.8 Hz,
2H), 6.86 (d, J = 8.6 Hz, 3H), 6.84 — 6.79 (m, 2H), 6.73 (dd, J = 6.1, 1.1 Hz, 1H), 6.17 (s, 1H),
6.10 (s, 1H), 5.85 (dd, J = 12.0, 6.3 Hz, 2H), 4.53 — 4.38 (m, 2H), 3.77 (d, J = 3.1 Hz, 6H), 1.85
(d, J=9.7 Hz, 6H), 1.68 (dd, J = 23.8, 13.9 Hz, 5H), 1.46 — 1.35 (m, 8H), 1.15 - 1.11 (m, 1H);
13C NMR (125 MHz, CDCls): 6 163.2, 163.1, 159.9, 159.8, 152.3, 151.9, 132.8, 132.6, 130.7,
130.7, 128.7, 128.7, 128.4, 128.3, 128.2, 127.5, 119.9, 119.7, 114.4, 114.2, 111.6, 110.6, 109.0,
107.6, 92.7, 92.6, 80.9, 80.6, 62.4, 58.0, 55.3, 52.7, 52.5, 31.5, 31.4, 30.8, 30.6, 25.7, 25.6, 25.6,
25.4, 25.7; HRMS (ESI) m/z calcd for CagH27N203 [M+H]": 415.2022; found: 415.2017.

Using 2g (52.0 mg, 0.127 mmol), sodium hydride (10.0 mg, 0.381 mmol) in THF (4.0 mL), the
titled compound was prepared and purified by silica gel column chromatography (20% ethyl
acetate/hexane) to yield 3g as a yellow solid (15.0 mg, 29%); m.p:153-156 °C;'H NMR (400
MHz, CDCls): § 7.32 — 7.27 (m, 3H), 7.26 — 7.21 (m, 2H), 7.18 — 7.12 (m, 2H), 6.87 — 6.82 (m,
2H), 6.54 (s, 1H), 6.43 (d, J = 5.5 Hz, 1H), 5.91 (d, J = 5.6 Hz, 1H), 4.53 (dd, J = 15.5, 7.5 Hz,
1H), 3.79 (s, 3H), 1.92 — 1.74 (m, 5H), 1.69 (d, J = 13.6 Hz, 1H), 1.49 — 1.41 (m, 2H), 1.35 (d, J
= 6.5 Hz, 2H); 13C NMR (125 MHz, CDClz): ¢ 169.2, 162.4, 161.0, 160.1, 132.5, 129.8, 128.7,
128.0, 127.4, 126.4, 121.7, 114.4, 113.8, 106.6, 72.3, 55.4, 53.3, 31.7, 31.0, 25.8, 25.7, 25.4,

HRMS (ESI) m/z calcd for Ca6H27N203 [M+H]": 415.2022; found: 415.2016.

2-Cyclohexyl-8a-(3-phenoxyphenyl)-8-phenylpyrrolo/1,2-a/pyrazine-1,6(2H,8aH)-dione (3h):

OMe

HzNK( Cy
OMe HN (0] i
CHO “ N
MeOH,rt,  MeO - )\
Q MO | MOy _TPATHE N Ph_NaH, THF
—_—
PhO 12h OMe~o reflux, 6h  CY 0°C-rt,6h cy”
Ph—==—COOH = 77% o 54%
Cy—NE- Ph 1h OPh  (over two steps) 2h OPh
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According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 3-phenoxybenzaldehyde (0.083 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475
mmol), and cyclohexyl isocyanide (0.060 mL, 0.475 mmol), in methanol (4.0 mL) to perform
Ugi-4CC followed by the second step with trifluoroacetic acid (0.830 mL, 9.51 mmol) in THF
(6.0mL),compound 2h was prepared and purified and purified by silica gel column
chromatography (20% ethyl acetate/hexane) as a yellow solid, (175.0 mg, 77%). Two rotamers
were present on NMR timescale (R: R? = 1 : 1); m.p: 126-129 °C; 'H NMR (300 MHz,
CDCls): § 7.57 (dd, J = 8.2, 1.4 Hz, 2H), 7.50 — 7.40 (m, 5H), 7.39 — 7.32 (m, 5H), 7.31 — 7.27
(m, 3H), 7.25 (d, J = 1.4 Hz, 1H), 7.17 — 7.05 (m, 5H), 7.01 — 6.90 (m, 7H), 6.78 (dd, J =6.3, 1.4
Hz, 1H), 6.72 (dd, J = 6.2, 1.3 Hz, 1H), 6.19 (s, 1H), 6.11 (s, 1H), 5.84 (d, J = 6.3 Hz, 1H), 5.79
(d, J=6.2 Hz, 1H), 4.41 (d, J = 10.7 Hz, 2H), 1.82 (s, 6H), 1.72 — 1.57 (m, 6H), 1.37 (d, J = 8.6
Hz, 6H), 1.16 — 1.06 (m, 2H); 3C NMR (100 MHz, CDCl3): 6 162.6, 162.5, 158.0, 157.8,
156.8, 156.7, 152.3, 151.9, 138.2, 137.8, 132.8, 132.7, 130.8, 130.7, 130.4, 130.2, 129.9, 128.8,
123.7, 123.6, 122.1, 121.0, 119.9, 119.6, 119.4, 119.3, 118.9, 118.6, 116.8, 116.7, 111.6, 110.7,
109.0, 107.6, 92.9, 80.8, 80.5, 62.7, 58.3, 52.8, 52.6, 31.5, 31.4, 30.7, 30.6, 25.7, 25.6, 25.4,
25.3; HRMS (ESI) m/z calcd for CaiHaoN2O3 [M+H]": 477.2178; found: 477.2163.

Using 2h (61.0 mg, 0.127 mmol), sodium hydride (10.0 mg, 0.381 mmol) in THF (4.0 mL), the
titled compound was prepared and purified by silica gel column chromatography (30% ethyl
acetate/hexane) to yield 3h as a yellow solid, (33.0 mg, 54%); m.p: 153-156 °C; 'H NMR (400
MHz, CDCls): 6 7.37 — 7.27 (m, 8H), 7.25 (d, J = 5.1 Hz, 1H), 7.10 (t, J = 7.4 Hz, 1H), 6.97 (dd,
J=8.0, 2.1 Hz, 2H), 6.92 — 6.89 (m, 2H), 6.56 (s, 1H), 6.44 (d, J = 5.5 Hz, 1H), 5.90 (d, J=5.5
Hz, 1H), 4.48 — 4.38 (m, 1H), 1.84 — 1.64 (m, 5H), 1.37 — 1.31 (m, 4H), 1.13 — 1.07 (m, 1H); 13C

NMR (75 MHz, CDCls): ¢ 169.1, 161.9, 160.6, 157.9, 156.9, 137.2, 132.3, 130.5, 129.9, 129.8,
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128.9, 128.1, 123.8, 122.0, 120.7, 119.60, 119.1, 116.9, 113.9, 106.7, 72.4, 53.5, 31.7, 30.9, 25.8,

25.8, 25.4; HRMS (ESI) m/z calcd for CaiH29N203 [M+H]": 477.2178; found: 477.2165.

2-Cyclohexyl-8-phenyl-8a-(4-(trifluoromethyl)phenyl)pyrrolo/1,2-a/pyrazine-1,6(2H,8aH)-

dione (3i):
OMe
HoN Qy o
/\O/Me HN__O
N R — Ph— >
12h 1);\ reflux, 8 h Cy/N 0°C-rt,2h
Ph—==—COOH 2o CF,  86% o . B
+
Cy—N=- Ph 1i (over two steps) 9i 3

3i

According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), trifluoromethyl benzaldehyde (0.045 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg,
0.475 mmol), and cyclohexyl isocyanide (0.060 mL, 0.475 mmol), in methanol (4.0 mL) to
perform Ugi-4CC, followed by the second step with trifluoroacetic acid (0.830 mL, 9.51 mmol)
in THF (6.0 mL),compound 2i was prepared and purified by silica gel column chromatography
(20% ethyl acetate/hexane) as a yellow solid (76.0 mg, 86%). Two rotamers were present on
NMR timescale (R! : R? = 1 : 0.83); m.p: 150-152 °C; *H NMR (300 MHz, CDCls):6 7.66 —
7.41 (m, 15H), 7.37 (ddd, J = 8.6, 7.5, 1.6 Hz, 3H), 6.87 (dd, J = 6.3, 1.3 Hz, 0.85H), 6.80 (dd,
J=6.2,1.2 Hz, 1H), 6.24 (s, 1H), 6.22 (s, 0.83H), 5.86 (dd, J = 7.9, 6.3 Hz, 2H), 4.52 — 4.34 (m,
2H), 1.85 (d, J = 7.2 Hz, 6H), 1.75 — 1.62 (m, 4H), 1.47 — 1.34 (m, 8H), 1.18 — 1.08 (m, 2H); 13C
NMR (125 MHz, CDCls): ¢ 162.3, 162.1, 152.3, 152.0, 140.0, 139.8, 132.8, 132.7, 131.1,
131.0, 130.9, 130.6, 128.8, 127.3, 126.6, 126.0 (d, Jcr = 3.70 Hz), 125.9 (d, Jcr = 2.50 Hz),
1251, 125.0, 122.9, 122.9, 119.7, 119.4, 111.6, 110.5, 109.0, 107.6, 93.3, 93.1, 80.5, 80.3, 62.6,
58.4, 53.0, 52.7, 31.5, 31.4, 30.7, 30.5, 25.7, 25.6, 25.4, 25.3; 1%F NMR (283 MHz, CDCl3):6 -

62.7; HRMS (ESI) m/z calcd for CasH24F3N202 [M+H]": 453.1790; found: 453.1780.
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Using 2i (58.0 mg, 0.127 mmol), sodium hydride (9.0 mg, 0.381 mmol) in THF (4.0 mL), the
titled compound was prepared and purified by silica gel column chromatography (30% ethyl
acetate/hexane) to yield 3i as a yellow solid, (36.0 mg, 63%); m.p: 145-148 °C; 'H NMR (400
MHz, CDCls): ¢ 7.60 (d, J = 8.3 Hz, 2H), 7.40 — 7.27 (m, 7H), 6.59 (s, 1H), 6.45 (d, J = 5.5 Hz,
1H), 5.91 (d, J = 5.5 Hz, 1H), 4.52 (dd, J = 11.3, 8.0 Hz, 1H), 1.92 — 1.76 (m, 5H), 1.41 (dd, J =
25.1, 10.2 Hz, 4H), 1.13 (dd, J = 12.3, 3.1 Hz, 1H); 23C NMR (125 MHz, CDCls): § 169.0,
161.6, 160.5, 139.4, 131.9, 131.6, 131.3, 130.1, 128.8, 128.2, 126.6, 126.1 (dd, Jc-r = 11.2 Hz),
124.8, 122.6, 122.4, 113.8, 106.6, 72.3, 53.6, 31.7, 31.0, 25.8, 25.7, 25.3; °F NMR (283 MHz,
CDCl3): ¢ -62.8; HRMS (ESI) m/z calcd for CazsH24F3N202 [M+H]": 453.1790; found:

453.1778.

2-Cyclohexyl-8a-(4-fluorophenyl)-8-phenylpyrrolo/1,2-a/pyrazine-1,6(2H,8aH)-dione (3}):

OMe

HNTY o
OMe
(" )cro_MeOn oo mne OIS, e,
reflux, 8 h Phoec-rt,2h Cy
Ph—==—COOH 12h O)ﬂe 85% S 59%
+ = over two steps) F
Cy—N=- 2j

According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 4-fluorobenzaldehyde (0.052 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475
mmol), and cyclohexyl isocyanide (0.060 mL, 0.475 mmol), in methanol (4.0 mL) to perform
Ugi-4CC followed by the second step with trifluoroacetic acid (0.830 mL, 9.51 mmol) in THF
(6.0 mL), compound 2j was prepared and purified by silica gel column chromatography (20%
ethyl acetate/hexane) as a yellow oil, (160.0 mg, 85%). Two rotamers were present on NMR
timescale (R! : R2= 1 : 1); 'H NMR (300 MHz, CDCl3): 6 7.61 — 7.55 (m, 2.4H), 7.51 — 7.43
(m, 4H), 7.43 — 7.32 (m, 9H), 7.08 — 6.96 (M, 4.5H), 6.83 (dd, J = 6.3, 1.4 Hz, 1H), 6.75 (dd, J =
6.2, 1.3 Hz, 1H), 6.18 (s, 1H), 6.13 (s, 1H), 5.86 (dd, J = 8.3, 6.3 Hz, 2H), 4.52 — 4.35 (m, 2H),
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1.85 (d, J = 7.8 Hz, 6H), 1.77 — 1.65 (m, 4H), 1.47 — 1.35 (m, 8H); 3C NMR (125 MHz,
CDCls): 0 163.0 (d, Jc-F=247.5 Hz), 162.9 (d, Jc-r= 246 Hz), 162.8, 162.7, 152.4, 152.0, 132.8,
132.7,132.1, 132.0, 130.9, 130.8, 128.9, 128.8, 128.0 (d, Jcr= 8.75 Hz), 119.8, 119.6, 116.1 (d,
Jcr=21.0 Hz), 115.8 (d, Jcr= 22.5 Hz), 111.5, 110.6, 109.0, 107.6, 93.0, 92.9, 80.7, 80.5, 62.4,
58.0, 52.9, 52.6, 31.6,31.5, 30.8, 30.6, 25.7, 25.6, 25.5, 25.4; HRMS (ESI) m/z calcd for
C2sH24FN20O2 [M+H]": 403.1822; found: 403.1813.

Using 2j (51.0 mg, 0.127 mmol), sodium hydride (9.0 mg, 0.381 mmol) in THF (4.0 mL), the
titled compound was prepared and purified by silica gel column chromatography (30% ethyl
acetate/hexane) to yield 3j as a yellow solid, (30.0 mg, 59%); m.p: 181-185 °C; 'H NMR (400
MHz, CDCls): § 7.30 (dd, J = 7.6, 4.0 Hz, 3H), 7.26 — 7.18 (m, 4H), 7.02 (t, J = 8.5 Hz, 2H),
6.55 (s, 1H), 6.43 (d, J = 5.5 Hz, 1H), 5.91 (d, J = 5.5 Hz, 1H), 4.55 — 4.48 (m, 1H), 1.91 — 1.75
(m, 6H), 1.71 (s, 1H), 1.47 (d, J = 5.8 Hz, 1H), 1.40 — 1.36 (m, 2H); 3C NMR (75 MHz,
CDCls): 6 169.1, 163.0 (d, Jc-r= 248.2 Hz), 162.1, 160.9, 132.3, 130.7 (d, Jc.r= 3.0 Hz), 129.9,
128.7, 128.2, 128.1, 128.0, 122.1, 116.2 (d Jc-r= 21.7 Hz), 113.8, 106.6, 72.2, 53.5, 31.7, 31.0,
25.8, 25.7, 25.4; IR (CHCI3) vma (cmt) = 1068, 1672, 2923, 3396, 3739, 3840; HRMS (ESI)

m/z calcd for CasH24FN20O2 [M+H]": 403.1822; found: 403.1821.

2-Cyclohexyl-8a-(2,4-difluorophenyl)-8-phenylpyrrolo/1,2-a/pyrazine-1,6(2H,8aH)-dione

oM
HN Y cy
OMe HN o . (0]
F = NJ\
CHO MeOH, rt, MeO TFA , THF (\ % NaH. THE
YON N Ph ;
—_— —_— c - —_— Ve
F 12h OMe, g reflux 6h y 0°C-rt,2h Cy
Ph—==—COOH = 74% o . r 28%
. Ph 1k (over two steps) 2k
Cy—N=-
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According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 2,4-difluorobenzaldehyde (0.045 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg,
0.475 mmol), and cyclohexyl isocyanide (0.060 mL, 0.475 mmol),in methanol (4.0 mL) to
perform Ugi-4CC followed by the second step with trifluoroacetic acid (0.830 mL, 9.51 mmol)
in THF (6.0 mL),compound 2k was prepared and purified by silica gel column chromatography
(15% ethyl acetate/hexane) as a yellow oil, (148.0 mg, 74%). Two rotamers were present on
NMR timescale (R' : R2=1: 1); 'H NMR (400 MHz, CDCl3): § 7.60 — 7.54 (m, 4H), 7.50 —
7.47 (m, 1H), 7.46 — 7.43 (m, 2H), 7.38 (td, J = 7.4, 1.9 Hz, 5H), 6.93 (d, J = 6.4 Hz, 1H), 6.81
(ddd, J = 12.5, 10.9, 5.5 Hz, 5H), 6.42 (s, 1H), 6.22 (s, 1H), 5.92 (d, J = 6.5 Hz, 1H), 5.85 (d, J =
6.4 Hz, 1H), 4.52 — 4.34 (m, 2H), 1.88 — 1.79 (m, 6H), 1.70 (dd, J = 26.9, 11.6 Hz, 4H), 1.49 —
1.35 (m, 8H), 1.19 — 1.10 (m, 2H); 13C NMR (125 MHz, CDCls): § 164.0 (t, Jc.r= 25, 12.5 Hz),
162.2, 162.1,162.0 (t, Jc.r=23.7, 11.2Hz), 160.8, 160.2 (dd, Jc-r= 262 Hz), 159.7 (dd, Jcr= 262
Hz), 132.8, 132.5,131.1 (dd, Jc.r= 15Hz), 130.8, 130.7, 128.7, 128.6,128.5 (dd, Jc.r= 13.7 Hz),
122.1 (dd, Je-r= 18.7, 11.2 Hz), 121.1 (dd, Jcr= 18.7, 12.5 Hz) , 119.6, 119.5, 112.2 (dd, Jc.r=
25, 17.5Hz), 111.5 (dd, Jcr= 25, 17.5 Hz), 110.6, 109.5, 109.0, 107.6, 104.3 (dd, Jc.r = 25,
17.5Hz), 104.2 (dd, Jcr= 25, 17.5 Hz), 93.3, 92.7, 80.3, 80.3, 56.1, 54.2, 52.8, 52.6, 31.1, 31.1,
30.5, 30.4, 25.6, 25.5, 25.4, 25.3, 25.2; °F NMR (377 MHz, CDCl3): 6 -108.13 (d, J = 8.5 Hz),
-109.05 (d,J = 8.4 Hz), -110.87 (d,J = 8.3 Hz), -111.12 (d,J = 8.5 Hz); HRMS (ESI) m/z calcd
for CosH23F2N202 [M+H]': 421.1728 ; found: 421.1722.

Using 2k (53.0 mg, 0.127 mmol), sodium hydride (10.0 mg, 0.381 mmol) in THF (4.0 mL), the
titled compound was prepared and purified by silica gel column chromatography (20% ethyl
acetate/hexane) to yield 3k as a yellow solid (15.0 mg, 28%); m.p:187-189 °C; 'H NMR (400

MHz, CDCl3): 6 7.5 — 7.4 (m, 2H), 7.3 (m, 2H), 7.2 (d, J = 1.3 Hz, 1H), 7.1 (td, J = 8.9, 6.1 Hz,
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1H), 6.9 — 6.8 (m, 1H), 6.7 (ddd, J = 11.3, 8.6, 2.6 Hz, 1H), 6.6 (5, 1H), 6.4 (d, J = 5.4 Hz, 1H),
6.0 (d, J=5.4 Hz, 1H), 4.5 (ddd, J = 11.8, 8.1, 3.7 Hz, 1H), 1.9 — 1.74 (m, 5H), 1.70 (d, J = 13.1
Hz, 1H), 1.5 — 1.4 (m, 2H), 1.4 — 1.3 (m, 2H); 3C NMR (125 MHz, CDCls): § 169.1, 163.5 (d,
JoF= 243 Hz), 161.3, 161.5(d, Jer = 235 Hz) , 158.9 (t, Jer = 20.0, 10.0 Hz), 131.9, 130.1,
130.0 (dd, Jer= 13.7, 6.2 Hz), 128.6, 128.4, 122.3 (dd, Jcr= 13.7, 6.2 Hz), 114.3, 112.0, 111.8,
106.9, 105.7 (t, Jer = 51.2, 25.0 Hz), 70.0, 53.9, 31.8, 30.8, 25.9, 25.8, 25.4; 1°F NMR (377
MHz, CDCls): § -107.50 (d, J = 9.7 Hz), -108.57 (d, J = 9.8 Hz); HRMS (ESI) m/z calcd for

CasH23F2N202 [M+H]": 421.1728; found: 421.1723.

2-Cyclohexyl-8-phenyl-8a-(3,4,5-trifluorophenyl)pyrrolo/1,2-a/pyrazine-1,6(2H,8aH)-dione

OMe Cy

HoN :

NTY HN._O Q

R ove )J\

Z\| N
MeOH, rt, MeO N FoTrA, THF r g NaH, THF
—_— ~ —_—
F CHO OMe Cy F o0°C-r,2h Cy
12h 2 S0 F reflux, 6 h S -1, y
F Z 74% F 62%
Ph n F (over two steps) 2

Ph—==—COOH P F

4+
Cy—N=-

According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 3,4,5-trifluorobenzaldehyde (0.047 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg,
0.475 mmol), and cyclohexyl isocyanide (0.060 mL, 0.475 mmol), in methanol (4.0 mL) to
perform Ugi-4CC followed by the second step with trifluoroacetic acid (0.830 mL, 9.51 mmol)
in THF (6.0 mL), compound 2l was prepared and purified by silica gel column chromatography
(15% ethyl acetate/hexane) as a yellow solid, (148.0 mg, 74%). Two rotamers were present on
NMR timescale (R! : R? =1 : 0.84); m.p:176-178 °C; 'H NMR (300 MHz, CDCl3): 6 7.62 —
7.58 (m, 2H), 7.55 — 7.32 (m, 8H), 7.04 (dd, J= 14.7, 7.9 Hz, 4H), 6.81 (ddd, J = 18.2, 6.2, 1.2

Hz, 2H), 6.11 (s, 1H), 6.09 (s, 1H), 5.86 (dd, J= 9.2, 6.3 Hz, 2H), 4.41 (dd, J = 10.2, 5.1 Hz, 2H),
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1.88 — 1.67 (m, 10H), 1.37 (dd, J = 15.6, 6.9 Hz, 10H); *C NMR (125 MHz, CDCls): ¢ 161.7,
161.6, 151.4 (d, Jc.r= 248 Hz), 151.3 (dd, Jc.r= 248 Hz), 151.2 (d, Jc.r= 248 Hz), 151.1 (dd, Jc-
F= 248 Hz), 141.9 (m, Jcr= 30 Hz), 139.9 (M, Jcr= 25 Hz), 132.7, 132.4(q, Jcr= 17.5 Hz),
132.1 (9, JcF=17.5 Hz), 133.1, 131.0, 128.8, 128.7, 119.5, 119.2, 111.4, 111.3 (dd, Jcr= 22.5,
11.2 Hz), 110.6 (q, Jc-r= 22.5, 11.2 Hz), 110.4, 108.8, 107.3, 93.7, 93.3, 80.2, 80.1, 61.8, 57.6,
53.1, 52.9, 31.4, 31.3, 30.7,30.5, 29.8, 25.6, 25.5, 25.3, 25.3; HRMS (ESI) m/z calcd for
CasH22F3N202 [M+H]": 439.1633; found: 439.1620.

Using 2l (56.0 mg, 0.127 mmol), sodium hydride (10.0 mg, 0.381 mmol) in THF (4.0 mL), the
titled compound was prepared and purified by silica gel column chromatography (20% ethyl
acetate/hexane) to yield 3l as a yellow oil (35.0 mg, 62%); *H NMR (400 MHz, CDClz): § 7.38
—7.31 (m, 4H), 7.30 — 7.27 (m, 1H), 6.94 — 6.83 (m, 2H), 6.57 (s, 1H), 6.46 (d, J = 5.6 Hz, 1H),
5.94 (d, J = 5.6 Hz, 1H), 4.50 (tt, J = 11.6, 3.7 Hz, 1H), 1.92 — 1.69 (m, 5H), 1.54 — 1.35 (m,
4H), 1.18 — 1.07 (m, 1H); 13C NMR (125 MHz, CDCls): 6 168.6, 160.9, 160.1, 151.4 (dd, Jc.r=
250 Hz), 151.3 (dd, Jc.r= 251 Hz), 139.8 (dt, Jc.r= 253 Hz), 131.8 (q, Jc-r= 16.2, 3.7 Hz),131.5,
130.1, 128.7, 128.2, 122.4, 113.7, 110.7(dd, Jcr= 22.5, 12.5 Hz), 106.5, 71.5, 53.7, 31.5, 30.8,
25.7, 25.6, 25.2; °F NMR (377 MHz, CDClz): 6 -131.38, -131.43, -157.40, -157.45, -157.50;

HRMS (ESI) m/z calcd for C2sH22F3N202 [M+H]™: 439.1633; found:439.1620.

2-(2-Bromobenzyl)-8a-(4-fluorophenyl)-8-phenylpyrrolo/1,2-a/pyrazine-1,6(2H,8aH)-dione
(3m):
HZNNOMG Br O

OMe

F S
CHO MeOH i, TFA THF N _ NaH, THF
Ph——= COOH 12h MeO reﬂux 8h 0 056"} th
NE- 58% b Br
OMe £ (over two steps)
Br

1m
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According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 4-fluorobenzaldehyde (0.051 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475
mmol), and 2-bromo benzyl isocyanide (92.0 mg, 0.475 mmol), in methanol (4.0 mL) to perform
Ugi-4CC followed by the second step with trifluoroacetic acid (0.830 mL, 9.51 mmol) in THF
(6.0 mL),compound 2m was prepared and purified and purified by silica gel column
chromatography (30% ethyl acetate/hexane) as a yellow oil, (135.0 mg, 58%). Two rotamers
were present on NMR timescale (R! : R? =1 : 0.84); 'H NMR (300 MHz, CDCl3): 6 7.60 —
7.54 (m, 4H), 7.43 (ddd, J =19.7, 9.9, 4.4 Hz, 12H), 7.24 (dd, J = 4.4, 1.3 Hz, 1H), 7.17 (dt, J =
7.8, 4.7 Hz, 4H), 7.10 — 7.00 (m, 5H), 6.89 (dd, J = 6.2, 1.4 Hz, 1H), 6.81 (dd, J = 6.1, 1.3 Hz,
1H), 6.26 (s, 1H), 6.25 (s, 1H), 5.77 (dd, J = 6.2, 1.7 Hz, 2H), 4.88 (dd, J = 16.9, 5.4 Hz, 4H);
13C NMR (75 MHz, CDClg): § 163.4, 163.3, 163.1 (d, Jc.r = 246.7 Hz), 163.0 (d, Jc-r= 246.0
Hz), 152.4, 152.0, 135.0, 134.7, 133.3, 133.2, 132.8, 132.7, 131.6 (d, Jc-r= 3.75 Hz), 131.4 (d,
Jcr=3.0 Hz), 131.0, 130.9, 130.0, 129.8, 129.7, 129.4, 128.8, 128.7, 128.2, 128.1, 128.0, 123.7,
123.5, 119.6, 119.4, 116.0 (d, Jcr= 21.75 Hz), 115.8 (d, Jc.r= 21.75 Hz), 114.7, 113.7, 109.5,
107.9, 93.3, 93.1, 80.5, 80.3, 62.3, 58.1, 49.5, 49.2; HRMS (ESI) m/z calcd for C2sH19BrFN20O:
[M+H]": 489.0614; found: 489.0601.

