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1. General Information

Unless otherwise specified, all reactions were carried out under an atmosphere of argon
in oven-dried reaction vessels with Teflon screw caps. 30 °C Corresponds to the room
temperature (rt) of the lab when the experiments were performed. Dry toluene was purchased
from commercial sources and stored under argon over sodium wire. The a,B-unsaturated
aldehydes 2a, 2b, 2c, 2i, 2u were purchased from commercial sources and were either distilled
(liquids) or washed with NaHCO3 (solids), prior to use. All other o,3-unsaturated aldehydes
were synthesized by following the literature procedure.! All the 2-(2-formyl phenyl) aryl ethyl
ketone derivatives were prepared following the literature procedure.? The triazolium salt 5° was
synthesized following the literature procedure. DMAP was purchased from commercial sources

and was used without further purification and DBU was distilled prior to use.

Analytical thin layer chromatography was performed on TLC Silica gel 60 F254.
Visualization was accomplished with short wave UV light or KMnOj4 staining solutions
followed by heating. Flash chromatography was performed on silica gel (100-200 mesh) by

standard techniques eluting with Pet. Ether-EtOAc solvent system.

All compounds were fully characterized. *H and *3C NMR spectra were recorded on
Bruker AV 400 and Bruker Ultra shield spectrometer in solvents as indicated. Chemical shifts
(0) are given in ppm. The residual solvent signals were used as references and the chemical
shifts converted to the TMS scale (CDCls: 8H = 7.26 ppm, 8C = 77.16 ppm). Infrared (FT-IR)
spectra were recorded on a Bruker Alfa FT-IR, v-max in cm™. Optical rotations were measured
on JASCO P-2000 Polarimeter at room temperature using 50 mm cell of 1.0 mL capacity.
HRMS (ESI) data were recorded on a Waters Xevo G2-XS Q-TOF instrument. HPLC analysis
was performed on Agilent Technologies 1260 Infinity Il with a VVariable Wavelength Detector.

1 A. A. Wubea, A. Hifner, C. Thomaschitz, M. Blunder, M. Kollroser, Bauer and F. Bucar, Bioorg.
Med. Chem., 2011, 19, 567.

28, Zhu, R. Liang, H. Jiang and W. Wu, Angew. Chem., Int. Ed., 2012, 51, 10861.

% J. R. Struble and J. W. Bode, Org. Synth., 2010, 87, 362.
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2. General Procedure for the Optimization of the Reaction Conditions

2.1 Optimization Studies for Michael-Michael-Lactonization Cascade

To an oven-dried Schlenk reaction vessel equipped with a magnetic stir bar was taken
the (E)-4-(2-(2-oxo0-2-phenylethyl)phenyl)but-3-en-2-one 1a (33 mg, 0.125 mmol, 1.0 equiv),
triazolium salt (0.025 mmol, 20 mol %), oxidant 4 (102.1 mg, 0.25 mmol, 2.0 equiv), 4 A MS
(50 mg) and (E)-3-(4-methoxyphenyl)acrylaldehyde 2a (40.5 mg, 0.25 mmol, 2.0 equiv). The
mixture was kept under argon atmosphere. To this mixture was added the solvent (1.0 mL)
under a positive pressure of argon, followed by addition of base (0.125 mmol, 1.0 equiv) and
stirring the reaction mixture at 30 °C for 24 h. Filtration of the reaction mixture through a pad
of silica gel (and washing using EtOAc), and evaporation of the solvent to obtain the crude
products. The yield and diastereomeric ratio were determined by *H NMR analysis using
CH2Br; as the internal standard. The enantiomeric ratio was determined by HPLC analysis on

a chiral column.

Me i Q
Cat. (20 mol %) /j\o % e ‘ w8
base2 fi:ll\jlv : o i I
©£g JH\@\ solvent (1 mL) O : ‘
oMe 4§0M?; 52O4T19) S | tBu tBu
(0]
4
Ul R
\N—Mes 4 Mes “XN-CeFs BH z Mes
8
6 Br, X = Br
6, X= NO,
entry? | Cat. base solvent | additive | yield (%)° | dr® erc
1 5 DBU CHCl3 - 83(80) | >20:1 | 97:3
2 6-Br DBU CHCI3 - 32 >20:1 | 85:15
3 6 DBU CHCI3 - 60 >20:1 | 80:20
4 6-F DBU CHCI3 - <5 - -
5 7 DBU CHClI3 - 65 >20:1 | 40:60
6 8 DBU CHCI3 - <5 - -
7 5 DBU toluene - <5 - -
8 5 DBU THF - <5 - -
9 5 DBU CHCI> - 35 >20:1 | 90:10
10 5 DBU DCE - <5 - -
11 5 DMAP CHCI3 - 43 >20:1 95:5
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12 5 EtsN CHCl3 - 47 >20:1 | 97:3
13 5 DABCO CHCl3 - 33 >20:1 | 96:4
14 5 K2COs CHCIl3 - 20 >20:1 | 90:10
15¢ 5 DBU CHCI3 59 >20:1 | 955
16° 5 DBU CHCI3 LiOAC 38 >20:1 | 97:3
17¢ 5 DBU CHCI3 LiCl 14 >20:1 | 96:4
18" 5 DBU CHCIl3 - 58 >20:1 | 97:3

2General reaction conditions: 1a (0.125 mmol), 2a (2.0 equiv), cat. (20 mol %), base (1.0 equiv), solvent
(1.0 mL), 25 °C and 24 h.® The yields and dr were determined by *H NMR analysis of crude product
using CH2Br as the internal standard. ¢ The er value was determined by HPLC analysis on a chiral
stationary phase. ¢ Without 4A MS. ¢ 20 mol % additive was used. ¢ 10 mol % of 5 was used.

2.2 Optimization Studies for Tetrahydroindolizines

Under the above optimized reaction conditions (entry 1), the reaction afforded the
desired cascade product 10a in low yield and poor selectivity. At this point, we have started to
optimize the reaction conditions by varying all parameters. The detailed studies are given

below:
o)
Ph  tBu t-Bu
M Cat. (10 mol %) N 0 ‘
| /@/\/CHO 4 1 5 equiv) ol \
N additive (1.0 equiv) Ph S (6]
base (1.5 equiv) NO t-Bu ‘ t-Bu
Ivent (1 mL
o 9a S%oect (36 h ) 10a oM (Z
Cl, Me Me BF4 Me BF; Me BF4
S @ @
_N’ Me
5 6-Br
entry | Cat. base solvent additive | yield (%) " dr® er¢
1 5 DABCO THF LiCl 29 5:1 99:1
2 6-Br DABCO THF LiCl 15 2:1 79:21
3 6 DABCO THF LiCl <5 - -
4 6-F DABCO THF LiCl <5 - -
5 5 DMAP THF LiCl 45 (46) 6:1 >00:1
6 5 DBU THF LiCl 39 151 | >99:1
7 5 'ProNEt THF LiCl 24 3.5:1 | >99:1
8 5 Na>CO3 THF LiCl <5 - -
9 5 DMAP DME LiCl <5 - -
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10 5 DMAP CHCls LiCl <5 - -

11 5 DMAP toluene LiCl <5 - -

15 5 DMAP THF - <5 - -
2General reaction conditions: 9a (0.1 mmol), 10a (0.15 mmol), cat. (10 mol %), base (1.5 equiv), LiCl
(1.0 equiv), solvent (1.2 mL), 30 °C and 36 h.P The yields and dr were determined by *H NMR analysis

of crude product using CH,Br; as the internal standard. ¢ The er value was determined by HPLC analysis
on a chiral column.

3. General Procedure for the Enantioselective Synthesis of Tricyclic -
Lactones

Procedure for the Enantioselective Synthesis of Tetrahydro-isochromenone

) !
R N/%,}Mes /J\ : t-Bu t-Bu
o) —\! =Z 0 i
o N : !
0 ok,
» H | 5 (20 mol %) x~<j©\ o \
=3 4 (2.0 equiv) AR ‘
DBU (1.0 equiv) X ! tBu tBu
1 R ~O !
R" ~O 4 A MS (100 mg) 3 3 o)
1 2 CHCI; (2 mL) ; 4
30°C, 24 h

To an oven-dried Schlenk reaction vessel equipped with a magnetic stir bar was taken
the (E)-4-(2-(2-oxo-2-phenylethyl)phenyl)but-3-en-2-one 1 (66.1 mg, 0.25 mmol, 1.0 equiv),
triazolium salt 5 (18.4 mg, 0.05 mmol, 20 mol %), oxidant 4 (204.3 mg, 0.5 mmol, 2.0 equiv),
4 A MS (100 mg) and trans-cinnamaldehydes 2 (0.5 mmol, 2.0 equiv). The mixture was kept
under argon atmosphere. To this mixture was added the CHCIz (2.0 mL) under a positive
pressure of argon, followed by addition of DBU (37.5 L, 0.25 mmol, 1.0 equiv) and stirring
the reaction mixture at 30 °C for 24 h. Then, the reaction mixture was purified using silica gel

flash column chromatography to afford the tetrahydro-isochromenone derivatives 3.

All the racemic tetrahydro-isochromenone derivatives were prepared using N,N’-
dimesityl imidazolium-derived carbene (IMes).

R2 — R2
[—\ CI _
0 0 Mes— N~ N-Mes 9
X HJK'L (10 mol %) X o
R3 4 (2.0 equiv) R3
DBU (1.0 equiv) R
RS0 4 A MS (50 mg) o
1 2 CHCl3 (1 mL) 3
0.1 mmol 0.2 mmol 30°C. 24 h
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Procedure for the 1 mmol scale experiment

/k | i
| t-Bu

5 (20 mol %) Z 70 ! ‘
4 (2 0 equiv) ‘l\\ ! |

DBU (1 0 equiv) 3 ‘

4 AMS : !
3 | tBu t-Bu

CHCl; (8 mL) o0 oMo | X
‘ 4

Me 30°C, 24h 3a

To an oven-dried Schlenk reaction vessel equipped with a magnetic stir bar was taken
the (E)-4-(2-(2-oxo-2-phenylethyl)phenyl)but-3-en-2-one 1a (264.2 mg, 1.0 mmol, 1.0 equiv),
triazolium salt 5 (73.6 mg, 0.2 mmol, 20 mol %), oxidant 4 (817.2 mg, 2.0 mmol, 2.0 equiv),
4 A MS (400 mg) and (E)-3-(4-methoxyphenyl)acrylaldehyde 2a (324.3 mg, 2.0 mmol, 2.0
equiv). The mixture was kept under argon atmosphere. The mixture was kept under argon
atmosphere. To this mixture was added the CHCI3 (8.0 mL) under a positive pressure of argon,
followed by addition of DBU (149.5 pL, 1.0 mmol, 1.0 equiv) and stirring the reaction mixture
at 30 °C for 24 h. the reaction mixture was purified using silica gel flash column
chromatography (Pet. ether: EtOAc 95:5 as eluent) to afford the (4aR,5S,6S,10bR)-6-benzoyl-
5-(4-methoxyphenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-benzo[flisochromen-4-one 3a as a
pale-yellow solid (318 mg, 75% yield, 97:3 er).

Procedure for the Enantioselective Synthesis of Tetrahydroindolizines

cr

N N-Mes PN | tBu t-Bu
SN ine

(o} o} =N

| b L
(S H | 5(10mol %) x—( o | \
NN + =3 4 (1.5 equiv) NoASgs ‘
) L : |
L DMAP (1.5 equiv) R0 | tBu tBu

RS0 ; ; ‘
° 2 LiCI (1.0 equiv) 10 : o
THF (3 mL) ! 4
30°C, 36h

To an oven-dried Schlenk reaction vessel equipped with a magnetic stir bar was taken
the (E)-3-(1-(2-oxo-2-phenylethyl)-1H-pyrrol-2-yl)-1-phenylprop-2-en-1-one derivative 1
(0.25 mmol, 1.0 equiv), triazolium salt 5 (9.2 mg, 0.025 mmol, 10 mol %), oxidant 4 (153.2
mg, 0.375 mmol, 1.5 equiv), LiCl (10.6 mg, 0.25 mmol) and trans-cinnamaldehydes 2 (0.375
mmol, 1.5 equiv). The mixture was kept under argon atmosphere. To this mixture was added
the THF (3.0 mL) under a positive pressure of argon, followed by addition of DMAP (45.8,
0.375 mmol, 1.5 equiv) and stirring the reaction mixture at 30 °C for 36 h. Then, the reaction
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mixture was purified using silica gel flash column chromatography to afford the tetrahydro-

indolizine derivatives 3.

All

triazolium-derived carbene.

racemic tetrahydro-indolizine derivatives were prepared using N-mesityl

R? cl R?
A -Mes
N ,N =~ 0
e =
e H)KlL (10 mol %) X \\ o
\ NL R3 4 (1.5 equiv) N R3
DMAP (1.5 equiv) 1
R" S0 LiCl (1.0 equiv) R0
9 2 THF (3 mL) 10
30°C, 24 h

4. Non-linear effects and Mode of Enantioinduction?®?
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Fig. 1: Nonlinear effects with respect to the product ee and the catalyst ee values

To get insight on the role of NHC catalyst in the cascade process, the reaction of 1a and 2a has
been conducted under optimized conditions using varying ee values of the triazolium salt 5.
The change in ee values of the product 3a with the change in ee value of 5 showed a negative
non-linear effect. The observation of the negative non-linear effect is an indication that two
catalysts are involved in the enantio-determining step of the reaction. Obviously, the NHC is
involved in the formation of a,B-unsaturated acylazoliums under oxidative conditions. The
negative non-linear effect is an indication of the possible Brgnsted base activation of the enones
(1 and 9) using the NHC derived from 5 under the reaction conditions for the facile Michael

addition to catalytically generated o, p-unsaturated acylazoliums.

4. (a) D. Guillaneux, S.-H. Zhao, O. Samuel, D. Rainford and H. B. Kagan, J. Am. Chem. Soc., 1994,
116, 9430; (b) T. Satyanarayana, S. Abraham and H. B. Kagan, Angew. Chem., Int. Ed., 2009, 48, 456.
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Mode of Enantioinduction

The NHC-bound a.,3-unsaturated acylazolium has two enantiotopic faces to intercept the in situ
generated enolate from arylketone derivative 1, of them the re-face attack is disfavoured due
to the presence of bulky chiral indanone fused morpholine core of NHC 5, while the si-face
addition is favoured due to less steric interaction. Thus, the stereo-determining si-face attack
results in the observed stereochemistry in the initial Michael addition step, which directs the
second si-face Michael addition of the enone appendant by the NHC-bound enolate, followed
by a syn-selective lactonization to afforded the tricyclic lactone 3. Moreover, a highly cis-
selective hetero Diels-Alder reaction can also be invoked for the observed stereochemistry in

the lactonization step.

(Si—face attack (favoured))

— = —_ _Ar
Oﬁn . _Mes ,— Me/s =
S e o €y Yo N LT
O 4 | N\ O z A ﬂ
H\_,AN = H o7 . 1 H N 5
- = o T
R »

N
Ho7 R H -

(Re-face (disfavoured))

5. X-Ray Data of 3i

X-ray intensity data measurements of compound 3i was carried out on a Bruker APEX

Il Ultra diffractometer. The intensity measurements were carried out with Mo rotating anode
diffraction source (Mo-Ka= 0.71073 A) at 100(2) K temperature. The X-ray generator was
operated at 45 kV and 80 mA. A preliminary set of cell constants and an orientation matrix
were calculated from two matrix sets of 40 frames (each matrix run consists of 20 frames).
Data were collected with @ scan width of 0.5° at different settings of ¢ and 26 with a frame
time of 10 secs keeping the sample-to-detector distance fixed at 5.82 cm. The X-ray data
collection was monitored by APEX3 program (Bruker, 2016).°All the data were corrected for
Lorentzian, polarization and absorption effects using SAINT and SADABS programs (Bruker,
2016). Using the APEX3 (Bruker) program suite, the structure was solved with the ShelXS-97
(Sheldrick, 2008)° structure solution program, using direct methods. The model was refined
with a version of ShelXL-2018/3 (Sheldrick, 2015) using Least Squares minimization. All

> Bruker (2016). APEX2, SAINT and SADABS. Bruker AXS Inc., Madison, Wisconsin, USA.
6 G. M. Sheldrick, Acta Crystallogr. 2008, A64, 112.
" G. M. Sheldrick, Acta Crystallogr. 2015, C71, 3.
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the hydrogen atoms were placed in a geometrically idealized position and constrained to ride
on its parent atoms, An ORTEP 1118 view of the compound was drawn with 50% probability

displacement ellipsoids, and H atoms are shown as small spheres of arbitrary radii.

A single crystal of compound 3i with molecular formula Cz7H21CIO3, approximate
dimensions 0.046 mm x 0.028 mm x 0.25 mm, was used for the X-ray crystallographic
analysis. The X-ray intensity data were measured (A = 0.71073 A). The integration of the data
using a trigonal unit cell yielded a total of 36013 reflections to a maximum 6 angle of 30.719°
(0.78 A resolution), of which 12384 were independent (average redundancy 4.468,
completeness = 99.2%, Rint = 5.82%, Rsig = 9.15%) and 8107 were greater than 26(F?). The
final cell constants of a = 8.8163(3) A, b = 11.2961(4) A, ¢ =12.0369(4) A, a = 107.789(2), S
= 95.854(2), ¥ = 110.117(2), volume = 1042.66(6) A3, are based upon the refinement of the
XYZ-centroids of reflections above 20 o(l). The calculated minimum and maximum
transmission coefficients (based on crystal size) are 0.6480 and 0.7480. The structure was
solved and refined using the Bruker SHELXTL Software Package, using the space group P1,
with Z =2 for the formula unit, C27H21CIOz. The final anisotropic full-matrix least-squares
refinement on F? with 561 variables converged at R1 = 5.72%, for the observed data and wR2
= 11.41% for all data. The goodness-of-fit was 0.9780. The largest peak in the final difference
electron density synthesis was 0.440 /A% and the largest hole was -0.480 e”/A3. On the basis
of the final model, the calculated density was 1.366g/cm? and F(000), 448 ¢

Crystal data of 3i

Crystal Data 3i
Formula C27H21CIO3
Molecular weight 428.1179 g/mol
Crystal Size, mm 0.046 x 0.028 x 0.25
Temp. (K) 100(2)
Wavelength (A) 0.71073
Crystal Syst. tetragonal
Space Group P1
a/A 8.8163(3)
b/A 11.2961(4)
c/A 12.0369(4)
al® 107.789(2)

8 L. J. Farrugia, J. Appl. Crystallogr. 2012, 45, 849.
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pl° 95.854(2)
A° 110.117(2)
VIAS 1042.66(6)
z 2
Deaic/g cm 1.366
w/mm? 0.211
F(000) 448
Ab. Correct. multi-scan
Tmin/ Tmax 0.696/0.754
2 Gnax 61.438
Total reflns. 36013
Unique reflns. 12384
Obs. reflns. 3590
h, k, I (min, max) (-12, 12), (-16, 16), (-17, 17)
Rint / Rsig 0.0582/ 0.0915
No. of parameters 561
R1[I> 24(1] 0.0572
WR2[1> 26(1)] 0.1141
R1 [all data] 0.1051
WR2 [all data] 0.1353
goodness-of-fit 0.978
Apmax, Apmin(eA?) +0.437, -0.477
CCDC No. 2083530
c24 ﬁg/_ .
- - c25 % 3 o Cﬂ-
/&022 /%czéf = _,Mw-
- 0021 o2
C5
o, ford M—Q\cwg
o1z £ %Cg o1 i - ‘DS
- quﬁ cre & Pcs
« C27
s 9%
ci6 @Yo

Figure 1. ORTEP Diagram compound 3i showing the atom-numbering scheme, Displacement
ellipsoids are drawn at the 50% probability level and H atoms are shown as small spheres with

arbitrary radii.
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6. Synthesis and Characterization of Michael Acceptors Used

General Procedure for the Synthesis of 1 and 9

R2
i
O Ph o)
N o . lk/f:”Ph CH3CN, reflux
XU R2 " ph 12h X 0
R X
. =
(1.0 equiv) (1.3 equiv) R
1
R2
i
O Ph CH4CN, reflux o
~~ o S 3 |
v R2 “Ph 72h ~~ 0
R v
(1.0 equiv) (1.3 equiv) R

9
The phenacyl enones were synthesized by the following procedure.? To a stirred
solution of o-phenacyl- aldehyde (1.0 equiv) in CH3CN were added the suitable Wittig salt (1.3
equiv) and reflux for appropriate time. The completion of the reaction was monitored by TLC.
Then it was concentrated under reduced pressure and purified by flash column chromatography
(eluent: Pet. ether-EtOAC) to afford the desired product 1 and 9.