Using 2m (62.0 mg, 0.127 mmol), sodium hydride (10.0 mg, 0.381 mmol) in THF (4.0 mL), the
titled compound was prepared and purified by silica gel column chromatography (30% ethyl
acetate/hexane) to yield 3m as a yellow solid, (35.0 mg, 56%); m.p: 185-188 °C; *H NMR (300
MHz, CDCls): 6 7.57 (dd, J = 6.8, 2.3 Hz, 1H), 7.36 — 7.27 (m, 5H), 7.25 — 7.15 (m, 5H), 7.05 —
6.98 (M, 2H), 6.55 (s, 1H), 6.47 (d, J = 5.4 Hz, 1H), 5.90 (d, J = 5.4 Hz, 1H), 4.93 (s, 2H); 13C
NMR (75 MHz, CDCls): ¢ 168.9, 163.0 (d, Jc.r = 247.5 Hz), 162.7, 161.0, 134.8, 133.2, 131.9,

130.4 (d, Jc.Fr = 3.75 Hz), 130.0, 129.8 (d Jc-Fr= 8.2 Hz), 128.9, 128.2, 128.1, 128.0, 123.6, 122.1,
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117.6, 116.2 (d Jc-r= 21.7 Hz), 107.0, 72.5, 50.1; HRMS (ESI) m/z calcd for C26H19BrFN202

[M-+H]": 489.0614; found: 489.0601.

2-Cyclohexyl-8-phenyl-8a-(thiophen-3-yl)pyrrolo/1,2-a/pyrazine-1,6(2H,8aH)-dione (3n):

OMe Cy
‘ o)
HZN/\OrM ™ o )\
e
=
@\ MeOH, rt, s TFA , THF VN
CHO

MeO
s e W/\N \ . _N s Ph NaH, THF P
> 12h OMe / reflux, 8 h 4 | 0°C-rt,2h Cy
Ph—==—COOH = Yo o 0 .y
Cy—-N=- Ph in (over two steps) 2n

3n

According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 2-thiophenecarboxaldehyde (0.045 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg,
0.475 mmol), and cyclohexyl isocyanide (0.060 mL, 0.475 mmol), in methanol (4.0 mL) to
perform Ugi-4CC followed by the second step with trifluoroacetic acid (0.830 mL, 9.51 mmol)
in THF (6.0 mL), compound 2n was prepared and purified by silica gel column chromatography
(20% ethyl acetate/hexane) as a yellow solid, (146.0 mg, 78%). Two rotamers were present on
NMR timescale (R! : R? =1 : 1); m.p: 120-123 °C;'H NMR (400 MHz, CDCl3):5 7.60 — 7.56
(M, 4H), 7.49 — 7.44 (m, 2H), 7.41 — 7.36 (m, 4H), 7.27 — 7.25 (m, 1H), 7.23 (dd, J = 5.1, 1.2 Hz,
1H), 7.08 (d, J = 3.6 Hz, 2H), 6.94 (ddd, J = 6.8, 5.1, 3.6 Hz, 2H), 6.72 (dd, J = 6.3, 1.4 Hz, 1H),
6.67 (dd, J = 6.1, 1.3 Hz, 1H), 6.43 (s, 1H), 6.36 (s, 1H), 5.95 (d, J = 6.3 Hz, 1H), 5.89 (d, J =
6.2 Hz, 1H), 4.50 — 4.42 (m, 2H), 1.87 — 1.69 (m, 12H), 1.43 (dd, J = 10.7, 7.1 Hz, 6H), 1.20 —
1.11 (m, 2H); C NMR (100 MHz, CDCls): ¢ 162.1, 162.0, 151.8, 151.7, 138.1, 137.3, 132.9,
132.7, 130.9, 130.8, 128.7, 128.7, 126.9, 126.8, 126.7, 126.3, 126.1, 126.0, 119.7, 119.6, 111.8,
110.9, 108.6, 107.1, 93.0, 92.9, 80.6, 80.4, 59.1, 54.4, 52.9, 52.7, 31.5, 31.4, 30.6, 30.5, 25.8,
25.7, 25.6, 25.4, 25.3; HRMS (ESI) m/z calcd for CasH2sN20S[M+H]": 391.1480; found:

391.1476.
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Using 2n (50.0 mg, 0.127 mmol), sodium hydride (10.0 mg, 0.381 mmol) in THF (4.0 mL), the
titled compound was prepared and purified by silica gel column chromatography (20% ethyl
acetate/hexane) to yield 3n as a yellow solid (35.0 mg, 70%); m.p: 246-248 °C;'H NMR (300
MHz, CDCls): 6 7.43 — 7.24 (m, 6H), 7.08 — 6.87 (m, 2H), 6.58 (s, 1H), 6.44 (d, J = 5.3 Hz, 1H),
5.99 (d, J = 5.3 Hz, 1H), 4.50 (t, J = 11.5 Hz, 1H), 1.93 — 1.65 (m, 6H), 1.39 (dd, J = 17.8, 5.9
Hz, 3H), 1.13 (d, J = 11.2 Hz, 1H); 3C NMR (75 MHz, CDCls): J 168.1, 161.2, 160.2, 139.4,
132.0, 130.0, 128.8, 128.1, 127.2, 126.9, 121.6, 113.6, 106.3, 77.5, 77.1, 76.7, 69.4, 53.1, 31.6,
30.95, 25.80, 25.74, 25.4; HRMS (ESI) m/z calcd for C23H23N20.S [M+H]": 391.1480; found:

391.1454.

2-Cyclohexyl-8,8a-bis(4-methoxyphenyl)pyrrolo/1,2-a/pyrazine-1,6(2H,8aH)-dione (30):

OMe Cy
HoN ‘
2 /\( HN._O o

OMe
MeOH, rt
Meo‘@—CHo eOH, MEOY\N TFA , THF 7NN NaH, THF B
12h OMe reflux, 8 h Cy/N 0°C-rt,6h Cy
ez o OMe J o
MeO ==—COOH = 31% o) OMe 36%
1o (over two steps) 20 OMe

Cy*NJrE* MeO

According to general procedure A using aminoacetaldehyde dimethyl acetal (0.051 mL, 0.475
mmol), 4-methoxy benzaldehyde (0.048 mL, 0.475 mmol), 3-(4-Methoxyphenyl) propiolic acid
(84.0 mg, 0.475 mmol),and cyclohexyl isocyanide (0.060 mL, 0.475 mmol), in methanol (4.0
mL) to perform Ugi-4CC followed by the second step with trifluoroacetic acid (0.830 mL, 9.51
mmol) in THF (6.0 mL), compound 20 was prepared and purified by silica gel column
chromatography (15% ethyl acetate/hexane) as a yellow oil, (65.0 mg, 31%). Two rotamers were
present on NMR timescale (R! : R =1 : 1); 'H NMR (500 MHz, CDCls): 6 7.54 — 7.49 (m,
2H), 7.47 — 7.42 (m, 2H), 7.33 (d, J = 8.6 Hz, 2H), 7.29 (d, J = 8.6 Hz, 2H), 6.90 (s, 1H), 6.88 (d,
J=3.1Hz, 2H), 6.87 — 6.85 (m, 2H), 6.85 — 6.84 (m, 2H), 6.82 (d, J = 3.3 Hz, 1H), 6.81 (dd, J =

6.2, 1.2 Hz, 1H), 6.72 (dd, J = 6.1, 1.1 Hz, 1H), 6.16 (s, 1H), 6.10 (s, 1H), 5.83 (dd,J = 13.3, 6.2
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Hz, 2H), 4.52 — 4.36 (m, 2H), 3.83 (d, J = 5.5 Hz, 6H), 3.77 (d, J = 4.1 Hz, 6H), 1.84 (d, J = 11.0
Hz, 6H), 1.76 — 1.66 (m, 5H), 1.41 (dt, J = 7.9, 4.2 Hz, 9H); 13C NMR (125 MHz, CDCls): &
163.3, 163.2, 161.7, 161.6, 159.9, 159.8, 152.7, 152.2, 134.8, 134.6, 128.5, 128.5, 128.3,
12751145, 114.4, 114.3,114.1, 111.8, 111.6, 111.4, 110.4, 109.3, 107.8, 93.6, 93.5, 80.4, 80.1,
62.4, 58.0,55.5, 55.4, 52.7, 52.5, 31.7, 31.6, 31.5, 30.9, 30.6, 29.8, 29.7, 25.7, 25.6, 25.5, 25.4;
HRMS (ESI) m/z calcd for C27H29N204 [M+H]": 445.2127; found: 445.2115.

Using 20 (57.0 mg, 0.127 mmol), sodium hydride (10.0 mg, 0.381 mmol) in THF (4.0 mL), the
titled compound was prepared and purified by silica gel column chromatography (20% ethyl
acetate/hexane) to yield 30 as a yellow oil (20.0 mg, 36%); *H NMR (300 MHz, CDCls): § 7.38
—7.32 (m, 2H), 7.17 — 7.11 (m, 2H), 6.83 (d, J = 8.8 Hz, 2H), 6.77 (d, J = 9.0 Hz, 2H), 6.52 (s,
1H), 6.41 (d, J = 5.5 Hz, 1H), 5.91 (d, J = 5.5 Hz, 1H), 4.61 — 4.49 (m, 1H), 3.77 (d, J = 5.3 Hz,
6H), 1.86 (d, J = 7.4 Hz, 2H), 1.77 — 1.67 (m, 3H), 1.50 — 1.44 (m, 2H), 1.37 — 1.31 (m, 3H); 13C
NMR (100 MHz, CDCls): ¢ 169.8, 162.4, 161.1, 160.6, 160.1, 130.6, 127.4, 126.8, 124.6,
119.0, 114.4, 113.8, 113.6, 106.7, 72.2, 55.4, 53.5, 31.8, 31.0, 29.8, 25.9, 25.8, 25.4; IR (CHCls)
Ve (CMY) = 764, 1068, 1406, 1675, 2922, 3412, 3740, 3840; HRMS (ESI) m/z calcd for

C27H20N204 [M+H]": 445.2127; found: 445.2125.

2-Cyclohexyl-8a-(4-fluorophenyl)-8-(4-methoxyphenyl)pyrrolo/1,2-a/pyrazine-1,6(2H,8aH)-
dione (3p):
HZN/\(OME HIEI:y o o}

OMe
F‘@—CHO MeOH, rt, MGO%NI@\ TFA , THF 7N NeH.THF
N o C
12h OMe 0 F reflux, 8h  Cy~ 0°C-rt,4h y
. o) oM

53% e 54%
. P (over two steps) 2p F
Cy—N=- MeO

According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475

mmol),4-fluorobenzaldehyde (0.051 mL, 0.475 mmol), 3-(4-Methoxyphenyl) propiolic acid
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(84.0 mg, 0.475 mmol), and cyclohexyl isocyanide (0.059 mL, 0.475 mmol),in methanol (4.0
mL) to perform Ugi-4CC followed by the second step with trifluoroacetic acid (0.830 mL, 9.51
mmol) in THF (6.0 mL) refluxed up to 8 h, compound 2p was prepared and purified by silica gel
column chromatography (20% ethyl acetate/hexane) as a yellow solid (109.0 mg, 53%). Two
rotamers were present on NMR timescale (R! : R? = 1 : 1); m.p: 125-127 °C; 'H NMR (300
MHz,CDCls): 6 7.53 (d, J = 8.7 Hz, 2H), 7.44 — 7.32 (m, 6H), 7.02 (d, J = 9.6 Hz, 4H), 6.91 —
6.81 (m, 5H), 6.75 (d, J = 5.8 Hz, 1H), 6.18 (s, 1H), 6.13 (s, 1H), 5.84 (t, J = 6.8 Hz, 2H), 4.45
(s, 2H), 3.84 (s, 3H), 3.83 (s, 3H), 1.84 (s, 6H), 1.70 (s, 4H), 1.40 (m, J = 8.4 Hz, 8H), 1.15 (m,
2H); 3C NMR (75 MHz, CDCls): § 164.5-161.2 (d, Jc.r = 245.2 Hz), 162.9, 162.8, 161.8,
161.7, 152.6, 152.2, 134.7, 134.6, 132.2 (d, Jc-r= 3.0 Hz), 132.0 (d, Jc-r= 3.0 Hz), 128.8 (d, Jc-r
= 8.25 Hz), 128.0 (d, Jc-r = 8.25 Hz), 116.0 (d, Jcr = 21.0 Hz), 115.8 (d, Jcr = 21.75 Hz),
114.5,111.6,111.3, 110.3, 109.2, 107.7, 93.8, 93.8, 80.2, 80.0, 62.3, 57.9, 55.5, 52.8, 52.6, 31.6,
31.4, 30.8, 30.6, 25.7, 25.6, 25.5, 25.4; HRMS (ESI) m/z calcd for CasH26FN20O3 [M+H]™
433.1927 ; found: 433.1924.

Using 2p (56.0 mg, 0.127 mmol), sodium hydride (9.0 mg, 0.381 mmol) in THF (4.0 mL), the
titled compound was prepared and purified by silica gel column chromatography (30% ethyl
acetate/hexane) to yield 3p as a yellow oil, (30.0 mg, 54%); *H NMR (300 MHz, CDClz): ¢
7.37 — 7.32 (m, 2H), 7.21 (ddd, J = 8.1, 5.1, 2.6 Hz, 2H), 7.06 — 6.96 (m, 2H), 6.82 — 6.72 (m,
2H), 6.50 (s, 1H), 6.41 (d, J = 5.5 Hz, 1H), 5.90 (d, J = 5.5 Hz, 1H), 4.59 — 4.48 (m, 1H), 3.77 (s,
3H), 1.93 — 1.66 (m, 6H), 1.54 — 1.43 (m, 3H), 1.35 (d, J = 5.1 Hz, 1H); 13C NMR (75 MHz,
CDCls): § 169.4, 161.2 (d, Jc.r = 138.0 Hz), 161.1, 131.2 (d, Jcr = 3.0 Hz), 130.6, 128.0 (d Jc-r

= 8.2 Hz), 124.4, 119.5, 116.2 (d Jcr= 21.7 Hz), 113.7, 113.6, 106.8, 71.9, 55.4, 53.6, 31.8,
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31.0, 25.9, 25.8, 25.4; HRMS (ESI) m/z calcd for CosH26FN2O3 [M+H]": 433.1927 ; found:

433.1918.

2-Cyclohexyl-8a-(4-fluorophenyl)-8-(p-tolyl)pyrrolo/1,2-a/pyrazine-1,6(2H,8aH)-dione (3q):

om
HZN/\( e (;y
OMe HN._O o
F‘@‘CHO MeOH, rt, MeO%NIQ\ TFA , THF PN NaH, THF
E—— —_—— —_— /
N o
12h ome ¢ refuceh  Cy” 0°C-r,2h O
HSCO%COOH Z 75% o CHy 57%
a (over two steps) 2q F
t_
Cy—N=- HaC

According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 4-fluorobenzaldehyde (0.051 mL, 0.475 mmol), 4-methyl phenylpropiolic acid (76.0 mg,
0.475 mmol), and cyclohexyl isocyanide (0.060 mL, 0.475 mmol), in methanol (4.0 mL) to
perform Ugi-4CC followed by the second step with trifluoroacetic acid (0.830 mL, 9.51 mmol)
in THF (6.0 mL), compound 2q was prepared and purified by silica gel column chromatography
(20% ethyl acetate/hexane) as a yellow oil, (150.0 mg, 75%). Two rotamers were present on
NMR timescale (R!: R2=1: 1); IH NMR (300 MHz, CDCls): § 7.47 (d, J = 8.0 Hz, 2H), 7.42
—7.30 (m, 6H), 7.18 (t, J = 8.4 Hz, 4H), 7.01 (q, J = 8.7 Hz, 4H), 6.83 (d, J = 5.1 Hz, 1H), 6.75
(d, J=5.1 Hz, 1H), 6.18 (s, 1H), 6.13 (s, 1H), 5.85 (dd, J = 8.1, 6.3 Hz, 2H), 4.52 — 4.36 (m, 2H),
2.38 (d, J = 5.1 Hz, 6H), 1.85 (d, J = 7.5 Hz, 6H), 1.75 — 1.59 (m, 6H), 1.40 (dd, J = 16.0, 7.8
Hz, 7H), 1.16-1.10 (m, 1H); 13C NMR (100 MHz, CDCls): 6 163.1 (d, Jc.r= 246.0 Hz), 163.0
(d, Jc-r= 245.0 Hz), 162.9, 162.8, 152.5, 152.1, 141.7, 1415, 132.8, 132.7, 132.1 (d, Jcr= 3.0
Hz), 132.0 (d, Jcr= 3.0 Hz), 129.6, 128.8 (d, Jcr= 8.0 Hz), 128.0 (d, Jcr= 8.0 Hz), 116.7,
116.5, 116.0 (d, Jcr= 22.0 Hz), 115.8 (d, Jcr= 22.0 Hz), 111.4, 110.4, 109.1, 107.6, 93.6, 93.5,
80.4, 80.1, 62.3, 58.0, 52.8, 52.6, 31.6, 31.4, 30.8, 30.6, 25.7, 25.6, 25.6, 25.4, 25.3, 21.8;

HRMS (ESI) m/z calcd for CasH26FN2O2 [M+H]": 417.1978; found: 417.1969.
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Using 2q (53.0 mg, 0.127 mmol), sodium hydride (9.0 mg, 0.381 mmol), THF (4.0 mL), the
titled compound was prepared and purified by silica gel column chromatography (20% ethyl
acetate/hexane) to yield 3q as a yellow liquid, (30.0 mg, 57%); *H NMR (300 MHz, CDClz):
57.24 —7.19 (m, 4H), 7.07 — 6.98 (m, 4H), 6.53 (s, 1H), 6.42 (d, J = 5.5 Hz, 1H), 5.90 (d, J = 5.5
Hz, 1H), 4.51 (t, J = 9.9 Hz, 1H), 2.30 (s, 3H), 1.91 — 1.71 (m, 5H), 1.62 (d, J = 29.7 Hz, 3H),
1.38 (d, J = 11.0 Hz, 2H); 3C NMR (100 MHz, CDCls): § 169.3, 163.0 (d, Jc.r = 248.0 Hz),
162.1, 160.8, 140.4, 131.0 (d, Jc-r = 3.0 Hz), 129.3, 128.9, 128.7, 128.1 (d Jc-r= 9 Hz), 121.0,
116.2 (d Jcr= 22 Hz), 113.7, 106.7, 72.0, 53.6, 31.7, 31.0, 25.9, 25.8, 25.4, 21.4; HRMS (ESI)

m/z calcd for CasH26FN202 [M+H]": 417.1978; found: 417.1969.
2-Cyclohexyl-8a-(thiophen-3-yl)-8-(p-tolyl)pyrrolo/1,2-a/pyrazine-1,6(2H,8aH)-dione (3r):

Cy
o 0

OMe
HNTY HN._O

OMe ’/\N

@\CHO MeOH, rt, MeOY\N S, TFA,THF PN NaH, THF N P
S > \ —_— N s —_— e
12h O/Me o) % reflux, 6h  Cy~ | 0°c-r,2h Y o)

HsC = COOH = 62% o / CH, 55% |

1r

. (over two steps) 2r S -
—NE- 3r
Bn—N= HaC 3

According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 2-thiophenecarboxaldehyde (0.045 mL, 0.475 mmol), 4-methoxy phenylpropiolic acid
(70.0 mg, 0.475 mmol), and benzyl isocyanide (0.060 mL, 0.475 mmol),in methanol (4.0 mL) to
perform Ugi-4CC followed by the second step with trifluoroacetic acid (0.830 mL, 9.51 mmol)in
THF (6.0 mL),compound 2r was prepared and purified by silica gel column chromatography
(15% ethyl acetate/hexane) as a yellow solid, (125.0 mg, 62%). Two rotamers were present on
NMR time-scale (R*: R?=1: 1); m.p: 175-177 °C; 'H NMR (400 MHz, CDCl3): 6 7.54 — 7.47
(m, 4H), 7.36 (d, J = 1.8 Hz, 1H), 7.34 (t, J = 2.2 Hz, 2H), 7.31 (d, J = 2.2 Hz, 2H), 7.30 — 7.27

(m, 3H), 7.25 — 7.21 (m, 3H), 7.07 (ddd, J = 3.4, 2.3, 1.1 Hz, 2H), 6.95 (ddd,J = 8.6, 5.1, 3.6 Hz,
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2H), 6.91 — 6.86 (m, 4H), 6.74 (dd, J = 6.1, 1.5 Hz, 1H), 6.68 (dd, J = 6.0, 1.4 Hz, 1H), 6.50 (s,
1H), 6.44 (s, 1H), 5.79 (d, J = 6.1 Hz, 1H), 5.74 (d, J = 6.0 Hz, 1H), 4.87 (d, J = 4.1 Hz, 1H),
4.83 (d, J = 4.2 Hz, 1H), 4.72 (dd, J = 14.8, 9.5 Hz, 2H), 3.84 (d, J = 4.6 Hz, 6H); 3C NMR
(100 MHz, CDCls): o 162.7, 162.7, 161.8, 161.7, 152.3, 152.1, 138.1, 137.3, 13538,
135.6,134.91, 134.7, 129.0, 128.4, 128.3, 128.2, 127.1, 126.9, 126.7, 126.4, 126.1, 114.7, 114.6,
1145, 113.7, 111.5,111.4, 109.3, 107.7, 94.1, 94.0, 80.1, 79.8, 59.2, 55.6, 55.5, 54.6, 49.6, 49.4,
HRMS (ESI) m/z calcd for C2sH21N203S [M+H]*: 429.1273; found: 429.1266.

Using 2r (55.0 mg, 0.127 mmol), sodium hydride (10.0 mg, 0.381 mmol) in THF (4.0 mL), the
titled compound was prepared and purified by silica gel column chromatography (20% ethyl
acetate/hexane) to yield 3r as a yellow solid (30.0 mg, 55%); m.p:102-104 °C; *H NMR (400
MHz, CDCls): 6 7.5 — 7.5 (m, 2H), 7.4 — 7.3 (m, 3H), 7.3 — 7.3 (m, 3H), 6.9 (dd, J = 3.6, 1.2 Hz,
1H), 6.9 (dd, J =5.1, 3.7 Hz, 1H), 6.8 — 6.8 (m, 2H), 6.6 (5, 1H), 6.4 (d, J = 5.4 Hz, 1H), 5.9 (d, J
= 5.4 Hz, 1H), 4.9 (d, J = 14.6 Hz, 1H), 4.7 (d, J = 14.6 Hz, 1H), 3.8 (s, 3H); 13C NMR (125
MHz, CDCls): ¢ 168.8, 161.7, 161.5, 159.9, 139.4, 135.7, 131.0, 129.0, 128.6, 128.3, 127.3,
127.3, 126.8, 123.9, 118.8, 117.1, 113.7, 106.6, 69.5, 55.4, 50.4; HRMS (ESI) m/z calcd for

CosH21N203S [M+H]": 429.1273; found: 429.1271.

1-Benzyl-4-(3-(4-methoxyphenyl)propioloyl)-3-phenyl-3,4-dihydropyrazin-2(1H)-one (2s):

OMe Bn

|

HZN/\( HN.__O o)

OMe
MeOH, rt, =z
QCHO MeO\|/\N TFA , THF (\N X
12 h OMe fl 8h Bn/N
MeO—@%COOH =~ O retiux, i oMo
1s
Bn—N=- 2s

MeO
According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475

mmol),benzaldehyde (0.048 mL, 0.475 mmol), 4-methoxy phenylpropiolic acid (70 mg, 0.475
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mmol), and benzyl isocyanide (0.060 mL, 0.475 mmol),in methanol (4 mL) to perform Ugi-4CC
followed by the second step with trifluoroacetic acid (0.830 mL, 9.51 mmol) in THF (6.0
mL),compound 2s was prepared and purified by silica gel column chromatography (20% ethyl
acetate/hexane) as a yellow oil (65 mg, 33%).Two rotamers were present on NMR timescale (R®:
R2=1:1); 'H NMR (400 MHz, CDCls): 6 7.52 — 7.49 (m, 2H), 7.46 — 7.41 (m, 4H), 7.40 —
7.35 (m, 6H), 7.32 (dd, J = 5.1, 2.8 Hz, 5H), 7.28 (s, 2H), 7.24 — 7.21 (m, 2H), 7.15 (dd, J = 7.2,
2.0 Hz, 2H), 6.90 — 6.84 (m, 6H), 6.78 (dd, J = 6.0, 1.3 Hz, 1H), 6.29 (s, 1H), 6.25 (s, 1H), 5.71
(d, 3= 6.2 Hz, 1H), 5.68 (d, J = 6.1 Hz, 1H), 4.77 (s, 2H), 4.73 (d, J = 2.9 Hz,2H), 3.83 (s, 3H),
3.82 (s, 3H); *°C NMR (100 MHz, CDCls): ¢ 163.6, 163.5, 161.7, 161.7, 152.8, 152.2, 136.0,
136.1, 135.8, 135.7, 134.7, 134.6, 129.0, 128.99, 128.97, 128.90, 128.86, 128.6, 128.2, 128.1,
128.1, 127.9, 126.8, 126.2, 114.6, 114.5, 114.4, 113.6, 111.6, 111.4, 109.8, 108.16, 93.8, 80.2,
79.9, 62.9, 58.6, 55.5, 49.5, 49.4; HRMS (ESI) m/z calcd for Co7H23N203 [M+H]*: 423.1709;

found: 429.423.1701.

4-(2-Cyclohexyl-1,6-dioxo-8-phenyl-1,2-dihydropyrrolo/1,2-a/pyrazin-8a(6H)-yl)benzonitrile

3y:
OMe
c

HZN/\o(M HNy o o

e

=
NCOCHO MeOH, rt, MeO- .y TFA, THF r"‘ A LA L
12h reflux, 8h  cy~ 0°C-rt,2h
Ph—==—COOH %e o CN 82% Io) 80%
Cy—N=- Ph 1t (over two steps) at CN

According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 4-cyano benzaldehyde (63.0 mg, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475
mmol), and cyclohexyl isocyanide (0.060 mL, 0.475 mmol), in methanol (4.0 mL) to perform
Ugi-4CC followed by the second step with trifluoroacetic acid (0.830 mL, 9.51 mmol) in THF
(6.0 mL), compound 2t was prepared and purified by silica gel column chromatography (15%
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ethyl acetate/hexane) as a grey solid, (160.0 mg, 82%). Two rotamers were present on NMR
timescale (R : R?=1:0.7); m.p: 191-193 °C; 'H NMR (400 MHz, CDCl3): 6 7.69 — 7.58 (m,
6H), 7.56 — 7.33 (m, 11H), 6.87 (dd, J = 6.3, 1.3 Hz, 0.7H), 6.81 (dd, J = 6.2, 1.1 Hz, 1H), 6.22
(s, 1H), 6.21 (s, 0.7H), 5.87 (d, J = 6.4 Hz, 0.7H), 5.84 (d, J = 6.3 Hz, 1H), 4.41 (dt, J = 13.4,
11.2 Hz,2H), 1.72 (ddd, J= 46.8, 33.4, 14.7 Hz, 11H), 1.41 (dg, J = 19.5, 9.6 Hz, 8H); 13C NMR
(75 MHz, CDCl3): ¢ 161.8, 161.7, 152.2, 151.9, 141.16, 141.0, 132.8, 132.7, 132.7, 132.6,
131.1, 131.0, 128.8, 127.6,126.9, 119.5, 119.2, 118.5, 118.3, 112.8, 112.5, 111.45, 110.5, 109.0,
107.5, 93.5, 80.1, 62.6, 58.4, 53.1, 52.8, 31.4, 31.3, 30.7, 30.5, 25.6, 25.5, 25.3, 25.2; HRMS
(ESI) m/z calcd for C26H24N302 [M+H]": 410.1869; found: 410.1861.

Using 2t (52.0 mg, 0.127 mmol), sodium hydride (9.0 mg, 0.381 mmol) in THF (4.0 mL), the
titled compound was prepared and purified and purified by silica gel column chromatography
(20% ethyl acetate/hexane) to yield 3t as a yellow solid, (42.0 mg, 80%); m.p: 164-166 °C; H
NMR (400 MHz, CDCls): 6 7.63 (d, J = 8.5 Hz, 2H), 7.38 — 7.30 (m, 3H), 7.29 — 7.23 (m, 4H),
6.59 (s, 1H), 6.46 (d, J = 5.5 Hz, 1H), 5.91 (d, J = 5.6 Hz, 1H), 4.58 — 4.46 (m, 1H), 1.91 — 1.69
(m, 5H), 1.45 (ddd, J = 33.2, 18.6, 7.3 Hz, 4H), 1.13 (dd, J = 17.1, 8.1 Hz, 1H); 3C NMR (75
MHz, CDCls): ¢ 168.9, 161.4, 160.3, 140.7, 132.9, 131.8, 130.2, 128.8, 128.3, 127.0, 122.7,
118.1, 113.9, 113.4, 106.7, 72.3, 53.8, 31.7, 31.0, 25.8, 25.8, 25.3; HRMS (ESI) m/z calcd for

C26H24N302 [M+H]": 410.1869; found: 410.1862.

4-(2-Benzyl-1,6-dioxo-8-phenyl-1,2-dihydropyrrolo/1,2-a/pyrazin-8a(6H)-yl)benzonitrile (3u):

OM
HZN/Y e o
OMe
NCOCHO MeOH, m, Mmoo TPATHE (\N N NaH. THF
Ph—on >
12 h reflux 6 h Bn~ 0°C-rt,2h Bn
Ph—=—=—COOH OMe 80% g 84%
Bn—NE=- over two steps) 2u CN
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According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 4-cyanobenzaldehyde (62.0 mg, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475
mmol), and benzyl isocyanide (0.058 mL, 0.475 mmol), in methanol (4.0 mL) to perform Ugi-
4CC followed by the second step with trifluoroacetic acid (0.830 mL, 9.51 mmol) in THF
(6.0mL), compound 2u was prepared and purified by silica gel column chromatography (15%
ethyl acetate/hexane) as a yellow solid, (180.0 mg, 80%). Two rotamers were present on NMR
timescale (R:: R2 =1 : 1); m.p: 108-110 °C; 'H NMR (400 MHz, CDCls3): 6 7.69 — 7.62 (m,
4H), 7.59 — 7.54 (m, 4H), 7.53 — 7.28 (m, 17H), 7.21 (dd, J = 7.2, 2.2 Hz, 2H), 7.14 (dd,J = 6.7,
2.8 Hz, 1H), 6.89 (dd, J = 6.2, 1.4 Hz, 1H), 6.81 (dd, J = 6.1, 1.3 Hz, 1H), 6.29 (s, 2H), 5.73 (dd,
J=11.6, 6.2 Hz, 2H), 4.81 — 4.66 (m, 4H); 1*C NMR (100 MHz, CDCl3): 6 162.3, 162.2, 152.2,
151.9, 140.9, 140.7, 135.6, 135.3, 132.8, 132.7, 132.7, 131.1, 131.0, 129.0, 128.8, 128.3, 128.3,
128.1, 127.9, 127.6, 126.9, 119.4, 119.1, 118.4, 118.2, 114.7, 113.6, 112.9, 112.6, 109.3, 107.7,
93.7, 93.5, 80.2, 80.0, 62.5, 58.5, 49.7, 49.6; HRMS (ESI) m/z calcd for Ca7H20Nz02 [M+H]*
418.1556; found: 418.1551.

Using 2u (50.0 mg, 0.127 mmol), sodium hydride (9.0 mg, 0.381 mmol) in THF (4.0 mL), the
titled compound was prepared and purified by silica gel column chromatography (25% ethyl
acetate/hexane) to yield 3u as a yellow solid, (45.0 mg, 84%); m.p: 213-215 °C; 'H NMR (300
MHz, CDCl3): 6 7.57 (d, J = 8.5 Hz, 2H), 7.30 (ddd, J = 14.8, 11.0, 5.6 Hz, 12H), 6.58 (s, 1H),
6.45 (d, J = 5.4 Hz, 1H), 5.87 (d, J = 5.4 Hz, 1H), 4.93 (d, J = 14.7 Hz, 1H), 4.68 (d, J = 14.7 Hz,
1H); 3C NMR (75 MHz, CDCls): 6 168.8, 161.7, 160.3, 140.4, 135.5, 132.8, 131.5, 130.3,
129.1, 128.9, 128.5, 128.4, 127.0, 122.7, 118.0, 117.4, 113.4, 106.8, 72.4, 50.4; HRMS (ESI)

m/z calcd for Ca7H20N302 [M+H]™: 418.1556; found: 418.1534.
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4-(2-Cyclohexyl-8-(4-methoxyphenyl)-1,6-dioxo-1,2-dihydropyrrolo/1,2-a/pyrazin-8a(6H)-

yl)benzonitrile (3v):

OMe
HNTY Cy o
OMe HN (¢]
o~()ono MOt o~ AT PN
N N
- ° -
Ph—==—COOH 12h OMe ol Y 0 2"
— é 0 CN 80% o) OMe 50%

. CN
Cy—N=- v (over two steps) v

MeO

According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 4-cyano benzaldehyde (63.0 mg, 0.475 mmol), 4-methoxy phenylpropiolic acid (84.0
mg, 0.475 mmol), and cyclohexyl isocyanide (0.060 mL, 0.475 mmol),in methanol (4.0 mL) to
perform Ugi-4CC followed by the second step with trifluoroacetic acid (0.830 mL, 9.51 mmol)
in THF (6.0 mL),compound 2v was prepared and purified by silica gel column chromatography
(20% ethyl acetate/hexane) as a yellow oil, (170.0 mg, 80%). Two rotamers were present on
NMR timescale (R : R2=1: 0.75); 'H NMR (400 MHz, CDCls): ¢ 7.64 (dd, J = 14.7, 8.5 Hz,
4H), 7.56 — 7.48 (m, 6H), 7.38 (d, J = 8.9 Hz, 2H), 6.92 — 6.85 (m, 5H), 6.80 (dd, J = 6.2, 1.2 Hz,
1H), 6.22 (s, 1H), 6.21 (s, 0.77H), 5.87 — 5.80 (m, 2H), 4.44 — 4.36 (m, 2H), 3.85 (s, 3H), 3.83 (s,
3H), 1.84 (d,J = 6.2 Hz, 7.50H), 1.68 (d,J = 5.5 Hz, 5H), 1.58 (s, 1H), 1.34 (s, 6H); 3C NMR
(100 MHz, CDCls): ¢ 161.8, 161.7, 161.7, 152.4, 152.2, 141.1, 141.0, 134.6, 132.7, 132.6,
1275, 126.8, 118.4, 118.3, 114.5, 114.0, 112.7, 112.4, 111.2, 111.1, 110.9, 110.1, 109.1, 107.6,
94.4,94.2, 79.8, 79.6, 62.5, 58.3, 55.4, 52.9, 52.7, 31.9, 31.4, 31.2, 30.6, 30.4, 25.6, 25.5, 25.3,
25.2; HRMS (ESI) m/z calcd for C27H26N303 [M+H]*: 440.1974; found: 440.1962.

Using 2v (56.0 mg, 0.127 mmol), sodium hydride (10.0 mg, 0.381 mmol) in THF (4.0 mL), the
titled compound was prepared and purified by silica gel column chromatography (20% ethyl
acetate/hexane) to yield 3v as a yellow solid, (28.0 mg, 50%); m.p:92-94 °C; 'H NMR (300

MHz, CDCls): 6 7.62 (d, J = 8.4 Hz, 2H), 7.39 — 7.32 (m, 4H), 6.78 (d, J = 8.9 Hz, 2H), 6.54 (s,
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1H), 6.42 (d, J = 5.5 Hz, 1H), 5.90 (d, J = 5.5 Hz, 1H), 4.54 (5, 1H), 3.77 (s, 3H), 1.93 — 1.80 (m,
3H), 1.71 (d, J = 12.7 Hz, 1H), 1.60 (s, 1H), 1.48 (s, 1H), 1.36 (dd, J = 21.0, 10.3 Hz, 4H); 13C
NMR (125 MHz, CDCls): ¢ 169.1, 161.2, 159.6, 141.1, 132.7, 130.6, 126.8, 123.7, 119.9,
117.9, 113.7, 113.4, 113.2, 106.7, 72.0, 55.3, 53.7, 31.6, 30.9, 25.7, 25.6, 25.2; HRMS (ESI)

m/z calcd for Ca7H26N3O3 [M+H]*: 440.1974 ; found: 440.1966.

2-Cyclohexyl-8a-(4-nitrophenyl)-8-phenylpyrrolo/1,2-a/pyrazine-1,6(2H,8aH)-dione (3w):

OMe
HoN Cy o
/\O(Me HN.___O J\
Z "N
OZNOCHO MeOH, t, e~y TFA, r N\, _NaH. THE o
12h reflux,6h  cy” 0°C-rt,2h y
Ph—— +COOH %e o NOE 78% d o 549
Cy—-N=- Ph 1w over two steps) ow 2

According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 4-nitro benzaldehyde (72.0 mg, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475
mmol), and cyclohexyl isocyanide (0.060 mL, 0.475 mmol),in methanol (4.0 mL) to perform
Ugi-4CC followed by the second step with trifluoroacetic acid (0.830 mL, 9.51 mmol) in THF
(6.0 mL),compound 2w was prepared and purified by silica gel column chromatography (20%
ethyl acetate/hexane) as a yellow solid, (160.0 mg, 78%). Two rotamers were present on NMR
timescale (R! : R2=1:0.75); m.p: 186-188 °C; 'H NMR (400 MHz, CDCl3): 6 8.25 —8.17 (m,
4H), 7.62 — 7.55 (m, 6H), 7.50 — 7.34 (m, 7.84H), 6.91 — 6.88 (m, 0.80H), 6.85 — 6.81 (m,
1.19H), 6.27 (s, 1.09H), 6.26 (s, 0.72H), 5.88 (d, J = 6.4 Hz, 0.77H), 5.87 — 5.85 (m, 1.12H),
4.48 — 4.35 (m, 2H), 1.86 (d, J = 5.4 Hz, 6H), 1.71 (d, J = 17.0 Hz, 4H), 1.40 (dt, J = 26.8, 9.7
Hz, 9H), 1.13 (d, J = 9.4 Hz, 2.83H); 1*C NMR (100 MHz, CDCls): ¢ 161.8, 161.7, 152.2,
152.0, 148.3, 148.1, 143.0, 142.9, 132.8, 131.1, 131.0, 128.9, 127.8, 127.2, 124.3, 124.1, 119.6,

119.2, 1115, 110.5, 109.0, 107.6, 93.7, 93.5, 80.3, 80.1, 77.5, 77.1, 76.8, 62.6, 58.4, 53.2,
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52.9,31.5, 31.4, 30.7, 30.5, 25.7, 25.6, 25.4, 25.3; HRMS (ESI) m/z calcd for C2sH24N304
[M+H]": 430.1767; found: 430.1754.

Using 2w (55.0 mg, 0.127 mmol), sodium hydride (9.0 mg, 0.381 mmol) in THF (4.0 mL), the
titled compound was prepared and purified by silica gel column chromatography (30% ethyl
acetate/hexane) to yield 3w as a yellow solid (29.0 mg, 54%); m.p: 133-135 °C; 'H NMR (400
MHz, CDCls): § 8.21 — 8.15 (m, 2H), 7.47 — 7.41 (m, 2H), 7.37 — 7.29 (m, 3H), 7.28 (s, 1H),
7.26 — 7.23 (m, 1H), 6.60 (s, 1H), 6.47 (d, J = 5.6 Hz, 1H), 5.92 (d, J = 5.6 Hz, 1H), 4.58 — 4.48
(m, 1H), 1.81 (dd, J = 44.9, 18.9 Hz, 5H), 1.40 (dt, J = 20.5, 7.7 Hz, 4H), 1.17 — 1.09 (m, 1H);
13C NMR (100 MHz, CDCls): § 168.9, 161.4, 160.3, 148.4, 142.6, 131.7, 130.3, 128.8, 128.3,
127.3, 124.3, 122.8, 113.9, 106.7, 72.2, 53.8, 31.7, 31.0, 25.8, 25.7, 25.3; HRMS (ESI) m/z

calcd for CosH24N304 [M+H]": 430.1767; found: 430.1764.

2-Benzyl-8a-(4-nitrophenyl)-8-phenylpyrrolo/1,2-a/pyrazine-1,6(2H,8aH)-dione (3x):

oM
HoN ©

o)
OMe )\ (\N
OZN@CHO MeOH, rt, MeOY\N N X oy _NaH. TH s
12h reflux 6 h 0°C-rt,2h n
Ph—==—COOH O’V'e 84% 5 73%

Bn—N=- (Zover two steps) NO,

z

2x

According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 4-nitro benzaldehyde (72.0 mg, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475
mmol), and benzyl isocyanide (0.058 mL, 0.475 mmol)in methanol (4.0 mL) to perform Ugi-
4CC followed by the second step with trifluoroacetic acid (0.830 mL, 9.51 mmol) in THF (6.0
mL), compound 2x was prepared and purified by silica gel column chromatography (15% ethyl
acetate/hexane) as a yellow solid, (175.0 mg, 84%). Two rotamers were present on NMR
timescale (R! : R? = 1 : 0.65); m.p: 120-122 °C; *H NMR (300 MHz, CDCls): & 8.21 (dd,J =
12.3, 8.8 Hz, 3H), 7.58 (ddd, J = 10.2, 6.8, 5.6 Hz, 5H), 7.53 — 7.26 (m, 12H), 7.22 (dd, J = 7.1,
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2.4 Hz, 2H), 7.15 (dd, J = 6.7, 2.9 Hz, 1H), 6.91 (dd, J = 6.2, 1.4 Hz, 0.67H), 6.83 (dd, J = 6.1,
1.3 Hz,1H), 6.33 (s, 1.62H), 5.75 (dd, J = 8.1, 6.2 Hz, 1.69H), 4.75 (dd, J = 11.4, 6.2 Hz, 3.55H).
13C NMR (75 MHz, CDCls): § 162.3, 162.1, 152.2, 152.0, 148.1, 142.8, 142.6, 135.5, 135.3,
132.8,131.2, 131.1, 129.1, 129.2, 128.8, 128.9, 128.4, 128.3, 128.20, 127.9, 127.8, 127.2, 124.3,
124.1, 119.4, 119.1, 114.7, 113.5, 109.3, 107.9, 93.8, 93.6, 80.2, 80.0, 62.5, 58.4, 49.8, 49.7; IR
(CHCI3) v (cm™Y) = 958, 1068, 1346, 1522, 1640, 1679, 2213, 3062; HRMS (ESI) m/z calcd
for CasHa0N3O4 [M+H]": 438.1454; found: 438.1447.

Using 2x (56.0 mg, 0.127 mmol), sodium hydride (9.0 mg, 0.381 mmol) in THF (4.0 mL), the
titled compound was prepared and purified by silica gel column chromatography (20% ethyl
acetate/hexane) to yield 3x as a yellow solid (41.0 mg, 73%); m.p: 198-201 °C; *H NMR (300
MHz, CDCls): J 8.15 — 8.08 (m, 2H), 7.37 — 7.33 (m, 7H), 7.32 — 7.26 (m, 4H), 7.24 (dd, J =
4.9, 2.7 Hz, 1H), 6.60 (s, 1H), 6.47 (d, J = 5.4 Hz, 1H), 5.88 (d, J = 5.4 Hz, 1H), 4.95 (d, J = 14.6
Hz, 1H), 4.69 (d, J = 14.6 Hz, 1H); 13C NMR (75 MHz, CDCls): ¢ 168.8, 161.7, 160.2, 148.4,
142.3, 135.4, 131.4, 130.3, 129.1, 128.9, 128.5, 128.4, 127.3, 124.2, 122.7, 117.5, 106.8, 72.3,

50.4; HRMS (ESI) m/z calcd for C26H20N304 [M+H]": 438.1454; found: 438.1444.

3-(4-Fluorophenyl)-1-phenyl-4-(3-phenylpropioloyl)-3,4-dihydropyrazin-2(1H)-one (3y):

OMe
HZN&( Ph o
OMe HN O
MeOH, rt, TFA, THF ZNT TR NaH, THF

F CHO MeowﬁN > N N Ph >
12h reflux, 6 h  ph~~ 0°C-rt,2h

Ph—==—COOH O/ﬂe o F o 55% o 51%

£ F
thNJ(:- Ph 1y (over two steps) 2y

According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol),4-fluorobenzaldehyde (0.051 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475
mmol), and phenyl isocyanide (0.050 mL, 0.475 mmol), in methanol (4.0 mL) to perform Ugi-

4CC followed by the second step with trifluoroacetic acid (0.830 mL, 9.51 mmol) in THF (6.0
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mL),compound 3y was prepared and purified and purified by silica gel column chromatography
(20% ethyl acetate/hexane)as a yellow solid, (105.0 mg, 55%). Two rotamers were present on
NMR timescale (R! : R2=1: 1); m.p: 137-140 °C; 'H NMR (300 MHz, CDCl3): § 7.64 — 7.59
(M, 2H), 7.54 — 7.28 (m, 20H), 7.27 (d, J = 1.5 Hz, 1H), 7.23 (t, J = 1.9 Hz, 1H), 7.15 - 7.03 (m,
4H), 6.96 (dd, J = 6.2, 1.5 Hz, 1H), 6.92 — 6.84 (m, 1H), 6.35 (s, 1H), 6.29 (s, 1H), 6.01 (dd,J =
6.1, 3.2 Hz, 2H); 3C NMR (75 MHz, CDCl3): § 163.7 (d, Jcr = 246.7 Hz), 163.0 (d, Jcr =
246.0 Hz), 162.7, 162.7, 152.4, 152.0, 139.2, 139.1, 132.8, 132.8, 131.4 (d, Jc.r= 3.0 Hz), 131.3
(d, Jcr = 3 Hz), 131.1, 1310, 129.5, 129.5, 1289, 128.8, 128.7, 128.2, 128.1, 128.0,
127.9,125.9,119.7, 119.4, 116.5, 116.2 (d, Jcr = 21.7 Hz), 116.0 (d, Jcr = 21.7 Hz), 115.6,
109.4, 107.8, 93.4, 93.2, 80.5, 80.3, 62.7, 58.4; IR (CHClI3) vma (cm™?) = 692, 716, 976, 1364,
1417, 1508, 1638, 1689, 2213, 3013; HRMS (ESI) m/z calcd for CsHigFN2O2 [M+H]":
397.1352; found: 397.1351.

Using 2y (51.0 mg, 0.127 mmol), sodium hydride (9.0 mg, 0.381 mmol) in THF (4.0 mL), the
titled compound was prepared and purified by silica gel column chromatography (30% ethyl
acetate/hexane) to yield 3y as a yellow solid, (26.0 mg, 51%); m.p: 146-148 °C; 'H NMR (300
MHz, CDCls): 6 7.48 — 7.29 (m, 10H), 7.24 (d, J = 7.9 Hz, 2H), 7.09 (t, J = 8.0 Hz, 2H), 6.56 (d,
J=3.8 Hz, 2H), 6.04 (d, J = 4.9 Hz, 1H); *C NMR (75 MHz, CDCls): 6 169.0, 161.6 (d, Jc.r =
85.5 Hz), 161.5, 139.3, 132.0, 130.5 (d, Jcr = 3.75 Hz), 130.0, 129.6, 128.9, 128.3, 128.2, 128.0
(d Je-r= 8.2 Hz), 126.3, 122.2, 118.8, 116.4 (d Jc.r= 21.7 Hz), 106.8, 72.7; HRMS (ESI) m/z

calcd for CasH1sFN202 [M+H]": 397.1352; found: 397.1349.

2,8-Diphenyl-8a-(4-(trifluoromethyl)phenyl)pyrrolo/1,2-ajpyrazine-1,6(2H,8aH)-dione (32):
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HZNNOMG

0
OMe
N
HCOCHO MeOH, rt, MeowﬁN _TFA,THF ﬁ )\Ph NaH, THF
reflux 8h ph~ 0°C-rt,2h
Y4

Ph—==—COOH 12h O/Me 48% 62%
4 over two steps)

Ph—N=- ) CFy

According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol),4-trifluoromethyl benzaldehyde (0.058 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg,
0.475 mmol), and phenyl isocyanide (0.050 mL, 0.475 mmol),in methanol (4.0 mL) to perform
Ugi-4CC followed by the second step with trifluoroacetic acid (0.830 mL, 9.51 mmol) in THF
(6.0 mL),compound 2z was prepared and purified and purified by silica gel column
chromatography (20% ethyl acetate/hexane) as a yellow 0il(101.0 mg, 48%). Two rotamers were
present on NMR timescale (R! : R> =1 : 0.81); 'H NMR (300 MHz, CDCls): ¢ 7.72 — 7.60
(m,10H), 7.50 — 7.41 (m, 9H), 7.40 — 7.34 (m, 4H), 7.33 — 7.27 (m, 3H), 7.23 (d, J = 0.5 Hz, 1H),
7.00 (dd, J = 6.2, 1.5 Hz, 0.87H), 6.93 (dd, J = 6.0, 1.4 Hz, 1H), 6.42 (s, 1H), 6.38 (s, 0.81H),
6.01 (dd, J = 6.1, 2.8 Hz, 1.84H); *C NMR (100 MHz, CDCls): 6 162.2, 162.1, 152.4, 152.1,
1394, 139.2, 139.1, 139.0, 132.9, 132.8, 131.1, 131.0, 129.6, 129.5, 128.9, 128.8, 128.3, 128.1,
127.2, 126.6, 126.3 (q, Jc-r = 11.0, 4.0 Hz), 126.1 (q, Jc.r = 11.0, 4.0 Hz), 126.0, 125.9, 125.9,
119.6, 119.3, 116.6, 115.6, 109.4, 107.9, 93.7, 93.6, 80.3, 80.2, 63.0, 58.8; *°F NMR (377 MHz,
CDCl3): 6 -62.76; HRMS (ESI) m/z calcd for CasHisFsN2O2 [M+H]": 447.1320 ; found:
447.1314.

Using 2z (57.0 mg, 0.127 mmol), sodium hydride (9.0 mg, 0.381 mmol) in THF (4.0 mL), the
titled compound was prepared and purified by silica gel column chromatography (30% ethyl
acetate/hexane) to yield 3z as a yellow solid (35.0 mg, 62%); m.p: 154-158 °C;'H NMR (300
MHz, CDCls): 6 7.66 (d, J = 8.4 Hz, 2H), 7.54 — 7.43 (m, 4H), 7.39 — 7.27 (m, 7H), 7.22 (dd, J=

6.8, 1.7 Hz, 1H), 6.61 (5, 1H), 6.58 (d, J = 5.4 Hz, 1H), 6.03 (d, J = 5.4 Hz, 1H); 13C NMR (125
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MHz, CDCls): ¢ 168.9, 161.8, 160.7, 139.2, 139.1, 131.8, 131.7, 131.6, 130.1, 129.6, 129.0,
128.4, 128.3, 126.6, 126.3 (dd, Jc.r=11.2, 3.7 Hz), 126.2, 122.6, 118.8, 106.8, 72.8; °F NMR
(283 MHz, CDCl3): 6 -62.8; HRMS (ESI) m/z calcd for CasHisFsN202 [M+H]": 447.1320;

found: 447.1316.

8a-(4-Bromophenyl)-2,8-diphenylpyrrolo/1,2-a/pyrazine-1,6(2H,8aH)-dione (3aa):

OMe
HZN/\( Ph o
OMe HN._O
BFOCHO MeOH, 1t,  Meo TFA, THF %\NK NaH, THF
—_— N —_— Ph"o
12 h W/\ reflux, 8 h Ph/N 0°C-rt,2h
Ph—==—COOH %e o Br 58% o 55%
Ph—NZ=- Ph 1aa (over two steps) 203 Br

3aa

According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 4-bromo benzaldehyde (88.0 mg, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475
mmol), and phenyl isocyanide (0.050 mL, 0.475 mmol),in methanol (4.0 mL) to perform Ugi-
4CC followed by the second step with trifluoroacetic acid (0.727 mL, 9.51 mmol) in THF (6.0
mL), compound 2aa was prepared and purified by silica gel column chromatography (15% ethyl
acetate/hexane) as a brown oil, (127.0 mg, 58%). Two rotamers were present on NMR timescale
(R': R?=1:0.88); 'H NMR (300 MHz, CDCl3): J 7.64 — 7.59 (m, 2H), 7.57 — 7.45 (m, 8H),
7.44 — 7.37 (m, 10H), 7.36 — 7.27 (m, 6H), 7.26 — 7.21 (m, 2H), 6.96 (dd, J = 6.2, 1.5 Hz, 1H),
6.89 (dd, J = 6.0, 1.4 Hz, 1H), 6.32 (s, 1H), 6.27 (s, 1H), 5.99 (dd, J = 6.1, 2.9 Hz, 2H); 13C
NMR (75 MHz, CDCls): ¢ 162.4, 162.4, 152.4, 152.0, 139.1, 139.1, 134.5, 134.4, 132.9, 132.8,
1324, 132.2, 131.1, 131.0, 129.5, 1295, 128.9, 128.8, 128.5, 128.2, 128.1, 127.8, 125.9,
123.3,123.0,119.7, 119.4, 116.5, 115.6, 109.4, 107.85, 93.5, 93.3, 80.4, 80.3, 62.8, 58.5; HRMS

(ESI) m/z calcd for C2sH1sBrN2O2 [M+H]": 457.0552 ; found: 457.0540.
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Using 2aa (58.0 mg, 0.127 mmol), sodium hydride (9.0 mg, 0.381 mmol) in THF (4.0 mL), the
titled compound was prepared and purified by silica gel column chromatography (30% ethyl
acetate/hexane) to yield 3aa as a yellow solid (32.0 mg, 55%); m.p: 77-79 °C; *H NMR (400
MHz, CDCls): 6 7.55 — 7.52 (m, 2H), 7.46 — 7.42 (m, 2H), 7.35 —7.34 (m, 1H), 7.34 — 7.31 (m,
3H), 7.30 (s, 1H), 7.29 — 7.26 (m, 2H), 7.25 — 7.21 (m, 3H), 6.57 (s, 1H), 6.56 (d, J = 5.4 Hz,
1H), 6.03 (d, J = 5.4 Hz, 1H); C NMR (100 MHz, CDCls): ¢ 168.9, 162.0, 160.8, 139.2,
134.0, 132.5, 131.8, 130.0, 129.6, 128.9, 128.3, 128.2, 127.8, 126.3, 123.6, 122.3, 118.8, 106.7,
72.7; HRMS (ESI) m/z calcd for CasH1sBrN2O2 [M+H]": 457.0552; found: 457.0546.

4-(but-2-ynoyl)-1-cyclohexyl-3-¢4-fluorophenyl)-3,4-dihydropyrazin-2(1H)-one (2ab):

OMe
HaN" Y Cy 0
OMe HN.__O
=
FOCHO MeOH, 1, MeO " _TFA THFE (\NJ\
W/\ reflux, 8 h Cy/N
= COOH 12h OMeNo 78% 5
+ Z4 (over two steps) F
Cy—N=- 1ab 2ab

According to general procedure A using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 4-fluorobenzaldehyde (0.052 mL, 0.475 mmol), 2-butynoic acid (40.0 mg, 0.475 mmol),
and cyclohexyl isocyanide (0.060 mL, 0.475 mmol), in methanol (4.0 mL) to perform Ugi-4CC
followed by the second step with trifluoroacetic acid (0.830 mL, 9.51 mmol) in THF (6.0 mL),
compound 2ab was prepared and purified by silica gel column chromatography (20% ethyl
acetate/hexane) as a yellow oil, (180 mg, 78%). Two rotamers were present on NMR timescale
(R': R2=1":1); 'H NMR (300 MHz, CDCls): 5 7.35 — 7.27 (m, 4H), 7.08 — 6.95 (m, 4H), 6.74
(dd, J = 6.3, 1.5 Hz, 1H), 6.65 (dd, J = 6.2, 1.3 Hz, 1H), 6.11 (s, 1H), 6.05 (s, 1H), 5.81 (d, J =
6.3 Hz, 1H), 5.78 (d, J = 6.2 Hz, 1H), 4.42 (dd, J = 11.4, 3.5 Hz, 2H), 2.06 (s, 3H), 2.00 (s, 3H),
1.87 — 1.65 (m, 9H), 1.39 (dd, J = 22.7, 13.5 Hz, 9H), 1.04 — 1.21 (m, 2H); 13C NMR (75 MHz,

CDCls): 6 164.4 (d, J = 246 Hz), 164.3, 161.2 (d, J = 246 Hz), 152.3, 151.9, 131.92 (d, J =3
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Hz), 131.8 (d, J = 3.0 Hz), 128.6 (d, J = 8.25 Hz), 127.9 (d, J = 8.25 Hz), 115.8 (d, J = 13.5 Hz),
115.6 (d, J = 13.5 Hz), 111.5, 110.1, 109.2, 107.5, 77.4, 72.4, 72.3, 62.0, 57.7, 52.7, 52.4, 31.4,
31.3, 30.6, 30.5, 29.7, 25.6, 25.5, 25.3, 25.2, 4.2, 4.1; HRMS (ESI) m/z calcd for CaoH22FN202
[M-+H]": 341.1665; found: 341.1647.