(E)-4-(2-(2-Ox0-2-phenylethyl)phenyl)but-3-en-2-one (1a)

y To a stirred solution of 2-(2-oxo-2-phenylethyl)benzaldehyde (1.0 g, 4.5 mmol)
eo and 1-(triphenyl-A°-phosphaneylidene)propan-2-one (1.8 g, 5.8 mmol) in CHsCN
o (30 mL) were refluxed for 12 h. After completion of the reaction, solvent was
evaporated under reduced pressure and purified by flash column chromatography
(Pet. ether-EtOAc: 90:10) to afford the corresponding (E)-4-(2-(2-0xo-2-

phenylethyl) phenyl)but-3-en-2-one 1a (540 mg, 45% yield) as a yellow solid.
Rt (Pet. ether /EtOAC = 80/20): 0.42. *H NMR (400 MHz, CDClz) 6 7.95 (d, J = 8.2 Hz, 2H),
7.64-7.51 (m, 3H), 7.44-7.40 (m, 2H), 7.31-7.23 (m, 2H), 7.19-7.16 (m, 1H), 6.56 (d, J = 15.9
Hz, 1H), 4.39 (s, 2H), 2.21 (s, 3H). *C NMR (100 MHz, CDCl3) 6 198.4, 197.0, 140.7, 136.5,
134.7,134.4, 133.7, 131.6, 130.5, 129.1, 128.9, 128.5, 127.9, 127.1, 43.3, 27.8. HRMS (ESI)
m/z: [M+Na]* calcd for C1sH160.Na 287.1053; found 287.1048. FTIR (cm™) 2923, 2858,

1685, 1599, 1448, 1360, 1329, 1256, 1213.

(E)-4-(4-Methyl-2-(2-0x0-2-phenylethyl)phenyl)but-3-en-2-one (1r)
To astirred solution of 4-methyl-2-(2-oxo0-2-phenylethyl)benzaldehyde (0.59 g, 2.5 mmol) and
1-(triphenyl-2>-phosphaneylidene)propan-2-onein (1.1 g, 3.2 mmol) in CHsCN (15 mL) were
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refluxed for 12 h. After completion of the reaction, solvent was evaporated

Q\/{jo under reduced pressure and purified by flash column chromatography (Pet.
e i ., €ther-EtOAc: 90:10) to afford the corresponding (E)-4-(4-methyl-2-(2-oxo0-2-

r phenylethyl)phenyl)but-3-en-2-one 1r (263 mg, 38% yield) as a yellow solid.

Rt (Pet. ether /EtOAc = 80/20): 0.31. *H NMR (400 MHz, CDCls) & 8.01 (s, 2H), 7.67-7.47
(m, 5H), 7.12-7.04 (m, 2H), 6.60 (d, J = 15.5 Hz, 1H), 4.42 (s, 2H), 2.33-2.24 (m, 6H). *C
NMR (100 MHz, CDCls) 6 198.3, 197.0, 140.7, 140.5, 136.4, 134.6, 133.5, 132.2, 131.3,
128.8, 128.6, 128.4, 127.9, 126.8, 43.1, 27.5, 21.3. HRMS (ESI) m/z: [M+Na]" calcd for
C19H1802Na 301.1199; found 301.1200. FTIR (cm™) 2958, 2919, 2858, 1687, 1601, 1449,
1329, 1252, 1211, 1180, 975.

(E)-4-(5-Fluoro-2-(2-oxo-2-phenylethyl) phenyl)but-3-en-2-one (1s)
Me  To astirred solution of 5-fluoro-2-(2-oxo-2-phenylethyl)benzaldehyde (0.61 g,
F\©£O 2.5 mmol) and 1-(triphenyl-A>-phosphaneylidene) propan-2-onein (1.1 g, 3.2
ph-mmol) in CH3CN (15 mL) were refluxed for 12 h. After completion of the
1s reaction, solvent was evaporated under reduced pressure and purified by flash
column chromatography (Pet. ether-EtOAc: 90:10) to afford the corresponding (E)-4-(5-
fluoro-2-(2-oxo-2-phenylethyl) phenyl)but-3-en-2-one 1s (282 mg, 40% vyield) as a yellow

solid.

Rt (Pet. ether /EtOAC = 80/20): 0.34. *H NMR (400 MHz, CDCls) 6 8.01 (d, J = 7.5 Hz, 2H),
7.60-7.47 (m, 4H), 7.31 (d, J = 10.1 Hz, 1H), 7.31-7.18 (m, 1H), 7.05 (t, J = 7.7 Hz, 1H), 6.60
(d, J =16.1 Hz, 1H), 4.42 (s, 2H), 2.27 (s, 3H). 3C NMR (100 MHz, CDCls) 6 197.9, 196.7,
162.1 (d, J =247.8 Hz), 139.3 (d, J = 2.2 Hz), 136.3, 136.2, 133.7, 133.2 (d, J = 8.1 HZz), 130.5
(d, J =2.9 Hz), 129.6, 128.9, 128.4, 117.3 (d, J = 21.3 Hz), 113.5 (d, J = 22.4 Hz), 42.4, 28.1.

HRMS (ESI) m/z: [M+Na]* calcd for C1gH15FO2Na 305.0948; found 305.0952. FTIR (cm)
2957, 2917, 2855, 1685, 1601, 1445, 1328, 1253, 1210, 1182, 974.

(E)-4-(4,5-Dimethoxy-2-(2-oxo-2-phenylethyl)phenyl)but-3-en-2-one (1t)
To a stirred solution of 4,5-dimethoxy-2-(2-ox0-2-phenylethyl)benzaldehyde

Me

&o (0.49 g, 1.7 mmol) and 1-(triphenyl-A°>-phosphaneylidene)propan-2-onein
Ph

MeO

(0.71 g, 2.3 mmol) in CH3CN (12 mL) were refluxed for 12 h. After completion

1t of the reaction, solvent was evaporated under reduced pressure and purified by

MeO

flash column chromatography (Pet. ether-EtOAc: 80:20) to afford the corresponding (E)-4-
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(4,5-dimethoxy-2-(2-oxo-2-phenylethyl)phenyl)but-3-en-2-one 1t (304 mg, 54% vyield) as a
yellow solid.

R (Pet. ether /EtOAC = 80/20): 0.20. *H NMR (400 MHz, CDClz) 6 8.00 (d, J = 7.0 Hz, 2H),
7.62-7.47 (m, 4H), 7.12 (s, 1H), 6.70 (s, 1H), 6.55 (d, J = 15.8 Hz, 1H), 4.41 (s, 2H), 3.89-3.85
(m, 6H), 2.24 (s, 3H). 3C NMR (100 MHz, CDCl3) § 198.2,197.1, 151.1, 148.4, 140.2, 136.5,
133.6, 128.8, 128.5, 128.4, 126.7, 126.3, 113.9, 109.0, 56.0, 42.6, 27.6. HRMS (ESI) m/z:
[M+Na]* calcd for CooH2004Na 347.1254; found 347.1258. FTIR (cm™) 2962, 2932, 2910,
2833, 1688, 1661, 1595, 1514, 1447, 1275, 1253, 1103, 1006.

(E)-5-Methyl-1-(2-(2-ox0-2-phenylethyl) phenyl)hex-1-en-3-one (1u)
" To a stirred solution of 2-(2-oxo-2-phenylethyl) benzaldehyde (0.515 g, 2.3
Me mmol) and 4-methyl-1-(triphenyl-A5-phosphaneylidene) pentan-2-one (1.1 g,
[ © 7.36 mmol) in CH3CN (15 mL) were refluxed for 12 h. After completion of the
reaction, solvent was evaporated under reduced pressure and purified by flash
1u column chromatography (Pet. ether-EtOAc: 90:10) to afford the corresponding
(E)-5-methyl-1-(2-(2-oxo-2-phenylethyl) phenyl)hex-1-en-3-one 1u (211 mg, 30% yield) as a
yellow solid.
Rt (Pet. ether /EtOAc = 80/20): 0.32. *H NMR (400 MHz, CDCls) § 8.02 (d, J = 7.5 Hz, 2H),
7.71-7.57 (m, 3H), 7.48 (t, J = 7.7 Hz, 2H), 7.35-7.30 (m, 2H), 7.24-7.22 (m, 1H), 6.65 (d, J =
15.8 Hz, 1H), 4.46 (s, 2H), 2.42 (d, J = 7.0 Hz, 2H), 2.20-2.10 (m, 1H), 0.91-0.89 (m, 6H). 3C
NMR (100 MHz, CDCls) & 200.3, 196.9, 139.6, 136.5, 134.8, 134.4, 133.6, 131.5, 130.3,
128.9,128.5, 128.5, 127.8, 126.9, 50.1, 43.1, 25.3, 22.7. HRMS (ESI) m/z: [M+Na]* calcd for
C21H2202Na 329.1512; found 329.1515. FTIR (cm™) 2955, 2915, 2856, 1684, 1603, 1445,
1325, 1251, 1211, 1182, 975.

(E)-4-(2-(2-Oxo0-2-(p-tolyl)ethyl)phenyl)but-3-en-2-one (1w)

To astirred solution of 2-(2-oxo-2-(p-tolyl)ethyl)benzaldehyde (0.56 g, 2.3
mmol) and 1-(triphenyl-A°-phosphaneylidene)propan-2-onein (0.97 g, 3.1
mmol) in CH3CN (15 mL) were refluxed for 12 h. After completion of the

reaction, solvent was evaporated sunder reduced pressure and purified by

flash column chromatography (Pet. ether-EtOAc: 90:10) to afford the
corresponding (E)-4-(2-(2-oxo-2-(p-tolyl)ethyl)phenyl)but-3-en-2-one 1w (310 mg, 48%

yield) as a yellow oil.
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Ry (Pet. ether /EtOAC = 80/20): 0.31. *H NMR (400 MHz, CDCl3) § 7.92 (d, J = 7.9 Hz, 2H),
7.72-7.63 (m, 2H), 7.36-7.23 (M, 5H), 6.63 (d, J = 15.7 Hz, 1H), 4.43 (s, 2H), 2.42 (s, 3H),
2.28 (s, 3H). 3C NMR (100 MHz, CDCls) & 198.4, 196.7, 144.5, 140.8, 134.9, 134.4, 134.1,
131.6, 130.5, 129.6, 129.1, 128.7, 127.8, 127.0, 43.2, 27.7, 21.8. HRMS (ESI) m/z: [M+Na]*
calcd for C1gH1s02Na 301.1199; found 301.1205. FTIR (cmt) 2919, 2360, 1682, 1603, 1568,
1452, 1360, 1255, 1224, 1179.

(E)-4-(2-(2-(3-Chlorophenyl)-2-oxoethyl)phenyl)but-3-en-2-one (1x)

To a stirred solution of 2-(2-(3-chlorophenyl)-2-oxoethyl)benzaldehyde
(0.37 g, 1.4 mmol) and 1-(triphenyl-A°-phosphaneylidene)propan-2-onein
(0.592 g, 1.8 mmol) in CH:CN (15 mL) were refluxed for 12 h. After

completion of the reaction, solvent was evaporated sunder reduced pressure

and purified by flash column chromatography (Pet. ether-EtOAc: 90:10) to
afford the corresponding (E)-4-(2-(2-(3-chlorophenyl)-2-oxoethyl)phenyl)but-3-en-2-one 1x
(130 mg, 31% yield) as a yellow oil.
Rt (Pet. ether /EtOAc = 80/20): 0.45. *H NMR (400 MHz, CDCls) 6 7.97 (m, 1H), 7.88 (d, J
= 7.7 Hz, 1H), 7.68-7.49 (m, 3H), 7.44-7.28 (m, 3H), 7.23-7.21 (m, 1H), 6.63 (d, J = 15.2 Hz,
1H), 4.42 (s, 2H), 2.29 (s, 3H). *C NMR (100 MHz, CDCls) 6 198.1, 195.7, 140.3, 138.0,
135.2, 134.4, 134.1, 133.5, 131.5, 130.5, 130.2, 129.1, 128.6, 128.0, 127.1, 126.6, 43.4, 27.9.
FTIR (cm™) 2958, 2919, 2858, 1687, 1601, 1449, 1329, 1252, 1211, 1180, 975.

(E)-4-(2-(2-(2-Methoxyphenyl)-2-oxoethyl)phenyl)but-3-en-2-one (1y)

To a stirred solution of 2-(2-(2-methoxyphenyl)-2-oxoethyl)benzaldehyde
(0.58 g, 2.3 mmol) and 1-(triphenyl-A°-phosphaneylidene)propan-2-onein
(0.944 g, 2.9 mmol) in CH3CN (15 mL) were refluxed for 12 h. After

completion of the reaction, solvent was evaporated sunder reduced pressure

and purified by flash column chromatography (Pet. ether-EtOAc: 85:15) to
afford the corresponding (E)-4-(2-(2-(2-methoxyphenyl)-2-oxoethyl)phenyl)but-3-en-2-one
1y (322 mg, 47% yield) as a yellow solid.
Rt (Pet. ether /EtOAC = 80/20): 0.31. 'H NMR (400 MHz, CDCls) § 7.70 (d, J = 15.9 Hz, 1H),
7.60-7.60 (m, 2H), 7.49-7.45 (m, 1H), 7.43-7.21 (m, 3H), 7.01-6.98 (m, 2H), 6.62 (d, J = 15.8
Hz, 1H), 4.49 (s, 2H), 3.96 (s, 3H), 2.28 (s, 3H). 13C NMR (100 MHz, CDClIs) § 199.6, 198.5,
158.4, 141.1, 135.6, 134.2, 133.9, 131.64 130.6, 130.3, 128.7, 128.1, 127.6, 126.7, 121.0,
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111.6, 55.7, 48.2, 27.7. HRMS (ESI) m/z: [M+Na]* calcd for C19H1803Na 317.1149; found
317.1153. FTIR (cm) 2944, 2916, 2840, 1690, 1670, 1599, 1486, 1360, 1249, 1171.

(E)-4-(2-(2-(Naphthalen-1-yl)-2-oxoethyl)phenyl)but-3-en-2-one (1z)
To a stirred solution of 2-(2-(naphthalen-1-yl)-2-oxoethyl)benzaldehyde
o (0.49 g, 1.8 mmol) and 1-(triphenyl-A°-phosphaneylidene)propan-2-onein
O 0 ‘ (0.74 g, 2.3 mmol) in CH3CN (15 mL) were refluxed for 12 h. After
O completion of the reaction, solvent was evaporated under reduced pressure
" and purified by flash column chromatography (Pet. ether-EtOAc: 90:10) to
afford the corresponding (E)-4-(2-(2-(naphthalen-1-yl)-2-oxoethyl)phenyl)but-3-en-2-one 1z

(250 mg, 44% yield) as a yellow oil.

Rt (Pet. ether /EtOAC = 80/20): 0.37. *H NMR (400 MHz, CDClz) 6 8.45 (d, J = 8.8 Hz, 1H),
7.95-7.91 (m, 2H), 7.83-7.81 (m, 1H), 7.72 (d, J = 15.9 Hz, 1H), 7.57 (d, J = 7.8 Hz, 1H), 7.52-
7.44 (m, 3H), 7.33-7.24 (m, 3H), 6.57 (d, J = 16.0 Hz, 1H), 4.49 (s, 2H), 2.15 (s, 3H). *C
NMR (100 MHz, CDCls) & 200.8, 198.2, 140.6, 135.3, 134.7, 134.2, 133.9, 132.9, 131.6,
130.4,130.1, 129.1, 128.5, 128.1, 127.8, 127.6, 126.9, 126.6, 125.5, 124.3, 46.8, 27.3. HRMS
(ESI) m/z: [M+Na]* calcd for C22H150,Na 337.1199; found 301.1203. FTIR (cm™) 2958,

2923, 2362, 1764, 1673, 1636, 1605, 1511, 1444, 1252, 1151.

(E)-4-(2-(2-Ox0-2-(thiophen-2-yl)ethyl) phenyl)but-3-en-2-one (1aa)

To a stirred solution of 2-(2-oxo-2-(thiophen-2-yl)ethyl)benzaldehyde (0.57 g,
2.5 mmol) and 1-(triphenyl-A°-phosphaneylidene) propan-2-onein (1.1 g, 3.2
mmol) in CH3CN (15 mL) were refluxed for 12 h. After completion of the

1aa reaction, solvent was evaporated under reduced pressure and purified by flash
column chromatography (Pet. ether-EtOAc: 90:10) to afford the corresponding (E)-4-(2-(2-
0x0-2-(thiophen-2-yl)ethyl) phenyl)but-3-en-2-one 1laa (216 mg, 32% yield) as a yellow solid.
Rt (Pet. ether /EtOAC = 80/20): 0.36. 'H NMR (400 MHz, CDCls) & 7.82-7.78 (m, 2H), 7.68-
7.62 (m, 2H), 7.37-7.29 (m, 3H), 7.15 (t, J = 4.3 Hz, 1H), 6.62 (d, J = 16.0 Hz, 1H), 4.37 (s,
2H), 2.32 (s, 3H). 3C NMR (100 MHz, CDCls) & 198.5, 189.7, 143.6, 140.8, 134.5, 134.4,
134.3,132.7,131.6, 130.5, 129.2, 128.4, 128.1, 127.1, 44.1, 27.7. HRMS (ESI) m/z: [M+Na]*
calcd for C16H140,SNa 293.0618; found 293.0618. FTIR (cm™) 2957, 2855, 1685, 1601, 1445,
1253, 1210, 1182, 974.
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(E)-3-(1-(2-Ox0-2-phenylethyl)-1H-pyrrol-2-yl)-1-phenylprop-2-en-1-one (9a)
o To astirred solution of 1-(2-oxo-2-phenylethyl)-1H-pyrrole-2-carbaldehyde (0.50
o g, 2.3 mmol) and 1-phenyl-2-(triphenyl-A°-phosphaneylidene)ethan-1-one (1.2 g,
" o 3.0 mmol) in CH3CN (15 mL) were refluxed for 72 h. After completion of the
Ph reaction, solvent was evaporated under reduced pressure and purified by flash
column chromatography (Pet. ether-EtOAc: 90:10) to afford the corresponding
(E)-3-(1-(2-0x0-2-phenylethyl)-1H-pyrrol-2-yl)-1-phenylprop-2-en-1-one 9a (350 mg, 46%

yield) as a yellow solid.

Rt (Pet. ether /EtOAc = 90/10): 0.29. *H NMR (400 MHz, CDClIs) 6 8.00-7.98 (m, 2H), 7.93-
7.91 (m, 2H), 7.67-7.50 (m, 5H), 7.44-7.40 (m, 2H), 7.29 (d, J = 15.2 Hz, 1H), 6.97-6.96 (m,
1H), 6.87-6.86 (m, 1H), 6.37-6.36 (m, 1H), 5.51 (s, 2H). *C NMR (100 MHz, CDCls) 192.4,
189.7, 138.6, 134.4, 134.3, 132.5, 131.7, 130.6, 129.2, 128.9, 128.6, 128.29, 128.2, 128.1,
117.4, 11316, 110.8, 53.2. HRMS (ESI) m/z: [M+Na]" calcd for C21H17NO2Na 338.1152;

found 338.1156. FTIR (cm™) 2923, 2853, 1693, 1592, 1469, 1344, 1290, 1226, 1017.