(E)-4-Benzyl-7-benzylidene-6-phenyl-1,4-diazabicyclo/4.2.0/oct-2-ene-5,8-dione (5a):

OM O MeO
H2N ° OMe
OMe _MeOH _ peo _ NaH, THF N TFA, THF
—_——
@CHO rt, 12 h 0 °C-rt,2h reflux, 8 h
OMe 53% NH 90%

Ph—==—COOH (over two steps) g/

Bn—N= 4a

According to general procedure B using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), benzaldehyde (0.048 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475 mmol),
and benzyl isocyanide (0.058 mL,0.475 mmol) in methanol (4.0 mL) to perform Ugi-4CC,
product la was obtained; followed by the second step with sodium hydride (35.0 mg, 1.43
mmol) in THF (6.0 mL), compound 4a was prepared and purified by silica gel column
chromatography (20% ethyl acetate/hexane) as a yellow solid (115.0 mg, 53%); m.p: 121-125
°C; 'H NMR (300 MHz, CDCls): § 8.28 (t, J = 5.1 Hz, 1H), 7.65 (dd, J = 7.6, 1.9 Hz, 2H), 7.40
—7.35(m, 5H), 7.29 (dt, J = 2.6, 1.6 Hz, 4H), 7.27 — 7.21 (m, 5H), 4.64 (dd, J = 6.3, 4.6 Hz, 1H),
454 — 4.48 (m, 2H), 3.43 (dd, J = 14.6, 4.6 Hz, 1H), 3.25 (s, 3H), 3.14 (s, 3H), 2.70 (dd, J =
14.6, 6.3 Hz, 1H); C NMR (75 MHz, CDCl3): § 168.8, 167.2, 138.3, 138.0, 133.9, 131.7,
131.7,130.3, 129.2, 129.2, 128.7, 128.6, 128.4, 128.1, 127.7, 127.6, 101.4, 76.4, 55.4, 53.7, 44.1,
43.2; HRMS (ESI) m/z calcd for CagH20N204 [M+H]" 457.2127; found: 457.2128.

Using 4a (50.0 mg, 0.109 mmol) and trifluoroacetic acid (0.14 mL, 2.19 mmol) in THF (4.0
mL), the titled compound was prepared and purified by silica gel column chromatography (15 %

ethyl acetate/hexane) to yield 5a as a yellow solid (39.0 mg, 90%); m.p: 151-153 °C; *H NMR
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(400 MHz, CDCls): 6 7.68 (dd, J = 8.0, 1.4 Hz, 2H), 7.48 — 7.43 (m, 2H), 7.38 — 7.31 (m, 6H),
7.31-7.26 (m, 4H), 7.23 (d, J = 6.7 Hz, 2H), 6.20 (d, J = 5.2 Hz, 1H), 5.93 (d, J = 5.2 Hz, 1H),
5.02 (d, J = 14.8 Hz, 1H), 4.77 (d, J = 14.8 Hz, 1H); 3C NMR (100 MHz, CDCls): J 165.6,
163.6, 139.8, 135.9, 135.1, 131.4, 131.3, 130.5, 129.6, 129.4, 129.1, 129.0, 128.4, 128.3, 128.2,
126.7,120.7, 106.9, 68.3, 50.2; IR (CHCI3) Ve (cmY) = 1062, 1386, 1664, 2921, 3402; HRMS

(ESI) m/z calcd for C26H21N202[M-+H]" 393.1603; found: 393.1593.

(E)-4-Benzyl-7-benzylidene-6-(p-tolyl)-1,4-diazabicyclo/4.2.0/oct-2-ene-5,8-dione (5b):

Bn O MeO

OMe
HZN/\/ HN._O fOMe

OMe — N

MeOH NaH, THF TFA, THF

> Meow/\N ——— > Ph — -
Me CHO  t,12h ou 0°C-rt,4h o reflux, 8 h
e 51% NH 90%
— Pz o M Me

Ph—==—COOH Ph Z4 1b (over two steps) Bn/ b

—
Bn—N=

According to general procedure B using aminoacetaldehyde dimethyl acetal (0.051 mL, 0.475
mmol), p-tolualdehyde (0.056 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475 mmol),
and benzyl isocyanide (0.058 mL, 0.475 mmol),in methanol (4.0 mL) to perform Ugi-
4CC,product 1b was obtained, followed by the second step with sodium hydride (34.0 mg, 1.43
mmol), in THF (6.0mL), compound 4b was purified by silica gel column chromatography (20%
ethyl acetate/hexane) as a white solid (113.0 mg, 51%); m.p: 115-117 °C; *H NMR (300 MHz,
CDCl3): 6 8.25 (t,J = 5.2 Hz, 1H), 7.68 — 7.62 (m, 2H), 7.31 — 7.25 (m, 10H), 7.20-7.25 (t,J =
9Hz,3H) , 4.64 (dd,J = 6.3, 4.6 Hz, 1H), 4.53 — 4.48 (m, 2H), 3.45 — 3.37 (m, 1H), 3.25 (s, 3H),
3.14 (s, 3H), 2.69 (dd,J = 14.6, 6.4 Hz, 1H), 2.34 (s, 3H); *C NMR (75 MHz, CDCl3): & 168.9,
167.4, 139.2, 138.4, 138.1, 131.8, 131.7, 130.8, 130.3, 129.9, 128.7, 128.6, 128.3, 128.2, 127.6,
127.5, 101.4, 76.3, 55.4, 53.6, 44.1, 43.2, 29.8, 21.3; HRMS (ESI) m/z calcd for

C29H31N204[M+H]" 471.2284; found: 471.2267.
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Using 4b (51.0 mg, 0.109 mmol), trifluoroacetic acid ( 0.14 mL, 2.19 mmol ) in THF (4.0 mL),
the titled compound was prepared and purified by silica gel column chromatography (15% ethyl
acetate/hexane) to afford 5b as a yellow solid; (40.0 mg, 90%); m.p: 220-222 °C; *H NMR (300
MHz, CDCls): 6 7.69 (dd, J = 7.6, 1.8 Hz, 2H), 7.40 — 7.27 (m, 8H), 7.26 — 7.20 (m, 3H), 7.13
(d, J = 8.1 Hz, 2H), 6.18 (d, J = 5.2 Hz, 1H), 5.92 (d, J = 5.2 Hz, 1H), 5.01 (d, J = 14.8 Hz, 1H),
475 (d, J = 14.8 Hz, 1H), 2.31 (s, 3H); 13C NMR (75 MHz, CDCls): 6 165.7, 163.9, 140.0,
139.5, 136.1, 132.1, 131.6, 131.5, 130.5, 129.8, 129.5, 129.1, 128.5, 128.3, 128.2, 126.8, 120.7,
106.9, 68.3, 50.3, 21.4; HRMS (ESI) m/z calcd for Ca7H23N202 [M+H]" 407.1760; found:

407.1747.

(E)-4-Benzyl-7-benzylidene-6-(4-bromophenyl)-1,4-diazabicyclo/4.2.0/oct-2-ene-5,8-dione

(30):
Bn
OMe 7 O MeO
N Y HN. _O OMe
OMe — N
NaH, THF ,
MeOH Meoﬁ/\N a or TFA, THF
Br CHO  t,12h o 0°C-rt,2h o reflux, 8 h
e 75% NH 68%
Ph—==—COOH Ph z © Br (over two steps) 5/ Br
. o
Bn—N= 1c 4c

According to general procedure B using aminoacetaldehyde dimethyl acetal(0.052 mL, 0.475
mmol), 4-bromo benzaldehyde (62.0 mg, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475
mmol), and benzyl isocyanide (0.058 mL,0.475 mmol), was dissolved in methanol (4.0 mL) to
perform Ugi-4CC,product 1c was obtained, followed by the second step with sodium hydride
(33.0mg, 1.43 mmol) in THF (6.0 mL),compound 4c was prepared and purified by silica gel
column chromatography (30% ethyl acetate/hexane) as a transparent oil (190.0 mg, 75%);Two
rotamers were present on NMR timescale (R* : R? =1 : 0.5); 'TH NMR (300 MHz, CDCl3): ¢

8.27 (t, J = 5.3 Hz, 1H), 7.63 (dd, J = 7.6, 1.9 Hz, 2H), 7.56 — 7.45 (m, 3H), 7.38 — 7.19 (m,
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15H), 4.63 (dd,J = 6.0, 4.4 Hz, 1H), 4.54 — 4.51 (m, 0.5H), 4.49 (d, J = 5.6 Hz, 1.6H), 3.90 (dd, J
= 15.0, 3.3 Hz, 0.4H), 3.46 (dd, J = 14.6, 4.4 Hz, 1H), 3.39 (s, 1H), 3.37 (s, 1H), 3.26 (s, 3H),
3.16 (s, 3H), 2.82 (dd, J = 15.0, 6.6 Hz, 0.4H), 2.67 (dd, J = 14.6, 6.1 Hz, 1H); 3C NMR (75
MHz, CDCl3): o 171.3, 170.8, 168.4, 167.0, 138.0, 137.9, 1359, 134.8, 134.7,
133.0,132.4,132.3, 131.7, 131.5, 130.6, 130.3, 128.9, 128.8, 128.7, 128.6, 128.2, 128.0, 127.7,
1241, 123.6, 101.8, 101.4, 86.7, 75.8, 55.6, 55.5, 55.0, 53.9, 44.2, 43.3, 42.9, 41.8; HRMS
(ESI) m/z calcd for C2gH2sBrN204 [M+H]" 535.1232; found: 535.1221.

Using 4c¢ (59.0 mg, 0.109 mmol), trifluoroacetic acid (0.14 mL, 2.18 mmol ) in THF (4.0 mL),
the titled compound was prepared and purified by silica gel column chromatography (30% ethyl
acetate/hexane) to yield 5c as a yellow solid (35.0 mg, 68%); m.p: 210-215 °C; *H NMR (300
MHz, CDCls): 6 7.73 — 7.67 (m, 2H), 7.46 — 7.41 (m, 2H), 7.37 — 7.24 (m, 11H), 6.18 (d, J=5.2
Hz, 1H), 5.93 (d, J = 5.2 Hz, 1H), 5.02 (d, J = 14.8 Hz, 1H), 4.71 (d, J = 14.8 Hz, 1H); 13C NMR
(75 MHz, CDCls): § 165.3, 163.2, 139.5, 135.8, 134.3, 132.2, 131.3, 131.2, 130.7, 130.0, 129.1,
128.6, 128.5, 128.4, 128.2, 123.7, 120.7, 106.8, 67.8, 50.3; HRMS (ESI) m/z calcd for

Co6H20BrN20O2 [M+H]" 471.0708; found: 471.0700.

(E)-4-Benzyl-7-benzylidene-6-(4-fluorophenyl)-1,4-diazabicyclo/4.2.0/oct-2-ene-5,8-dione

OMe 0O MeO
HN Y fOMe
OMe _MeOH _ peo _ NaHTHE /=N TFA, THF
_—
F\Q\CHO rt, 12 h -rt, 2 h o reflux, 8 h
OMe 48/o NH F 69%
Ph—=—=—COOH (over two steps) /

P
Bn—N= 4d

According to general procedure B using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol),4-fluorobenzaldehyde (0.051 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475
mmol), and benzyl isocyanide (0.058 mL,0.475 mmol), was dissolved in methanol (4.0 mL) to
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perform Ugi-4CC, product 1d was obtained, followed by the second step with sodium hydride
(35.0 mg, 1.43 mmol) in THF (6.0 mL),compound 4d was prepared and purified by silica gel
column chromatography (20% ethyl acetate/hexane) as a yellow oil (108.0 mg, 48%); 'H NMR
(400 MHz, CDCls): 6 7.38 — 7.32 (m, 5H), 7.22 — 7.18 (m, 4H), 7.11 — 7.04 (m, 4H), 6.92 (dd, J
= 6.7, 2.8 Hz, 2H), 5.41 (s, 1H), 5.17 (d, J = 14.9 Hz, 1H), 4.46 (dd, J = 6.9, 3.8 Hz, 1H), 4.18
(dd, J = 13.9, 3.8 Hz, 1H), 3.95 (d, J = 14.9 Hz, 1H), 3.33 (s, 3H), 3.32 (s, 3H), 2.93 (dd, J =
13.9, 6.9 Hz, 1H); 1*C NMR (100 MHz, CDCls): § 166.3, 163.6, 163.0 (d, Jc.r = 246 Hz), 136.3,
133.6, 130.9 (d, Jc.r=2 Hz), 129.7, 129.3, 129.2, 128.8, 128.5, 127.8, 127.7, 123.4, 116.3 (d, Jc-
F=22 Hz), 103.1, 65.9, 56.2, 54.4, 48.0, 47.6; IR (CHCI3) vm (cm?) = 1063, 1634, 2922, 3394,
3740, 3839; HRMS (ESI) m/z calcd for CagH2sFN204[M+H]" 475.2033; found: 475.201.

Using 4d (52.0 mg, 0.109 mmol), trifluoroacetic acid (0.14 mL, 2.18 mmol ) in THF (4.0 mL),
the titled compound was prepared and purified by silica gel column chromatography (15% ethyl
acetate/hexane) to yield 5d as a yellow solid (31.0 mg, 69%); m.p: 150-152 °C; H NMR (300
MHz, CDCls): 6 7.72 — 7.66 (m, 2H), 7.43 (d, J = 5.1 Hz, 1H), 7.39 (s, 1H), 7.37 — 7.32 (m, 4H),
7.29 (dt, J=5.2, 1.6 Hz, 4H), 7.25 — 7.18 (m, 1H), 7.04 (dd, J = 7.2, 4.3 Hz, 1H), 7.00 — 6.97 (m,
1H), 6.19 (d, J = 5.2 Hz, 1H), 5.95 (d, J = 5.2 Hz, 1H), 5.03 (d, J = 14.8 Hz, 1H), 4.76 (d, J = 5.1
Hz, 1H); 13C NMR (100 MHz, CDCls): J 165.5, 163.5, 163.0 (d, Jc.F= 247.5 Hz), 139.8, 135.9,
131.3, 130.9 (d, Jc-r= 3.75 Hz), 130.7, 129.9, 129.1, 128.9, 128.7, 128.5, 128.4, 128.2, 120.8,
116.3 (d, Jc-r = 22 Hz), 106.9, 67.8, 50.3; HRMS (ESI) m/z calcd for CzsH20FN202 [M+H]*

411.1509; found: 411.1504.

(E)-7-Benzylidene-4-cyclohexyl-6-phenyl-1,4-diazabicyclo/4.2.0/oct-2-ene-5,8-dione (5e):
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OMe 0 MeO
Hsz OMe
e

_MeOH _ \eo _ NaH, THF N TFA, THF

—_—
@CHO rt, 12 h Tocc-mazn reflux, 8 h
OME 52% NH 75%
Ph—==—COOH (over two steps) /

v Cy
Cy—N= de

According to general procedure B using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), benzaldehyde (0.049 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475 mmol),
and cyclohexyl isocyanide (0.059 mL,0.475 mmol), was dissolved in methanol (4.0 mL) to
perform Ugi-4CC, product le was obtained, followed by the second step with sodium hydride
(35.0 mg, 1.43 mmol) in THF (6.0 mL),compound 4e was prepared and purified by silica gel
column chromatography (20% ethyl acetate/hexane) as a white solid (112.0 mg, 52%); m.p: 123-
126°C; *H NMR (400 MHz, CDCls): 6 7.69 — 7.58 (m, 3H), 7.41 — 7.33 (m, 5H), 7.27 — 7.22
(m, 3H), 7.18 (s, 1H), 4.76 (dd, J = 6.2, 5.0 Hz, 1H), 3.83 (ddd, J = 11.0, 7.1, 3.6 Hz, 1H), 3.49 —
3.42 (m, 4H), 3.38 (s, 3H), 2.75 (dd, J = 14.6, 6.2 Hz, 1H), 2.03 (dd, J = 9.9, 2.0 Hz, 1H), 1.83
(dd, J =10.7, 1.6 Hz, 1H), 1.75 — 1.62 (m, 4H), 1.41 — 1.29 (m, 2H), 1.19 — 1.12 (m, 2H); 13C
NMR (100 MHz, CDCls): ¢ 167.7, 167.3, 138.5, 134.1, 131.8, 131.6, 130.2, 129.1, 128.5,
128.3, 127.3, 101.3, 76.1, 55.6, 53.4, 48.9, 43.1, 33.2, 32.7, 25.6, 25.1, 25.1; HRMS (ESI) m/z
calcd for C27H33N204 [M+H]" 449.2440; found: 449.2433.

Using 4e (49.0 mg, 0.109 mmol), trifluoroacetic acid (0.14 mL, 2.18 mmol ) in THF (4.0 mL),
the titled compound was prepared and purified by silica gel column chromatography (15% ethyl
acetate/hexane) to yield 5e as a yellow solid (32.0 mg, 75%); m.p: 165-167 °C; *H NMR (300
MHz, CDCls): 6 7.65 (dd, J= 7.8, 1.4 Hz, 2H), 7.48 — 7.43 (m, 2H), 7.37 — 7.31 (m, 3H), 7.28 —
7.21 (m, 4H), 6.21 (d, J = 5.4 Hz, 1H), 6.03 (d, J = 5.4 Hz, 1H), 4.80 — 4.58 (m, 1H), 1.93 — 1.80
(m, 4H), 1.71 (d, J = 13.1 Hz, 1H), 1.44 (dt, J = 21.3, 9.9 Hz, 4H), 1.19 — 1.08 (m, 1H); 3C

NMR (75 MHz, CDCls): ¢ 165.8, 163.2, 140.0, 135.4, 131.6, 131.4, 130.4, 129.4, 129.3, 129.1,
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128.4, 126.7, 117.0, 106.7, 68.0, 53.4, 31.9, 31.3, 25.8, 25.4; IR (CHCI3) vmax (cm't) = 1064,
1665, 2923, 3404, 3699, 3783; HRMS (ESI) m/z calcd for CasHzsN20, [M+H]* 385.1916;

found: 385.1911.

(E)-7-Benzylidene-4-cyclohexyl-6-(p-tolyl)-1,4-diazabicyclo/4.2.0/oct-2-ene-5,8-dione (5f):

Cy O MeO

OMe ‘ o)
HZN/\r HN o J\OMe NN
OMe MeOH MeO NaH, THF =N TFA, THF . N.
—_— WAN ——— > PH —_— Cy
Me CHO  tt,12h o 0°C-rt,4h o reflux, 8 h 0
e 60% NH 71% O O
Ph—==—COOH = © Me (over two steps) .,/ Me
- Ph 1f y af
Cy—N= Me

sf
According to general procedure B using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), p-tolualdehyde (0.056 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475 mmol),
and cyclohexyl isocyanide (0.059 mL,0.475 mmol) was dissolved in methanol (4.0 mL) to
perform Ugi-4CC, product 1f was obtained, followed by the second step with sodium hydride
(35.0 mg, 1.43 mmol) in THF (6.0 mL),compound 4f was prepared and purified by silica gel
column chromatography (20% ethyl acetate/hexane) as a white solid (133.0 mg, 60%); m.p: 155-
157 °C; 'H NMR (400 MHz, CDCls): 6 7.63 (dd, J= 7.6, 1.7 Hz, 3H), 7.24 (dd, J = 4.6, 2.3 Hz,
5H), 7.15 (d, J = 8.4 Hz, 3H), 4.75 (dd, J = 6.0, 5.2 Hz, 1H), 3.82 (tdt, J = 11.5, 7.9, 3.9 Hz, 1H),
3.47 — 3.37 (m, 7H), 2.73 (dd, J = 14.6, 6.3 Hz, 1H), 2.33 (s, 3H), 2.02 (d, J = 12.4 Hz, 1H), 1.82
(d, J=12.3 Hz, 1H), 1.70 (dd, J = 19.0, 9.3 Hz, 2H), 1.42 — 1.04 (m, 6H); *C NMR (100 MHz,
CDCls): ¢ 167.8, 167.3, 138.1, 138.7, 131.9, 131.5, 131.0, 130.0, 129.8, 128.5, 128.2, 127.1,
101.2, 75.9,55.5, 53.2, 48.8, 43.0, 33.1, 32.6, 25.6, 25.0, 25.0, 21.2;HRMS (ESI) m/z calcd for
C2sH34N2NaO4 [M+Na]*485.2416; found: 485.2413.

Using 4f (51.0 mg, 0.109 mmol), trifluoroacetic acid (0.14 mL, 2.18 mmol) in THF (4.0 mL), the
titled compound was prepared and purified by silica gel column chromatography (15% ethyl

acetate/hexane) to yield 5f as a yellow solid, (30.0 mg, 71%); m.p: 180-182 °C; 'H NMR (400
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MHz, CDCls): & 7.68 — 7.64 (m, 2H), 7.34 (d, J = 8.2 Hz, 2H), 7.31 — 7.26 (m, 1H), 7.25 - 7.21
(m, 3H), 7.15 (d, J = 8.1 Hz, 2H), 6.20 (d, J = 5.4 Hz, 1H), 6.02 (d, J = 5.4 Hz, 1H), 4.67 (t, J =
9.2 Hz, 1H), 2.31 (s, 3H), 1.86 (dd, J = 19.3, 7.7 Hz, 4H), 1.70 (d, J = 12.9 Hz, 1H), 1.49 — 1.35
(m, 4H), 1.19 — 1.08 (m, 1H); 3C NMR (100 MHz, CDCls): ¢ 165.8, 163.3, 140.1, 139.3,
132.2, 131.6, 131.4, 130.3, 129.8, 129.0, 128.4, 126.6, 116.9, 106.5, 67.8, 53.3, 31.8, 31.3, 25.8,
25.4, 21.3; IR (CHCI3) v (cm) = 1055, 1634, 2923, 3400, 3739, 3839; HRMS (ESI) m/z

calcd for C26H27N202 [M+H]" 399.2073; found: 399.2066.

(E)-7-Benzylidene-4-cyclohexyl-6-(4-methoxyphenyl)-1,4-diazabicyclof4.2.0/oct-2-ene-5,8-

dione (59):
OMe Cy 0 MeO
HNTY HN.__O OMe
OMe — N
MeOH NaH, THF TFA, THF
e—> Meoﬁ/\N - o PH T e
MeO CHO ,12h o 0°C-rt,6h o reflux, 8 h
e 62% NH 84%
Ph—=—=—COOH Ph/o OMe (over two steps) Cy/ OMe
Lo
Cy—N= 19 49

According to general procedure B using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 4-methoxybenzaldehyde (0.057 mL, 0.475 mmol), phenylpropiolic acid (69.0 mg, 0.475
mmol), and cyclohexyl isocyanide (0.059 mL, 0.475 mmol), in methanol (4.0 mL), perform Ugi-
4CC product 1g was obtained, followed by the second step with sodium hydride (34.0 mg, 1.43
mmol) in THF (6.0 mL),compound 4g was purified by silica gel column chromatography (20%
ethyl acetate/hexane) as a transparent oil (142.0 mg, 62%); *H NMR (300 MHz, CDCls): § 7.68
— 754 (m, 3H), 7.32 — 7.27 (m, 2H), 7.27 — 7.20 (m, 3H), 7.16 (s, 1H), 6.87 (d, J = 8.9 Hz, 2H),
4.74 (dd, J = 6.1, 5.1 Hz, 1H), 3.86 — 3.78 (m, 4H), 3.49 — 3.41 (m, 4H), 3.37 (d, J = 7.3 Hz, 3H),
2.74 (dd, J = 14.6, 6.2 Hz, 1H), 2.04 (s, 1H), 1.82 (d, J = 12.2 Hz, 1H), 1.71 — 1.59 (m, 4H), 1.38
—1.28 (m, 2H), 1.19 — 1.10 (m, 2H); 13C NMR (75 MHz, CDCls): J 167.9, 167.4, 160.1, 139.0,

132.0, 131.6, 130.1, 129.8, 128.6, 127.2, 126.0, 114.5, 101.4, 75.9, 55.6, 55.4, 53.4, 49.0, 43.1,
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33.2, 32.7, 25.7, 25.137; HRMS (ESI) m/z calcd for CasH3sN20s [M+H]" 479.2546; found:
479.2545.

Using 4g (52.0 mg, 0.109 mmol), trifluoroacetic acid (0.14 mL, 2.18 mmol) in THF (4.0 mL),
the titled compound was prepared and purified by silica gel column chromatography (15% ethyl
acetate/hexane) to afford 5g as a yellow solid (37.0 mg, 84%); m.p: 195-197 °C; *H NMR (300
MHz, CDCls): 6 7.66 (dd, J= 7.8, 1.7 Hz, 2H), 7.36 (d, J = 8.9 Hz, 2H), 7.25 (dd, J = 6.7, 4.4
Hz, 4H), 6.86 (d, J = 8.9 Hz, 2H), 6.20 (d, J = 5.4 Hz, 1H), 6.03 (d, J = 5.4 Hz, 1H), 4.67 (s, 1H),
3.77 (s, 3H), 1.84 (d, J = 7.0 Hz, 4H), 1.71 (d, J = 12.9 Hz, 1H), 1.60 (s, 1H), 1.50 — 1.34 (m,
4H); 13C NMR (75 MHz, CDCls): 6 165.9, 163.4, 160.3, 140.1, 131.7, 131.5, 130.4, 129.1,
128.4, 128.2, 127.1, 117.0, 114.5, 106.6, 67.7, 55.4, 53.3, 31.9, 31.4, 25.8, 25.4; HRMS (ESI)

m/z calcd for CasH27N203 [M+H]": 415.2022; found: 415.2018.

(E)-7-Benzylidene-4-cyclohexyl-6-(3-phenoxyphenyl)-1,4-diazabicyclo/4.2.0/oct-2-ene-5,8-

dione (5h):
OMe Cy
N HN__O
PhQ,_ OMe MeO OPh
MeOH NN NaH, THF TFA, THF
—_— —_— —_—
OCHO rt, 12 h OMe o 0°C-rt,2h reflux, 8 h
Ph—==—COOH Z 52% , 67%
- Ph th (overtwosteps) Cy  4hpy
Cy—N=

According to general procedure B using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 3-Phenoxybenzaldehyde (0.082 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475
mmol), and cyclohexyl isocyanide (0.059 mL,0.475 mmol), was dissolve in methanol (4.0 mL)
to perform Ugi-4CC,product 1h was obtained, followed by the second step with sodium hydride
(35.0 mg, 1.43 mmol) in THF (6.0 mL), compound 4h was prepared and purified by silica gel
column chromatography (20% ethyl acetate/hexane) as a yellow oil, (134.0 mg, 52%); *H NMR

(400 MHz, CDCls): 6 7.65 (dd, J=7.8, 1.3 Hz, 2H), 7.36 — 7.25 (m, 5H), 7.19 (dd, J =10.7, 5.2
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Hz, 2H), 7.14 — 7.08 (m, 2H), 7.06 — 6.97 (m, 3H), 6.89 — 6.79 (m, 2H), 4.76 (dd, J = 5.9, 5.1
Hz,1H), 3.79 (ddd, J = 11.0, 7.1, 3.6 Hz, 1H), 3.51 — 3.32 (m, 7H), 2.77 (dd, J = 14.6, 6.2 Hz,
1H), 1.97 (d, J = 11.8 Hz, 1H), 1.86 — 1.62 (m, 4H), 1.38 — 1.27 (m, 2H), 1.18 — 1.06 (m, 3H);
13C NMR (75 MHz, CDCls): § 167.5, 167.1, 157.9, 156.6, 138.2, 136.0, 131.8, 131.7,
130.5,130.3, 129.8, 128.6, 127.5, 123.5, 123.2, 119.4, 119.0, 118.5, 101.3, 75.9, 55.6, 53.4, 49.0,
43.2, 33.1, 32.6, 25.6, 25.1; HRMS (ESI) m/z calcd for C3sH37N2Os [M+H]" 541.2702; found:
541.2697.