(E)-3-(4-1odo-1-(2-0x0-2-phenylethyl)-1H-pyrrol-2-yl)-1-phenylprop-2-en-1-one (9f)
To a stirred solution of 4-iodo-1-(2-oxo-2-phenylethyl)-1H-pyrrole-2-

Ph

{fo carbaldenyde (050 g, 1.5 mmol) and 1-phenyl-2-(triphenyl-A°-
' \\N\)( phosphaneylidene)ethan-1-one (0.73 g, 1.9 mmol) in CH3CN (12 mL) were

of " refluxed for 72 h. After completion of the reaction, solvent was evaporated under
reduced pressure and purified by flash column chromatography (Pet. ether-EtOAc: 90:10) to
afford  the  corresponding  (E)-3-(4-iodo-1-(2-oxo-2-phenylethyl)-1H-pyrrol-2-yl)-1-
phenylprop-2-en-1-one 9f (433 mg, 66% yield) as a yellow solid.
Rt (Pet. ether /EtOAc = 90/10): 0.41. *H NMR (400 MHz, CDCl3) § 7.97 (d, J = 7.1 Hz, 2H),
7.91 (d, J =7.3 Hz, 2H), 7.65 (t, J = 7.4 Hz, 1H), 7.54-7.50 (m, 3H), 7.46-7.41 (m, 3H), 7.28
(d, J = 14.1 Hz, 1H), 7.00 (s, 1H), 60.87 (d, J = 1.2 Hz, 1H), 5.47 (s, 2H). 13C NMR (100 MHz,
CDCI3) 6 191.8, 189.4, 139.2, 134.6, 134.1, 132.8, 132.6, 132.0, 130.0, 129.2, 128.7, 128.3,
128.2, 119.2, 118.8, 62.4, 53.0. HRMS (ESI) m/z: [M+Na]* calcd for C2:H1sINO2Na
464.0118; found 464.0125. FTIR (cm™) 3126, 3058, 2923, 2853, 1693, 1592, 1469, 1344,

1290, 1226, 1017, 922.
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(E)-3-(1-(2-(3-Methoxyphenyl)-2-oxoethyl)-1H-pyrrol-2-yl)-1-phenylprop-2-en-1-one
(99)
Ph To a stirred solution of 11-(2-(3-methoxyphenyl)-2-oxoethyl)-1H-pyrrole-

I © 2-carbaldehyde (0.36 g, 1.5 mmol) and 1-phenyl-2-(triphenyl-A°-
\n f phosphaneylidene) ethan-1-one (0.73 g, 1.9 mmol) in CH3CN (12 mL) were

dk@ refluxed for 72 h. After completion of the reaction, solvent was evaporated
under reduced pressure and purified by flash column chromatography (Pet. ether-EtOAc:
90:10) to afford the corresponding (E)-3-(1-(2-(3-methoxyphenyl)-2-oxoethyl)-1H-pyrrol-2-
yl)-1-phenylprop-2-en-1-one 99 (207 mg, 40% vyield) as a yellow solid.
Rt (Pet. ether /EtOAc = 90/10): 0.38. *H NMR (400 MHz, CDCls) & 7.93-7.91 (m, 2H), 7.60-
7.50 (m, 4H), 7.46-7.41 (m, 3H), 7.29 (d, J = 15.1 Hz, 1H), 7.21-7.19 (m, 1H), 6.97-6.95 (m,
1H), 6.86-6.85 (m, 1H), 6.37-6.36 (m, 1H), 5.50 (s, 2H), 3.86 (s, 3H). 13C NMR (100 MHz,
CDCls) 6 192.3, 189.8, 160.3, 138.7, 135.7, 132.5, 131.7, 130.7, 130.2, 128.6, 128.3, 128.1,
121.0, 120.6, 117.4, 113.1, 112.5, 110.9, 55.6, 53.4. HRMS (ESI) m/z: [M+Na]* calcd for
C22H19NO3Na 368.1257; found 368.1261. FTIR (cm™) 3125, 3053, 2921, 2850, 1692, 1588,
1465, 1341, 1299, 1224, 10122, 924.

(E)-3-(1-(2-(4-Bromophenyl)-2-oxoethyl)-1H-pyrrol-2-yl)-1-phenylprop-2-en-1-one (9h)
ph To a stirred solution of 1-(2-(4-bromophenyl)-2-oxoethyl)-1H-
e pyrrole-2-carbaldehyde (0.44 g, 1.5 mmol) and 1-phenyl-2-(triphenyl-A°-
\ NJzQ phosphaneylidene) ethan-1-one (0.73 g, 1.9 mmol) in CH3CN (12 mL) were
5 refluxed for 72 h. After completion of the reaction, solvent was evaporated
under reduced pressure and purified by flash column chromatography (Pet. ether-EtOAcC:
90:10) to afford the corresponding (E)-3-(1-(2-(4-bromophenyl)-2-oxoethyl)-1H-pyrrol-2-yl)-

1-phenylprop-2-en-1-one 9h (354 mg, 60% yield) as a yellow solid.

Rt (Pet. ether /EtOAC = 90/10): 0.44. *H NMR (400 MHz, CDClz) 6 7.92 (d, J = 7.1 Hz, 2H),
7.83 (d, J = 7.6 Hz, 2H), 7.67-7.65 (m, 2H), 7.57-7.53 (m, 2H), 7.45-7.43 (m, 2H), 7.31-7.26
(m, 1H), 6.95 (s, 1H), 6.85 (s, 1H), 6.36 (s, 1H), 5.47 (s, 2H). 13C NMR (100 MHz, CDClz3) §
191.7,189.7,138.6, 133.0, 132.6, 132.5, 131.5, 130.6, 129.7, 129.6, 128.6, 128.3, 128.0, 117.4,
113.0, 110.9, 53.1. HRMS (ESI) m/z: [M+Na]" calcd for C21H1sBrNO;Na 416.0257; found
416.0261. FTIR (cm) 3124, 3055, 2925, 2854, 1693, 1590, 1467, 1343, 1289, 1223, 1015,

924.
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7. Synthesis and Characterization of Functionalized Tricyclic 8- Lactones
(4aR,5S,6S,10bR)-6-Benzoyl-5-(4-methoxyphenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-
benzo[f] isochromen-4-one (3a)
Following the general procedure, (E)-4-(2-(2-0x0-2-phenylethyl)phenyl)
but-3-en-2-one  la (66.1 mg, 025 mmol) and (E)-3-(4-
methoxyphenyl)acrylaldehyde 2a (81.1 mg, 0.50 mmol) were treated with
ome the triazolium salt 5 (18.4 mg, 0.05 mmol), oxidant 4 (204.3 mg, 0.50
mmol) and 4 A MS (100 mg) in CHCI3 (2 mL) at 30 °C. To this stirring
solution at 30 °C was added DBU (37.3 uL, 0.25 mmol) and stirred the reaction mixture at 30

°C for 24 h. Then the reaction mixture was purified using flash column chromatography (Pet.
ether-EtOAc: 80:20) to afford (4aR,5S,6S,10bR)-6-benzoyl-5-(4-methoxyphenyl)-2-methyl-
4a,5,6,10b-tetrahydro-4H-benzo [flisochromen-4-one 3a as a pale-yellow solid (86 mg, 80%
yield).

Rt (Pet. ether /EtOAC = 80/20): 0.37; er = 97:3, [a]o??=-88.5 (¢ 1.0, CHCIs). HPLC (Chiralpak
AD, 65:35 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Minor: 15.1 min, Major: 40.2 min. *H NMR
(400 MHz, CDCls) & 7.73 (d, J = 7.3 Hz, 2H), 7.50 (t, J = 7.0 Hz, 1H), 7.36 (t, J = 7.4 Hz,
2H), 7.27-7.26 (m, 2H), 7.12-7.10 (m, 3H), 6.88 (d, J = 7.5 Hz, 1H), 6.73 (d, J = 8.3 Hz, 2H),
5.14 (s, 1H), 5.08 (d, J = 10.8 Hz, 1H), 4.08- 3.98 (m, 2H), 3.69 (s, 3H), 3.32 (dd, J: = 10.1
Hz, J,= 6.3 Hz, 1H), 1.95 (s, 3H). *C NMR (100 MHz, CDClz) § 201.8, 168.6, 158.9, 148.0,
138.1,135.5,135.2, 133.3,131.5, 129.2, 128.7, 128.6, 128.5, 127.9, 127.8, 127.6, 114.2, 104.2,
55.2,53.2,45.5,41.4,36.2,18.6. HRMS (ESI) m/z: [M+Na]* calcd for C2sH240sNa 447.1567;
found 447.1571. FTIR (cm™) 2957, 2925, 2364, 2333, 1755, 1674, 1587, 1513, 1447, 1358,
1252, 1148.

(4aR,5S,6S,10bR)-6-Benzoyl-2-methyl-5-phenyl-4a,5,6,10b-tetrahydro-4H-benzo[f]
isochromen-4-one (3b)
Me Following the general procedure, (E)-4-(2-(2-oxo-2-phenylethyl)phenyl) but-
4 \ﬁ’\\ 3-en-2-one la (66.1 mg, 0.25 mmol) and trans-cinnamaldehyde 2b (63 uL,
" o 0.50 mmol) were treated with the triazolium salt 5 (18.4 mg, 0.05 mmol),
©Ao O oxidant 4 (204.3 mg, 0.50 mmol) and 4 A MS (100 mg) in CHCIs (2 mL) at 30
3 °C. To this stirring solution at 30 °C was added DBU (37.3 uL, 0.25 mmol)
and stirred the reaction mixture at 30 °C for 24 h. Then the reaction mixture was purified using

flash column chromatography (Pet. ether-EtOAc: 80:20) to afford (4aR,5S,6S,10bR)-6-
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benzoyl-2-methyl-5-phenyl-4a,5,6,10b-tetrahydro-4H-benzo[f] isochromen-4-one 3b as a
pale-yellow solid (54 mg, 55% vyield).

R¢ (Pet. ether /EtOAc = 80/20): 0.55; er = >99:1, [a]p?®> = -79.5 (¢ 1.0, CHCI3). HPLC
(Chiralpak AD, 80:20 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Minor: 25.2 min, Major: 32.9
min. *H NMR (400 MHz, CDCls) 6 7.75 (d, J = 8.1 Hz, 2H), 7.44-7.40 (m, 1H), 7.28 (t, J =
7.7 Hz, 2H), 7.21 (d, J = 4.4 Hz, 2H), 7.14-7.13 (m, 4H), 7.08-7.04 (m, 2H), 6.81 (d, J = 7.7
Hz, 1H), 5.10 (m, 1H), 5.05 (d, J = 10.8 Hz, 1H), 4.02- 3.97 (m, 2H), 3.29 (dd, J; = 10.2 Hz,
J2 = 6.3 Hz, 1H), 1.88 (s, 3H). 13C NMR (100 MHz, CDCls) & 201.6, 168.6, 148.2, 139.8,
138.1, 135.5, 135.2, 133.3, 128.8, 128.7, 128.6, 128.4, 128.2, 127.9, 127.8, 127.7, 104.0, 52.9,
454, 42.2, 36.0, 18.7. HRMS (ESI) m/z: [M+Na]* calcd for Cz7H2203Na 417.1461; found
417.1465. FTIR (cm™) 2959, 2924, 2364, 2333, 1754, 1675, 1598, 1489, 1449, 1358, 1151.

(4aR,5S,6S,10bR)-6-Benzoyl-2-methyl-5-(p-tolyl)-4a,5,6,10b-tetrahydro-4H-benzo|[f]
isochromen-4-one (3c)

Me Following the general procedure, (E)-4-(2-(2-oxo-2-phenylethyl)
phenyl) but-3-en-2-one la (66.1 mg, 0.25 mmol) and (E)-3-(p-tolyl)
acrylaldehyde 2c¢ (73.1 mg, 0.50 mmol) were treated with the triazolium

Me salt 5 (18.4 mg, 0.05 mmol), oxidant 4 (204.3 mg, 0.50 mmol) and 4 A MS
(100 mg) in CHCIs (2 mL) at 30 °C. To this stirring solution at 30 °C was
added DBU (37.3 uL, 0.25 mmol) and stirred the reaction mixture at 30 °C for 24 h. Then the
reaction mixture was purified using flash column chromatography (Pet. ether-EtOAc: 80:20)
to afford (4aR,5S,6S,10bR)-6-benzoyl-2-methyl-5-(p-tolyl)-4a,5,6,10b-tetrahydro-4H-
benzo[f]isochromen-4-one 3c as a pale-yellow solid (90.2 mg, 85% vyield).
R¢ (Pet. ether /EtOAc = 80/20): 0.32; er > 99:1, [a]p?® = -152.764 (¢ 1.0, CHCIs). HPLC
(Chiralpak AD, 80:20 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Minor: 24.3 min, Major: 42.6
min. 'H NMR (400 MHz, CDCls3) & 7.74 (d, J = 7.5 Hz, 2H), 7.50 (t, J = 7.2 Hz, 1H), 7.37 (t,
J=7.6 Hz, 2H), 7.28-7.26 (m, 2H), 7.15-7.09 (m, 3H), 7.02-7.01 (m, 2H), 6.90 (d, J = 7.8 Hz,
1H), 5.17 (s, 1H), 5.10 (d, J = 10.7 Hz, 1H), 4.08-4.03 (m, 2H), 3.35-3.31 (m, 1H), 2.22 (s,
3H), 1.96 (s, 3H). 13C NMR (100 MHz, CDCIs) 6 201.6, 168.6, 148.1, 138.1, 137.2, 136.6,
135.5, 135.2, 133.2, 129.5, 128.7, 128.7, 128.4, 127.9, 127.9, 127.8, 127.6, 104.1, 53.1, 45.5,
41.7, 36.1, 21.1, 18.6. HRMS (ESI) m/z: [M+Na]* calcd for CasH2403Na 431.1618; found
431.1624. FTIR (cm) 3025, 2956, 2921, 2849, 1756, 1675, 1591, 1514, 1448, 1358, 1233,
1149, 976.

S19



(4aR,5S,6S,10bR)-6-Benzoyl-5-(4-bromophenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-
benzo[f]lisochromen-4-one (3d)

Following the general procedure, (E)-4-(2-(2-oxo-2-phenylethyl) phenyl)
but-3-en-2-one la (66.1 mg, 0.25 mmol) and (E)-3-(4-bromophenyl)
acrylaldehyde 2d (105.5 mg, 0.50 mmol) were treated with the triazolium
salt 5 (18.4 mg, 0.05 mmol), oxidant 4 (204.3 mg, 0.50 mmol) and 4 A MS
(100 mg) in CHCI3 (2 mL) at 30 °C. To this stirring solution at 30 °C was
added DBU (37.3 uL, 0.25 mmol) and stirred the reaction mixture at 30 °C for 24 h. Then the

reaction mixture was purified using flash column chromatography (Pet. ether-EtOAc: 80:20)
to afford (4aR,5S,6S,10bR)-6-benzoyl-5-(4-bromophenyl)-2-methyl-4a,5,6,10b-tetrahydro-
4H-benzo[f]isochromen-4-one 3d as a pale-yellow solid (97 mg, 82% yield).

Rt (Pet. ether /EtOAc = 80/20): 0.32; er = 97:3, [a]p?? = -121.132 (c 1.0, CHCI3). HPLC
(Chiralpak AD, 70:30 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Minor: 13.8 min, Major: 35.7
min. *H NMR (400 MHz, CDCls3) & 7.74 (d, J = 7.9 Hz, 2H), 7.53 (t, J = 7.4 Hz, 1H), 7.39 (t,
J=75Hz, 2H), 7.33 (d, J = 8.3 Hz, 2H), 7.29-7.26 (m, 2H), 7.15-7.09 (m, 3H), 6.88 (d, J =
7.7 Hz, 1H), 5.18 (s, 1H), 5.06 (d, J = 10.8 Hz, 1H), 4.13-4.03 (m, 2H), 3.34-3.29 (m, 1H),
1.96 (s, 3H). 13C NMR (100 MHz, CDCls) 6 201.1, 168.4, 148.3, 138.9, 137.9, 135.4, 134.9,
133.5, 131.9, 129.9, 128.9, 128.6, 128.3, 127.9, 127.8, 127.7, 121.6, 103.8, 52.7, 45.3, 41.7,
36.0, 18.7. HRMS (ESI) m/z: [M+Na]" calcd for C27H21BrNaO3 495.0566; found 495.0570.
FTIR (cm™) 3027, 2958, 2923, 2849, 2355, 1753, 1673, 1593, 1485, 1446, 1357, 1232, 1152.

(4aR,5S,6S,10bR)-6-Benzoyl-5-(4-chlorophenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-
benzo[f]isochromen-4-one (3e)
Me Following the general procedure, (E)-4-(2-(2-oxo-2-phenylethyl)phenyl)
but-3-en-2-one  la (66.1 mg, 025 mmol) and (E)-3-(4-
chlorophenyl)acrylaldehyde 2e (83.3 mg, 0.50 mmol) were treated with the
o triazolium salt 5 (18.4 mg, 0.05 mmol), oxidant 4 (204.3 mg, 0.50 mmol)

and 4 A MS (100 mg) in CHCI3z (2 mL) at 30 °C. To this stirring solution at
30 °C was added DBU (37.3 pL, 0.25 mmol) and stirred the reaction mixture at 30 °C for 24
h. Then the reaction mixture was purified using flash column chromatography (Pet. ether-
EtOAc: 80:20) to afford (4aR,5S,6S,10bR)-6-benzoyl-5-(4-chlorophenyl)-2-methyl-
4a,5,6,10b-tetrahydro-4H-benzo[f]isochromen-4-one 3e as a pale-yellow solid (67 mg, 62%
yield).
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Rt (Pet. ether /EtOAcC = 80/20): 0.57; er = 96:4, [a]p??=-83.0 (¢ 1.0, CHCIs). HPLC (Chiralcel
ODH, 70:30 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Minor: 20.4 min, Major: 9.5 min. H
NMR (400 MHz, CDCl3) § 7.74 (d, J = 7.4 Hz, 2H), 7.53 (t, J=7.1 Hz, 1H), 7.39 (t, ) = 7.4
Hz, 2H), 7.31-7.28 (m, 2H), 7.19-7.12 (m, 5H), 6.88 (d, J = 7.4 Hz, 1H), 5.17 (s, 1H), 5.07 (d,
J =10.7 Hz, 1H), 4.08- 4.03 (m, 2H), 3.33 (dd, J1 = 10.2 Hz, J2 = 6.3 Hz, 1H), 1.96 (s, 3H).
13C NMR (100 MHz, CDCIs) § 201.2, 168.4, 148.3, 138.4, 137.9, 135.3, 135.0, 133.5, 133.4,
129.6, 129.0, 128.9, 128.6, 128.4, 127.9, 127.8, 127.7, 103.9, 52.8, 45.4, 41.7, 36.1, 18.7.
HRMS (ESI) m/z: [M+Na]* calcd for C27H2:ClO3Na 451.1071; found 451.1076. FTIR (cm
1) 2923, 2365, 2333, 1761, 1678, 1597, 1490, 1446, 1279, 1222, 1152.

(4aR,5S,6S,10bR)-6-Benzoyl-2-methyl-5-(4-(trifluoromethyl)phenyl)-4a,5,6,10b-
tetrahydro-4H-benzo[f]isochromen-4-one (3f)
Following the general procedure, (E)-4-(2-(2-oxo-2-phenylethyl)phenyl)
but-3-en-2-one  la (66.1 mg, 025 mmol) and (E)-3-(4-
(trifluoromethyl)phenyl)acrylaldehyde 2f (100.0 mg, 0.50 mmol) were
cr, treated with the triazolium salt 5 (18.4 mg, 0.05 mmol), oxidant 4 (204.3
mg, 0.50 mmol) and 4 A MS (100 mg) in CHCI3 (2 mL) at 30 °C. To this
stirring solution at 30 °C was added DBU (37.3 uL, 0.25 mmol) and stirred the reaction mixture

at 30 °C for 24 h. Then the reaction mixture was purified using flash column chromatography
(Pet.  ether-EtOAc: 80:20) to afford (4aR,5S,6S,10bR)-6-benzoyl-2-methyl-5-(4-
(trifluoromethyl)phenyl)-4a,5,6,10b-tetranydro-4H-benzo[flisochromen-4-one 3f as a white
solid (59 mg, 51% yield).

Rt (Pet. ether /EtOAC = 80/20): 0.54; er = 94:6, [a]p**=-86.7 (c 1.0, CHCIs). HPLC (Chiralcek
ODH, 90:10 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Minor: 41.8 min, Major: 15.1 min. H
NMR (400 MHz, CDCl3) 6 7.74 (d, J = 7.7 Hz, 2H), 7.53 (t, J = 7.5 Hz, 1H), 7.47 (d, J = 8.2
Hz, 2H), 7.40-7.35 (m, 4H), 7.30-7.29 (m, 2H), 7.17-7.13 (m, 1H), 6.89 (d, J = 7.9 Hz, 1H),
5.22 (d, J = 2.1 Hz, 1H), 5.12 (d, J = 10.6 Hz, 1H), 4.16 (t, J = 10.7 Hz, 1H), 4.10- 4.09 (m,
1H), 3.37 (dd, J1 = 9.9 Hz, J2= 6.6 Hz, 1H), 1.97 (s, 3H). 33C NMR (100 MHz, CDCls) &
200.9, 168.3, 148.5, 144.3, 137.9, 135.4, 134.9, 133.6, 129.8 (q, J = 32.6 Hz), 128.9, 128.7,
128.6, 128.2, 128.0, 127.8, 127.7, 125.8 (q, J = 3.6 Hz), 124.0 (q, J = 271.8 Hz), 103.6, 52.5,
45.3,42.2, 35.9, 18.7. HRMS (ESI) m/z: [M+Na]" calcd for CzsH21Fs0sNa 485.1333; found
485.1343. FTIR (cm™) 2925, 2364, 2333, 1751, 1674, 1449, 1327, 1159, 1123.
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(4aR,5S,6S,10bR)-6-Benzoyl-5-(3-methoxyphenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-
benzo[f]isochromen-4-one (3g)

Following the general procedure, (E)-4-(2-(2-oxo-2-phenylethyl)phenyl)
but-3-en-2-one  la (66.1 mg, 0.25 mmol) and (E)-3-(3-
methoxyphenyl)acrylaldehyde 2g (81.1 mg, 0.50 mmol) were treated with
the triazolium salt 5 (18.4 mg, 0.05 mmol), oxidant 4 (204.3 mg, 0.50
mmol) and 4 A MS (100 mg) in CHCI3z (2 mL) at 30 °C. To this stirring
solution at 30 °C was added DBU (37.3 uL, 0.25 mmol) and stirred the reaction mixture at 30

°C for 24 h. Then the reaction mixture was purified using flash column chromatography (Pet.
ether-EtOAc: 80:20) to afford (4aR,5S,6S,10bR)-6-benzoyl-5-(3-methoxyphenyl)-2-methyl-
4a,5,6,10b-tetrahydro-4H-benzo[flisochromen-4-one 3g as a pale-yellow solid (81 mg, 76%
yield).

Rr (Pet. ether /EtOAc = 80/20): 0.35; er = 96:4, [o]p? = -126.7 (c 1.0, CHCI3). HPLC
(Chiralpak AD, 60:40 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Major: 14.9 min, Minor: 19.1
min. IH NMR (400 MHz, CDCls) § 7.77 (d, J = 7.6 Hz, 2H), 7.51 (t, J = 7.1 Hz, 1H), 7.38 (t,
J =75 Hz, 2H), 7.28-7.26 (m, 2H), 7.16-7.12 (m, 2H), 6.89 (d, J = 7.8 Hz, 1H), 6.84 (d, J =
7.4 Hz, 1H), 6.74 (s, 1H), 6.67 (d, J = 8.0 Hz, 1H) 5.19 (s, 1H), 5.12 (d, J = 10.5 Hz, 1H),
4.10- 4.05 (m, 2H), 3.69 (s, 3H), 3.33 (dd, J1 =9.4 Hz, Jo= 6.5 Hz, 1H), 1.96 (s, 3H). ®°C NMR
(100 MHz, CDClzs) 6 201.4, 168.6, 159.6, 148.3, 141.6, 138.1, 135.6, 135.2, 133.3, 129.8,
128.7, 128.6, 128.2, 127.9, 127.8, 127.6, 120.2, 114.3, 112.7, 103.8, 55.2, 52.5, 45.5, 42.1,
35.8, 18.7. HRMS (ESI) m/z: [M+Na]" calcd for CzsH240:Na 447.1567; found 447.1575.
FTIR (cm™) 2960, 2924, 2836, 1755, 1674, 1597, 1262, 1232, 1148, 1045, 976.

(4aR,5S,6S,10bR)-6-Benzoyl-5-(3-bromophenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-
benzo[flisochromen-4-one (3h)
Me Following the general procedure, (E)-4-(2-(2-oxo-2-phenylethyl)phenyl)
but-3-en-2-one  la (66.1 mg, 0.25 mmol) and (E)-3-(3-
sr bromophenyl)acrylaldehyde 2h (105.5 mg, 0.50 mmol) were treated with
the triazolium salt 5 (18.4 mg, 0.05 mmol), oxidant 4 (204.3 mg, 0.50 mmol)
and 4 A MS (100 mg) in CHCI3 (2 mL) at 30 °C. To this stirring solution at
30 °C was added DBU (37.3 uL, 0.25 mmol) and stirred the reaction mixture at 30 °C for 24
h. Then the reaction mixture was purified using flash column chromatography (Pet. ether-
EtOAc: 80:20) to afford (4aR,5S,6S,10bR)-6-benzoyl-5-(3-bromophenyl)-2-methyl-
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4a,5,6,10b-tetrahydro-4H-benzo[flisochromen-4-one 3h as a pale-yellow solid (83.1 mg, 71%
yield).

Ry (Pet. ether /EtOAC = 80/20): 0.55; er = 93:7, [a]p??*=-112.3 (¢ 1.0, CHCI3). HPLC (Chiralcel
OD-H, 70:30 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Major: 10.0 min, Minor: 15.7 min. *H
NMR (400 MHz, CDCls) 8 7.75 (d, J = 7.8 Hz, 2H), 7.53 (t, J = 7.3 Hz, 1H), 7.41-7.36 (m,
3H), 7.29-7.25 (m, 3H), 7.20-7.12 (m, 2H), 7.08 (d, J = 7.8 Hz, 1H), 6.88 (d, J = 7.7 Hz, 1H),
5.21 (s, 1H), 5.07 (d, J = 10.7 Hz, 1H), 4.08- 4.02 (m, 2H), 3.32 (dd, J; = 9.8 Hz, J,= 6.4 Hz,
1H), 1.97 (s, 3H). 13C NMR (100 MHz, CDCls) § 201.1, 168.3, 148.5, 142.5, 137.9, 135.4,
135.0, 133.5, 131.3, 130.8, 130.4, 128.8, 128.6, 128.1, 127.9, 127.7, 126.9, 122.8, 103.6, 52.5,
45.3, 42.0, 35.8, 18.7. HRMS (ESI) m/z: [M+Na]* calcd for C27H21BrOsNa 495.0566; found
495.0572. FTIR (cm) 3025, 2958, 2922, 2848, 2364, 2333, 1757, 1675, 1447, 1229, 1149,
1074, 975.

(4aR,5S,6S,10bR)-6-Benzoyl-5-(3-chlorophenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-
benzo[flisochromen-4-one (3i)

//Mfo Following the general procedure, (E)-4-(2-(2-ox0-2-
phenylethyl)phenyl) but-3-en-2-one 1a (66.1 mg, 0.25 mmol) and (E)-3-(3-
chlorophenyl)acrylaldehyde 2i (83.3 mg, 0.50 mmol) were treated with the

©/\3i triazolium salt 5 (18.4 mg, 0.05 mmol), oxidant 4 (204.3 mg, 0.50 mmol) and
4 A MS (100 mg) in CHCI3 (2 mL) at 30 °C. To this stirring solution at 30 °C was added DBU
(37.3 uL, 0.25 mmol) and stirred the reaction mixture at 30 °C for 24 h. Then the reaction

mixture was purified using flash column chromatography (Pet. ether-EtOAc: 80:20) to afford
(4aR,5S,6S,10bR)-6-benzoyl-5-(3-chlorophenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-
benzo[f]isochromen-4-one 3i as a white solid (76 mg, 70% yield).

Rr (Pet. ether /EtOAc = 80/20): 0.57; er = 97:3, [o]p? = -151.2 (c 1.0, CHCI3). HPLC
(Chiralpak AD, 80:20 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Minor: 17.8 min, Major: 23.9
min. 1H NMR (400 MHz, CDCls) § 7.75 (d, J = 7.5 Hz, 2H), 7.52 (t, J = 7.1 Hz, 1H), 7.39 (t,
J=7.5Hz, 2H), 7.29-7.26 (m, 2H), 7.21 (s, 1H), 7.13-7.12 (m, 4H), 6.89 (d, J = 7.7 Hz, 1H),
5.20 (s, 1H), 5.07 (d, J = 10.8 Hz, 1H), 4.09- 4.04 (m, 2H), 3.33 (dd, J1 = 9.7 Hz, J>= 6.5 Hz,
1H), 1.97 (s, 3H). 1*C NMR (100 MHz, CDClIs) & 201.1, 168.3, 148.5, 142.3, 138.0, 135.4,
135.1,134.5,133.5, 130.1, 128.8, 128.6, 128.4, 128.2, 127.9, 127.9, 127.8, 127.7, 126.4, 103.7,
52.6, 45.4, 42.1, 35.9, 18.7. HRMS (ESI) m/z: [M+Na]* calcd for C27H21ClO3Na 451.1071;
found 451.1074. FTIR (cm™) 3064, 3024, 2922, 2874, 1759, 1677, 1597, 1447, 1224, 1151,
1049, 977.
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(4aS,5S,6S,10bR)-6-Benzoyl-2-methyl-5-(o-tolyl)-4a,5,6,10b-tetrahydro-4H-benzo[f]
isochromen-4-one (3j)

Me Following the general procedure, (E)-4-(2-(2-ox0-2-phenylethyl)phenyl) but-
3-en-2-one la (66.1 mg, 0.25 mmol) and (E)-3-(o-tolyl)acrylaldehyde 2]
(73.1 mg, 0.50 mmol) were treated with the triazolium salt 5 (18.4 mg, 0.05
mmol), oxidant 4 (204.3 mg, 0.50 mmol) and 4 A MS (100 mg) in CHClIs (2
mL) at 30 °C. To this stirring solution at 30 °C was added DBU (37.3 uL,

0.25 mmol) and stirred the reaction mixture at 30 °C for 24 h. Then the reaction mixture was

purified using flash column chromatography (Pet. ether-EtOAc: 80:20) to afford
(4aS,5S,6S,10bR)-6-benzoyl-2-methyl-5-(o-tolyl)-4a,5,6,10b-tetrahydro-4H-benzo[f]
isochromen-4-one 3j as a pale-yellow solid (82.1 mg, 80% yield).

Rt (Pet. ether /EtOAc = 80/20): 0.47; er = >99:1, [o]p? = -209.1 (c 1.0, CHCI3). HPLC
(Chiralcel OD-H, 90:10 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Major: 19.4 min, Minor: 25.9
min. 'H NMR (400 MHz, CDCls) & 7.72 (d, J = 7.4 Hz, 2H), 7.49 (t, J = 7.3 Hz, 1H), 7.41-
7.29 (m, 5H), 7.17-7.13 (m, 2H), 7.03-6.98 (m, 2H), 6.90 (d, J = 7.7 Hz, 1H), 5.20-5.16 (m,
2H), 4.46 (t, J = 10.2 Hz, 1H), 4.12-4.10 (m, 1H), 3.33 (dd, J: = 10.2 Hz, J, = 6.1 Hz, 1H),
2.18 (s, 3H), 1.97 (s, 3H). 3C NMR (100 MHz, CDCIs) 6 201.8, 168.5, 147.9, 138.1, 137.8,
136.6, 135.5, 135.4, 133.2,130.9, 128.7, 128.6, 128.5, 127.9, 127.8, 127.6, 127.3, 126.5, 104.6,
53.3, 45.5, 36.4, 19.4, 18.6. HRMS (ESI) m/z: [M+Na]* calcd for CzsH2403Na 431.1618;
found 431.1624. FTIR (cm™) 3020, 2922, 2852, 1766, 1678, 1491, 1448, 1382, 1448, 1382,
1282, 1221, 1156, 979.

(4aR,5S,6S,10bR)-6-Benzoyl-5-(2-fluorophenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-
benzo[flisochromen-4-one (3Kk)

Me Following the general procedure, (E)-4-(2-(2-oxo-2-phenylethyl)phenyl) but-
- ?\\ 3-en-2-one  la (661 mg, 025 mmol) and (E)-3-(2-
o fluorophenyl)acrylaldehyde 2k (75.1 mg, 0.50 mmol) were treated with the
@o O triazolium salt 5 (18.4 mg, 0.05 mmol), oxidant 4 (204.3 mg, 0.50 mmol) and
" 4 A'MS (100 mg) in CHCI3 (2 mL) at 30 °C. To this stirring solution at 30 °C
was added DBU (37.3 uL, 0.25 mmol) and stirred the reaction mixture at 30 °C for 24 h. Then

the reaction mixture was purified using flash column chromatography (Pet. ether-EtOAc:
80:20) to afford (4aR,5S,6S,10bR)-6-benzoyl-5-(2-fluorophenyl)-2-methyl-4a,5,6,10b-
tetrahydro-4H-benzo[f]lisochromen-4-one 3k as a white solid (55 mg, 53% vyield).

S24



Rt (Pet. ether /EtOAc = 80/20): 0.61; er = 99:1, [a]p?? = -129.3 (¢ 1.0, CHCI3). HPLC
(Chiralpak AD, 80:20 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Minor: 17.0 min, Major: 21.5
min. *H NMR (400 MHz, CDCls) § 7.79 (d, J = 7.6 Hz, 2H), 7.50 (t, J = 7.5 Hz, 1H), 7.37 (,
J=7.5Hz, 2H), 7.27-7.25 (m, 2H), 7.19 (t, J = 7.2 Hz, 1H), 7.14-7.08 (m, 2H), 6.98-6.86 (m,
3H), 5.35 (d, J = 11.2 Hz, 1H), 5.21 (d, J = 2.5 Hz, 1H), 4.20 (t, J = 9.7 Hz, 1H), 4.11- 4.10
(m, 1H), 3.53 (dd, J1 = 9.8 Hz, Jo= 6.3 Hz, 1H), 1.96 (s, 3H). 13C NMR (100 MHz, CDClz3) §
201.5, 168.8, 161.4 (d, J = 243 Hz), 148.5, 138.07, 135.7 (d, J = 8.9 Hz), 133.5, 131.6 (d, J =
5 Hz), 129.5 (d, J = 9.5), 128.8, 128.5, 128.0, 127.8, 127.6, 127.5, 126.6 (d, J = 14.5), 124.5
(d,J=3.6),116.1, 115.9, 103.6, 50.3, 43.9, 39.1, 35.8, 18.6. HRMS (ESI) m/z: [M+Na]* calcd
for Co7H21FOsNa 435.1367; found 435.1371. FTIR (cm) 2959, 2924, 2364, 1762, 1680,
1490, 1450, 1279, 1227, 1135.

(4aS,5S,6S,10bR)-6-Benzoyl-5-(furan-2-yl)-2-methyl-4a,5,6,10b-tetrahydro-4H-benzo[f]
isochromen-4-one (3I)

/“teo Following the general procedure, (E)-4-(2-(2-oxo0-2-phenylethyl)phenyl) but-

L 3-en-2-one la (66.1 mg, 0.25 mmol) and (E)-3-(furan-2-yl)acrylaldehyde 2I
% (61.1 mg, 0.50 mmol) were treated with the triazolium salt 5 (18.4 mg, 0.05
G/% mmol), oxidant 4 (204.3 mg, 0.50 mmol) and 4 A MS (100 mg) in CHCIs (2

3l mL) at 30 °C. To this stirring solution at 30 °C was added DBU (37.3 uL, 0.25
mmol) and stirred the reaction mixture at 30 °C for 24 h. Then the reaction mixture was purified
using flash column chromatography (Pet. ether-EtOAc: 80:20) to afford (4aS,5S,6S,10bR)-6-
benzoyl-5-(furan-2-yl)-2-methyl-4a,5,6,10b-tetrahydro-4H-benzo[f] isochromen-4-one 3l as a
pale-yellow solid (61 mg, 63% yield).
Rt (Pet. ether /EtOAC = 80/20): 0.52; er = 96:4, [a]o??=-93.4 (¢ 1.0, CHCIls). HPLC (Chiralpak
AD, 93:7 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Minor: 54.1 min, Major: 46.8 min. *H NMR
(400 MHz, CDCl3) 6 7.87 (d, J = 7.4 Hz, 2H), 7.55 (t, J = 7.5 Hz, 1H), 7.43 (t, J = 7.7 Hz,
2H), 7.28-7.25 (m, 3H), 7.14-7.10 (m, 1H), 6.87 (d, J = 7.8 Hz, 1H), 6.14-6.13 (m, 1H), 6.05
(d, J = 2.9 Hz, 1H), 5.26 (d, J = 10.4 Hz, 1H), 5.18 (d, J = 2.8 Hz, 1H), 4.20 (t, J = 10.0 Hz,
1H), 4.02-4.01 (m, 1H), 3.44 (dd, J1 = 9.5 Hz, J,= 6.4 Hz, 1H), 1.96 (s, 3H). 3C NMR (100
MHz, CDCIs) & 201.5, 168.5, 152.7, 148.3, 142.4, 137.8, 135.5, 134.7, 133.5, 128.9, 128.6,
128.1,127.9,127.8, 127.6,110.4, 108.1, 103.8, 49.7, 43.6, 36.0, 35.5, 18.7. HRMS (ESI) m/z:
[M+Na]* calcd for CosH2004Na 407.1254; found 407.1256. FTIR (cm™) 2924, 1763, 1681,
1597, 1499, 1447, 1297, 1224, 1150.

S25



(4aS,5S,6S,10bR)-6-Benzoyl-2-methyl-5-(thiophen-3-yl)-4a,5,6,10b-tetrahydro-4H-benzo

[flisochromen-4-one (3m)

Me
/k ?\ 3-en-2-one la (66.1 mg, 0.25 mmol) and (E)-3-(thiophen-2-yl) acrylaldehyde
o

% 2m (69.1 mg, 0.50 mmol) were treated with the triazolium salt 5 (18.4 mg,
©/%o =/ 0.05 mmol), oxidant 4 (204.3 mg, 0.50 mmol) and 4 A MS (100 mg) in CHCl3

3m (2 mL) at 30 °C. To this stirring solution at 30 °C was added DBU (37.3 uL,
0.25 mmol) and stirred the reaction mixture at 30 °C for 24 h. Then the reaction mixture was

Following the general procedure, (E)-4-(2-(2-oxo-2-phenylethyl) phenyl) but-

purified using flash column chromatography (Pet. ether-EtOAc: 80:20) to afford
(4aS,5S,6S,10bR)-6-benzoyl-2-methyl-5-(thiophen-3-yl)-4a,5,6,10b-tetrahydro-4H-benzo|f]
isochromen-4-one 3m as a pale-yellow solid (84.1 mg, 84% vyield).

Rt (Pet. ether /EtOAc = 80/20): 0.33; er = >99:1, [a]p?? = -200.56 (¢ 1.0, CHCIs). HPLC
(Chiralcell OD-H, 85:15 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Major: 18.3 min. 'H NMR
(400 MHz, CDCls) 6 7.76 (d, J = 7.6 Hz, 2H), 7.52 (t, J = 7.3 Hz, 1H), 7.39 (t, J = 7.7 Hz,
2H), 7.27-7.25 (m, 2H), 7.20.7.18 (m, 1H), 7.16-7.10 (m, 1H), 7.02 (d, J = 5.0 Hz, 1H), 6.96
(s, 1H), 6.87 (d, J = 7.7 Hz, 1H), 5.16 (s, 1H), 5.05 (d, J = 10.5 Hz, 1H), 4.23 (t, J = 10.2 Hz,
1H), 4.04-4.03 (m, 1H), 3.33-3.29 (m, 1H), 1.94 (s, 3H). *C NMR (100 MHz, CDCls)
201.8,168.6,148.1, 140.5,138.1, 135.5, 134.9, 133.3, 128.8, 128.5, 128.4, 128.0, 127.9, 127.6,
126.6, 126.4, 122.7, 104.0, 52.7, 45.1, 37.6, 35.7, 18.7. HRMS (ESI) m/z: [M+Na]* calcd for
C2s5H2003NaS 423.1025; found 423.1032. FTIR (cm™) 2955, 2925, 2363, 2332, 1754, 1674,
1587, 1513, 1444, 1358, 1252, 1148.