Using 4h (59.0 mg, 0.109 mmol), trifluoroacetic acid (0.14 mL, 2.18 mmol) in THF (4.0 mL),
the titled compound was prepared and purified by silica gel column chromatography (15% ethyl
acetate/hexane) to yield 5h as a yellow solid, (35.0 mg, 67%); m.p: 150-152 °C; *H NMR (300
MHz, CDCls): § 7.68 (dd, J = 8.0, 1.4 Hz, 2H), 7.34 — 7.22 (m, 7H), 7.18 (ddd, J = 7.8, 1.7, 1.0
Hz, 1H), 7.12 — 7.03 (m, 2H), 6.97 (ddd, J = 8.1, 2.4, 1.0 Hz, 1H), 6.91 — 6.82 (m, 2H), 6.20 (d, J
=5.4 Hz, 1H), 6.01 (d, J = 5.4 Hz, 1H), 4.59 (dt, J = 15.0, 7.6 Hz, 1H), 1.81 (d, J = 6.9 Hz, 3H),
1.69 — 1.61 (m, 2H), 1.43 — 1.30 (m, 4H), 1.17 — 1.05 (m, 1H); 3C NMR (75 MHz, CDCls):
0165.6, 163.0, 157.9, 156.7, 139.6, 137.2, 131.5, 131.4, 130.5, 130.5, 129.9, 129.5, 128.4, 123.7,
121.4,119.7, 119.1, 117.0, 116.9, 106.6, 67.7, 53.4, 31.8, 31.2, 25.8, 25.4; IR (CHCI3) Vaa (M
1y = 760, 1068, 1252, 1395, 1668, 1760, 2924, 3394, 3701, 3783; HRMS (ESI) m/z calcd for

Cs1H2oN203 [M+H]" 477.2178; found: 477.2178.

(E)-7-Benzylidene-4-cyclohexyl-6-(4-(trifluoromethyl)phenyl)-1,4-diazabicyclo/4.2.0/oct-2-
ene-5,8-dione (5i):
Cy o MeO

OMe
HoN ™Y HN o
OMe
_Meon _ MeO _NaH, THF __TFA THF
F3CO rt, 12 h OMe -, 2 h reflux 8h
51/ 89%

Ph—=——CHOOH Fa
Cy—N_

(over two steps)
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According to general procedure B using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 4-(trifluoromethyl)benzaldehyde (0.065 mL, 0.475 mmol), phenylpropiolic acid (70 mg,
0.475 mmol), and cyclohexyl isocyanide (0.059 mL,0.475 mmol),was dissolve in methanol
(4.0mL) to perform Ugi-4CC product 1i was obtained, followed by the second step with sodium
hydride (35.0 mg, 1.43 mmol) in THF (6.0 mL), compound 4i was prepared and purified by
silica gel column chromatography (20% ethyl acetate/hexane) as a white solid, (125.0 mg, 51%);
m.p: 127-130 °C; 'H NMR (300 MHz, CDCl3):6 7.70 (d,J = 7.2 Hz, 1H), 7.62 (d,J= 7.7 Hz,
4H), 7.51 (d, J = 8.1 Hz, 2H), 7.25 (dd, J = 11.2, 8.0 Hz, 4H), 4.76 (t, J = 5.1 Hz, 1H), 3.88 —
3.74 (m, 1H), 3.53 — 3.45 (m, 4H), 3.39 (s, 3H), 2.71 (dd, J= 14.6, 5.8 Hz, 1H), 2.08 — 2.00 (m,
1H), 1.83 — 1.64 (m, 4H), 1.31 (d, J= 14.7 Hz, 2H), 1.22 — 1.08 (m, 3H); *C NMR (75 MHz,
CDCls):0 167.2, 166.9, 138.2, 138.0, 131.6, 131.5, 131.4, 131.0, 130.5, 129.1, 128.7,128.0,126.1
(dd, Jcr=10.5Hz), 125.7, 122.1, 101.4, 75.5, 55.8, 53.8, 49.2, 43.3, 33.2, 32.7, 25.6, 25.1, 25.0;
BF NMR (283 MHz, CDCl3):6 -62.8; HRMS (ESI) m/z calcd for CasHs2F3sN20s [M+H]
517.2314; found: 517.2302.

Using 4i (56.0 mg, 0.109 mmol), trifluoroacetic acid (0.14 mL, 2.18 mmol ) in THF (4.0 mL),
the titled compound was prepared and purified by silica gel column chromatography (15% ethyl
acetate/hexane) to yield 5i as a yellow solid (44.0 mg, 89%); m.p: 85-87 °C; 'H NMR (400
MHz, CDCls): § 7.72 — 7.64 (m, 2H), 7.60 (s, 4H), 7.33 — 7.26 (m, 3H), 7.26 — 7.23 (m, 1H),
6.23 (d, J =5.4 Hz, 1H), 6.04 (d, J = 5.4 Hz, 1H), 4.73 — 4.62 (m, 1H), 1.90 — 1.80 (m, 4H), 1.72
(d, J =13.1 Hz, 1H), 1.49 — 1.38 (m, 4H), 1.15 (dd, J = 8.3, 3.7 Hz, 1H); 23C NMR (100 MHz,
CDCls): § 165.4, 162.6, 139.5, 131.3, 131.2, 131.1, 130.7, 130.0, 128.5, 127.2, 126.0 (dd, Jc-r =

11.0 Hz), 117.0, 106.6, 67.6, 53.6, 31.8, 31.3, 29.8, 25.8, 25.3; 1°F NMR (283 MHz, CDCls):5 -
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62.8; IR (CHCI3) vma (cmt) = 1067, 1634, 2352, 2923, 3395, 3739, 3837; HRMS (ESI) m/z

calcd for CogH24F3N202 [M+H]* 453.1790; found: 453.1783.

(E)-7-Benzylidene-4-cyclohexyl-6-(4-fluorophenyl)-1,4-diazabicyclo/4.2.0/oct-2-ene-5,8-dione

Cy o]
OMe ; MeO
HzN/\( HN o
OMe MeOH MeO _ NaH, THF __TFA THF
—_— N
FOCHO t, 12 h o 0 °C-rt,2h reflux 8h
e 48% 82%
Ph—==—COOH %O (over two steps)

. Ph
Cy—N= 1j

According to general procedure B using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol),4-fluoro benzaldehyde (0.048 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475
mmol), and cyclohexyl isocyanide (0.058 mL,0.475 mmol), was dissolve in methanol (4.0 mL)
to perform Ugi-4CC product 1j was obtained, followed by the second step with sodium hydride
(35.0 mg, 1.43 mmol) in THF (6.0 mL),compound 4j was prepared and purified by silica gel
column chromatography (20% ethyl acetate/hexane) as a white solid (108.0 mg, 48%); m.p: 115-
118 °C; *H NMR (400 MHz, CDCls): 6 7.70 — 7.59 (m, 3H), 7.39 — 7.33 (m, 2H), 7.30 — 7.27
(m, 1H), 7.26 — 7.22 (m, 2H), 7.18 (d, J = 5.3 Hz, 1H), 7.08 — 7.02 (m, 2H), 4.75 (dd, J = 5.9, 4.9
Hz,1H), 3.86 — 3.75 (m, 1H), 3.49 — 3.33 (m, 7H), 2.72 (dd, J = 14.6, 6.0 Hz, 1H), 1.76 (dd,J =
445, 7.9 Hz, 4H), 1.41 — 1.26 (m, 3H), 1.24 — 1.09 (m, 3H); 3C NMR (125 MHz, CDCls): §
167.6, 167.1, 163.0 (d, Jc.Fr= 247 Hz), 138.6, 131.7, 131.6, 130.5 (d, Jc.r= 7.5 Hz), 130.3, 130.0
(d, Jcr=3.75 Hz), 123.0, 128.6, 127.5, 116.1 (d, Jcr= 21.2 Hz), 101.40, 75.5, 55.7, 53.6, 49.1,
43.1, 33.2, 32.7, 25.6, 25.1, 25.1; HRMS (ESI) m/z calcd for Cz7H31FN2NaOs [M+Na]*
489.2166; found: 489.2168.

Using 4j (51.0 mg, 0.109 mmol), trifluoroacetic acid (0.14 mL, 2.18 mmol ) in THF (4.0 mL),

the titled compound was prepared and purified by silica gel column chromatography (15% ethyl
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acetate/hexane) to yield 5j as a white solid (36.0 mg, 82%); m.p: 98-100 °C; *H NMR (400
MHz, CDCls): 6 7.66 (d, J = 7.2 Hz, 2H), 7.43 (dd, J = 8.1, 5.3 Hz, 2H), 7.31 — 7.22 (m, 4H),
7.03 (t, J = 8.5 Hz, 2H), 6.21 (d, J = 5.2 Hz, 1H), 6.04 (d, J = 5.3 Hz, 1H), 4.68 (d, J = 8.5 Hz,
1H), 1.92 — 1.80 (m, 4H), 1.71 (d, J = 12.9 Hz, 1H), 1.53 — 1.37 (m, 4H), 1.14 (d, J = 9.7 Hz,
1H); 3C NMR (125 MHz, CDCls): J 165.6, 164.2, 163.0 (d Jc.r= 247.5 MHz), 140.0, 131.4,
131.3, 131.2 (d Jc-r= 2.5 MHz), 130.5, 129.5, 128.7 (d Jc.r= 7.5 Hz), 128.5, 117.0, 116.1 (d Jc-r
= 21.2 Hz), 106.6, 67.5, 53.5, 31.8, 31.3, 25.8, 25.4; IR (CHClI3) vaa (cml) = 761, 1068, 1403,
1665, 1758, 2924, 3426, 3697, 3783, 3920; HRMS (ESI) m/z calcd for CasH24FN2O2 [M+H]*

403.1822; found: 403.1817.

(E)-7-Benzylidene-4-cyclohexyl-6-(2,4-difluorophenyl)-1,4-diazabicyclo/4.2.0/oct-2-ene-5,8-

dione (5k):
OMe
HoN" Y cy 0 MeO
OMe HN (o] F OMe
— N
F cHO _ MeOH MeO | NaH, THF TFA, THF
r, 12 h E/M\ 0°C-rt,2h o reflux, 8 h
F € 49% NH 70%
Ph—=—=—COOH on = O F (over two steps) Cy/ F F
Cy-N= 1K 4k

According to general procedure B using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 2,4-difluorobenzaldehyde (0.052 mL, 0.475 mmol), phenylpropiolic acid (69.0 mg, 0.475
mmol) and cyclohexyl isocyanide (0.059 mL, 0.475 mmol) in methanol (4.0 mL) to perform
Ugi-4CC product 1k was obtained, followed by the second step with 60% sodium hydride
(34.0mg, 1.43 mmol) in THF (6.0 mL),compound 4k was purified by silica gel column
chromatography (20% ethyl acetate/hexane) as a white oil (112.0 mg, 49%); *H NMR (300
MHz, CDCls): 6 7.71 (dt, J = 8.3, 3.8 Hz, 3H), 7.35 — 7.27 (m, 3H), 7.26 — 7.19 (m, 2H), 6.91
(ddd, J=11.0, 8.6, 2.5 Hz, 1H), 6.78 (tdd, J = 8.8, 2.5, 0.9 Hz, 1H), 4.95 (t, J = 5.9 Hz, 1H), 3.82

—3.68 (m, 1H), 3.61 (dd, J = 14.7, 6.4 Hz, 1H), 3.50 (s, 3H), 3.43 (s, 3H), 2.90 (ddd, J = 14.6,
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5.9, 1.6 Hz, 1H), 2.05 (t, J = 6.0 Hz, 1H), 1.78 — 1.59 (m, 4H), 1.37 — 1.11 (m, 5H); 2*C NMR
(75 MHz, CDCls): ¢ 167.2, 166.3, 163.5 (dd, Jc-r = 249.7 MHz), 161.5 (dd, Jc.r = 248.2 MHz),
136.4, 132.1, 131.8 (dd, Jcr =5.2, 4.5 MHz), 131.6, 130.6, 128.8, 128.4, 117.9 (dd, Jcr = 18
MHz), 112.2 (dd, Jcr = 24.7 MHz) , 104.9 (t, Jc-r = 51 MHz), 100.1 (dd, Jc.r = 2.2 MHz),
100.1, 73.5, 55.9, 51.6, 49.2, 42.8, 32.7, 32.6, 25.7, 25.1, 25.0; HRMS (ESI) m/z calcd for
Ca7H30F2N2NaO4 [M+Na]*507.2071; found: 507.2069.

Using 4k (53.0 mg, 0.10 mmol), trifluoroacetic acid (0.14 mL, 2.18 mmol ) in THF (4.0 mL), the
titled compound was prepared and purified by silica gel column chromatography (15% ethyl
acetate/hexane) to afford 5k (32.0 mg, 70%) as a yellow solid; m.p: 196-198 °C; *H NMR (300
MHz, CDCls): 6 7.66 (dd, J = 8.0, 1.5 Hz, 2H), 7.41 — 7.22 (m, 5H), 6.90 — 6.72 (m, 2H), 6.19
(d, J = 5.3 Hz, 1H), 6.09 (d, J = 5.3 Hz, 1H), 4.71 — 4.54 (m, 1H), 1.93 — 1.75 (m, 4H), 1.75 —
1.51 (m, 2H), 1.42 (ddd, J = 21.3, 10.8, 1.9 Hz, 4H); 13C NMR (75 MHz, CDCls): J 165.9,
163.5 (dd, Jc-F = 251 Hz), 163.2, 162.0 (dd, Jc.r = 254 Hz), 138.8, 131.4, 131.3, 131.0 (dd, Jc.r =
15 Hz), 130.7, 129.7, 128.6, 119.1, 119.0, 118.9, 118.9, 117.9, 112.0 (dd, Jc-r = 24.7 Hz), 107.2,
105.4 (t, Jc-r = 51 Hz), 65.8, 53.5, 31.8, 30.7, 25.8, 25.8, 25.4; HRMS (ESI) m/z calcd for

CasH23F2N202 [M+H]" 421.1728; found: 421.1714.

(E)-7-Benzylidene-4-cyclohexyl-6-(3,4,5-trifluorophenyl)-1,4-diazabicyclo/4.2.0/oct-2-ene-5,8-

dione (5l):
oM
HNTY e
E OMe Cy O MeO
HN__O OMe
F CHO  MeOH MeoﬁﬁN o NaH THF oy F TFA, THF
e PP —_—
F i, 12 h L 0°C-rt,2h reflux, 8 h
e 52% NH o
Ph—==—COOH =z, © F two st / F 90%
LCC Ph 11 E (over two steps)  Cy" 4| F
Cy—N=

S83



According to general procedure B using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 3,4,5-trifluorobenzaldehyde (0.054 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg,
0.475 mmol), and cyclohexyl isocyanide (0.059 mL,0.475 mmol), was dissolve in methanol (4.0
mL) to product 1l was obtained, followed by the second step with sodium hydride (35.0 mg,
1.43 mmol) in THF (6.0 mL),compound 4l was prepared and purified by silica gel column
chromatography (20% ethyl acetate/hexane) as a brown solid (125.0 mg, 52%); m.p: 126-130
°C;'H NMR (300 MHz, CDCls): 6 7.72 — 7.53 (m, 3H), 7.32 (dd, J = 12.0, 6.8 Hz, 3H), 7.18 (s,
1H), 7.06 (dd, J = 8.5, 6.4 Hz, 2H), 4.78 — 4.71 (m, 1H), 3.78 (ddd, J = 10.9, 9.2, 5.8 Hz, 1H),
3.60 — 3.45 (m, 4H), 3.41 (s, 3H), 2.72 (dd, J = 14.6, 5.6 Hz, 1H), 2.06 — 1.99 (m, 1H), 1.84 —
1.62 (m, 4H), 1.40 — 1.34 (m, 1H), 1.22 — 1.06 (m, 4H); 13C NMR (125 MHz, CDClz): 6 165.1,
162.0, 151.6, (dd, Jcr= 250 Hz), 151.4 (dd, Jc.r= 250 Hz), 140.1 (dt, Jc-r= 252.5 Hz), 139.3,
132.0 (q, JcFr=18.7,5.0 Hz), 131.2, 131.0, 130.9, 130.4, 128.6, 117.0, 111. (dd, Jc.r=22.5,11.2
Hz), 106.7, 67.0, 53.8, 31.8, 31.3, 29.8, 25.8, 25.3; 1°F NMR (283 MHz, CDCls): § -131.9 (d, J
=19.8 Hz), -157.9 (t, J = 39.6 Hz); HRMS (ESI) m/z calcd for C27HzoF3N204 [M+H]* 503.2158;
found: 503.2141.

Using 41 (55.0 mg, 0.109 mmol), trifluoroacetic acid (0.14 mL, 2.18 mmol ) in THF (4.0 mL),
the titled compound was prepared and purified by silica gel column chromatography (15% ethyl
acetate/hexane) to yield 51 as a yellow solid, (43.0 mg, 90%); m.p: 118-120 °C; 'H NMR (400
MHz, CDCls): 6 7.71 (d, J = 6.8 Hz, 2H), 7.38 — 7.26 (m, 4H), 7.12 (dd, J = 8.1, 6.4 Hz, 2H),
6.23 (d, J = 5.4 Hz, 1H), 6.04 (d, J = 5.4 Hz, 1H), 4.69 — 4.59 (m, 1H), 1.85 (ddd, J = 22.0, 13.8,
5.3 Hz, 4H), 1.72 (d, J = 12.8 Hz, 1H), 1.48 — 1.36 (m, 4H), 1.14 (dd, J = 5.9, 2.9 Hz, 1H); 3C
NMR (75 MHz, CDCls): 6 165.1, 162.1, 151.6 (dd, Jc.r= 250 Hz), 151.4 (dd, Jc.r= 250 Hz),

153.3, 153.2, 153.2, 153.1, 149.9, 149.9, 149.8, 149.8, 139.3, 132.0 (t, Jcr= 9.7, 5.2 Hz), 131.2,
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131.0, 130.9, 130.4, 128.7, 117.0, 111.3 (dd, Jc.r= 22.5, 8.2 Hz), 106.7, 67.0, 53.8, 31.8, 31.3,
25.8, 25.3, 22.8; F NMR (283 MHz, CDCls): ¢ -132.3 (d, J = 22.6 Hz), -158.4 (t, J = 42.4
Hz); IR (CHCI3) vmax (cm™) = 1048, 1360, 1528, 1668, 1756, 2926, 3391, 3740, 3841; HRMS
(ESI) m/z calcd for CasH22F3N202 [M+H]" 439.1633; found: 439.1626.

(E)-7-Benzylidene-4-(2-bromobenzyl)-6-(4-fluorophenyl)-1,4-diazabicyclo/4.2.0/oct-2-ene-5,8-

dione (5m):

OMe
H,oN
2 /\O(M Br O MeQ
e jOMe
— N
NaH, THF
FOCHO MeOH _ HN. _O - P TFA, THF
- rt, 12 h 0°C-rt,2h reflux, 8 h
Ph—=——COOH MeO 55% NH F 52%
N W/\N (over two steps) 4m
S OMe o E Br

Br

Br Ph 1m

According to general procedure B using aminoacetaldehyde dimethyl acetal(0.052 mL, 0.475
mmol),4-fluorobenzaldehyde (0.051 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475
mmol), and 2-bromobenzyl isocyanide (94.0 mg,0.475 mmol), was dissolve in methanol (4.0mL)
to perform Ugi-4CC,product 1m was obtained followed by the second step with sodium hydride
(35.0 mg, 1.43 mmol) in THF (6.0 mL), compound 4m was prepared and purified by silica gel
column chromatography (20% ethyl acetate/hexane) as a yellow solid, (145.0 mg, 55%), m.p:
118-120°C; 'H NMR (400 MHz, CDCls): § 7.40 (ddd, J = 13.7, 8.0, 3.3 Hz, 3H), 7.32 - 7.29
(m, 3H), 7.17 (s, 1H), 7.10 — 7.01 (m, 6H), 6.63 (dd, J= 7.3, 1.8 Hz, 1H), 5.46 (s, 1H), 5.15 (d, J
= 15.5 Hz, 1H), 4.58 (dd, J = 6.9, 3.6 Hz, 1H), 4.27 — 4.14 (m, 2H), 3.39 (d, J = 11.3 Hz, 6H),
2.93 (dd, J = 14.0, 6.9 Hz, 1H); *C NMR (75 MHz, CDClz): 6 166.4, 163.6, 163.0 (d, Jcr=
246.7 Hz), 134.5, 133.5, 133.1, 130.9 (d, Jc.r= 3 Hz), 130.2, 129.6, 129.4, 129.3, 129.1, 128.7,
127.9 (d, Jc.r= 8.2 Hz), 127.1, 123.4, 123.2, 116.3 (d, Jcr= 21.7 Hz), 103.1, 65.8, 55.8, 54.4,

49.2, 47.3; HRMS (ESI) m/z calcd for CogH27BrFN2O4 [M+H]" 553.1138; found: 553.1131.
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Using 4m (59.0 mg, 0.109 mmol), trifluoroacetic acid (0.14 mL, 2.18 mmol ) in THF(4.0 mL),
the titled compound was prepared and purified by silica gel column chromatography (15% ethyl
acetate/hexane) to yield 5m as a yellow solid(30.0 mg, 52%); m.p: 105-108°C; *H NMR (400
MHz, CDCla): J 7.72 — 7.65 (m, 2H), 7.59 (dd, J = 7.9, 1.0 Hz, 1H), 7.51 — 7.44 (m, 2H), 7.33 —
7.26 (m, 4H), 7.22 (dd, J = 13.0, 4.8 Hz, 3H), 7.07 — 6.99 (m, 2H), 6.23 (d, J = 5.2 Hz, 1H), 5.98
(d, J = 5.2 Hz, 1H), 5.01 (g, J = 15.6 Hz, 2H); 13C NMR (75 MHz, CDCls): & 165.4, 163.6,
163.0 (d, Jc-F= 247.5 Hz), 139.8, 134.9, 133.3, 131.3, 130.7, 130.6, 130.0,129.8, 129.7, 128.8 (d,
Jcr=9 Hz), 128.5, 128.1, 123.6, 120.9, 116.3 (d, Jcr= 21.7 Hz), 107.1, 67.9, 50.3; IR (CHCls)
vmax (cMY) = 1057, 1757, 2923, 3398, 3780, 3924; HRMS (ESI) m/z calcd for C26H19BrFN20:

[M+H]" 489.0614; found: 489.0610.

(E)-7-Benzylidene-4-cyclohexyl-6-(thiophen-2-yl)-1,4-diazabicyclo/4.2.0/oct-2-ene-5,8-dione

(on):
OMe
HaN O MeO
OMe OMe
@CHO MeOH ’V'eo _NaH, THF _TFA THF
s rt, 12 h OMe / oc-man m,2h reﬂuxo 8h
Ph—==—COOH // 56% 70%
+ - (over two steps)
Cy—N=

According to general procedure B using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol),2-thiophenecarboxaldehyde(0.045 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg,
0.475 mmol), and cyclohexyl isocyanide (0.059 mL,0.475 mmol), was dissolve in methanol (4.0
mL) to perform Ugi-4CC, product 1n was obtained, followed by the second step with sodium
hydride (35.0 mg, 1.43 mmol) in THF (6.0 mL), compound 4n was prepared and purified by
silica gel column chromatography (20% ethyl acetate/hexane) as a yellow solid, (120 mg,56%);
m.p: 125-127°C; 'H NMR (300 MHz, CDCls): § 7.63 (dd, J = 6.5, 3.2 Hz, 2H), 7.41 (d,J = 7.6

Hz, 1H), 7.33 (dd, J=5.1, 1.2 Hz, 1H), 7.31 — 7.26 (m, 3H), 7.19 (dd, J = 3.6, 1.2 Hz, 1H), 7.08
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(s, 1H), 6.99 (dd, J = 5.1, 3.7 Hz, 1H), 4.76 (dd, J = 6.1, 5.2 Hz, 1H), 3.85 — 3.72 (m, 1H), 3.55
(dd, J=14.6, 5.1 Hz, 1H), 3.42 (d, J = 22.7 Hz, 6H), 2.89 (dd, J = 14.6, 6.2 Hz, 1H), 1.99 (d, J=
12.3 Hz, 1H), 1.86 — 1.65 (m, 3H), 1.34 (ddd, J = 16.8, 13.3, 8.2 Hz, 3H), 1.18 — 0.99 (m, 3H);
13C NMR (75 MHz, CDCls): ¢ 166.8, 166.7, 140.5, 137.1, 131.7, 131.6, 130.3, 128.8, 128.6,
127.8, 127.2, 126.9, 101.1, 72.2, 55.5, 53.1, 49.1, 43.0, 32.9, 32.6, 25.6, 25.0, 24.9; HRMS
(ESI) m/z calcd for CasH3oN2NaOsS[M+Na]" 477.1824; found: 477.1797.

Using 4n (49.0 mg, 0.109 mmol), trifluoroacetic acid (0.14 mL, 2.18 mmol) in THF (4.0 mL),
the titled compound was prepared and purified by silica gel column chromatography (15% ethyl
acetate/hexane) to yield 5n as a yellow solid(30.0 mg, 70%); m.p: 221-223 °C; *H NMR (300
MHz, CDCls): 6 7.78 (dd, J = 7.5, 1.8 Hz, 2H), 7.33 — 7.25 (m, 5H), 7.11 (dd, J = 3.6, 1.1 Hz,
1H), 6.95 (dd, J =5.0, 3.7 Hz, 1H), 6.22 (d, J = 5.4 Hz, 1H), 6.07 (d, J = 5.4 Hz, 1H), 4.64 (dd, J
=14.0, 5.7 Hz, 1H), 1.86 (t, J = 11.6 Hz, 4H), 1.71 (d, J = 12.6 Hz, 1H), 1.45 (ddd, J = 18.8,
14.2, 5.9 Hz, 4H), 1.22 — 1.07 (m, 1H); 3C NMR (75 MHz, CDCls): § 164.9, 162.5, 139.7,
139.2,131.7, 131.4, 130.6, 129.9, 128.4, 127.6, 127.3, 127.2, 116.6, 106.3, 65.1, 53.6, 31.8, 31.2,
25.8, 25.4; IR (CHClI3) vma (cm™) = 760, 1065, 1403, 1669, 1760, 2926, 3394; HRMS (ESI)

m/z calcd for Ca3H23N202S[M+H]" 391.1480; found: 391.1468.