(4aR,5S,6S,10bR)-6-Benzoyl-5-(3,4-dimethoxyphenyl)-2-methyl-4a,5,6,10b-tetrahydro-
4H-benzo[f]isochromen-4-one (3n)
Me Following the general procedure, (E)-4-(2-(2-oxo-2-phenylethyl)phenyl)
but-3-en-2-one  la (66.1 mg, 0.25 mmol) and (E)-3-(3,4-
ove dimethoxyphenyl)acrylaldehyde 2n (96.1 mg, 0.50 mmol) were treated
ome With the triazolium salt 5 (18.4 mg, 0.05 mmol), oxidant 4 (204.3 mg, 0.50
mmol) and 4 A MS (50 mg) in CHCI3 (2 mL) at 30 °C. To this stirring
solution at 30 °C was added DBU (37.3 uL, 0.25 mmol) and stirred the reaction mixture at 30

°C for 24 h. Then the reaction mixture was purified using flash column chromatography (Pet.
ether-EtOAc: 70:30) to afford (4aR,5S,6S,10bR)-6-Benzoyl-5-(3,4-dimethoxyphenyl)-2-
methyl-4a,5,6,10b-tetrahydro-4H-benzo[f]isochromen-4-one 3n as a pale-yellow solid (87.2
mg, 76% yield).
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Rr (Pet. ether /EtOAc = 70/30): 0.35; er = 99:1, [o]p? = -132.3 (c 1.0, CHCI3). HPLC
(Chiralpak AD, 50:50 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Minor: 16.5 min, Major: 19.2
min. *H NMR (400 MHz, CDCls) § 7.74 (d, J = 7.6 Hz, 2H), 7.50 (t, J = 7.5 Hz, 1H), 7.37 (t,
J=7.7Hz, 2H), 7.27-7.26 (m, 2H), 7.15-7.11 (m, 1H), 6.88 (d, J = 7.7 Hz, 1H), 6.76-6.73 (m,
1H), 6.69 (d, J = 8.3 Hz, 2H), 5.16 (s, 1H), 5.10 (d, J = 10.6 Hz, 1H), 4.06- 3.98 (m, 2H), 3.76
(s, 3H), 3.73 (s, 3H), 3.32 (dd, J; = 10.2 Hz, J>= 6.2 Hz, 1H), 1.95 (s, 3H). *C NMR (100
MHz, CDCIs) & 201.8, 168.6, 148.9, 148.3, 148.1, 138.2, 135.5, 135.3, 133.3, 132.2, 128.8,
128.6,128.4,127.9,127.8, 127.6, 120.2,111.4,111.3,104.1, 55.9, 55.8, 52.9, 45.5, 41.8, 36.1,
18.7. HRMS (ESI) m/z: [M+Na]" calcd for C29H260sNa 477.1672; found 477.1679. FTIR
(cm1) 3025, 2961, 2925, 2841, 1757, 1673, 1518, 1447, 1265, 1229, 1146, 1106, 1025, 976.

(4aR,5S,6S,10bR)-6-Benzoyl-5-(3,4-dichlorophenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-
benzo[f]isochromen-4-one (30)
Me Following the general procedure, (E)-4-(2-(2-oxo-2-phenylethyl)phenyl)
but-3-en-2-one  la (66.1 mg, 025 mmol) and (E)-3-(3,4-
cdichlorophenyl)acrylaldehyde 20 (100.5 mg, 0.50 mmol) were treated with
o thetriazolium salt 5 (18.4 mg, 0.05 mmol), oxidant 4 (204.3 mg, 0.50 mmol)
and 4 A MS (100 mg) in CHCI3 (2 mL) at 30 °C. To this stirring solution at
30 °C was added DBU (37.3 uL, 0.25 mmol) and stirred the reaction mixture at 30 °C for 24

h. Then the reaction mixture was purified using flash column chromatography (Pet. ether-
EtOAc: 80:20) to afford (4aR,5S,6S,10bR)-6-benzoyl-5-(3,4-dichlorophenyl)-2-methyl-
4a,5,6,10b-tetrahydro-4H-benzo[flisochromen-4-one 3o as a pale-yellow solid (51 mg, 45%
yield).

Rt (Pet. ether /EtOAC = 80/20): 0.5; er = 96:4, [a]p?? = -82.2 (¢ 1.0, CHCIl3). HPLC (Chiralpak
AD, 80:20 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Minor: 15.8 min, Major: 36.7 min. 'H NMR
(400 MHz, CDCls) & 7.76 (d, J = 8.0 Hz, 2H), 7.55 (t, J = 7.0 Hz, 1H), 7.41 (t, J = 7.5 Hz,
2H), 7.30-7.26 (m, 4H), 7.16-7.09 (m, 2H), 6.88 (d, J = 8.0 Hz, 1H), 5.20 (s, 1H), 5.03 (d, J =
10.8 Hz, 1H), 4.07- 4.02 (m, 2H), 3.33 (dd, J1 = 9.8 Hz, J.= 6.5 Hz, 1H), 1.97 (s, 3H). 13C
NMR (100 MHz, CDCls) & 200.7, 168.2, 148.6, 140.6, 137.8, 135.3, 134.8, 133.7, 132.8,
131.7, 130.8, 130.3, 128.9, 128.6, 128.2, 128.1, 127.8, 127.7, 127.6, 103.5, 52.5, 45.3, 41.6,
35.9, 18.7. HRMS (ESI) m/z: [M+Na]* calcd for C27H20Cl.0O3Na 485.0682; found 485.0685.
FTIR (cm) 2923, 2365, 1751, 1672, 1590, 1473, 1444, 1352, 1232, 1153.
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(4aR,5S,6S,10bR)-6-Benzoyl-2-methyl-5-(naphthalen-2-yl)-4a,5,6,10b-tetrahydro-4H-
benzo[f]lisochromen-4-one (3p)

Me Following the general procedure, (E)-4-(2-(2-oxo-2-phenylethyl)phenyl)
but-3-en-2-one la (66.1 mg, 0.25 mmol) and (E)-3-(naphthalen-2-
yl)acrylaldehyde 2p (91.1 mg, 0.50 mmol) were treated with the triazolium
salt 5 (18.4 mg, 0.05 mmol), oxidant 4 (204.3 mg, 0.50 mmol) and 4 A MS
(100 mg) in CHCI3 (2 mL) at 30 °C. To this stirring solution at 30 °C was
added DBU (37.3 uL, 0.25 mmol) and stirred the reaction mixture at 30 °C for 24 h. Then the

reaction mixture was purified using flash column chromatography (Pet. ether-EtOAc: 80:20)
to afford (4aR,5S,6S,10bR)-6-benzoyl-2-methyl-5-(naphthalen-2-yl)-4a,5,6,10b-tetrahydro-
4H-benzo[f]isochromen-4-one 3p as a white solid (61 mg, 55% yield).

Rt (Pet. ether /EtOAc = 80/20): 0.48; er = 98:2, [a]o??=-78.3 (¢ 1.0, CHCls). HPLC (Chiralpak
AD, 80:20 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Minor: 43.5 min, Major: 54.6 min. 'H NMR
(400 MHz, CDCls) & 7.77-7.68 (m, 5H), 7.59 (s, 1H), 7.48-7.37 (m, 4H), 7.33-7.29 (m, 4H),
7.18-7.14 (m, 1H), 6.93 (d, J = 7.9 Hz, 1H), 5.27-5.22 (m, 2H), 4.29 (t, J = 9.9 Hz, 1H), 4.12-
4.11 (m, 1H), 3.45 (dd, J1 = 10.0 Hz, J» = 6.4 Hz, 1H), 1.99 (s, 3H). 23C NMR (100 MHz,
CDCIs) 6 201.3, 168.6, 148.3, 138.0, 137.3, 135.6, 135.2, 133.4, 133.3, 132.8, 128.8, 128.7,
128.6, 128.3, 128.0, 127.9, 127.8, 127.7, 126.2, 125.9, 125.3, 103.9, 52.6, 45.4, 42.2, 35.9,
18.7. HRMS (ESI) m/z: [M+Na]" calcd for Cs1H2403Na 467.1618; found 467.1621. FTIR
(cm) 2923, 2364, 1754, 1674, 1598, 1446, 1357, 1231, 1148, 1104.
(4aR,5S,6S,10bR)-6-Benzoyl-2-methyl-5-((E)-styryl)-4a,5,6,10b-tetrahydro-4H-benzol[f]
isochromen-4-one (3q)

Following the general procedure, (E)-4-(2-(2-oxo-2-phenylethyl) phenyl)
but-3-en-2-one 1a (66.1 mg, 0.25 mmol) and (2E,4E)-5-phenylpenta-2,4-
dienal 2g (79.1 mg, 0.50 mmol) were treated with the triazolium salt 5 (18.4
mg, 0.05 mmol), oxidant 4 (204.3 mg, 0.50 mmol) and 4 A MS (100 mg) in
CHCIs (2 mL) at 30 °C. To this stirring solution at 30 °C was added DBU
(37.3 uL, 0.25 mmol) and stirred the reaction mixture at 30 °C for 24 h. Then the reaction

mixture was purified using flash column chromatography (Pet. ether-EtOAc: 80:20) to afford
(4aR,5S,6S,10bR)-6-benzoyl-2-methyl-5-((E)-styryl)-4a,5,6,10b-tetrahydro-4H-
benzol[flisochromen-4-one 3q as a pale-yellow solid (68.3 mg, 65% yield).

R¢ (Pet. ether /EtOAc = 80/20): 0.31; er >99:1, [o]p?? = -168.64 (c 1.0, CHCIs). HPLC
(Chiralpak AD, 93:7 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Minor: 28.8 min, Major: 55.1
min. H NMR (400 MHz, CDCls) & 7.89 (d, J = 7.7 Hz, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.44 (t,
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J =75 Hz, 2H), 7.27-7.26 (m, 2H), 7.20-7.16 (m, 6H), 6.93 (d, J = 7.7 Hz, 1H), 6.31 (d, J =
15.7 Hz, 1H), 6.11-6.05 (m, 1H), 5.11 (s, 1H), 4.80 (d, J = 10.2 Hz, 1H), 4.08 (s, 1H), 3.61 (q,
J=9.9 Hz, 1H), 3.15-3.11 (m, 1H), 1.95 (s, 3H). 3C NMR (100 MHz, CDCl3) & 201.7, 168.6,
147.7,138.2, 136.6, 135.3, 134.2, 133.9, 133.4, 128.9, 128.8, 128.4, 128.3, 128.0, 127.9, 127.7,
127.7, 126.6, 104.6, 52.5, 44.5, 39.9, 35.7, 18.6. HRMS (ESI) m/z: [M+K]* calcd for
CaoH24KO3 459.1357; found 459.1360. FTIR (cm't) 3609, 2923, 2364, 2332, 1762, 1680,
1598, 1492, 1447, 1350, 1220, 1156.

(4aR,5S,6S,10bR)-6-Benzoyl-5-(4-methoxyphenyl)-2,8-dimethyl-4a,5,6,10b-tetrahydro-
4H-benzo[f]isochromen-4-one (3r)

Me Following the general procedure, (E)-4-(4-methyl-2-(2-ox0-2-
phenylethyl)phenyl)but-3-en-2-one 1r (69.6 mg, 0.25 mmol) and (E)-
3-(4-methoxyphenyl)acrylaldehyde 2a (81.1 mg, 0.50 mmol) were

ove treated with the triazolium salt 5 (18.4 mg, 0.05 mmol), oxidant 4
(204.3 mg, 0.50 mmol) and 4 A MS (100 mg) in CHCIs (2 mL) at 30
°C. To this stirring solution at 30 °C was added DBU (37.3 uL, 0.25 mmol) and stirred the

reaction mixture at 30 °C for 24 h. Then the reaction mixture was purified using flash column
chromatography (Pet. ether-EtOAc: 80:20) to afford (4aR,5S,6S,10bR)-6-benzoyl-5-(4-
methoxyphenyl)-2,8-dimethyl-4a,5,6,10b-tetrahydro-4H-benzo[flisochromen-4-one 3r as a
pale-yellow solid (93.3 mg, 85% vyield).

Rr (Pet. ether /EtOAc = 80/20): 0.51; er = 99:1, [o]p? = -209.8 (c 1.0, CHCI3). HPLC
(Chiralpak AD, 60:40 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Minor: 12.7 min, Major: 37.3
min. 'H NMR (400 MHz, CDCls) & 7.73 (d, J = 7.4 Hz, 2H), 7.50 (t, J = 7.1 Hz, 1H), 7.37 (t,
J=7.2 Hz, 2H), 7.18-7.09 (m, 4H), 6.74-6.71 (m, 3H), 5.14 (s, 1H), 5.03 (d, J = 10.4 Hz, 1H),
4.04- 3.96 (m, 2H), 3.69 (s, 3H), 3.30 (dd, J1 = 9.6 Hz, J>= 6.3 Hz, 1H), 2.19 (s, 3H), 1.94 (s,
3H). 3C NMR (100 MHz, CDCls) § 202.0, 168.7, 158.8, 147.8, 138.1, 137.3, 134.9, 133.1,
132.4,131.5,129.1, 128.7, 128.6, 128.5, 128.3, 114.1, 104.4, 55.1, 53.4, 45.5, 41.5, 35.8, 21.1,
18.6. HRMS (ESI) m/z: [M+Na]* calcd for Co9H260sNa 461.1723; found 461.1729. FTIR
(cm™) 3017, 2957, 2922, 2837, 1761, 1679, 1511, 1447, 1252, 1154, 1034, 978.
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(4aR,5S,6S,10bR)-6-Benzoyl-9-fluoro-5-(4-methoxyphenyl)-2-methyl-4a,5,6,10b-
tetrahydro-4H-benzo[f]isochromen-4-one (3s)

Me Following the general procedure, (E)-4-(5-fluoro-2-(2-oxo-2-
phenylethyl) phenyl) but-3-en-2-one 1s (70.6 mg, 0.25 mmol) and (E)-
3-(p-tolyl) acrylaldehyde 2a (73.1 mg, 0.50 mmol) were treated with

ome the triazolium salt 5 (18.4 mg, 0.05 mmol), oxidant 4 (204.3 mg, 0.50
mmol) and 4 A MS (100 mg) in CHCIs (2 mL) at 30 °C. To this stirring
solution at 30 °C was added DBU (37.3 uL, 0.25 mmol) and stirred the reaction mixture at 30

°C for 24 h. Then the reaction mixture was purified using flash column chromatography (Pet.
ether-EtOAc: 80:20) to afford (4aR,5S,6S,10bR)-6-benzoyl-9-fluoro-5-(4-methoxyphenyl)-2-
methyl-4a,5,6,10b-tetrahydro-4H-benzo[f]isochromen-4-one 3s as a pale-yellow solid (89.6
mg, 81% vyield).

Rt (Pet. ether /EtOAC = 80/20): 0.34; er = 98:2, [a]p?? = -162.02 (¢ 1.0, CHCIs). HPLC
(Chiralpak AD, 70:30 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Minor: 16.2 min, Major: 22.4
min. 'H NMR (400 MHz, CDCls) & 7.73 (d, J = 7.7 Hz, 2H), 7.51 (t, J = 7.4 Hz, 1H), 7.37 (t,
J=7.6 Hz, 2H), 7.12 (d, J = 8.3 Hz, 2H), 6.98 (d, J = 8.3 Hz, 1H), 6.85 (d, J = 6.6 Hz, 2H),
6.74 (d, J = 8.5 Hz, 2H), 5.16 (s, 1H), 5.02 (d, J = 10.1 Hz, 1H), 4.05-4.00 (m, 2H), 3.69 (s,
3H), 3.31-3.27 (m, 1H), 1.96 (s, 3H). 13C NMR (100 MHz, CDCls) § 201.4, 168.3, 162.0 (d,
J =246.9 Hz), 158.9, 148.7, 138.0, 137.9, 137.8, 133.4, 131.6, 130.9 (d, J = 2.9 Hz), 129.7 (d,
J=8.0 Hz), 129.1, 128.8, 128.6, 114.8 (d, J = 21.5 Hz), 114.3, 103.2, 55.2, 52.3, 45.3, 41.4,
35.9, 18.7. HRMS (ESI) m/z: [M+Na]* calcd for CosH23FOsNa 465.1473; found 465.1477.
FTIR (cm) 2959, 2927, 2837, 1761, 1678, 1587, 1510, 1447, 1385, 1249, 1148.

(4aR,5S,6S,10bR)-6-Benzoyl-8,9-dimethoxy-5-(4-methoxyphenyl)-2-methyl-4a,5,6,10b-
tetrahydro-4H-benzo[f]isochromen-4-one (3t)
Me Following the general procedure, (E)-4-(4,5-dimethoxy-2-(2-oxo0-2-
phenylethyl)phenyl)but-3-en-2-one 1t (81.1 mg, 0.25 mmol) and (E)-
3-(4-methoxyphenyl)acrylaldehyde 2a (81.1 mg, 0.50 mmol) were
ome treated with the triazolium salt 5 (18.4 mg, 0.05 mmol), oxidant 4

(204.3 mg, 0.50 mmol) and 4 A MS (100 mg) in CHCI3 (2 mL) at 30
°C. To this stirring solution at 30 °C was added DBU (37.3 uL, 0.25 mmol) and stirred the
reaction mixture at 30 °C for 24 h. Then the reaction mixture was purified using flash column
chromatography (Pet. ether-EtOAc: 80:20) to afford (4aR,5S,6S,10bR)-6-benzoyl-8,9-
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dimethoxy-5-(4-methoxyphenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-benzo[f]isochromen-4-
one 3t as a pale-yellow solid (98.0 mg, 81% vyield).

R¢ (Pet. ether /EtOAc = 80/20): 0.17; er = 99:1, [a]p?® = -208.1 (¢ 1.0, CHCIs). HPLC
(Chiralpak AD, 50:50 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Minor: 9.1 min, Major: 16.1
min. *H NMR (400 MHz, CDCl3) & 7.68 (d, J = 7.5 Hz, 2H), 7.49 (t, J = 7.3 Hz, 1H), 7.36 (t,
J=7.7Hz, 2H), 7.06 (d, J = 8.7 Hz, 2H), 6.75-6.72 (m, 3H), 6.34 (s, 1H), 5.13 (s, 1H), 4.93
(d, J=10.2 Hz, 1H), 3.95-3.93 (m, 2H), 3.89 (s, 3H), 3.70 (s, 3H), 3.58 (s, 3H), 3.26 (dd, J1 =
10.7 Hz, J, = 5.8 Hz, 1H), 1.93 (s, 3H). *C NMR (100 MHz, CDCls) 6 201.9, 168.7, 158.9,
148.9, 148.5,147.8,138.1, 133.2, 131.2,129.2, 128.7, 128.6, 127.4, 126.4,114.2, 111.0, 110.6,
104.4, 56.1, 55.9, 55.2, 53.9, 45.3, 41.2, 35.9, 18.6. HRMS (ESI) m/z: [M+Na]* calcd for
CsoH2806Na 507.1778; found 507.1785. FTIR (cm™) 3006, 2959, 2925, 2846, 1764, 1680,
1609, 1514, 1445, 1250, 1157, 1034, 974.

(4aR,5S,6S,10bR)-6-Benzoyl-2-isobutyl-5-(4-methoxyphenyl)-4a,5,6,10b-tetrahydro-4H-
benzo[f]isochromen-4-one (3u)

Me Following the general procedure, ((E)-5-methyl-1-(2-(2-ox0-2-
phenylethyl) phenyl) hex-1-en-3-one 1u (76.6 mg, 0.25 mmol) and (E)-3-
(4-methoxyphenyl) acrylaldehyde 2a (81.1 mg, 0.50 mmol) were treated
with the triazolium salt 5 (18.4 mg, 0.05 mmol), oxidant 4 (204.3 mg, 0.50
mmol) and 4 A MS (100 mg) in CHCI3 (2 mL) at 30 °C. To this stirring
solution at 30 °C was added DBU (37.3 pL, 0.25 mmol) and stirred the
reaction mixture at 30 °C for 24 h. Then the reaction mixture was purified using flash column
chromatography (Pet. ether-EtOAc: 80:20) to afford (4aR,5S,6S,10bR)-6-benzoyl-2-isobutyl-
5-(4-methoxyphenyl)-4a,5,6,10b-tetrahydro-4H-benzo[flisochromen-4-one 3u as a pale-
yellow solid (87.4 mg, 75% yield).