(E)-4-Benzyl-7-(4-methoxybenzylidene)-6-(4-methoxyphenyl)-1,4-diazabicyclo/4.2.0/oct-2-
ene-5,8-dione (50):

oM
HoN ©

OMe
MeO N H, THF
O _ MeOH _ a _TFATHF
rt12h OC rt2h O NH O refluth
MeO

O MeO

OMe 51%
(over two steps) MeO

Cy— N‘
According to general procedure B using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475

mmol), 4-methoxybenzaldehyde (0.057 mL, 0.475 mmol), 4-methoxy phenylpropiolic acid (83.0
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mg, 0.475 mmol), and cyclohexyl isocyanide (0.059 mL, 0.475 mmol),in methanol (4.0 mL) to
perform Ugi-4CC, product 1o was obtained, followed by the second step with sodium hydride
(34.0 mg, 1.43 mmol) in THF (6.0 mL),compound 40 was purified by silica gel column
chromatography (20% ethyl acetate/hexane) as a white oil (194.0 mg, 80%). Two rotamers were
present on NMR timescale (R! : R? =1 : 0.75); 'H NMR (300 MHz, CDClz): 6 7.71 (d, J=7.9
Hz, 0.82H), 7.61 (d, J = 8.8 Hz, 1.67H), 7.35 — 7.24 (m, 4.21H), 7.11 (s, 0.84H), 6.97 — 6.82 (m,
4.02H), 6.76 (d, J = 8.8 Hz, 1.69H), 5.22 (s, 1H), 4.74 (dd, J = 6.0, 5.1 Hz, 0.77H), 4.53 (dd, J =
6.6, 3.5 Hz, 1H), 3.91 (ddd, J = 18.5, 13.7, 6.0 Hz, 2.76H), 3.80 (d, J = 3.3 Hz, 5.64H), 3.75 (s,
2.24H), 3.47 (s, 2.46H), 3.42 — 3.34 (m, 9.25H), 2.87 (dd, J = 14.9, 6.7 Hz, 1.12H), 2.69 (dd, J =
14.6, 6.2 Hz, 0.87H), 2.21 — 1.98 (m, 3.35H), 1.84 (s, 2.84H), 1.76 — 1.60 (m, 5.70H), 1.43 —
1.26 (m, 5H), 1.14 (ddd, J = 11.3, 10.8, 7.1 Hz, 3.34H); 13C NMR (75 MHz, CDCls): 6 171.6,
168.2, 167.9, 161.2, 160.5, 160.0, 156.1, 136.0, 133.5, 129.8, 127.8, 127.5, 127.0,
126.1,124.7,114.5, 114.4, 114.0, 101.9, 101.4, 86.0, 75.8, 55.6, 55.4, 55.3, 55.1, 54.6, 53.3, 51.9,
48.9, 42.9, 416, 33.3, 32.7, 29.6, 29.5, 26.0, 25.9, 25.7, 25.1; HRMS (ESI): calcd for
Co9H37N206 [M+H]"509.2652; found: 509.2642.

Using 40 (55.0 mg, 0.109 mmol), trifluoroacetic acid (0.14 mL, 2.18 mmol) in THF (4.0 mL),
the titled compound was prepared and purified by silica gel column chromatography (15% ethyl
acetate/hexane) to afford 50 as a yellow oil (25.0 mg, 51%); *H NMR (300 MHz, CDClz): ¢
7.62 (d, J = 8.8 Hz, 2H), 7.35 (d, J = 8.9 Hz, 2H), 7.19 (s, 1H), 6.86 (d, J = 8.9 Hz, 2H), 6.76 (d,
J =189 Hz, 2H), 6.18 (d, J = 5.4 Hz, 1H), 6.01 (d, J = 5.4 Hz, 1H), 4.67 (s, 1H), 3.78 (s, 3H),
3.76 (s, 3H), 1.86 (t, J = 12.3 Hz, 4H), 1.71 (d, J = 13.2 Hz, 2H), 1.48 (d, J = 8.1 Hz, 2H), 1.44 —

1.37 (m, 2H); 3C NMR (75 MHz, CDCls): § 166.4, 163.8, 161.5, 160.3, 137.5, 133.4, 128.9,
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128.2, 127.4, 124.4, 116.6, 114.5, 114.0, 106.8, 67.6, 55.4, 53.3, 31.9, 31.4, 25.8, 25.4; HRMS

(ESI) m/z calcd for C27H29N204 [M+H]" 445.2127; found: 445.2120.

(E)-4-Cyclohexyl-6-(4-fluorophenyl)-7-(4-methylbenzylidene)-1,4-diazabicyclo/4.2.0/oct-2-

ene-5,8-dione (5p):

OMe C
HoN y
HN 0 (¢} MeO
O __MeOH _ MGO%N _NaH, THF _TFATHE
rt, 12h OMe 0 C-rt,2h O O reflux, 8 h
< > COOH = 49% NH 87%
1p (over two steps) MeO Cy
Cy—! N— MeO

According to general procedure B using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol),4-fluorobenzaldehyde (0.051 mL, 0.475 mmol), 3-(4-Methoxyphenyl)-propiolic acid
(84.0 mg, 0.475 mmol), and cyclohexyl isocyanide (0.059 mL,0.475 mmol), was dissolve in
methanol (4 mL) to perform Ugi-4CC, product 1p was obtained, followed by the second step
with sodium hydride (35.0 mg, 1.43 mmol) in THF (6.0 mL), compound 4p was prepared and
purified by silica gel column chromatography (20% ethyl acetate/hexane) as a yellow oil, (115.0
mg, 49%); *H NMR (300 MHz, CDCls): 6 7.74 (d,J = 7.8 Hz, 1H), 7.62 — 7.56 (m, 2H), 7.38 —
7.31 (m, 2H), 7.13 (s, 1H), 7.08 — 7.00 (m, 2H), 6.81 — 6.73 (m, 2H), 4.74 (dd,J = 5.9, 4.9 Hz,
1H), 3.88 — 3.74 (m, 4H), 3.49 — 3.38 (m, 7H), 2.67 (dd,J = 14.6, 6.1 Hz, 1H), 2.08 — 2.00 (m,
1H), 1.85 — 1.65 (m, 4H), 1.38 — 1.28 (m, 3H), 1.15 (dd,J = 9.6, 2.2 Hz, 2H);3C NMR (75
MHz, CDCls): ¢ 167.9, 167.6, 163.0 (d, Jc.r= 247.5 Hz), 161.4,135.6,133.5,130.6 (d, Jc.r= 8.2
Hz), 130.0 (d, Jcr= 3.75 Hz), 127.3, 124.4, 116.1 (d, Jc.r= 21Hz), 114.1, 101.4, 75.4, 55.7,
55.3, 53.5, 49.0, 43.0, 33.2, 32.7, 25.6, 25.1, 25.0; IR (CHCI3) vm (cm™t) = 1061, 1608, 2922,
3398, 3782, 3923; HRMS (ESI) m/z calcd for C2sH34FN2Os [M+H]7497.2452; found: 497.2443.
Using 4p (54.0 mg, 0.109 mmol), trifluoroacetic acid (0.14 mL, 2.18 mmol) in THF (4.0 mL),

the titled compound was prepared and purified by silica gel column chromatography (15% ethyl
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acetate/hexane) to yield 5p as a yellow oil (41.0 mg, 87%); *H NMR (400 MHz, CDClz): 6 7.66
—7.57 (m, 2H), 7.47 — 7.36 (m, 2H), 7.21 (s, 1H), 7.09 — 6.94 (m, 2H), 6.82 — 6.71 (m, 2H), 6.19
(d, J = 5.4 Hz, 1H), 6.02 (d, J = 5.4 Hz, 1H), 4.73 — 4.60 (m, 1H), 3.77 (s, 3H), 1.87 (dd, J =
23.3,10.7 Hz, 4H), 1.71 (d, J = 12.6 Hz, 1H), 1.48 (d, J = 10.8 Hz, 1H), 1.37 (dd, J=21.2, 11.2
Hz, 3H), 1.16 — 1.12 (m, 1H); ¥C NMR (75 MHz, CDCls): 6 166.2, 163.4,163.0 (d, Jc.r =
247.5 Hz), 161.6, 137.2, 133.3, 131.4 (d, Jc-r = 3.0 Hz), 129.2, 128.8 (d Jc.r = 8.2 Hz),124.1,
116.7, 116.1 (d Jcr = 21.7 Hz), 114.0, 106.9, 67.3, 55.4, 53.4, 31.8, 31.3, 29.7, 25.8, 25.4;

HRMS (ESI) m/z calcd for C26H2sFN203 [M-+H]" 433.1927; found: 433.1943.

(E)-4-Cyclohexyl-6-(4-fluorophenyl)-7-(4-methylbenzylidene)-1,4-diazabicyclo/4.2.0/oct-2-

ene-5,8-dione (50):

OMe
HNTY HN 0 MeQ
OMe OMe
FOCHO MeOH MeO _NaH, THF _TFATHF
—_—
m12h oc ,2h O O reflux, 8 h
HsC =—COOH 50% NH 77%
(over two steps) HaC Cy 4q
.o
Cy—N= HiC

According to general procedure B using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol),4-fluorobenzaldehyde (0.051 mL, 0.475 mmol), 3-( 4-methylphenyl) propiolic acid (76.0
mg, 0.475 mmol), and cyclohexyl isocyanide (0.059 mL,0.475 mmol), was dissolve in methanol
(4.0 mL) to perform Ugi-4CC,product 1g was obtained, followed by the second step with
sodium hydride (35.0 mg, 1.43 mmol) in THF (6.0 mL), compound 4q was prepared and
purified by silica gel column chromatography (20% ethyl acetate/hexane) as a white solid (114
mg,50%); m.p: 99-101 °C; *H NMR (300 MHz, CDCls): 6 7.66 (d, J = 7.6 Hz, 1H), 7.50 (d, J =
8.1 Hz, 2H), 7.36 (dd, J = 8.7, 5.3 Hz, 2H), 7.07 (dd, J = 24.5, 16.1 Hz, 5H), 4.74 (t, J = 5.4 Hz,
1H), 3.90 — 3.74 (m, 1H), 3.48 (s, 3H), 3.44 — 3.32 (M, 4H), 2.71 (dd, J = 14.6, 6.0 Hz, 1H), 2.28

(s, 3H), 2.02 (d, J = 11.0 Hz, 1H), 1.84 — 1.65 (m, 4H), 1.44 — 1.30 (m, 2H), 1.22 — 1.06 (M, 3H);
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13C NMR (75 MHz, CDCla): § 167.6, 167.3, 163.0 (d, Jc.r = 247.5 Hz), 140.9, 137.4, 131.6,
130.5 (d, Jcr= 8.2 Hz), 130.1(d, Jcr= 3.0 Hz), 129.4, 128.9, 127.5, 116.1 (d, Jc.r= 21.7 Hz),
101.4,75.4,55.7, 53.5, 49.0, 43.1, 33.2, 32.7, 25.6, 25.1, 25.1, 21.56; HRMS (ESI) m/z calcd for
CogH34FN204 [M+H]" 481.2503; found: 481.2501.

Using 49 (53.0 mg, 0.109 mmol), trifluoroacetic acid (0.14 mL, 2.18 mmol) in THF (4.0 mL),
the titled compound was prepared and purified by silica gel column chromatography (15% ethyl
acetate/hexane) to yield 5q as a yellow solid (35.0 mg, 77%); m.p: 71-73 °C; 'H NMR (300
MHz, CDCls): 6 7.54 (d, J = 8.1 Hz, 2H), 7.46 — 7.39 (m, 2H), 7.22 (s, 1H), 7.08 — 6.99 (m, 4H),
6.19 (d, J = 5.4 Hz, 1H), 6.03 (d, J = 5.4 Hz, 1H), 4.67 (t, J = 9.7 Hz, 1H), 2.29 (s, 3H), 1.93 —
1.81 (m, 4H), 1.71 (d, J = 12.0 Hz, 1H), 1.44 (dd, J = 22.0, 9.2 Hz, 4H), 1.20 — 1.12 (m, 1H); 3C
NMR (75 MHz, CDCls): ¢ 165.9, 163.2, 163.0 (d, Jc.r= 247.5 Hz), 141.1, 138.8, 131.4, 129.5,
129.3, 128.8 (d Jc.r= 8.2 Hz), 128.6, 116.8, 116.1 (d Jcr= 21 Hz), 106.7, 67.4, 60.5, 53.4, 31.8,
31.3, 25.8, 25.4, 21.6; IR (CHCI3) vmax (cm™) = 1066, 1399, 1663, 1756, 2924, 3416, 3740, 348;

HRMS (ESI) m/z calcd for Ca6H26FN202 [M+H]*417.1978; found: 417.1971.

(E)-4-Benzyl-7-(4-methoxybenzylidene)-6-(thiophen-2-yl)-1,4-diazabicyclo/4.2.0/oct-2-ene-

5,8-dione (5r):
OMe C
HoN -y
me o O 0 MeO
@ MeOH MeO iﬁ) NaH, THF TRATHE
N
CHO —_— Wﬁ
S M, 12h ome Ky \ 0°C-rt2h T refx.8h
MeO@%COOH Z 70% MeG 65%
. 1r (over two steps) Cy 4r
Cy—N= MeO

According to general procedure B using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), thiophene-2-carbaldehyde (0.045 mL, 0.475 mmol),3-(4-Methoxyphenyl)-propiolic acid
(83.0 mg, 0.475 mmol) and benzyl isocyanide (0.057 mL, 0.475 mmol), in methanol (4.0 mL) to

perform Ugi-4CC product 1r was obtained, followed by the second step with sodium hydride
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(34.0 mg, 1.43 mmol) in THF (6.0 mL), compound 4r was purified by silica gel column
chromatography (20% ethyl acetate/hexane) as a brown oil (164.0 mg, 70%); 'H NMR (300
MHz, CDCls): d 8.11 (t, J = 5.3 Hz, 1H), 7.67 — 7.59 (m, 2H), 7.33 (dd, J = 5.1, 1.2 Hz, 1H),
7.27 —7.21 (m, 5H), 7.20 (dd, J = 3.6, 1.2 Hz, 1H), 7.07 (s, 1H), 7.00 (dd, J = 5.1, 3.6 Hz, 1H),
6.84 — 6.74 (m, 2H), 4.63 (dd, J = 6.3, 4.7 Hz, 1H), 4.49 (d, J = 5.6 Hz, 2H), 3.76 (s, 3H), 3.52
(dd, J = 14.6, 4.7 Hz, 1H), 3.26 (s, 3H), 3.15 (s, 3H), 2.82 (dd, J = 14.6, 6.3 Hz, 1H); 33C NMR
(75 MHz, CDCls): ¢ 168.2, 167.3, 161.4, 1379, 137.4, 137.1, 133.6, 128.9, 128.7,
128.1,127.7,127.6, 127.3, 127.1, 124.3, 114.1, 101.2, 72.3, 55.4, 55.3, 53.4, 44.2, 43.0; HRMS
(ESI) m/z calcd for C27H29N205S [M+H]"493.1797; found: 493.1788.

Using 4r (53.0 mg, 0.109 mmol), trifluoroacetic acid (0.14 mL, 2.18 mmol) in THF (4.0 mL),
the titled compound was prepared and purified by silica gel column chromatography (15% ethyl
acetate/hexane) to afford as a yellow oil 5r (30.0 mg, 65%); *H NMR (300 MHz, CDClz): ¢
7.80 — 7.74 (m, 2H), 7.40 — 7.30 (m, 6H), 7.22 (s, 1H), 7.10 (dd, J = 3.6, 1.2 Hz, 1H), 6.95 (dd, J
=5.1, 3.6 Hz, 1H), 6.82 (d, J = 8.9 Hz, 2H), 6.18 (d, J = 5.2 Hz, 1H), 5.94 (d, J = 5.3 Hz, 1H),
5.03 (d, J = 14.8 Hz, 1H), 4.70 (d, J = 14.8 Hz, 1H), 3.78 (s, 3H); 13C NMR (75 MHz, CDCls):
0165.3, 163.4, 161.8, 139.5, 137.0, 135.8, 133.7, 129.9, 129.1, 128.3, 127.6, 127.4, 127.2, 1241,
120.0, 114.1, 106.9, 65.2, 55.4, 50.3; HRMS (ESI) m/z calcd for CzsH21N203S

[M+H]"429.1273; found: 429.1267.

(E)-4-Benzyl-7-(4-methoxybenzylidene)-6-phenyl-1,4-diazabicyclo/4.2.0/oct-2-ene-5,8-dione

(5s):
OMe
H2N o] MeO
OMe HN o
@CHO MeOH Meo% _NaH, THF _TFATHF
—_—
., 12h OMe 0° C t,4h reflux 8h
Me04< >7: COOH = 60% NH OMe 67%
1s (over two steps) MeO B 4s

P
Bn—N= MeO
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According to general procedure B using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), benzaldehyde (0.048 mL, 0.475 mmol), 3-(4-Methoxyphenyl)-propiolic acid (83.0 mg,
0.475 mmol), and benzyl isocyanide (0.057 mL, 0.475 mmol), in methanol (4.0 mL) to perform
Ugi-4CC, product 1s was obtained, followed by the second step with sodium hydride
(34.0mg,1.43 mmol) in THF (6.0mL), compound 4s was purified by silica gel column
chromatography (20% ethyl acetate/hexane) as a white oil (135.0 mg, 60%); *H NMR (300
MHz, CDCls): 6 8.33 (t, J = 5.3 Hz, 1H), 7.70 — 7.57 (m, 2H), 7.36 (d, J= 1.9 Hz, 5H), 7.31 —
7.27 (m, 5H), 7.18 (s, 1H), 6.84 — 6.69 (m, 2H), 4.63 (dd, J = 6.3, 4.6 Hz, 1H), 4.52 (dd, J = 5.6,
3.2 Hz, 2H), 3.74 (s, 3H), 3.44 — 3.38 (m, 1H), 3.25 (s, 3H), 3.14 (s, 3H), 2.66 (dd, J = 14.6, 6.4
Hz, 1H); *°C NMR (75 MHz, CDCls): 6 169.1, 167.7, 161.4, 138.1, 135.5, 134.0, 133.6, 129.2,
128.7, 128.5, 128.2, 127.6, 127.5, 124.5, 114.1, 101.4, 76.3, 55.4, 55.4, 53.6, 44.1, 43.2; HRMS
(ESI) m/z calcd for C29H30N2NaOs [M+Na]*509.2052; found: 509.2046.

Using 4s (52.0 mg, 0.109 mmol), trifluoroacetic acid (0.14 mL, 2.18 mmol ) in THF (4.0
mL),compound 4s was prepared and purified by silica gel column chromatography (15% ethyl
acetate/hexane) as a yellow oil (30.0 mg, 67%); *H NMR (300 MHz, CDCls3): 6 7.64 (d, J=8.9
Hz, 2H), 7.45 (ddd, J = 4.4, 2.4, 1.4 Hz, 2H), 7.38 — 7.28 (m, 8H), 7.22 (s, 1H), 6.79 — 6.73 (m,
2H), 6.17 (d, J = 5.2 Hz, 1H), 5.91 (d, J = 5.2 Hz, 1H), 5.02 (d, J = 14.8 Hz, 1H), 4.76 (d, J =
14.8 Hz, 1H), 3.76 (s, 3H); *C NMR (75 MHz, CDCls): 6 166.1, 164.1, 161.6, 137.2, 136.0,
135.4, 133.3, 129.4, 129.3, 129.2, 129.1, 128.3, 126.8, 124.2, 120.4, 114.0, 107.1, 68.2, 55.4,

50.2; HRMS (ESI) m/z calcd for C27H23N203 [M+H]"423.1709; found: 423.1702.

4-(2-Cyclohexyl-1,6-dioxo-8-phenyl-1,2-dihydropyrrolo/1,2-a/pyrazin-8a(6H)-yl)benzonitrile

3y:
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M
HZNAKO e
OMe
NC@CHO MeOH. 1, _  Meo I@\ _NaH, THF _ TFATHF
0 °Ctort,2h reflux 8h
Ph——=———COOH 12h OMe 57%

Cy*NJrE* (over two steps)

According to general procedure B using aminoacetaldehyde dimethyl acetal(0.052 mL, 0.475
mmol), 4-cyano benzaldehyde (62.0 mg, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475
mmol), and cyclohexyl isocyanide (0.059 mL,0.475 mmol), was dissolve in methanol (4.0 mL)
to perform Ugi-4CC, product 1t was obtained, followed by the second step with sodium hydride
(33.0 mg, 1.43 mmol) in THF (6.0 mL),compound 4t> was prepared and purified by silica gel
column chromatography (25% ethyl acetate/hexane) as a white oil (130.0 mg, 57%); *H NMR
(300 MHz, CDCls): 6 7.70 (dd, J = 15.1, 8.1 Hz, 3H), 7.51 (d, J = 8.6 Hz, 2H), 7.32 (dd, J=9.5,
5.6 Hz, 3H), 7.24 — 7.21 (m, 1H), 6.60 (s, 1H), 5.19 (dd, J = 7.3, 4.3 Hz, 1H), 3.67 (ddd, J =
18.7, 9.4, 5.8 Hz, 1H), 3.52 (s, 3H), 3.40 (s, 3H), 3.15 — 3.08 (m, 1H), 2.60 (dd, J = 14.2, 7.3 Hz,
1H),2.06 — 1.89 (m, 2H), 1.74 — 1.63 (m, 4H), 1.32 (dd, J = 23.4, 11.3 Hz, 3H), 1.21 — 1.16 (m,
1H); 3C NMR (75 MHz, CDCls): ¢ 172.80, 164.83, 161.39, 141.32, 132.83, 130.56, 130.43,
129.15, 129.01, 128.25, 122.38, 118.23, 112.91, 101.91, 78.67, 77.58, 77.16, 76.74, 56.57, 55.06,
49.37, 45.16, 34.06, 32.93, 32.62, 25.75, 25.58, 25.15, 25.10, 25.05; HRMS (ESI) m/z calcd for

C2sH31N3NaO4 [M+Na]" 496.2212; found: 496.2200.

4-(2-Benzyl-1,6-dioxo-8-phenyl-1,2-dihydropyrrolo/1,2-a/pyrazin-8a(6H)-yl)benzonitrile (3u):

M
HZN/\rO e
OMe
NCOCHO MeOH. . _ meo J\i@\ | NaH.THF _ TRATHE
reflux 8h
Ph—=—COOH 12h OMe ToCrort2n Cstg;t 2h o,

Bn—NZ=- (over two steps) NC
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According to general procedure B using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 4-cyanobenzaldehyde (62.0 mg, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475
mmol), and benzyl isocyanide (0.054 mL,0.475 mmol), was dissolve in methanol (4.0 mL) to
perform Ugi-4CC,product 1u, was obtained, followed by the second step with Sodium hydride
(33.0 mg, 1.43 mmol) in THF (6.0 mL),compound 4u’ was prepared and purified by silica gel
column chromatography (25% ethyl acetate/hexane) as a white solid (133.0 mg, 58%); m.p: 153-
157 °C; 'H NMR (400 MHz, CDCls): J 8.30 (t, 1H), 7.68 (d, J = 8.2 Hz, 2H), 7.52 (d, J = 8.2
Hz, 2H), 7.32 (d, J = 6.9 Hz, 3H), 7.27 (m, 3H), 7.25 — 7.23 (m, 1H), 7.16 (d, J = 6.8 Hz, 2H),
6.62 (s, 1H), 5.04 (dd, J = 6.6, 4.1 Hz, 1H), 4.48 (dd, J = 14.6, 6.3 Hz, 1H), 4.27 (dd, J = 14.5,
4.5 Hz, 1H), 3.33 (s, 3H), 3.17 (d, J = 10.7 Hz, 4H), 2.56 (dd, J = 14.2, 7.1 Hz, 1H); 13C NMR
(100 MHz, CDCls): ¢ 169.9, 160.7, 144.3, 132.8, 130.5, 129.9, 128.8, 127.8, 127.0, 119.2,
112.8, 102.3, 92.2, 56.1, 55.3, 41.4; HRMS (ESI) m/z calcd for CagH27N3NaOs [M+Na]*
504.1899; found: 504.1887.

4-(2-Cyclohexyl-8-(4-methoxyphenyl)-1,6-dioxo-1,2-dihydropyrrolo/1,2-a/pyrazin-8a(6H)-
yl)benzonitrile (3v):

OMe o}
HoN e0
/Ee HN \)\ N
NCOCHO MeOH, it MeO _NaH, THF O _ TPATHE cy”
J— M 0 °Ctort,2h MeO NH reﬂux 8h
MeO = COOH Mg 00 o,

Cy*NJ'E* v (over two steps)

According to general procedure B using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 4-cyano benzaldehyde (62.0 mg, 0.475 mmol), 3-(4-Methoxyphenyl)propiolic acid (70.0
mg, 0.475 mmol), and cyclohexyl isocyanide (0.059 mL,0.475 mmol), was dissolve in methanol
(4.0 mL) to perform Ugi-4CC,product 1v was obtained, followed by the second step with sodium

hydride (33.0 mg, 1.43 mmol) in THF (6.0 mL),compound 4v’> was prepared and purified by
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silica gel column chromatography (50% ethyl acetate/hexane) as a light pink solid (130.0 mg,
70%); m.p: 164-169 °C; *H NMR (300 MHz, CDCls): 6 7.72 (d,J = 7.8 Hz, 1H), 7.69 — 7.64
(m, 2H), 7.53 — 7.47 (m, 2H), 7.35 — 7.28 (m, 2H), 6.80 — 6.71 (m, 2H), 6.51 (s, 1H), 5.17 (dd, J
= 7.2, 4.4 Hz, 1H), 3.76 (s, 3H), 3.72 — 3.61 (m, 1H), 3.51 (s, 3H), 3.39 (s, 3H), 3.11 (dd, J =
14.2, 4.4 Hz, 1H), 2.59 (dd, J = 14.2, 7.2 Hz, 1H), 2.02 (d, J = 11.8 Hz, 1H), 1.75 — 1.55 (m,
4H), 1.36 — 1.04 (m, 5H); 3C NMR (75 MHz, CDCls): ¢ 173.1, 165.2, 161.4, 160.9, 141.6,
132.8, 130.8, 129.2, 122.7, 119.9, 118.2, 113.7, 112.8, 101.9, 78.5, 56.5, 55.3, 55.0, 49.3, 45.0,
32.9, 32.6, 25.6, 25.2, 25.1; HRMS (ESI) m/z calcd for CooH33sN3NaOs [M+Na]" 526.2318;

found: 526.2313.

(E)-3-Benzylidene-1-(2,2-dimethoxyethyl)-2-(4-fluorophenyl)-4-oxo-N-phenylazetidine-2-
carboxamide (4y):

OMe
HoN Ph O MeO

|
OMe HN._O fOMe
= N
FOCHO MeOH Meoﬁ/\N NaH, THF on
i, 12h 0°C-rt, 2h ©
Ph—==—COOH OMe~No E NH E
+ - = 1y /
Ph—N= Ph Ph ay

According to general procedure B using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol),4-fluorobenzaldehyde (0.048 mL, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475
mmol), and phenyl isocyanide (0.050 mL, 0.475 mmol), in methanol (4.0 mL) to perform Ugi-
4CC, product 1y was obtained, followed by the second step with sodium hydride (34.0 mg, 1.43
mmol) in THF (6.0 mL), titled compound 4y was purified by silica gel column chromatography
(20% ethyl acetate/hexane) as a white 0il(45.0 mg, 21%); *H NMR (300 MHz, CDClz): § 9.58
(s, 1H), 7.67 — 7.59 (m, 4H), 7.48 — 7.39 (m, 2H), 7.35 — 7.28 (m, 4H), 7.26 (d, J = 5.9
Hz,2H),7.14 — 7.01 (m, 3H), 4.74 (t, J = 4.7 Hz, 1H), 3.67 (dd, J = 14.8, 4.6 Hz, 1H), 3.55 (s,

3H), 3.40 (s, 3H), 2.75 (dd, J = 14.8, 4.8 Hz, 1H); 3C NMR (75 MHz, CDCls): 6 167.3, 166.9,
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163.0 (d, Jo.r = 247 Hz) , 138.0, 131.8, 131.5, 131.0, 130.9, 130.5, 129.1, 129.0, 128.7,128.4,
124.7,120.1, 116.2 (d, Je.r= 21.7 Hz), 101.7, 76.3, 55.8, 54.1, 42.6; HRMS (ESI) m/z calcd for

Ca7H26FN204[M+H]"461.1877; found: 461.1868.

(E)-3-Benzylidene-1-(2,2-dimethoxyethyl)-4-oxo-N-phenyl-2-¢4-(trifluoromethyl)phenyl)-

azetidine-2-carboxamide (4z) :

OMe Ph
HoN HN.__O o N\_°
OMe N\/<0Me
MeO
Methanol N THF Ph—NH
F3COCHO — > W/\ _ OMe
rt, 12 h OMe o CF NaH
o or Z 1z 3 0°Ctortzh
Ph—==—COOH e
Ph—N=- 4z; 28%

According to general procedure B using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 4-trifloromethyl benzaldehyde (62.0 mg, 0.475 mmol), phenylpropiolic acid (70.0 mg,
0.475 mmol), and phenyl isocyanide (0.050 mL, 0.475 mmol), was dissolve in methanol (4.0
mL) to perform Ugi-4CC, product 1z was obtained, followed by the second step with sodium
hydride (33 mg, 1.43 mmol) in THF (6.0 mL),compound 4z was prepared and purified by silica
gel column chromatography (30% ethyl acetate/hexane) as a yellow oil (70.0 mg, 28%); H
NMR (300 MHz, CDCls): ¢ 9.60 (s, 1H), 7.61 (ddd, J =11.6, 7.1, 5.5 Hz, 8H), 7.35 - 7.27 (m,
6H), 7.14 — 7.08 (m, 1H), 4.74 (t, J = 4.5 Hz, 1H), 3.70 (dd, J = 14.8, 4.4 Hz, 1H), 3.57 (s, 3H),
3.40 (s, 3H), 2.73 (dd, J = 14.8, 4.5 Hz, 1H); *C NMR (75 MHz, CDCls): ¢ 167.1, 166.7,
138.0, 137.4, 131.8, 131.4, 130.7, 129.5, 129.1, 128.8, 126.1 (q, Jc-r = 11.2, 3.7 Hz), 124.8,
120.1, 101.8, 76.4, 56.0, 54.4, 42.7; HRMS (ESI) m/z calcd for CogH2sF3sN2Os [M+H]"

511.1845; found: 511.1837.

S97



(E)-3-Benzylidene-2-(4-bromophenyl)-1-(2,2-dimethoxyethyl)-4-oxo-N-phenylazetidine-2-

carboxamide (4aa):

OMe
HoN Ph O MeQ
OMe HN__O fOMe
= N
BrOCHO MeOH Meoﬁ/\N NaH, THF b
r, 12 h OMe 0°C-rt,2h 0o
Ph—==—COOH = o Br NH Br
_ Ph .
thﬁz Ph 1aa 4aa; 30%

According to general procedure B using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 4-bromo benzaldehyde (62.0 mg, 0.475 mmol), phenylpropiolic acid (70.0 mg, 0.475
mmol), and phenyl isocyanide (0.050 mL, 0.475 mmol),was dissolve in methanol (4.0 mL) to
perform Ugi-4CC product 1aa was obtained, followed by the second step with sodium hydride
(33.0 mg, 1.43 mmol) in THF (6.0 mL), compound 4aa was prepared and purified by silica gel
column chromatography (30% ethyl acetate/hexane) as a white oil (65.0 mg, 30%); ‘H NMR
(300 MHz, CDCls): 6 9.58 (s, 1H), 7.61 (t,d = 6.7 Hz, 4H), 7.51 (d,J = 8.5 Hz, 2H), 7.36 — 7.26
(m, 8H), 7.10 (t, J = 7.4 Hz, 1H), 4.73 (t, J = 4.6 Hz, 1H), 3.68 (dd, J = 14.8, 4.5 Hz, 1H), 3.54
(s, 3H), 3.39 (s, 3H), 2.74 (dd, J = 14.8, 4.7 Hz, 1H); 3C NMR (75 MHz, CDCls): § 167.2,
166.7, 138.0, 137.7, 132.3, 132.3, 131.8, 131.4, 130.6, 130.6, 129.0, 128.7, 128.5, 124.7, 123.6,
120.0, 101.7, 76.4, 55.9, 54.2, 42.6; HRMS (ESI) m/z calcd for C27H25BrN2NaO4 [M+Na]*
543.0895; found:543.0892.

(E)-4-cyclohexyl-7-ethylidene-6-(4-fluorophenyl)-1,4-diazabicyclo/4.2.0/oct-2-ene-5,8-dione

(5ab):
Cy O
OMe ‘ MeO
HzN/\/ HN.__O OMe
OMe — N
MeOH MeO . NaH, THF TFA, THF
F CHO  rt,12h l;\ 0°C-rt,2h o reflux, 8 h
€ 73% NH 76%
COOH =z O (over two steps) Cy/ F
P
Cy—N= 1ab 4ab

F
5ab
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According to general procedure B using aminoacetaldehyde dimethyl acetal (0.052 mL, 0.475
mmol), 4-fluorobenzaldehyde (0.053 mL, 0.475 mmol), 2-butynoic acid (40.0 mg, 0.475 mmol),
and cyclohexyl isocyanide (0.059 mL,0.475 mmol), was dissolve in methanol (4 mL) to perform
Ugi-4CC, product lab was obtained, followed by the second step with sodium hydride (35.0
mg, 1.43 mmol) in THF (6.0 mL), compound 4ab was prepared and purified by silica gel
column chromatography (20% ethyl acetate/hexane) as a yellow oil, (140.0 mg, 73%); *H NMR
(300 MHz, CDCls): § 7.93 (d, J = 7.5 Hz, 1H), 7.19 — 7.10 (m, 2H), 7.02 (t, J = 8.7 Hz, 2H),
6.00 (d, J=1.5Hz, 1H), 5.20 (dd, J=7.7, 4.1 Hz, 1H), 3.77 (dtd, J=11.2, 7.5, 4.0 Hz, 1H), 3.50
(s, 3H), 3.39 (s, 3H), 3.05 (dd, J = 14.2, 4.1 Hz, 1H), 2.55 (dd, J = 14.2, 7.7 Hz, 1H), 2.03 (t, J =
6.7 Hz, 4H), 1.86 (d, J = 12.3 Hz, 1H), 1.80 — 1.63 (m, 3H), 1.43 — 1.31 (m, 2H), 1.29 — 1.23 (m,
1H), 1.21 — 1.15 (m, 1H), 1.14 — 1.07 (m, 1H); 13C NMR (75 MHz, CDCls): ¢ 174.3, 166.1, ,
162.8, 162.7 (d, J = 246 Hz), 131.1(d, J = 3 Hz), 129.9 (d, J = 8.25 Hz), 123.0, 116.0 (d, J = 21.7
Hz), 102.2, 79.6, 56.7, 54.9, 49.2, 45.6, 33.1, 32.9, 25.7, 25.3, 14.9; HRMS (ESI) m/z calcd for
C22H20FN2NaO4 [M-+Na]" 427.2009; found: 427.1999.

Using 4ab (44.0 mg, 0.109 mmol), trifluoroacetic acid (0.14 mL, 2.18 mmol) in THF (4.0 mL),
the titled compound was prepared and purified by silica gel column chromatography (15% ethyl
acetate/hexane) to yield 5ab as a yellow oil (28 mg, 76%); *H NMR (300 MHz, CDCls): § 7.26
—7.18 (m, 2H), 7.08 — 6.99 (m, 2H), 6.49 (d, J = 5.6 Hz, 1H), 5.89 (q, J = 1.5 Hz, 1H), 5.78 (d, J
=5.6 Hz, 1H), 4.41 (tt, J = 11.0, 3.4 Hz, 1H), 2.18 (d, J = 1.5 Hz, 3H), 1.90 — 1.74 (m, 3H), 1.72
— 1.60 (m, 3H), 1.49 — 1.37 (m, 2H), 1.32 (dd, J = 10.7, 6.0 Hz, 2H); 13C NMR (75 MHz,
CDCl3): § 170.2, 163.0 (d, J = 246 Hz), 162.8, 162.3, 130.7, (d, J = 3.0 Hz), 127.2, (d, J = 8.25
Hz), 121.6, 116.1, (d, J = 21.75 Hz), 113.3, 106.9, 72.3, 53.2, 31.5, 30.9, 25.8, 25.4, 15.5;

HRMS (ESI) m/z calcd for C2oH22FN202 [M+H] " 341.1665; found: 341.1653.
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N-(2-(Cyclohexylamino)-1-(4-fluorophenyl)-2-oxoethyl)-N-(3,3-diethoxypropyl)-3-

phenylpropiolamide (6a):

OEt

H2N/\)\0Et o} H
Methanol N
12 h Ph 0
Ph—==—COOH
Cy-NEC Et0” “OEt

Equimolar mixture of 1-amino-3,3-diethoxypropane(0.475 mmol), 4-fluorobenzaldehyde (0.475
mmol), phenylpropiolic acid (0.475 mmol), and cyclohexyl isocyanide (0.475 mmol), was
dissolved in methanol (6 mL). The resulting mixture was stirred at room temperature for 12 h.
On completion of the reaction (based on TLC), the solvent was removed under vacuum and the
crude was purified by silica gel column chromatography(15% ethyl acetate/hexane)to afford 6a
as white solid (284.0 mg,82%); m.p:120-122°C; Two rotamers were present on NMR timescale
(R':R2=1:0.2); 'H NMR (300 MHz, CDCls): 6 7.60 — 7.52 (m, 2.41H), 7.48 — 7.32 (m,
6.13H), 7.08 (ddd, J = 13.1, 5.6, 3.2 Hz, 2.42H), 6.18 (d, J = 8.2 Hz, 0.2H), 6.14 (s, 0.26H), 5.99
(d, J=8.0 Hz, 0.87H), 5.88 (s, 1H), 4.46 — 4.40 (m, 0.23H), 4.36 (t, J = 5.3 Hz, 1H), 3.85 — 3.78
(m, 0.86H), 3.77 — 3.69 (m, 1.89H), 3.58 — 3.47 (m, 2H), 3.45 — 3.30 (m, 3H), 2.04 (s, 0.78H),
1.98 — 1.79 (m, 3H), 1.58 (dd, J = 10.4, 5.1 Hz, 4H), 1.36 (td, J = 12.1, 2.3 Hz, 4.1H), 1.22 —
1.04 (m, 11.58H); 3C NMR (75 MHz, CDClz): ¢ 167.9, 167.8, 162.9 (d, Jc.r = 246.7 Hz),
155.7, 155.4, 155.0, 132.7, 132.7, 131.6, 131.5, 131.4, 130.7(d, Jc-== 3 Hz), 130.6, 130.4, 128.8,
128.6, 120.4, 120.1, 116.1 (d, Jc-r = 21.7 Hz), 116.0 (d, Jc-r =21.0 Hz), 115.8, 101.8, 101.2,
91.9, 91.0, 81.8, 81.5, 66.2, 61.9, 61.7, 61.6, 61.4, 61.2, 49.1, 48.8, 44.1, 40.4, 33.9, 33.1, 33.0,
32.9, 32.8, 32.0, 25.6, 25.5, 25.0, 24.95, 24.9, 24.8, 15.4, 15.3; HRMS (ESI) m/z calcd for

CaoH3sFN204 [M+H]"509.2816; found: 509.2806.
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N-(2-(Cyclohexylamino)-1-(4-fluorophenyl)-2-oxoethyl)-N-(4,4-diethoxybutyl)-3-

phenylpropiolamide (6b):

OEt

Os_NH
HZN\/\)\OEI o
methanol N
F@CHO _fmemenel /
Ph F

i, 12h
Ph—==—COOH EtO 6b

cy-NEC OEt

Equimolar mixture of 4,4-diethoxybutan-1-amine (0.475 mmol), 4-fluorobenzaldehyde (0.475
mmol), phenylpropiolic acid (0.475 mmol), and cyclohexyl isocyanide (0.475 mmol), was
dissolved in methanol (6 mL). The resulting mixture was stirred at room temperature for 12 h.
On completion of the reaction (based on TLC), the solvent was removed under vacuum and the
crude was purified by silica gel column chromatography (20% ethyl acetate/hexane) to afford 6b
as white oil (257.0 mg, 79%); Two rotamers were present on NMR timescale (R! : R =1:0.2);
IH NMR (300 MHz, CDCls): § 7.58 — 7.50 (m, 2.4H), 7.50 — 7.31 (m, 6H), 7.12 — 7.01 (m,
2.4H), 6.15 (s, 0.2H), 6.00 (d, J = 8.0 Hz, 0.9H), 5.91 (s, 1H), 5.74 (d, J = 8.0 Hz, 0.2H), 4.31 (t,
J =55 Hz, 0.9H), 4.27 (d, J = 5.6 Hz, 0.2H), 3.86 — 3.73 (m, 1.2H), 3.66 (td, J = 10.4, 5.7 Hz,
1.6H), 3.51 (ddq, J = 14.3, 9.3, 7.0 Hz, 2.6H), 3.42 — 3.29 (m, 2.4H), 1.91 (dd, J = 8.2, 3.8 Hz,
2.5H), 1.71 — 1.56 (m, 4.4H), 1.51 — 1.42 (m, 2.1H), 1.33 (dd, J = 13.7, 8.2 Hz, 3.6H), 1.19 (dd, J
=97, 4.7 Hz, 2.1H), 1.10 (td, J = 7.0, 2.5 Hz, 8.7H) ; C NMR (75 MHz, CDClz): § 167.9,
167.6, 163.0 (d, Jc.r= 246.7 Hz), 155.7, 132.6, 131.5, 131.3 (d, Jc.r= 7.5 Hz), 130.9 (d, Jcr=
3.7 Hz), 130.5, 130.4, 128.8, 128.7, 120.4, 116.0 (d, Jc.r= 21.7 Hz) , 115.9 (d, Jcr= 21.0 Hz),
102.4,102.4,91.7,91.0, 81.8, 81.5, 65.8, 61.2, 61.1, 60.9, 48.9, 48.8, 48.2, 44.6, 33.1, 33.0, 32.9,
32.8, 32.0, 31.3, 29.5, 25.6, 25.5, 24.9, 24.8, 23.4, 22.8, 15.3, 14.2; HRMS (ESI) m/z calcd for

C31H39FN2NaO4 [M+Na]"545.2792; found: 545.2782.
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1-Cyclohexyl-3-(4-fluorophenyl)-4-(3-phenylpropioloyl)-1,3,4,5-tetrahydro-2H-1,4-diazepin-2-
one (7a) and N-(2-(Cyclohexylamino)-1-(4-fluorophenyl)-2-oxoethyl)-N-(3-oxopropyl)-3-

phenyl propiolamide (8a):

F
Ph

H

05 _N.

o o) Cy Vi

H TFA, THF o

N\ = N

F N Cy ——>» = + . N

PH /[% o Reflux, 8h  Ph /Ei . _TD

N

Et0” “OEt H™ "0 o &

6a 7a 8a

Ugi adduct 6a (100 mg, 0.196 mmol) on treatment with trifluoroacetic acid (0.256 mL, 3.93
mmol)in THF (4.0 mL) under reflux conditions, a mixture of compounds 7a and 8a were
obtained, which were purified by silica gel column chromatography; 7a: isolated in 20% ethyl
acetate/hexane as a white solid (72 mg, 84%); m.p: 210-212 °C; Two rotamers were present on
NMR timescale (R! : R2=1: 0.5); 'H NMR (300 MHz, CDCl3): ¢ 9.67 (s, 1H), 9.62 (s, 0.4H),
7.52 (dt, J = 8.4, 4.3 Hz, 3H), 7.46 — 7.33 (m, 7.2H), 7.16 — 7.04 (m, 3H), 6.15 (s, 0.5H), 6.02 (s,
1H), 5.83 (d, J = 7.7 Hz, 1H), 5.74 (d, J = 7.6 Hz, 0.5H), 4.00 (ddd, J = 15.1, 9.4, 5.5 Hz, 1H),
3.90 — 3.74 (m, 2.4H), 3.70 — 3.49 (m, 1H), 2.98 (ddd, J = 18.2, 9.4, 5.5 Hz, 1H), 2.88 — 2.70 (m,
0.5H), 2.58 (ddd, J = 18.4, 9.3, 5.6 Hz, 1H), 2.47 — 2.32 (m, 0.5H), 1.92 (d, J = 11.9 Hz, 3H),
1.74 — 1.57 (m, 6H), 1.40 — 1.31 (m, 2.5H), 1.20 — 1.08 (m, 4.4H); 13C NMR (75 MHz, CDCls):
0 200.5, 199.9, 167.7, 167.3, 163.0 (d, Jc.r= 247.5 Hz), 155.6, 155.3, 132.7, 132.6, 131.3 (d, Jc-F
= 8.25 Hz), 131.2 (d, Jcr = 7.5 Hz), 130.7, 130.6 (d, Jc.r = 3.75 Hz),130.4 (d, Jcr= 3.75 Hz),
128.8, 128.8, 120.0, 119.9, 116.5 (d, Jc.r = 21.7 Hz), 116.4 (d, Jc.r = 21 Hz), 92.0, 91.8, 81.4,
81.2, 80.7, 65.9, 60.6, 49.1, 49.0, 44.6, 42.5, 40.7, 38.5, 33.1, 33.0, 32.9, 32.8, 25.5, 25.4, 24.9,

24.8; HRMS (ESI) m/z calcd for CosH2sFN203 [M+H]" 435.2084; found: 435.2082.
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8a: isolated in 12% ethyl acetate/hexane as a white solid(9 mg,12%); m.p: 165-167 °C; Two
rotamers were present on NMR timescale (R! : R> =1 : 0.5); 'H NMR (300 MHz, CDCl3): §
7.58 (dd, J = 8.1, 1.5 Hz, 1H), 7.51 — 7.46 (m, 2H), 7.46 — 7.35 (m, 3H), 7.35 — 7.28 (m, 2H),
7.17 — 6.97 (m, 6.4H), 6.58 (s, 1H), 6.52 (s, 0.5H), 5.86 (dd, J = 9.1, 1.5 Hz, 0.5H), 5.78 (dd, J =
9.3, 2.2 Hz, 1H), 5.19 (dt, J = 9.1, 5.4 Hz, 0.5H), 5.11 (ddd, J = 9.3, 5.8, 4.8 Hz, 1H), 4.56 — 4.41
(m, 2.5H), 4.37 (dd, J = 4.7, 2.4 Hz, 0.5H), 4.20 (dd, J = 16.3, 5.5 Hz, 0.5H), 3.98 (dd, J = 17.1,
6.0 Hz, 1H), 1.82 (d, J = 10.9 Hz, 5.5H), 1.69 (d, J = 15.8 Hz, 3.5H), 1.46 — 1.34 (m, 5H), 1.17 —
1.04 (m, 2H); 3C NMR (75 MHz, CDCls): 6 169.0, 168.5, 162.5 (d, Jc.r = 246 Hz), 154.9,
154.1, 132.9, 132.6, 130.6, 130.2 (d, Jcr= 3 Hz), 128.7, 128.6, 128.3 (d, Jcr= 8.2 Hz), 127.9,
127.6 (d, Jc.e= 7.5 Hz), 127.2, 120.2, 120.0, 115.8 (d, Jc-r= 21.7 Hz), 115.6 (d, Jc-r= 21.7 Hz),
113.0, 112.1,92.2, 91.6, 81.2, 80.8, 67.9, 63.2, 54.7, 54.6, 44.3, 39.7, 31.8, 31.7, 29.6, 29.5, 25.9,

25.6, 25.5; HRMS (ESI) m/z calcd for C2sH26FN202[M+H]"417.1978; found: 417.1978.

N-(2-(Cyclohexylamino)-1-(4-fluorophenyl)-2-oxoethyl)-N-(4-oxobutyl)-3-phenylpropiolamide

(7h):

OsNH
o OsNH o}
TFA, THF /////M\N
- > =
3
/;ZZK/M\N Reflux,8h  Ph
Ph . E
o)
EtO
6b

H 7b
OEt

Using Ugi adduct 6b (100 mg, 0.191 mmol) and trifluoroacetic acid (0.249 mL, 3.83 mmol) in
THF (4.0 mL) under reflux conditions, the titled compound was prepared and purified by silica
gel column chromatography (20% ethyl acetate/hexane) to afford 7b (66 mg, 76%) as a white
solid; m.p: 180-182°C; Two rotamers were present on NMR timescale (R! : R =1 : 0.3); 'H

NMR (300 MHz, CDCl3): § 9.66 (t, J = 1.1 Hz, 0.9H), 9.61 (t, J = 1.2 Hz, 0.2H), 7.55 (ddd, J =
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9.3, 5.3, 1.5 Hz, 2.5H), 7.49 — 7.33 (m, 6.3H), 7.08 (dd, J = 11.9, 5.3 Hz, 2.5H), 6.13 (s, 0.2H),
5.92 (d, J = 8.0 Hz, 0.9H), 5.82 (s, 1H), 5.75 (s, 0.0.2H), 3.93 — 3.72 (m, 1.3H), 3.67 (t, J = 7.6
Hz, 2H), 3.46 (ddd, J = 14.9, 9.6, 5.6 Hz, 0.3H), 3.34 — 3.22 (m, 0.3H), 2.42 (dt, J = 7.0, 3.7 Hz,
2H), 2.31 (t, J = 6.9 Hz, 0.6H), 1.92 (dt, J = 17.5, 6.9 Hz, 3.6H), 1.71 — 1.53 (m, 5H), 1.44 — 1.28
(m, 3H), 1.12 (ddd, J = 17.2, 9.6, 5.9 Hz, 4H); 3C NMR (75 MHz, CDCls): § 201.6, 201.1,
167.8, 167.5, 162.9 (d,Jcr = 247.5 Hz), 155.7, 155.4, 132.7, 132.6, 131.4 (d, Jor = 8.2 Hz),
131.3 (d, Jer = 8.2 Hz), 130.6 (d, Jer = 3 Hz), 130.5, 128.8, 120.2, 116.3 (d, Jcr= 21.7 Hz),
116.1 (d, Jer = 21.0 Hz), 91.9, 91.4, 81.7, 81.4, 65.8, 61.3, 49.0, 48.9, 47.2, 43.8, 41.5, 41.0,
33.1, 33.0, 32.9, 32.8, 255, 254, 24.9, 24.8, 22.2, 20.8; HRMS (ESI) m/z calcd for

C27H30FN203 [M+H]7449.2240; found: 449.2238.

(E)-3-Benzylidene-N-cyclohexyl-1-(3,3-diethoxypropyl)-2-(4-fluorophenyl)-4-oxoazetidine-2-

carboxamide (9a):

F
0o OEt
o) J—<
/////ﬂ\ H NaH, THF —_N OEt
= N —_—
Z 0°C - 1t, 2h °©
Ph o NH
/ F
Cy
Et0” TOEt
6a 9a

According to general procedure A using Ugi adduct (100 mg, 0.196 mmol), sodium hydride (14
mg, 0.589 mmol) in THF (4.0 mL), the titled compound was prepared and purified by silica gel
column chromatography (20% ethyl acetate/hexane) to afford 9a as a transparent oil (72 mg,
72%); Two rotamers were present on NMR timescale (R' : R =1 : 1); 'H NMR (300 MHz,
CDCls): 6 7.41 (ddd, J = 9.1, 6.1, 3.6 Hz, 6.1H), 7.27 (dd, J = 4.6, 2.7 Hz, 3.56H), 7.14 (s, 1H),
7.07 (td, J = 8.7, 6.6 Hz, 4.45H), 6.98 — 6.80 (M, 1.83H), 6.65 (t, J = 8.7 Hz, 0.4H), 5.53 (s, 1H),

4.67 (dd, J = 6.1, 4.0 Hz, 1H), 4.55 (t, J = 5.4 Hz, 1.1H), 4.01 — 3.89 (m, 1.2H), 3.83 — 3.36 (m,
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12H), 3.05 (dt, J = 14.6, 6.3 Hz, 1H), 2.92 (dt, J = 14.7, 5.6 Hz, 1H), 2.19 — 2.07 (m, 2H), 2.05 —
1.95 (m, 2.34H), 1.94 — 1.79 (m, 5.77H), 1.58 (d, J = 11.3 Hz, 4H), 1.36 — 1.28 (m, 4.63H), 1.23
— 1.14 (m, 15.6H), 1.11 — 0.98 (m, 3.3H); 3C NMR (75 MHz, CDCla): J 167.6, 166.3, 155.7,
139.9, 132.0, 131.9, 131.8, 131.0, 130.7, 130.6, 130.5, 130.4, 130.2, 128.9, 128.2, 128.1, 128.0,
125.9, 125.6, 116.3, 116.1, 116.0, 115.9, 102.3, 101.9, 86.4, 74.9, 63.0, 62.6, 61.7, 60.9, 51.8,
49.1, 37.7,35.7, 32.9, 32.5, 32.3, 32.1, 29.7, 29.5, 25.9, 25.5, 25.1, 25.0, 24.9, 15.5, 15.4, 15.3;
IR (CHCI3) vme (cm't) = 622, 691, 815, 1237, 1509, 1666, 1714, 2213, 2930; HRMS (ESI) m/z

calcd for C3oHs7FN2NaO4[M+H]531.2635; found: 531.2622.

(E)-3-Benzylidene-N-cyclohexyl-1-(4,4-diethoxybutyl)-2-(4-fluorophenyl)-4-oxoazetidine-2-

carboxamide (9b):

o
= "N
Ph/ NaH, THF
F —_—
EtO 0°C-1t,2h
OEt  6b

According to general procedure A using Ugi adduct (100 mg, 0.191 mmol), sodium hydride (14
mg, 0.573 mmol) in THF (4.0 mL), the titled compound was prepared and purified by silica gel
column chromatography (30% ethyl acetate/hexane) to afford 9b as a transparent oil (68.0 mg,
68%); 'H NMR (300 MHz, CDCls): 6 7.53 — 7.45 (m, 2H), 7.33 — 7.23 (m, 5H), 7.14 (s, 1H),
7.07 (dd, J = 11.9, 5.2 Hz, 2H), 6.09 (d, J = 8.0 Hz, 1H), 4.36 (t, J = 5.0 Hz, 1H), 3.78 (ddd, J =
14.3,10.2, 4.0 Hz, 1H), 3.56 (dg, J = 9.1, 7.1 Hz, 2H), 3.47 — 3.29 (m, 3H), 3.22 (dd, J = 9.8, 4.2
Hz, 1H), 1.82 (d, J = 9.5 Hz, 1H), 1.75 — 1.66 (m, 2H), 1.59 — 1.47 (m, 7H), 1.30 (m, 3H), 1.15
(t, J = 7.0 Hz, 7H); 33C NMR (75 MHz, CDCl3): § 167.2, 165.8, 163.1 (d, Jc.r = 247.5 Hz),

140.6, 132.1, 131.0(d, Jcr = 3.75 Hz), 130.6, 130.5 (d, Jc-r = 8.25 Hz), 130.2, 129.1, 125.5,
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116.2 (d, Jc-Fr = 21.7 Hz), 102.4, 74.3, 61.3, 61.2, 48.7, 41.8, 32.7, 32.5, 31.4, 31.0, 29.8, 25.43,
24.6,24.5, 24.1, 15.4; HRMS (ESI) m/z calcd for CaiHagFN2NaO4 [M+Na]545.2792; found:

545.2786.