Rt (Pet. ether /EtOAc = 80/20): 0.35; er = 98:2, [a]p?? = -166.528 (c 1.0, CHCI3). HPLC
(Chiralpak AD, 80:20 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Minor: 13.5 min, Major: 101.4
min. 'H NMR (400 MHz, CDCls) & 7.68 (d, J = 7.6 Hz, 2H), 7.49 (t, J = 7.5 Hz, 1H), 7.35 (t,
J =7.6 Hz, 2H), 7.29-7.26 (m, 2H), 7.15-7.08 (m, 3H), 6.90 (d, J = 7.9 Hz, 1H), 6.74 (d, J =
8.5 Hz, 2H), 5.14-5.13 (m, 1H), 5.02 (d, J = 10.9 Hz, 1H), 4.14-4.13 (m, 1H), 4.04 (t, J = 10.9
Hz, 1H), 3.7 (s, 3H), 3.36-3.32 (m, 1H), 2.15-2.10 (m, 1H), 2.05-1.90 (m, 2H), 1.0-0.95 (m,
6H). 1*C NMR (100 MHz, CDCls) § 201.6, 168.7, 158.9, 150.6, 137.9, 135.4, 135.1, 133.1,
131.2, 129.2, 128.8, 128.7, 127.95, 127.9, 127.7, 114.3, 105.0, 55.2, 54.2, 45.5, 42.0, 41.3,
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36.5, 25.6, 22.7, 22.4. HRMS (ESI) m/z: [M+Na]" calcd for Cs1H3004Na 489.2042; found
489.2043. FTIR (cm) 2957, 2869, 2329, 1753, 1674, 1513, 1454, 1359, 1224, 1147.

(4aR,5S,6S,10bR)-6-Benzoyl-5-(4-methoxyphenyl)-2-phenyl-4a,5,6,10b-tetrahydro-4H-
benzo[f]isochromen-4-one (3v)

Ph Following the general procedure, (E)-3-(2-(2-oxo-2-phenylethyl)phenyl)-
1-phenylprop-2-en-1-one 1v (65.3 mg, 0.20 mmol) and (E)-3-(4-
methoxyphenyl)acrylaldehyde 2a (64.8 mg, 0.40 mmol) were treated with

ove the triazolium salt A (14.7 mg, 0.04 mmol), oxidant 4 (163.4 mg, 0.40
mmol) and 4 A MS (80 mg) in CHCI3 (2 mL) at 30 °C. To this stirring
solution at 30 °C was added DBU (30.4 uL, 0.20 mmol) and stirred the reaction mixture at 30

°C for 24 h. Then the reaction mixture was purified using flash column chromatography (Pet.
ether-EtOAc: 80:20) to afford (4aR,5S,6S,10bR)-6-benzoyl-5-(4-methoxyphenyl)-2-phenyl-
4a,5,6,10b-tetrahydro-4H-benzo[flisochromen-4-one 3v as a pale-yellow solid (50.2 mg, 51%
yield).

Rt (Pet. ether /EtOAC = 80/20): 0.37; er = 98:2, [a]p??=-16.6 (¢ 1.0, CHCI3). HPLC (Chiralcel
OD-H, 70:30 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Major: 14.1 min, Minor: 24.7 min. 'H
NMR (400 MHz, CDCls) 8 7.72 (d, J = 7.6 Hz, 2H), 7.66-7.64 (m, 2H), 7.49 (t, J = 7.3 Hz,
1H), 7.42-7.30 (m, 7H), 7.17 (t, J = 7.2 Hz, 1H), 7.11 (d, J = 8.2 Hz, 2H), 6.92 (d, J = 7.6 Hz,
1H), 6.74 (d, J = 8.5 Hz, 2H), 5.92 (d, J = 2.7 Hz, 1H), 5.12 (d, J = 10.7 Hz, 1H), 4.32 (dd, J;
=5.6 Hz, J> = 2.9 Hz, 1H), 4.06 (t, J = 10.8 Hz, 1H), 3.70 (s, 3H), 3.45 (dd, J1 = 10.8 Hz, J. =
5.8 Hz, 1H). 13C NMR (100 MHz, CDCls) 6 201.6, 168.2, 158.9, 148.6, 138.0, 135.3, 135.1,
133.3,132.0, 131.2, 129.4, 129.2, 128.7, 128.6, 128.1, 128.0, 127.9, 124.9, 114.3, 104.4, 55.2,
53.5, 45.6, 41.5, 36.9. HRMS (ESI) m/z: [M+Na]" calcd for Cs3H2604Na 509.1723; found
509.1728. FTIR (cm) 2958, 2919, 2846, 1767, 1678, 1514, 1459, 1250, 1182, 1079, 1039,
826.

(4aR,5S,6S,10bR)-5-(4-Methoxyphenyl)-2-methyl-6-(4-methylbenzoyl)-4a,5,6,10b-
tetrahydro-4H-benzo[f]isochromen-4-one (3w)

Me Following  the  general  procedure, (E)-4-(2-(2-ox0-2-(p-
tolyl)ethyl)phenyl)but-3-en-2-one 1w (69.6 mg, 0.25 mmol) and (E)-
3-(4-methoxyphenyl)acrylaldehyde 2a (81.1 mg, 0.50 mmol) were

ome treated with the triazolium salt 5 (18.4 mg, 0.05 mmol), oxidant 4
(204.3 mg, 0.50 mmol) and 4 A MS (100 mg) in CHCIs (2 mL) at 30
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°C. To this stirring solution at 30 °C was added DBU (37.3 uL, 0.25 mmol) and stirred the
reaction mixture at 30 °C for 24 h. Then the reaction mixture was purified using flash column
chromatography (Pet. ether-EtOAc: 80:20) to afford (4aR,5S,6S,10bR)-5-(4-methoxyphenyl)-
2-methyl-6-(4-methylbenzoyl)-4a,5,6,10b-tetrahydro-4H-benzo[flisochromen-4-one e 3w as a
pale-yellow solid (90 mg, 82% vyield).

Rt (Pet. ether /EtOAC = 80/20): 0.44; er =99:1, [a]p?2=-145.1 (¢ 1.0, CHCIs). HPLC (Chiralcel
ODH, 70:30 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Minor: 18.9 min, Major: 10.9 min. ‘H
NMR (400 MHz, CDCls) & 7.65 (d, J = 7.9 Hz, 2H), 7.25 (d, J = 3.6 Hz, 2H), 7.16-7.07 (m,
5H), 6.86 (d, J =7.7 Hz, 1H), 6.72 (d, J = 8.2 Hz, 2H), 5.13 (s, 1H), 5.06 (d, J = 10.8 Hz, 1H),
4.08- 3.99 (m, 2H), 3.67 (s, 3H), 3.31 (dd, J1 = 10.3 Hz, J2= 6.0 Hz, 1H), 2.35 (s, 3H), 1.94 (s,
3H). 3C NMR (100 MHz, CDCls) § 201.1, 168.6, 158.7, 147.9, 144.2, 135.6, 135.4, 131.6,
129.4,129.1,128.8, 128.4, 127.8, 127.7,127.5,114.1,104.2, 55.1, 52.9, 45.5, 41.2, 36.2, 21.7,
18.6. HRMS (ESI) m/z: [M+Na]" calcd for C29H2604Na 461.1723; found 461.1728. FTIR
(cmt) 2957, 2925, 1759, 1673, 1606, 1512, 1251, 1180, 1150.

(4aR,5S,6S,10bR)-6-(3-Chlorobenzoyl)-5-(4-methoxyphenyl)-2-methyl-4a,5,6,10b-
tetrahydro-4H-benzo[flisochromen-4-one (3x)

Me Following the general procedure, (E)-4-(2-(2-(3-chlorophenyl)-2-
oxoethyl)phenyl)but-3-en-2-one 1x (74.7 mg, 0.25 mmol) and (E)-3-
(4-methoxyphenyl)acrylaldehyde 2a (81.1 mg, 0.50 mmol) were

ome treated with the triazolium salt 5 (18.4 mg, 0.05 mmol), oxidant 4
(204.3 mg, 0.50 mmol) and 4 A MS (100 mg) in CHClI3 (2 mL) at 30
°C. To this stirring solution at 30 °C was added DBU (37.3 uL, 0.25 mmol) and stirred the

reaction mixture at 30 °C for 24 h. Then the reaction mixture was purified using flash column
chromatography (Pet. ether-EtOAc: 80:20) to afford (4aR,5S,6S,10bR)-6-(3-chlorobenzoyl)-5-
(4-methoxyphenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-benzo[flisochromen-4-one 3x as a
pale-yellow solid (60 mg, 52% vyield).

R¢ (Pet. ether /EtOAc = 80/20): 0.4; er = >99:1, [o]p?? = -130.2 (c 1.0, CHCIs). HPLC
(Chiralpak AD, 80:20 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Minor: 27.4 min, Major: 65.6
min. *H NMR (400 MHz, CDCls) 6 7.66 (s, 1H), 7.58 (d, J = 7.7 Hz, 1H), 7.47 (t, J = 7.3 Hz,
1H), 7.32-7.26 (m, 3H), 7.15-7.09 (m, 3H), 6.86 (d, J = 7.7 Hz, 1H), 6.75 (d, J = 8.3 Hz, 2H),
5.16 (s, 1H), 4.98 (d, J = 10.6 Hz, 1H), 4.08 (s, 1H), 3.97 (t, J= 10.5 Hz, 1H), 3.71 (s, 3H),
3.32 (dd, J1 = 9.9 Hz, J2= 6.4 Hz, 1H), 1.95 (s, 3H). *C NMR (100 MHz, CDClIs) & 200.5,
168.4,159.0, 148.2, 139.4, 135.5, 134.9, 134.7,133.1, 131.3, 130.1, 129.1, 128.7, 128.6, 128.0,
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127.9,127.7,126.7,114.3,104.1, 45.4, 41.5, 36.2, 18.6. HRMS (ESI) m/z: [M+Na]" calcd for
C2sH23ClOsNa 481.1177; found 481.1182. FTIR (cm™) 2925, 2356, 1763, 1684, 1610, 1567,
1513, 1251, 1180, 1152.

(4aR,5S,6S,10bR)-6-(2-Methoxybenzoyl)-5-(4-methoxyphenyl)-2-methyl-4a,5,6,10b-
tetrahydro-4H-benzo[f]isochromen-4-one (3y)
Me Following the general procedure, (E)-4-(2-(2-(2-methoxyphenyl)-2-
/k\ \?\\ oxoethyl)phenyl)but-3-en-2-one 1y (73.6 mg, 0.25 mmol) and (E)-3-(4-
0

methoxyphenyl)acrylaldehyde 2a (81.1 mg, 0.50 mmol) were treated with
Qi% ome the triazolium salt 5 (18.4 mg, 0.05 mmol), oxidant 4 (204.3 mg, 0.50
OMe 3y mmol) and 4 A MS (100 mg) in CHCIz (2 mL) at 30 °C. To this stirring
solution at 30 °C was added DBU (37.3 uL, 0.25 mmol) and stirred the reaction mixture at 30
°C for 24 h. Then the reaction mixture was purified using flash column chromatography (Pet.
ether-EtOAC: 80:20) to afford (4aR,5S,6S,10bR)-6-(2-methoxybenzoyl)-5-(4-
methoxyphenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-benzo[f] isochromen-4-one 3y as a white
solid (65 mg, 57% vyield).
Rr (Pet. ether /EtOAc = 80/20): 0.37; er = 99:1, [o]p? = -115.9 (c 1.0, CHCI3). HPLC
(Chiralpak AD, 70:30 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Minor: 15.3 min, Major: 25.3
min. 'H NMR (400 MHz, CDCls)  7.76-7.32 (m, 1H), 7.28-7.22 (m, 2H), 7.19-7.12 (m, 2H),
7.10 (d, J = 7.7 Hz, 1H), 7.04 (d, J = 8.4 Hz, 2H), 7.84-7.78 (m, 2H), 6.67 (d, J = 8.4 Hz, 1H),
5.32 (d, J =10.0 Hz, 1H), 5.12 (s, 1H), 3.98- 3.97 (m, 2H), 3.87- 3.82 (m, 1H), 3.69 (s, 3H),
3.68 (s, 3H), 3.22 (dd, J: = 10.4 Hz, J, = 6.6 Hz, 1H), 1.92 (s, 3H). 3C NMR (100 MHz,
CDCIs) 6 204.5, 168.8, 158.7, 157.8, 147.6, 135.6, 133.4, 132.0, 130.7, 129.6, 129.2, 128.8,
128.2,127.4,127.2,120.7, 113.8, 111.3, 104.5, 56.5, 55.4, 55.2, 45.7, 41.8 35.8, 18.6. HRMS
(ESI) m/z: [M+Na]* caled for Ca9H260sNa 477.1672; found 477.1674. FTIR (cm) 2923,
2364, 1764, 1673, 1599, 1512, 1485, 1284, 1249, 1178, 1155.

(4aR,5S,6S,10bR)-6-(1-Naphthoyl)-5-(4-methoxyphenyl)-2-methyl-4a,5,6,10b-tetrahydro
-4H-benzo[f]isochromen-4-one (3z)

Following the general procedure, (E)-4-(2-(2-(naphthalen-1-yl)-2-oxoethyl)phenyl)but-3-en-
2-one 1z (78.6 mg, 0.25 mmol) and (E)-3-(4-methoxyphenyl)acrylaldehyde 2a (81.1 mg, 0.50
mmol) were treated with the triazolium salt 5 (18.4 mg, 0.05 mmol), oxidant 4 (204.3 mg, 0.50
mmol) and 4 A MS (100 mg) in CHCIs (2 mL) at 30 °C. To this stirring solution at 30 °C was
added DBU (37.3 uL, 0.25 mmol) and stirred the reaction mixture at 30 °C for 24 h. Then the
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Me reaction mixture was purified using flash column chromatography (Pet.
ether-EtOAc: 80:20) to afford (4aR,5S,6S,10bR)-6-(1-naphthoyl)-5-(4-
methoxyphenyl)-2-methyl-4a,5,6,10b-tetrahydro -4H-
benzol[flisochromen-4-one 3z as a white solid (87 mg, 73% vyield).

Rt (Pet. ether /EtOAc = 80/20): 0.4; er = 99:1, [a]p?® = -181.2 (c 1.0,
CHClIs). HPLC (Chiralpak AD, 75:25 Hexane / i-PrOH, 0.7 mL/min, 254
nm) Minor: 20.7 min, Major: 39.4 min. *H NMR (400 MHz, CDCls) § 8.14 (d, J = 8.1 Hz,
1H), 7.92 (t, J = 8.1 Hz, 1H), 7.82 (t, J = 7.3 Hz, 1H), 7.50-7.43 (m, 3H), 7.36-7.29 (m, 3H),
7.16-7.12 (m, 3H), 7.02 (d, J = 7.8 Hz, 1H), 6.69 (d, J = 8.9 Hz, 2H), 5.15 (s, 1H), 5.10 (d, J
=11.1 Hz, 1H), 4.10- 4.04 (m, 2H), 3.66 (s, 3H), 3.35 (dd, J1 = 10.6 Hz, J>=5.8 Hz, 1H), 1.96
(s, 3H). 13C NMR (100 MHz, CDCIs) § 203.3, 167.6, 157.9, 146.9, 136.3, 134.5, 134.2, 132.9,
131.9,130.4,129.1,128.5,127.8,127.3,126.9, 126.8, 126.7, 126.6, 125.6, 124.9, 123.2, 113.3,
103.3, 55.9, 54.2, 44.2, 40.6, 35.5, 17.6. HRMS (ESI) m/z: [M+Na]" calcd for Cs2H2604Na
497.1723; found 497.1728. FTIR (cm™) 2361, 2328, 1687, 1671, 1641, 1593, 1575, 1424,
1360, 1220, 1173.

(4aS,5S,6S,10bR)-6-Benzoyl-2-methyl-5-(thiophen-2-yl)-4a,5,6,10b-tetrahydro-4H-benzo
[flisochromen-4-one (3aa)

Following the general procedure, (E)-4-(2-(2-oxo-2-(thiophen-2-yl)
ethyl)phenyl)but-3-en-2-one laa (67.5 mg, 0.25 mmol) and (E)-3-(4-
methoxyphenyl)acrylaldehyde 2a (81.1 mg, 0.50 mmol) were treated with
the triazolium salt 5 (18.4 mg, 0.05 mmol), oxidant 4 (204.3 mg, 0.50
mmol) and 4 A MS (100 mg) in CHCIz (2 mL) at 30 °C. To this stirring
solution at 30 °C was added DBU (37.3 uL, 0.25 mmol) and stirred the reaction mixture at 30

°C for 24 h. Then the reaction mixture was purified using flash column chromatography (Pet.
ether-EtOAc: 80:20) to afford (4aS,5S,6S,10bR)-6-benzoyl-2-methyl-5-(thiophen-2-yl)-
4a,5,6,10b-tetrahydro-4H-benzo[flisochromen-4-one 3aa as a pale-yellow solid (91.4 mg, 85%
yield).

Rs (Pet. ether /EtOAc = 80/20): 0.32; er = > 99:1, [a]p? = -15.68 (c 0.5, CHCl3). HPLC
(Chiralpak AD, 70:30 Hexane / i-PrOH, 0.7 mL/min, 254 nm)Major: 42.9 min. *H NMR (400
MHz, CDCls) & 7.58 (d, J = 4.5 Hz, 2H), 7.51 (t, J = 3.5 Hz, 1H), 7.27-7.26 (m, 2H), 7.15 (d,
J =84 Hz, 3H), 7.02 (t, J = 4.1 Hz, 1H), 6.96 (d, J = 7.9 Hz, 1H), 6.75 (d, J = 8.4 Hz, 1H),
5.11 (s, 1H), 4.88 (d, J = 10.9 Hz, 1H), 4.09 (s, 1H), 3.97 (t, J = 11.1 Hz, 1H), 3.70 (s, 3H),
3.35-3.31 (m, 1H), 1.94 (s, 3H). *C NMR (100 MHz, CDCls) § 193.8, 168.5, 158.9, 147.9,
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145.3, 135.5, 134.8, 132.9, 131.1, 129.3, 128.6, 128.4, 128.1, 127.9, 127.7, 114.2, 104.4, 55.4,
55.2, 45.4, 41.5, 36.5, 18.6. HRMS (ESI) m/z: [M+Na]* calcd for C2sH22NaO4 453.1131;
found 453.1135. FTIR (cm™) 3069, 2957, 2922, 2836, 2332, 1753, 1650, 1512, 1450, 1410,
1355, 1249, 1104, 971.

(4aR,5S,6R,10bR)-6-Benzoyl-5-(4-methoxyphenyl)-2-phenyl-4a,5,6,10b-tetrahydro-4H-
pyrano[3,4-g]indolizin-4-one (10a)
Ph Following the general procedure, (E)-3-(1-(2-oxo-2-phenylethyl)-1H-

/k?\ pyrrol-2-yl)-1-phenylprop-2-en-1-one 9a (79.1 mg, 0.25 mmol) and (E)-
.\“\O

3-(4-methoxyphenyl)acrylaldehyde 2a (60.8 mg, 0.375 mmol) were
Q/% ome treated with the triazolium salt 5 (9.2 mg, 0.025 mmol), oxidant 4 (153.2
10a mg, 0.50 mmol) and LiCl (10.6 mg, 0.25 mmol) in THF (3 mL) at 30 °C.
To this stirring solution at 30 °C was added DMAP (45.8, 0.375 mmol) and stirred the reaction
mixture at 30 °C for 24 h. Then the reaction mixture was purified using flash column
chromatography (Pet. ether-EtOAc: 90:10) to afford (4aR,5S,6R,10bR)-6-benzoyl-5-(4-
methoxyphenyl)-2-phenyl-4a,5,6,10b-tetrahydro-4H-pyrano[3,4-g]indolizin-4-one 10a as a
white solid (53 mg, 45% yield, 5:1 dr).
Rt (Pet. ether /EtOAC = 85/15): 0.25; Major diastereomer, er = >99:1, Minor diastereomer, er
=>99:1. [a]p?® = +128.4 (c 1, CHCI3). HPLC (Chiralpak AD, 70:30 Hexane / IPA, 0.7 mL/min,
254 nm) Major diastereomer: Minor: 31.2 min, Major: 17.6 min, Minor diastereomer: Major:
23.9 min, Minor: 70.2 min. *H NMR (400 MHz, CDCls) 6 7.81 (d, J = 7.5 Hz, 2H), 7.64-7.60
(m, 3H), 7.48-7.44 (m, 2H), 7.38-7.35 (m, 3H), 7.19 (d, J = 8.8 Hz, 2H), 6.87 (d, J = 8.8 Hz,
2H), 6.62 (m, 1H), 6.33 (d, J = 2.1 Hz, 2H), 6.28 (d, J = 2.2 Hz, 1H), 5.74 (d, J = 3.6 Hz, 1H),
4.07-4.00 (m, 2H), 3.80 (s, 3H), 2.92 (dd, J1 = 14.4 Hz, J, = 9.7 Hz 1H). 3C NMR (100 MHz,
CDCIls) 6 195.8, 168.8, 159.0, 150.4, 135.9, 134.3, 130.9, 129.4, 129.1, 129.0, 128.9, 128.7,
128.6, 124.8, 119.9, 114.6, 109.4, 103.9, 102.8, 65.9, 55.4, 48.4, 42.8, 31.9. Representative
peaks for minor diastereomer: *H NMR (400 MHz, CDCl3) § 7.96 (d, J = 7.5 Hz, 2H), 7.55-
7.50 (m, 2H), 7.42-7.39 (m, 2H), 7.28 (d, J = 8.8 Hz, 2H), 6.94 (d, J = 8.8 Hz, 2H), 6.67-6.75
(m, 2H), 6.54 (m, 1H), 6.42 (d, J = 3.2 Hz, 1H), 6.23 (d, J = 1.9 Hz, 1H), 6.18 (d, J = 5.3 Hz,
1H), 6.14-6.10 (m, 2H), 4.46 (t, J = 5.2 Hz, 1H), 3.70 (s, 3H), 3.33 (dd, J1 = 6.8 Hz, J, = 5.4
Hz 1H), 3.17 (dd, J1 = 14.7 Hz, J2 = 2.7 Hz 1H). 13C NMR (100 MHz, CDCls) § 195.9, 167.8,
159.6, 135.9, 134.1, 130.8, 130.4, 128.8, 128.6, 124.7, 120.6, 114.2, 110.2, 104.4, 103.0, 64.9,
55.3, 41.9, 41.5. HRMS (ESI) calculated [M+H]* for Cs1H2604N: 476.1856, found: 476.1861.
FTIR (cm™) 3123, 2921, 1710, 1536, 1469, 1365, 1254, 1194, 1054, 905.
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(4aR,5S,6R,10bR)-6-Benzoyl-2,5-diphenyl-4a,5,6,10b-tetrahydro-4H-pyrano[3,4-g]
indolizin-4-one (10b)

Ph Following the general procedure, (E)-3-(1-(2-ox0-2-phenylethyl)-1H-pyrrol-

2-yl)-1-phenylprop-2-en-1-one 9a (79.1 mg, 0.25 mmol) and trans-
cinnamaldehyde 2b (47.2 uL, 0.375 mmol) were treated with the triazolium
salt 5 (9.2 mg, 0.025 mmol), oxidant 4 (153.2 mg, 0.50 mmol) and LiCl (10.6
mg, 0.25 mmol) in THF (3 mL) at 30 °C. To this stirring solution at 30 °C was
added DMAP (45.8, 0.375 mmol) and stirred the reaction mixture at 30 °C for 24 h. Then the
reaction mixture was purified using flash column chromatography (Pet. ether-EtOAc: 90:10)
to afford (4aR,5S,6R,10bR)-6-benzoyl-2,5-diphenyl-4a,5,6,10b-tetrahydro-4H-pyrano[3,4-g]
indolizin-4-one 10b as a white solid (49 mg, 44% vyield, 4:1 dr).
Rt (Pet. ether /EtOAC = 85/15): 0.36; Major diastereomer, er = >99:1, Minor diastereomer, er
=>99:1. [a]p? = +59.9 (¢ 1, CHCI3). HPLC (Chiralpak AD, 80:20 Hexane / IPA, 0.7 mL/min,
254 nm) Major diastereomer: Minor: 20.4 min, Major: 17.9 min, Minor diastereomer: Major:
32.2 min, Minor: 29.4 min. *H NMR (400 MHz, CDCls) § 7.78-7.74 (m, 2H), 7.63-7.60 (m,
2H), 7.46-7.25 (m, 8H), 7.38-7.35 (m, 3H), 6.62-6.61 (m, 1H), 6.33 (d, J = 2.3 Hz, 2H), 6.28
(d, J=2.2Hz, 1H), 5.76 (d, J = 3.5 Hz, 1H), 4.08-4.05 (m, 2H), 2.95 (dd, J1 = 14.3 Hz, J> =
9.5 Hz 1H). 3C NMR (100 MHz, CDCls) 6 195.7, 168.8, 150.4, 143.8, 134.3, 134.1, 131.9,
130.9, 129.4, 129.3, 129.1, 129.0, 128.7, 127.8, 124.9, 124.8, 120.0, 109.5, 103.9, 102.8, 65.7,
48.3, 43.5, 31.9. Representative peaks for minor diastereomer: 'H NMR (400 MHz,
CDCls) 6 7.76-7.74 (m, 2H), 7.60-7.59 (m, 2H), 7.46-7.25 (m, 9H), 7.04-7.01 (m, 2H), 6.70-
6.69 (m, 1H), 6.30 (d, J = 3.2 Hz, 1H), 6.20 (d, J = 5.6 Hz, 1H), 6.14-6.10 (m, 2H), 4.50 (t, J
=5.3 Hz, 1H), 4.08-4.06 (m, 1H), 3.36 (dd, J1 = 6.9 Hz, J, = 4.9 Hz, 1H). 3C NMR (100 MHz,
CDCls) 6 195.8, 168.9, 149.6, 136.1, 135.9, 134.3, 134.1, 133.6, 132.1, 130.9, 128.9, 128.2,
128.1, 124.9, 121.2, 109.4, 106.2, 102.9, 59.4, 42.3, 41.9, 31.7. HRMS (ESI) calculated
[M+H]* for C3oH2403N: 446.1751, found: 446.1756. FTIR (cm™) 3122, 2923, 1714, 1535,
1477, 1360, 1255, 1191, 1054, 913.

(4aR,5S,6R,10bR)-6-Benzoyl-5-(4-bromophenyl)-2-phenyl-4a,5,6,10b-tetrahydro-4H-
pyrano|3,4-glindolizin-4-one (10c)

Following the general procedure, (E)-3-(1-(2-oxo0-2-phenylethyl)-1H-pyrrol-2-yl)-1-
phenylprop-2-en-1-one 9a (79.1 mg, 0.25 mmol) and (E)-3-(4-bromophenyl)acrylaldehyde 2d
(79.1 mg, 0.375 mmol) were treated with the triazolium salt 5 (9.2 mg, 0.025 mmol), oxidant
4 (153.2 mg, 0.50 mmol) and LiCl (10.6 mg, 0.25 mmol) in THF (3 mL) at 30 °C. To this

S37



stirring solution at 30 °C was added DMAP (45.8, 0.375 mmol) and stirred
the reaction mixture at 30 °C for 24 h. Then the reaction mixture was
purified using flash column chromatography (Pet. ether-EtOAc: 90:10) to
afford (4aR,5S,6R,10bR)-6-benzoyl-5-(4-bromophenyl)-2-phenyl-
4a,5,6,10b-tetrahydro-4H-pyrano[3,4-g]indolizin-4-one 10c as a white
solid (67 mg, 51% yield, 4:1 dr).

Rt (Pet. ether /EtOAc = 70/30): 0.37; Major diastereomer, er = >99:1, Minor diastereomer, er
=97:3. [a]p? = +70.7 (c 1, CHCI3). HPLC (Chiralcel OD-H, 80:20 Hexane / IPA, 0.7 mL/min,
254 nm) Major diastereomer: Minor: 27.4 min, Major: 21.6 min, Minor diastereomer: Major:
16.8 min, Minor: 13.5 min. *H NMR (400 MHz, CDCls) § 7.76-7.74 (m, 2H), 7.65-7.61 (m,
3H), 7.48-7.45 (m, 4H), 7.38-7.37 (m, 3H), 7.15-7.13 (m, 2H), 6.61 (m, 1H), 6.33-6.27 (m,
3H), 5.69 (d, J = 3.9 Hz, 1H), 4.0-4.01 (m, 2H), 2.90 (dd, J; = 14.2 Hz, J, = 9.6 Hz 1H). 13C
NMR (100 MHz, CDCls) & 195.4, 168.6, 150.5, 142.7, 134.4, 134.1, 132.4, 131.9, 130.7,
129.6, 129.5, 129.2, 129.0, 128.7, 124.9, 121.8, 120.0, 109.7, 104.1, 102.7, 65.4, 48.1, 43.1,
31.9. Representative peaks for minor diastereomer: *H NMR (400 MHz, CDCls) & 7.82-
7.80 (m, 2H), 7.48-7.45 (m, 2H), 7.38-7.37 (m, 5H), 7.28 (m, 2H), 7.01-6.99 (m, 1H), 6.93-
6.91 (m, 2H), 6.69 (m, 1H), 6.28-6.27 (m, 1H), 6.20 (d, J = 4.9 Hz, 1H), 6.13-6.12 (m, 2H),
4.48 (t,J = 4.9 Hz, 1H), 4.01-3.97 (m, 1H), 3.32 (dd, J1 = 7.1 Hz, J, = 4.9 Hz, 1H). 13C NMR
(100 MHz, CDCls) 6 196.0, 168.6, 131.9, 130.9, 129.6, 129.1, 128.6, 128.3, 124.9, 121.3,
109.6, 104.6, 102.6, 67.6, 53.3, 41.9, 31.7. HRMS (ESI) calculated [M+H]" for C3oH23BrOsN:
524.0856, found: 524.0858. FTIR (cm) 2925, 2356, 1763, 1684, 1610, 1567, 1513, 1251,
1180, 1152.

(4aR,5S,6R,10bR)-6-Benzoyl-5-(3-chlorophenyl)-2-phenyl-4a,5,6,10b-tetrahydro-4H-
pyrano|3,4-glindolizin-4-one (10d)
Ph Following the general procedure, (E)-3-(1-(2-oxo-2-phenylethyl)-1H-

/k?\ pyrrol-2-yl)-1-phenylprop-2-en-1-one 9a (79.1 mg, 0.25 mmol) and (E)-3-
.\“\O

ci (3-chlorophenyl)acrylaldehyde 2i (62.5 mg, 0.375 mmol) were treated with
©/%o the triazolium salt 5 (9.2 mg, 0.025 mmol), oxidant 4 (153.2 mg, 0.50 mmol)

10d and LiCl (10.6 mg, 0.25 mmol) in THF (3 mL) at 30 °C. To this stirring
solution at 30 °C was added DMAP (45.8, 0.375 mmol) and stirred the reaction mixture at 30
°C for 24 h. Then the reaction mixture was purified using flash column chromatography (Pet.
ether-EtOAc: 90:10) to afford (4aR,5S,6R,10bR)-6-benzoyl-5-(3-chlorophenyl)-2-phenyl-
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4a,5,6,10b-tetrahydro-4H-pyrano[3,4-g]indolizin-4-one 10d as a white solid (42 mg, 35%
yield, 3:1 dr).

Rt (Pet. ether /EtOAc = 85/15): 0.32; Major diastereomer, er = >99:1, Minor diastereomer, er
=97:3. [0]p?? = -79.02 (¢ 1, CHCI3). HPLC (Chiralpak AD, 85:15 Hexane / IPA, 0.7 mL/min,
254 nm) Major diastereomer: Minor: 20.4 min, Major: 18.8 min, Minor diastereomer: Major:
23.8 min, Minor: 13.6 min. *H NMR (400 MHz, CDCl3) 6 7.77-7.74 (m, 2H), 7.64-7.60 (m,
3H), 7.48-7.36 (m, 7H), 7.26-7.25 (m, 2H), 6.62 (m, 1H), 6.34-6.32 (m, 2H), 6.28-6.27 (m,
1H), 5.701 (d, J = 3.8 Hz, 1H), 4.09-4.02 (m, 2H), 2.93 (dd, J1 = 14.1 Hz, J> = 9.6 Hz 1H). 13C
NMR (100 MHz, CDCI3) 8 13C NMR (101 MHz, CDCI3) 4 195.5, 168.6, 150.5, 145.5, 135.1,
134.4, 130.6, 130.5, 129.5, 129.2, 129.1, 129.0, 128.7, 128.1, 127.9, 126.2, 124.93, 124.9,
120.1, 109.7, 104.2, 102.8, 65.3, 47.9, 43.3, 31.9. Representative peaks for minor
diastereomer: *H NMR (400 MHz, CDCls) 8 7.81-7.79 (m, 2H), 7.60-7.55 (m, 2H), 7.42-
7.40 (m, 1H), 7.26-7.25 (m, 3H), 7.15-7.12 (m, 3H), 7.10-7.06 (m, 1H), 6.01-6.97 (m, 2H),
6.68 (m, 1H), 6.30-6.28 (m, 1H), 6.19-6.10 (m, 3H), 4.47 (t, J = 5.2 Hz, 1H), 4.01-3.99 (m,
1H), 3.36 (dd, J1 = 6.8 Hz, J, = 5.1 Hz, 1H). 13C NMR (100 MHz, CDCls) & 195.0, 166.3,
149.6, 138.1, 133.9, 131.9, 130.6, 130.0, 129.6, 129.4, 128.4, 128.2, 127.4, 124.9, 121.2, 109.6,
106.5, 59.1, 42.1, 41.7, 31.7. HRMS (ESI) calculated [M+H]* for C30H23CIO3N: 480.1361,
found: 480.1369. FTIR (cm) 3121, 2923, 1714, 1539, 1470, 1358, 1255, 1192, 1058, 945.

(4aR,5S,6R,10bR)-6-Benzoyl-2-(4-bromophenyl)-5-(4-methoxyphenyl)-4a,5,6,10b-
tetrahydro-4H-pyrano[3,4-g]indolizin-4-one (10e)

Br Following the general procedure, (E)-1-(4-bromophenyl)-3-(1-(2-oxo0-2-
phenylethyl)-1H-pyrrol-2-yl)prop-2-en-1-one 9e (98.6 mg, 0.25 mmol)
and (E)-3-(4-methoxyphenyl) acrylaldehyde 2a (60.8 mg, 0.375 mmol)
were treated with the triazolium salt 5 (9.2 mg, 0.025 mmol), oxidant 4

- (153.2 mg, 0.50 mmol) and LiCl (10.6 mg, 0.25 mmol) in THF (3 mL) at
Ph/ig OMe 30 °C. To this stirring solution at 30 °C was added DMAP (45.8, 0.375
mmol) and stirred the reaction mixture at 30 °C for 24 h. Then the reaction mixture was purified
using flash column chromatography (Pet. ether-EtOAc: 90:10) to afford (4aR,5S,6R,10bR)-6-
benzoyl-2-(4-bromophenyl)-5-(4-methoxyphenyl)-4a,5,6,10b-tetrahydro-4H-pyrano[ 3,4-
gJindolizin-4-one 10e as a white solid (57 mg, 48% vyield, 1.4:1 dr).

Rt (Pet. ether /EtOAC = 85/15): 0.47; Major diastereomer, er = >99:1, Minor diastereomer, er
= >99:1. [a]p? = +107.2 (c 1, CHCIs). HPLC (Chiralpak ODH, 85:15 Hexane / IPA, 0.7
mL/min, 254 nm) Major diastereomer: Minor: 46.8 min, Major: 40.4 min, Minor diastereomer:
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Major: 36.7 min, Minor: 59.7 min. *H NMR (400 MHz, CDClz) & 7.79 (d, J = 8.1 Hz, 2H),
7.78-7.45 (m, 4H), 7.38-7.35 (m, 3H), 7.20 (d, J = 8.0 Hz, 2H), 6.88 (d, J = 8.0 Hz, 2H), 6.62
(m, 1H), 6.35 (m, 1H), 6.17 (m, 1H), 5.68 (m, 1H), 4.02-3.96 (m, 2H), 3.80 (s, 3H), 2.89 (dd,
J1=14.4 Hz, J, = 9.7 Hz 1H). 8C NMR (100 MHz, CDCl3) & 195.1, 168.5, 159.2, 150.7,
135.6,134.6,132.1, 131.8,130.7, 129.6, 129.5, 129.2, 129.1, 128.8, 128.7,124.9, 119.5, 114.7,
106.9, 101.9, 97.3, 65.9, 55.5, 48.1, 42.6, 31.6. Representative peaks for minor
diastereomer: 'H NMR (400 MHz, CDCls) § 7.94 (d, J = 7.6 Hz, 2H), 7.78-7.45 (m, 7H),
7.38-7.35 (m, 2H), 6.88 (d, J = 8.0 Hz, 2H), 6.54 (m, 1H), 6.36 (m, 1H), 6.13 (m, 1H), 5.98
(m, 1H), 4.21 (m, 1H), 3.86 (m, 1H), 3.70 (s, 3H), 3.15 (d, J = 14.3 Hz 1H). *C NMR (100
MHz, CDCI3) 6 194.8, 167.4, 159.7, 149.9, 134.8, 133.7, 133.2, 131.9, 130.5, 129.4, 129.2,
129.1, 128.8, 128.7, 124.8, 120.2, 114.3, 107.7, 103.6, 98.2, 65.0, 55.4, 39.9, 39.0, 27.9.
HRMS (ESI) calculated [M+H]* for Ca1H2sBrOsN: 554.0961, found: 554.0964. FTIR (cm™)
2958, 2921, 1699, 1655, 1557, 1454, 1406, 1363, 1252, 1232, 1180.

(4aR,5S,6R,10bR)-6-Benzoyl-9-iodo-5-(4-methoxyphenyl)-2-phenyl-4a,5,6,10b-
tetrahydro-4H-pyrano[3,4-g]indolizin-4-one (10f)

Ph Following the general procedure, (E)-3-(4-iodo-1-(2-0x0-2-
?/.“fl)\\ phenylethyl)-1H-pyrrol-2-yl)-1-phenylprop-2-en-1-one 9f (110.3 mg,
; > 0.25 mmol) and (E)-3-(4-methoxyphenyl)acrylaldehyde 2b (60.8 mg,

@o ome 0.375 mmol) were treated with the triazolium salt 5 (9.2 mg, 0.025

10f mmol), oxidant 4 (153.2 mg, 0.50 mmol) and LiCIl (10.6 mg, 0.25
mmol) in THF (3 mL) at 30 °C. To this stirring solution at 30 °C was added DMAP (45.8,

0.375 mmol) and stirred the reaction mixture at 30 °C for 24 h. Then the reaction mixture was

purified using flash column chromatography (Pet. ether-EtOAc: 90:10) to afford
(4aR,5S,6R,10bR)-6-benzoyl-9-iodo-5-(4-methoxyphenyl)-2-phenyl-4a,5,6,10b-tetrahydro-
4H-pyrano[3,4-g]indolizin-4-one 10f as a brown solid (95 mg, 62% yield, 5:1 dr).

Rt (Pet. ether /[EtOACc = 85/15): 0.25; Major diastereomer, er = >99:1, Minor diastereomer, er
= >99:1. [0]p?? = +78.8 (c 1, CHCI3). HPLC (Chiralcel OD-H, 90:10 Hexane / IPA, 0.7
mL/min, 254 nm) Major diastereomer: Minor: 42.2 min, Major: 36.3 min, Minor diastereomer:
Major: 28.0 min, Minor: 18.6 min. *H NMR (400 MHz, CDCl3) & 7.79-7.77 (m, 2H), 7.62-
7.60 (m, 3H), 7.49-7.45 (m, 2H), 7.38-7.36 (m, 3H), 7.21-7.18 (m, 2H), 6.89-6.87 (m, 2H),
6.68 (m, 1H), 6.42 (m, 1H), 6.18 (d, J = 2.0 Hz, 1H), 5.72 (d, J = 3.2 Hz, 1H), 4.04-3.95 (m,
2H), 3.80 (s, 3H), 2.89 (dd, J1 = 14.2 Hz, J> = 9.6 Hz 1H). *C NMR (100 MHz, CDCls) 5 13C
NMR (101 MHz, CDCI3) 6 193.9, 168.7, 159.3, 150.0, 135.6, 134.54, 133.7, 133.2, 131.8,
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129.6, 129.2, 129.1, 128.8, 128.7, 124.8, 124.6, 114.7, 111.4, 101.9, 65.8, 61.0, 55.4, 48.1,
42.7, 31.6. Representative peaks for minor diastereomer: 'H NMR (400 MHz, CDCls) §
7.79-7.77 (m, 2H), 7.65-7.63 (m, 3H), 7.47-7.39 (m, 5H),6.96-6.90 (m, 3H), 6.68 (m, 1H),
6.66-6.65 (m, 1H), 6.22 (m, 1H), 6.17-6.15 (m, 1H), 6.08 (d, J = 6.6 Hz, 1H), 4.44 (t, J = 5.3
Hz, 1H), 3.98-3.95 (m, 1H), 3.71 (s, 3H), 3.23 (dd, J: = 6.8 Hz, J, = 5.2 Hz, 1H). 13C NMR
(100 MHz, CDCls3) 6 193.9, 168.7, 159.2, 150.0, 133.8, 131.8, 130.4, 130.3, 129.6, 128.2,
1275, 126.2, 124.9, 114.1, 113.7, 102.1, 61.5, 59.5, 55.3, 41.9, 41.4, 31.7. HRMS (ESI)
calculated [M+H]* for CaiH2s5104N: 602.0823, found: 602.0826. FTIR (cm™) 3348, 2948,
1740, 1686, 1601, 1513, 1350, 1124, 1022,.