(E)-3-Benzylidene-N-cyclohexyl-2-(4-fluorophenyl)-4-oxo-1-(3-oxopropyl)azetidine-2-

carboxamide (10a):

o _/_%?B 0 _/h4f
=N OEt  TFA, THF =N H
L o (O, U
\H i 60 °C, 8h H i
Cy Cy
9a 10a

According to general procedure B using g-lactam 9a(100.0 mg, 0.196 mmol), trifluoroacetic acid
(0.256 mL, 3.93 mmol) in THF (4.0 mL), the titled compound was prepared and purified by
silica gel column chromatography (20% ethyl acetate/hexane) to afford 10a as a yellow solid
(64.0mg, 75%); m.p: 90-92 °C; *H NMR (300 MHz, CDCls): 6 9.78 (s, 1H), 7.47 — 7.39 (m,
4H), 7.32 — 7.27 (m, 2H), 7.14 — 7.05 (m, 4H), 3.87 — 3.78 (m, 2H), 3.47 — 3.23 (m, 3H), 2.77 —
2.65 (m, 1H), 1.90 (d, J = 13.8 Hz, 1H), 1.79 (d, J = 11.3 Hz, 2H), 1.74 — 1.49 (m, 7H); 13C
NMR (75 MHz, CDCls): 6 200.5, 167.0, 166.0, 163.1 (d, Jcr = 248.2 Hz), 139.6, 131.9, 130.9,
130.5(d, Jo-r = 3.0 Hz), 130.4, 130.3(d, Jcr = 8.2 Hz), 129.0, 126.3, 116.5 (d, Jc.r = 21.7
Hz),116.3(d, Jcr = 21 Hz), 92.2, 74.8, 60.5, 49.1, 41.2, 35.9, 32.9, 32.4, 255, 24.9, 24.8; IR
(CHCI3) vmax (cm™) = 665, 689, 745, 1236, 1509, 1604, 166, 1716, 2856, 2933, 3012; HRMS

(ESI) m/z calcd for CasH2sFN203 [M+H]"435.2084; found: 435.2080.

(E)-3-Benzylidene-N-cyclohexyl-2-(4-fluorophenyl)-4-oxo-1-(4-oxobutyl)azetidine-2-

carboxamide (10b):
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EtQ H

0 f}oa o f_):o
=N N

TFA, THF =

R — e
r,
NH F NH E

Cy 9%b Cy 10b
According to general procedure B using S-lactam 9b (100.0 mg, 0.191 mmol), trifluoroacetic
acid (0.249 mL, 3.83 mmol) in THF (4.0 mL), the titled compound was prepared and purified by
silica gel column chromatography (20% ethyl acetate/hexane) to afford 10b as a transparent oil
(43.0 mg, 50%); *H NMR (300 MHz, CDCls): § 9.68 (t, J = 1.1 Hz, 1H), 7.53 — 7.45 (m, 2H),
7.35 - 7.24 (m, 5H), 7.11 (dd, J = 16.6, 8.1 Hz, 3H), 6.16 (d, J = 7.7 Hz, 1H), 3.77 (ddd, J =
10.3, 3.9, 2.0 Hz, 1H), 3.42 — 3.16 (m, 2H), 2.58 — 2.30 (m, 2H), 1.83 (ddt, J = 23.5, 16.3, 9.7
Hz, 5H), 1.51 (d, J = 9.4 Hz, 3H), 1.33 — 1.22 (m, 3H), 1.12 — 1.00 (m, 1H); $3C NMR (75 MHz,
CDCls): 6 201.3, 167.1, 165.8, 163.2 (d, Jc.r= 248.2 Hz) , 140.6, 132.0, 131.1 (d, Jc.r= 3 Hz),
130.5, 130.4, 130.3, 129.1, 125.6, 116.3 (d, Jcr = 21.7 Hz), 74.4, 48.7, 41.6, 41.4,
32.6,32.4,25.4, 24.5, 24.4, 21.1; HRMS (ESI) m/z calcd for C7H30FN2O3[M+H]"449.2240;

found: 449.2233.

(E)-3-Benzylidene-N-(tert-butyl)-1-(3-hydroxypropyl)-4-oxo-2-phenylazetidine-2-carboxamide

(12):
Bu o OH
H,N™ " 0H HN. O _/_/
N
NaH, THF
@CHO MeOH _ HO N _en T o ph o
it, 12 h /& 0°C-rt,2h
Ph—==—COOH X0
iy P 11 BU g3
Bu—N=

According to general procedure B using 3-aminopropan-1-ol (0.051 mL, 0.665 mmol),
benzaldehyde (0.067 mL, 0.665 mmol), phenylpropiolic acid (97mg, 0.665 mmol), and tert-butyl

isocyanide (0.075mL,0.665 mmol)in methanol (6 mL) to perform Ugi-4CC afforded compound
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11, followed by the second step with sodium hydride (78 mg,2.0 mmol) in THF (10 mL), the
titled compound was prepared and purified by silica gel column chromatography (20% ethyl
acetate/hexane) to yield 12 as a transparent oil (210 mg,80%); *H NMR (400 MHz,CDCls): §
7.51 (dd, J = 8.0, 1.7 Hz, 2H), 7.46 — 7.40 (m, 3H), 7.30 — 7.21 (m, 5H), 7.14 (s, 1H), 5.98 (s,
1H), 3.69 — 3.56 (m, 2H), 3.49 (dt, J = 14.4, 5.8 Hz, 1H), 3.37 — 3.30 (m, 1H), 1.80 — 1.72 (m,
2H), 1.14 (s, 9H); 3C NMR (100 MHz, CDCls): § 167.9, 166.4, 141.3, 135.8, 132.4, 130.1,
130.1, 129.4, 129.3, 129.2, 128.1, 124.7, 75.2, 59.2, 52.1, 38.6, 30.9, 28.3; HRMS (ESI) m/z

calcd for C24H20N203[M+H]" 393.2178; found: 393.2173.

(E)-1-Allyl-3-benzylidene-N-(tert-butyl)-4-oxo-2-phenylazetidine-2-carboxamide (13):

OH B OTs ]
o) (@]
TsCl, DMAP, Et;N, 0 NaH, THF —
N\ DCM, 0°C-rt, 12 h N 0°C-rt,2h _ N_/_
> 2 enen
Ph o Ph Ph o}
o)
HN HN
Sy HN\tBu ‘Bu
12 - - 13

4-Methylbenzenesulfonyl chloride (204.0 mg, 1.07 mmol), 4-Dimethylaminopyridine (0.008 mL,
0.107 mmol), triethylamine (0.076 mL, 1.07 mmol) was dissolved in DCM (5.0 mL) and added
in the mixture of g-lactam 12 (210.0 mg, 0.535 mmol) in anhydrous DCM (10.0 mL) at 0 °C.
After completion of reaction, solvent was removed under reduced pressure. Crude product was
dissolved in anhydrous THF (10.0 mL) followed by the addition of sodium hydride (64.0 mg,
1.61 mmol), the titled compound was prepared and purified by silica gel column chromatography
(30% ethyl acetate/hexane) to yield 13 as a transparent oil (125.0 mg, 62%); *H NMR (400
MHz, CDCls): 6 7.49 — 7.45 (m, 2H), 7.39 (dtd, J = 7.1, 4.6, 2.4 Hz, 3H), 7.36 — 7.32 (m, 2H),
7.28 — 7.24 (m, 3H), 7.17 (s, 1H), 6.07 (s, 1H), 5.76 (ddt, J = 16.8, 10.1, 6.4 Hz, 1H), 5.20 — 5.06

(m, 2H), 4.04 (ddt, J = 15.7, 6.1, 1.4 Hz, 1H), 3.69 (ddt, J = 15.7, 6.7, 1.2 Hz, 1H), 1.20 (s, OH);
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13C NMR (100 MHz, CDCls): 6 167.5, 165.7, 140.9, 135.2, 132.5, 132.4, 130.6, 130.1,
129.2,129.1,129.0, 128.6, 125.5, 118.7, 75.5, 52.0, 44.3, 28.4; HRMS (ESI) m/z calcd for

C24H27N202[M+H]375.2073; found: 375.2068.

Reduction of 3z through hydrogenation:

] EtOAc
—_—

T4=H
FsC 0"N Ha / Pd-C O@ Q

CF3
3z (+)-14

2,8-Diphenyl-8a-(4-(trifluoromethyl)phenyl)tetrahydropyrrolo/1,2-a/pyrazine-1,6(2H,7H)-

dione (14): To a stirred solution of y-lactam fused dihydropyrazinone 3z (50.0 mg, 0.11 mmol)
in ethyl acetate after complete dilution of starting material, then added 10% Pd/C (60.0 mg, 0.56
mmol) at room temperature. The reaction mixture was vigorously stirred under hydrogen
(balloon pressure) atmosphere for 16 h. After the completion of reaction, the reaction mixture
was filtered over celite and concentrated under vacuum. The crude was purified by silica gel
column chromatography (20% ethyl acetate/hexane) to afford 14 (35.0 mg, 70%) as a white
solid; m.p: 165-167 °C; *H NMR (300 MHz, CDCl3): 6 7.47 — 7.37 (m, 4H), 7.32 — 7.27 (m,
1H), 7.22 — 7.09 (m, 4H), 7.09 — 6.98 (m, 3H), 6.94 — 6.89 (m, 2H), 4.54 (dd, J = 11.0, 9.3 Hz,
1H), 4.11 (ddd, J = 12.8, 10.4, 6.1 Hz, 1H), 3.79 — 3.70 (m, 1H), 3.69 — 3.60 (m, 1H), 3.46 (ddd,
J=13.3,10.3,5.0 Hz, 1H), 2.95 - 2.78 (m, 2H); 1*C NMR (100 MHz, CDClz): 6 173.9, 169.7,
1414, 139.9, 136.3, 130.7 (q, Jc-r = 33.0, 98.0 Hz), 129.7, 129.5, 127.8, 127.5, 127.4, 126.3,
125.6 (g, Jcr=10.0, 3.0 Hz), 125.5, 125.2, 122.5, 72.7, 47.5, 47.0, 38.8, 36.2; IR (CHCI3) Vi
(cm™) = 658, 697, 846, 1070, 1124, 1166, 1324, 1395, 1493, 1685, 1691, 2856, 2729, 3007;

HRMS (ESI) m/z calcd for CasH22FsN203 [M+H]* 451.1633; found: 451.1645.
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Reduction of 5g through hydrogenation:

(0]

— (0]

Cy—NW/—’\‘I//@H cy-N_ N
H,, Pd/C d : ” y L —=

_— O % ™
EtOAc, rt, 16 h @ @
MeO MeO

(£)-(6,7-syn)-15 (2)-(6,7-anti)-15

To a stirred solution of g-lactam fused dihydropyrazinone 5g (50.0 mg, 0.120 mmol) in ethyl
acetate, after complete dilution of starting material, then added 10% Pd/C (64.0 mg, 0.60 mmol)
at room temperature. The reaction mixture was vigorously stirred under hydrogen (balloon
pressure) atmosphere for 16 h. After the completion of reaction, the reaction mixture was filtered
over celite and concentrated under vacuum. The crude was purified by silica gel column

chromatography to afford (z)-(6,7-syn)-15 and (£)-(6,7-anti)-15.

7-Benzyl-4-cyclohexyl-6-(4-methoxyphenyl)-1,4-diazabicyclo/4.2.0/octane-5,8-dione [(%)-(6,7-
syn)-15/: isolated in 20% ethyl acetate/hexane as a white solid (26.0 mg, 52%); m.p: 165-167
°C; 'H NMR (300 MHz, CDCls): 6 7.51 — 7.44 (m, 2H), 7.36 — 7.30 (m, 2H), 7.26 (dd,J = 6.1,
2.5 Hz, 2H), 7.16 (t,J = 7.2 Hz, 1H), 6.91 — 6.84 (m,2H), 4.59 — 4.46 (m, 1H), 3.85 — 3.75 (m,
4H), 3.52 — 3.30 (m, 4H), 3.11 — 2.90 (m, 2H), 1.79 — 1.57 (m, 6H), 1.43 — 1.37 (m, 2H), 1.17
(dd,J = 12.3, 3.6 Hz, 2H); 3C NMR (75 MHz, CDCls): 6 172.9, 168.1, 159.7, 139.3, 130.6,
129.1, 128.4, 126.6, 126.3, 114.4, 65.2, 63.1, 55.4,52.4, 39.6, 38.3, 32.6, 30.3, 30.2, 25.7, 25.6,
25.5; IR (CHCI3) vmax (cm) = 695, 747, 828, 1032, 1175, 1246, 1345, 1509, 1650, 1753, 2854,
2927, 3005; HRMS (ESI) m/z calcd for C26H31N20O3 [M+H]7419.2335; found: 419.2323;

7-Benzyl-4-cyclohexyl-6-(4-methoxyphenyl)-1,4-diazabicyclo/4.2.0/octane-5,8-dione [(%)-(6,7-
anti)-15]: isolated in 20% ethyl acetate/hexane as a transparent oil (6.0 mg, 12%); *H NMR

(300 MHz, CDCls): 6 7.37 — 7.29 (m, 2H), 7.20 — 7.07 (m, 3H), 7.06 — 6.95 (m, 2H), 6.89 — 6.78
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(m, 2H), 4.43 (tt, J = 11.8, 3.6 Hz, 1H), 4.15 (dd, J = 8.5, 7.3 Hz, 1H), 3.80 (s, 3H), 3.65 (td, J =

12.1, 5.5 Hz, 1H), 3.47 — 3.31 (m, 2H), 2.99 (ddd, J = 17.7, 13.2, 4.8 Hz, 1H), 2.78 (dd, J = 15.3,

7.2 Hz, 1H), 2.52 — 2.40 (m, 1H), 1.81 — 1.63 (m, 4H),1.55 — 1.27 (m,4H), 1.14 — 0.98 (m, 2H);

13C NMR (75 MHz, CDCls): § 172.9, 170.4, 159.9, 137.8,128.6, 128.2, 127.8, 126.2, 126.1,

114.1, 65.0, 59.2, 55.4, 52.3, 41.5, 37.9, 32.0, 30.7, 30.0, 25.6, 25.4; HRMS (ESI) m/z calcd for

C26H31N203 [M+H]"419.2335; found: 419.2339.
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7. Copies of 1H, 3C and °*F NMR Spectra

'H and *C NMR of compound 1a (rotamer 1:0.6)

Figure S7
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1y

'H and *C NMR of compound 2a (rotamer 1

Figure S8
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'H and *C NMR of compound 2b (rotamer 1:1)

Figure S9
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'H and *C NMR of compound 2c (rotamer 1

Figure S10
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'H and *C NMR of compound 2d (rotamer 1:1)

Figure S11
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'H and *C NMR of compound 2e (rotamer 1:1)

Figure S12
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'H and *C NMR of compound 2f (rotamer 1:1)

Figure S13
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'H and *C NMR of compound 2g (rotamer 1:1)

Figure S14
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'H and *C NMR of compound 2h (rotamer 1:1)

Figure S15
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'H, 13C and '*F NMR of compound 2i(rotamer 1:0.8)

Figure S16
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'H and *C NMR of compound 2j (rotamer 1:1)

Figure S17
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'H,%3C and *F NMR of compound 2k (rotamer 1

Figure S18
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0.8)

'H, 13C and °F NMR of compound 2l (rotamer 1

Figure S19

000 —

vE'T
9€'T
65T
W
RN
69T~
[ 74
€1
78
b8’
98'T

6EY
1124
(424
1444

€8'S
mw.mW
98'S

88’5/
609
113
19
6,9
6,9
€89
€89
s8'9
989
007
20,
501
1021
9L
8¢
8c'/
ob's 4
v/
vl
WL
6t'L
85/
65,
192

CDCl3, 300 MHz

00¢

96T
80
860

0.0 -0.5

0.5

1.0

5.0 4.5 4.0 3.5 3.0

f1 (ppm)

55

100 95 9.0 8.5

10.5

9T'ST
[4 314
§5°ST
$9°'5C

e

8v°0€
89°0€
EETE
w'ie

£8°TS
60°€S
9LS
1819~

16'9L
oT'LL W
WL
£0°08
0z'08

PE'E6
popd
8%6%
18801
wotT
61 TTT
€TTIT
TETIT
LETTIT
SPITT

8T'61T
e

£€8'82T
66'0ET
TTTET %.
SLTET~C
88'8ET
6'8€ET V.
6801 —
6E°0ST
r0ST /
S6°1ST
st W
8E'ZST

S9°'191
1191 v

o)
21
CDCl3, 125 MHz

-10

190 180 170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10
f1 (ppm)

200

$127



'H and *C NMR of compound 2m (rotamer 1:0.8)

Figure S20
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'H and *C NMR of compound 2n (rotamer 1:

Figure S21
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'H and *C NMR of compound 2p (rotamer 1:1)

Figure S22
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'H and *C NMR of compound 2q (rotamer 1:1)

Figure S23
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Figure S24: *H and**C NMR of compound 2r (rotamer 1:1)
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'H and**C NMR of compound 2s (rotamer 1:1)

Figure S25
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'H and *C NMR of compound 2u (rotamer 1:0.8)

Figure S26
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'H and *C NMR of compound 2x (rotamer 1:0.6)

Figure S27
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'H and *C NMR of compound 2y (rotamer 1:1)

Figure S28

00°0-—

66'S
009
109
09

679~

%97

80°L
o1'L
e
mN.nW.

oL
e
a3
A
vEL
9e's
g4
6€2
'
s
[
b
v
vb'L
Stz
oL
9L
1t°L ]
Lt'L ]
6v'L ]
6v'L]
05°2

09°L+
w9L-

F

CDCly, 300 MHz

A

=
N(\
0)

Ph”

2y

////// 1 /

9.5

10.0

9€'85 —
LT —

(XA
oT'LL V
85°LL—
SE'08
6108

17°€6
6£°€6 v

T80T ~

333
rert W
ob'oTT

16'S2T

18821\
v8'87r \
05°621 "
8LTET —

0T'6ET
0T'6ET v

00°7ST ~_
st

8ETIT
LY 19T /.
697291
L7291 V

99'¥9T \
9L¥9T

I
|
J«Jmwmwmumm\mmmmmmmﬂ«mﬂwmu

|
WIMJ“ Vil

ol

100
f1 (ppm)

I

Ml
120

|

L]

NMNINMMJMHIMHMMMWJPLM

110

200 190 180 170 160 150 140 130

210

5136



iy

'H and *C NMR of compound 2ab (rotamer 1:

Figure S29
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'H and *C NMR of compound 3a

Figure S30
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'H and *C NMR of compound 3b

Figure S31
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'H and *C NMR of compound 3¢

Figure S32
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Figure S33: *H and *C NMR of compound 3d
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'H and *C NMR of compound 3e

Figure S34
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'H and**C NMR of compound 3f

Figure S35
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Figure S36: 'H and**C NMR of compound 3g
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'H and *C NMR of compound 3h

Figure S37
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'H,%3C and *F NMR of compound 3i

Figure S38
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'H and *C NMR of compound 3j

Figure S39
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1H,13C and ®F NMR of compound 3k

Figure S40

00°0-—

Elad

Liad
324
05t
1Sy
[4n4

CDCly, 400 MHz

Fsot

4.5

5.5

100 95

10.5

f1 (ppm)

W'se
s W
(85t
08'0€ —
wie/

6°€S —

Ly'POT \‘
01691

CDCl3, 125 MHz

-10

200 190 180 170 160 150 140 130 120 110 o %00 ) 90 80 70 60 50 40 30 20 10
ppm

210

5149



CDClj3, 377 MHz
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'H,13C and *F NMR of compound 3l

Figure S41
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Figure S42: *H and *C NMR of compound 3m
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'H and *C NMR of compound 3n

Figure S43
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'H and**C NMR of compound 30

Figure S44
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'H and *C NMR of compound 3p

Figure S45
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Figure S46: *H and 3C NMR of compound 3q
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Figure S47: *H and *C NMR of compound 3r
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'H and *C NMR of compound 3t

Figure S48
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'H and *C NMR of compound 3u

Figure S49

000 —

99'b ~_
Ty —
06y~
S6'v "

3u
CDCl3, 300 MHz

o001
F oot

0.5

2.5 2.0 1.5 1.0

3.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5
f1 (ppm)

10.0

6€°05 —

2L~
vooL

SN
8s°LL~"

08'90T —
TPETT
€V LIT /
00’811 /
69°CCT
oozt /
9g'ge1
8v'8z1 /
16821
60'621 W
87061 \
8yIeT
0821
wsel
e A

LT°09T ~
€L19T —

8£°89T —

CDClj3, 75 MHz

200 190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20
f1 (ppm)

210

5160



'H and *C NMR of compound 3v

Figure S50
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Figure S51: *H and *C NMR of compound 3w
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'H and *C NMR of compound 3x

Figure S52
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Figure S53: 'H and *C NMR of compound 3y
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'H,13C and °F NMR of compound 3z

Figure S54
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'H and *C NMR of compound 3aa

Figure S55
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'H and *C NMR of compound 4a

Figure S56
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'H and *C NMR of compound 4b

Figure S57
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'H and *C NMR of compound 4c(rotamer 1:0.4)

Figure S58
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'H and *C NMR of compound 4d

Figure S59
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'H and *C NMR of compound 4e

Figure S60
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'H and C NMR of compound 4f

Figure S61
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Figure S62: *H and *C NMR of compound 4g
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'H and *C NMR of compound 4h

Figure S63
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'H, 13C and °F NMR of compound 4i

Figure S64

000—

60'1
38
et
a1
2
@t
671

vSW
mm.ﬁ/
A0
wt

E.ﬁ\

08’1t
wT \

9T

69T V
we-T
vLT \

6°€
SH'E

LY'E W
o5t/

18'€
we W
£8°€

Vn.w
Ut V
8Ly s/

L
STL
9L
8T’L
0S°L
€5°L V
19L-F
€9°L \
69°L

we

H
Cy 4i
CDCl3, 300 MHz

4.5

f1 (ppm)

55

100 95

10.5

10'sT
:.mNW
£€9'5

T~
oree "

8TEY —

96—
£8°65
P85S~

05'SL
YL9L W
orLL-T
sl

B89
S0°92T
oT'9ct
[4 4}
96°LTT
bL8TT
L0°62T
SS°0ET
20'TET
SY'TET
bSTET
6S'TET

86'LET
PT8ET v

06'99T ~_
61°L9T—

il Vi

Y™

Wiy

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

S176



-62.81

CF3

CDCl3, 283 MHz

T T T T T T T T T
-80 -90
f1 (ppm)

S177



'H, 13C and*®F NMR of compound 4j

Figure S65
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'H and *C NMR of compound 4k

Figure S66
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'H, 13C and °F NMR of compound 4l

Figure S67
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CDClj3, 283 MHz
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'H and C NMR of compound 4m

Figure S68
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'H and *C NMR of compound 4n

Figure S69
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'H and *C NMR of compound 4o(rotamer 1:0.8)

Figure S70
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'H and *C NMR of compound 4q

Figure S72
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'H and *C NMR of compound 4r

Figure S73
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'H and *C NMR of compound 4s

Figure S74
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'H and**C NMR of compound 4t

Figure S75
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'H and**C NMR of compound 4u’

Figure S76

00°0- —

ST
mm.NW
5T
am.N\\
IME~L

61¢~"
e

vy
Sty
8T
6TY
Elad
'y V

%l

€0°S
0'S
S0°s
90°S

NC

Ph

OMe

N

MeO

4u’
(CDClj3, 400 MHz)

50T

=0
=86'C

ESTT

E00°T

0.5

3.5 3.0 2.5 2.0 1.5 1.0

4.0

100 95 90 85 80 75 70 65 60 55 50 45
f1 (ppm)

10.5

Wy —

8T'SS ~_
9095 "

L1'76 —
YETOT —

€871 —
07611 —
00°22T
98'L21 W
beger —
£6'621
7S0€T *
08'ZET

9E VYT —

9£709T —

€6°69T —

N
o =
o
/7 3.8
N -~
N
z Q ©
o o L = 8
z o

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

200

5190



'H and *C NMR of compound 4v’

Figure S77

9L'E

ST'S
Z.mw
Z.m\\

4v'
CDCl3, 300 MHz

MeO

/

A7

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
f1 (ppm)

10.5

60°ST
sT'se

LS'ST \
6576~
1676

66'vb —
bE'6y—
8605

pess >
595/

b9
SO7AN
85°LL-T
bS8

6 10T —

28T —
69€1T
YT8TT —
88'6TT —
149781 —

81671 ~_

18°0€T —
9LTET

09'T¥T —

68'09T —
ot
61'59T —

80°€ELT —

k)

L
60

"

R ““‘

-10

40 30 20 10

50

190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

200

$191



'H and *C NMR of compound 4y

Figure S78
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'H and *C NMR of compound 4z

Figure S79
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'H and *C NMR of compound 4aa

Figure S80
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'H and *C NMR of compound 4ab

Figure S81
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'H and *C NMR of compound 5a

Figure S82
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'H and *C NMR of compound 5b

Figure S83
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'H and *C NMR of compound 5¢

Figure S84
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'H and *C NMR of compound 5d

Figure S85
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'H and *C NMR of compound 5e

Figure S86
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'H and *C NMR of compound 5f

Figure S87
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Figure S88: 'H and *C NMR of compound 5g
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'H and *C NMR of compound 5h

Figure S89
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'H,%3C and *F NMR of compound 5i

Figure S90
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CDCl3, 283 MHz

-62.82

:
-140

T
-150

T
-160

T
-170

T
-20

:
-40

T
-50

T
-60

T
-70

.
-80 -90
f1 (ppm)

5205

T
-100

T
-110

T
-120

T
-130



'H and *C NMR of compound 5j

Figure S91
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'H and *C NMR of compound 5k

Figure S92
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Figure S93: 'H,*C and **F NMR of compound 5I
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'H and C NMR of compound 5m

Figure S94
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'H and *C NMR of compound 5n

Figure S95
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'H and *C NMR of compound 50

Figure S96
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'H and *C NMR of compound 5p

Figure S97
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'H and *C NMR of compound 5

Figure S98
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'H and *C NMR of compound 5r

Figure S99
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'H and *C NMR of compound 5s

Figure S100
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'H and *C NMR of compound 5ab

Figure S101
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'H and *C NMR of compound 6a (rotamers 1:0.2)

Figure S102
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'H and *C NMR of compound 6b (rotamers 1:

Figure S103
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'H and *C NMR of compound 7a(rotamers 1:0.5)

Figure S104
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'H and *C NMR of compound 7b(rotamers 1:0.3)

Figure S105
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'H and *C NMR of compound 8a(rotamers 1:0.5)

Figure S106
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'H and *C NMR of compound 9a (rotamers 1:1)

Figure S107
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'H and *C NMR of compound 9b

Figure S108
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'H and *CNMR of compound 10a

Figure S109
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'H and *C NMR of compound 10b

Figure S110
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'H and *C NMR of compound 12

Figure S111
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'H and *C NMR of compound 13

Figure S112
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'H ,13C NMR, DEPT-135 of compound (+)-14

Figure S113
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Figure S114: *H-H COSY spectrum of compound (+)-14
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Figure S115: Expansions of *H-'H COSY spectrum of compound ()-14

J&LMJM\M\MLZM o

25

[0,

- @’@ 6.9
(2] w)

= e & #oa

B = 9 #8
S (= [§§ F74 g - Fa.0
QQEQ Ez@(gggy 8 &

I

MML Qv

F75
76 it} i< 45
E7.7
lso
L7s
; ; . ; . ; ;
75 74 73 72 71 70 69 68 ppm
\ \ \ : - : \
50 45 a0 35 3.0 25 20 ppm

5231



Figure S116: *H-*C HMQC spectrumof compound (+)-14
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Figure S117: *H-'H NOESY spectrum of compound (+)-14

no NOE observed

Figure S118: Expansions of NOESY spectrum of compound ()-14
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'H, 13C NMR, DEPT-135 of compound (¥)-(6,7-syn)-15

Figure S119
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Figure S120: *H-'H COSY spectrum of compound (£)-(6,7-syn)-15

(x)-(6,7-syn)-15

Figure S121: Expansion of 'H-H COSY spectrum of compound ()-(6,7-syn)-15
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Figure S122: *H-C HMQC spectrum of compound (£)-(6,7-syn)-15
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Figure S123: 'H-'H NOESY spectrumof compound (z)-(6,7-syn)-15
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Figure S124: Expansion of NOESY spectrum of compound (z)-(6,7-syn)-15
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'H, 13C NMR, DEPT-135 of compound (+)-(6,7-anti)-15

Figure S125
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Figure S126:*H-'H COSY spectrum of compound (+)-(6,7-anti)-15
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Figure S127: Expansion of COSY spectrum of compound (z)-(6,7-anti)-15
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Figure S128:*H-'H NOESY spectrum of compound (%)-(6,7-anti)-15
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Figure S129: Expansion of NOESY spectrum of compound (z)-(6,7-anti)-15
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