(4aR,5S,6R,10bR)-6-(3-Methoxybenzoyl)-5-(4-methoxyphenyl)-2-phenyl-4a,5,6,10b-
tetrahydro-4H-pyrano[3,4-g]indolizin-4-one (10Q)
Ph Following the general procedure, (E)-3-(1-(2-(3-methoxyphenyl)-2-
/k\j)\\ oxoethyl)-1H-pyrrol-2-yl)-1-phenylprop-2-en-1-one 9g (86.3 mg,
. 0.25 mmol) and (E)-3-(4-methoxyphenyl)acrylaldehyde 2b (60.8
MGOO/% ove Mg, 0.375 mmol) were treated with the triazolium salt 5 (9.2 mg,
10g 0.025 mmol), oxidant 4 (153.2 mg, 0.50 mmol) and LiCl (10.6 mg,
0.25 mmol) in THF (3 mL) at 30 °C. To this stirring solution at 30 °C was added DMAP (45.8,

0.375 mmol) and stirred the reaction mixture at 30 °C for 24 h. Then the reaction mixture was

purified using flash column chromatography (Pet. ether-EtOAc: 90:10) to afford
(4aR,5S,6R,10bR)-6-(3-methoxybenzoyl)-5-(4-methoxyphenyl)-2-phenyl-4a,5,6,10b-
tetrahydro-4H-pyrano[3,4-g]indolizin-4-one 10g as a white solid (66 mg, 52% yield, 5:1 dr).
Rt (Pet. ether /EtOAC = 84/15): 0.21; Major diastereomer, er = >99:1, Minor diastereomer, er
=96:4. [a]p?? = +80.04 (c 1, CHCI3). HPLC (Chiralpak AD, 80:20 Hexane / IPA, 0.7 mL/min,
254 nm) Major diastereomer: Minor: 58.9 min, Major: 24.4 min, Minor diastereomer: Major:
83.6 min, Minor: 19.0 min. *H NMR (400 MHz, CDCls) § 7.63-7.60 (m, 2H), 7.40-7.32 (m,
6H), 7.21-7.14 (m, 3H), 6.87-6.85 (m, 2H), 6.62 (m, 1H), 6.33-6.32 (m, 2H), 6.28 (d, J = 2.0
Hz, 1H), 5.71 (d, J = 3.7 Hz, 1H), 4.10-4.03 (m, 2H), 3.79 (s, 6H), 2.93 (dd, J; = 14.3 Hz, J, =
9.2 Hz 1H). 3C NMR (100 MHz, CDCIls3) 8 13C NMR (101 MHz, CDCI3) & 195.7, 168.8,
160.2, 159.1, 150.4, 135.9, 135.5, 132.0, 130.9, 130.0, 129.4, 128.9, 128.6, 124.8, 121.5, 121.1,
119.9, 114.6, 113.0, 109.5, 103.9, 102.8, 66.1, 55.5, 55.4, 48.4, 42.8, 31.9. Representative
peaks for minor diastereomer: *H NMR (400 MHz, CDClz) § 7.85-7.82 (m, 1H), 7.63-7.60
(m, 2H), 7.45-7.43 (m, 5H), 7.01-6.96 (m, 3H), 6.83-6.77 (m, 2H), 6.69-6.67 (m, 3H), 6.15-
6.10 (m, 2H), 4.48 (t, J = 5.7 Hz, 1H), 3.86-3.83 (m, 1H), 3.81 (s, 3H), 3.71 (s, 3H), 3.34 (dd,
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J1 = 6.7 Hz, J; = 5.1 Hz, 1H). 13C NMR (100 MHz, CDClz) § 194.8, 168.4, 159.2, 141.0,
130.4, 129.9, 125.8, 120.6, 114.0, 106.2, 103.6, 59.6, 55.4, 55.3, 42.0, 41.7. HRMS (ESI)
calculated [M+H]* for C3,H2s0sN: 506.1962, found: 506.1967. FTIR (cm™) 2923, 1764, 1673,
1599, 1485, 1284, 1249, 1178, 1155.

(4aR,5S,6R,10bR)-6-(4-Bromobenzoyl)-5-(4-methoxyphenyl)-2-phenyl-4a,5,6,10b-
tetrahydro-4H-pyrano[3,4-g]indolizin-4-one (10h)
Following the general procedure, (E)-3-(1-(2-(4-bromophenyl)-2-
oxoethyl)-1H-pyrrol-2-yl)-1-phenylprop-2-en-1-one 9h (98.6 mg,
0.25 mmol) and (E)-3-(4-methoxyphenyl)acrylaldehyde 2b (60.8 mg,
ome 0.375 mmol) were treated with the triazolium salt 5 (9.2 mg, 0.025
10h mmol), oxidant 4 (153.2 mg, 0.50 mmol) and LiCl (10.6 mg, 0.25
mmol) in THF (3 mL) at 30 °C. To this stirring solution at 30 °C was added DMAP (45.8,

0.375 mmol) and stirred the reaction mixture at 30 °C for 24 h. Then the reaction mixture was

purified using flash column chromatography (Pet. ether-EtOAc: 90:10) to afford
(4aR,5S,6R,10bR)-6-(4-bromobenzoyl)-5-(4-methoxyphenyl)-2-phenyl-4a,5,6,10b-tetrahydro
-4H-pyranol[3,4-g] indolizin-4-one 10h as a white solid (62 mg, 45% vyield, 6:1 dr).

Rt (Pet. ether /EtOAc = 85/15): 0.27; Major diastereomer, er = 90:10. [a]p?? = 121.4 (c 1,
CHCI3). HPLC (Chiralpak AD, 75:25 Hexane / IPA, 0.7 mL/min, 254 nm) Major diastereomer:
Minor: 57.5 min, Major: 25.2 min. *H NMR (400 MHz, CDCls) 6 7.64-7.58 (m, 6H), 7.38-
7.35 (m, 3H), 7.18-7.16 (m, 2H), 6.87-6.85 (m, 2H), 6.59 (m, 1H), 6.34-6.32 (m, 2H), 6.26 (d,
J=2.2Hz, 1H), 5.66 (d, J = 3.9 Hz, 1H), 4.04-3.95 (m, 2H), 3.80 (s, 3H), 2.92 (dd, J1 = 14.2
Hz, J> = 9.6 Hz 1H). 1*C NMR (100 MHz, CDCls) § 195.0, 168.7, 159.1, 150.5, 135.5, 132.9,
132.5,131.9,130.8,130.5, 129.7, 129.5, 128.8, 128.7, 124.8, 119.9, 114.7, 109.6, 104.0, 102.8,
65.9, 55.4, 48.2, 42.8, 31.9. Representative peaks for minor diastereomer: 'H NMR (400
MHz, CDCls) $ 7.52-7.57 (m, 6H), 7.40-7.38 (m, 3H), 6.96-6.92 (m, 3H), 1H), 6.68-6.63 (m,
3H), 6.29-6.28 (m, 1H), 6.13-6.10 (m, 2H), 4.42 (t, J = 5.1 Hz, 1H), 4.07-4.04 (m, 1H), 3.71
(s, 3H), 3.31 (dd, J1 = 6.8 Hz, J, =5.2 Hz, 1H). 13C NMR (100 MHz, CDClIs) 4 195.9, 168.9,
149.6, 132.2, 130.4, 128.9, 128.5, 124.9, 121.1, 119.9, 114.1, 109.5, 106.35 102.9, 66.7, 55.3,
41.6, 31.7, 27.2. HRMS (ESI) calculated [M+H]" for CsiH2sBrOsN: 554.0961, found:
554.0964. FTIR (cm™) 2958, 2923, 2355, 1753, 1673, 1593, 1485, 1446, 1357, 1152.
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Methyl  (2S,3S,4S)-4-benzoyl-3-(4-methoxyphenyl)-1-(2-oxopropyl)-1,2,3,4-tetrahydro
naphthalene-2-carboxylate (11a)

To a dry Schlenk tube containing compound 3a (53.1 mg, 0.125 mmol)
MeOH (3.0 mL) and DMAP (15.3 mg, 0.125 mmol) was added. The
resulting mixture was allowed to stir overnight at 60 °C. Then the

solution was concentrated under reduced pressure and the residue was

purified by flash column chromatography on silica gel using petroleum
ether/EtOAc (80:20) to afford the methyl (2S,3S,4S)-4-benzoyl-3-(4-methoxyphenyl)-1-(2-
oxopropyl)-1,2,3,4-tetrahydro naphthalene-2-carboxylate 11a as a oily liquid (46.2 mg, 81%
yield).

Rt (Pet. ether /EtOAc = 70/30): 0.41; er = 95:5, [a]o??=-36.4 (c 1.0, CHCI3). HPLC (Chiralpak
AD, 60:40 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Minor: 7.9 min, Major: 26.8 min. *H NMR
(400 MHz, CDCls) 6 7.63-7.61 (m, 2H), 7.51-7.48 (m, 1H), 7.37-7.33 (m, 2H), 7.24-7.22 (m,
1H), 7.19-7.16 (m, 1H), 7.10-7.07 (m, 2H), 7.06-7.03 (m, 1H), 6.79 (d, J = 7.5 Hz, 1H), 6.74-
6.71 (m, 2H), 5.09 (d, J = 9.7 Hz, 1H), 4.14-4.06 (m, 1H), 3.87- 3.77 (m, 1H), 3.71 (s, 3H),
3.52-3.46 (m, 1H), 3.41 (m, 3H), 3.35 (dd, J: = 12.7 Hz, J>= 4.3 Hz, 1H), 2.83 (dd, J. = 18.4
Hz, Jo=5.2 Hz, 1H), 2.15 (s, 3H). *C NMR (100 MHz, CDCls) § 207.0, 203.3, 173.6, 158.5,
140.2,138.3,134.5,134.1,133.3, 129.4, 128.82, 128.78, 128.1, 127.4,127.2, 114.2,55.2,54.7,
51.8,48.2,47.9, 41.6, 35.8, 30.6. HRMS (ESI) m/z: [M+Na]+ calcd for C2gH2s0sNa 479.1829;
found 479.1832. FTIR (cm) 2958, 2922, 2364, 2330, 1736, 1727, 1676, 1613, 1514, 1364,
1251, 1202, 1161.

(2S,3S,4S)-4-Benzoyl-N-benzyl-3-(4-methoxyphenyl)-1-(2-oxopropyl)-1,2,3,4-tetrahydro
naphthalene-2-carboxamide (12a)

o To a dry Schlenk tube containing compound 3a (48.0 mg, 0.11 mmol) in
Me)k; ren THF (4.0 mL) was added benzylamine (24.7 uL, 0.22 mmol) at 30 °C.
O‘ o The resulting mixture was allowed to stirr 36 h. Then the solution was

ph/i%o O ome concentrated under reduced pressure and the residue was purified by flash

e column chromatography on silica gel using petroleum ether/EtOAC

(70:30) to afford the (2S,3S,4S)-4-benzoyl-N-benzyl-3-(4-methoxyphenyl)-1-(2-oxopropyl)-
1,2,3,4-tetrahydro naphthalene-2-carboxamide 12a as a white solid (42.2 mg, 72% yield).

R¢ (Pet. ether /EtOAc = 60/40): 0.41; er = 99:1, [a]p?® = -117.3 (¢ 1.0, CHCIs). HPLC

(Chiralpak AD, 60:40 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Minor: 12.0 min, Major: 7.3

min. *H NMR (400 MHz, CDCls) § 7.62 (d, J = 7.8 Hz, 2H), 7.49 (t, J = 7.1 Hz, 1H), 7.34 (t,
S43



J=7.1Hz, 2H), 7.25-7.23 (m, 1H), 7.18-7.03 (m, 7H), 6.81 (d, J = 7.3 Hz, 1H), 6.73 (d, J =
7.7 Hz, 2H), 6.66 (d, J = 6.5 Hz, 2H), 5.92 (bs, 1H), 5.03 (d, J = 9.9 Hz, 1H), 4.42 (dd, J; =
14.9 Hz, J>= 7.3 Hz, 1H), 4.06- 4.02 (m, 1H), 3.91-3.84 (m, 2H), 3.74-3.67 (m, 4H), 2.93 (dd,
Ji1=12.1 Hz, Jo= 3.9 Hz, 1H), 2.81 (dd, J1 = 18.3 Hz, Jo= 5.3 Hz, 1H), 2.15 (s, 3H). 13C NMR
(100 MHz, CDCIs) & 207.4, 203.2, 172.1, 158.5, 140.6, 138.1, 138.0, 134.5, 134.3, 133.2,
129.4, 129.2, 128.8, 128.7, 128.4, 128.1, 127.3, 127.1, 127.1, 114.2, 55.2, 54.7, 50.4, 47.8,
43.1, 42.0, 36.4, 30.7. HRMS (ESI) m/z: [M+Na]" calcd for C3sH330sNNa 554.2302; found
554.2306. FTIR (cm™) 3291, 3087, 2957, 2924, 2364, 2333, 1714, 1675, 1555, 1513, 1494,
1357, 1248.

(1S,3aR,4S,5S,9bR)-1-Acetyl-5-benzoyl-4-(4-methoxyphenyl)-3a,4,5,9b-tetrahydro
naphtho[1,2-c]furan-3(1H)-one (13a)

0 To a dry Schlenk tube containing compound 3a (53.1 mg, 0.125 mmol)
in DCM (2.0 mL) mCPBA (32.3 mg, 0.1875 mmol) was added at 0 °C

and the resulting mixture was allowed to stir overnight at room

Ph/io ome temperature. After the completion of reaction, PTSA (2 mg, 0.0125
13a mmol) was added, and the reaction was stirred for another 20 min at room
temperature, quenched with aqueous NaHCOz3 solution and extracted with DCM for three
times, the combined organic layer was washed with saturated brine and dried over anhydrous
Na>SO0s. DCM was removed under reduced pressure, and crude reaction mixture was purified
by flash column chromatography through silica gel (petroleum ether: ethyl acetate 80:20) to
afford  (1S,3aR,4S,5S,9bR)-1-Acetyl-5-benzoyl-4-(4-methoxyphenyl)-3a,4,5,9b-tetrahydro
naphtho [1,2-c]furan-3(1H)-one 13a as oily liquid (36 mg, 66% vyield).
Rt (Pet. ether /EtOAc = 70/30): 0.36; er = 98:2, [a]p?? = -164.1 (¢ 1.0, CHCI3). HPLC
(Chiralpak AD, 70:30 Hexane / i-PrOH, 0.7 mL/min, 254 nm) Minor: 16.0 min, Major: 17.4
min. 'H NMR (400 MHz, CDClz) 6 8.01-7.99 (m, 2H), 7.65-7.61 (m, 1H), 7.52 (t, J = 7.6 Hz,
2H), 7.31-7.26 (m, 1H), 7.24-7.21 (m, 1H), 7.17 (d, J = 7.4 Hz, 1H), 7.01 (d, J = 7.0 Hz, 1H),
6.96-6.94 (m, 2H), 6.77-6.57 (m, 2H), 5.05 (d, J = 8.4 Hz, 1H), 5.00 (d, J = 1.6 Hz, 1H), 4. 30
(t, J=9.2 Hz, 1H), 4.13 (m, 1H), 3.74 (s, 3H), 3.30 (dd, J1 = 9.9 Hz, J>= 2.8 Hz, 1H), 2.06 (s,
3H). 3C NMR (100 MHz, CDCls) 208.1, 200.6, 176.2, 158.9, 136.1, 134.3, 134.2, 133.7,
131.3, 130.7, 130.6, 129.0, 128.9, 128.4, 128.3, 127.9, 114.6, 85.5, 55.4, 51.81, 44.2, 39.6,
39.0, 27.7. HRMS (ESI) m/z: [M+Na]+ calcd for CogH.4sOsNa 463.1516; found
463.1516.FTIR (cm™) 2959, 2923, 2365, 2332, 1780, 1718, 1678, 1513, 1455, 1364, 1252,
1153.
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8. H and 3C NMR Spectra of Michael Acceptors Used

(E)-4-(2-(2-Ox0-2-phenylethyl)phenyl)but-3-en-2-one (1a)
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(E)-4-(4-Methyl-2-(2-0x0-2-phenylethyl)phenyl)but-3-en-2-one (1r)
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(E)-4-(5-Fluoro-2-(2-oxo-2-phenylethyl) phenyl)but-3-en-2-one (1s)
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(E)-4-(4,5-Dimethoxy-2-(2-ox0-2-phenylethyl)phenyl)but-3-en-2-one (1t)
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(E)-5-Methyl-1-(2-(2-ox0-2-phenylethyl) phenyl)hex-1-en-3-one (1u)
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(E)-4-(2-(2-Ox0-2-(p-tolyl)ethyl)phenyl)but-3-en-2-one (1w)
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(E)-4-(2-(2-(3-Chlorophenyl)-2-oxoethyl)phenyl)but-3-en-2-one (1x)
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(E)-4-(2-(2-(2-Methoxyphenyl)-2-oxoethyl)phenyl)but-3-en-2-one (1y)
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(E)-4-(2-(2-(Naphthalen-1-yl)-2-oxoethyl)phenyl)but-3-en-2-one (1z)
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(E)-4-(2-(2-Ox0-2-(thiophen-2-yl)ethyl) phenyl)but-3-en-2-one (1aa)
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(E)-3-(1-(2-Ox0-2-phenylethyl)-1H-pyrrol-2-yl)-1-phenylprop-2-en-1-one (9a)
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(E)-3-(4-1odo-1-(2-0x0-2-phenylethyl)-1H-pyrrol-2-yl)-1-phenylprop-2-en-1-one (9f)
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(E)-3-(1-(2-(3-Methoxyphenyl)-2-oxoethyl)-1H-pyrrol-2-yl)-1-phenylprop-2-en-1-one

(99)
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(E)-3-(1-(2-(4-Bromophenyl)-2-oxoethyl)-1H-pyrrol-2-yl)-1-phenylprop-2-en-1-one (9h)
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9. 'H and BC NMR Spectra of Functionalized Tricyclic 8- Lactones

(4aR,5S,6S,10bR)-6-Benzoyl-5-(4-methoxyphenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-

benzol[flisochromen-4-one (3a)
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(4aR,5S,6S,10bR)-6-Benzoyl-2-methyl-5-phenyl-4a,5,6,10b-tetrahydro-4H-benzo[f]

isochromen-4-one (3b)
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(4aR,5S,6S,10bR)-6-Benzoyl-2-methyl-5-(p-tolyl)-4a,5,6,10b-tetrahydro-4H-

benzo[f]isochromen-4-one (3c)
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(4aR,5S,6S,10bR)-6-Benzoyl-5-(4-bromophenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-

benzo[f]lisochromen-4-one (3d)

96'T —

10°T
0°T

I

0T
0€

e
0°¢C
0°¢C

T
0°¢C

3d, 400 MHz, CDCl3

50 45 40 35 30 25 20 15 1.0 05 00 -0
f1 (ppm)

5.5

10.0 9.5

10.5

99'8T —

€09€ -~
TLTP~
eSSk~

0LCS —

¥8'9L
ENNW
8y LL

7501
st
(6221
be'gTT
29821
68'821
16621
g6 TET
bs-eeT -
66'vET
og'sET

0€°8vT —

£E°89T —

60'T0C —

ik

3d, 100 MHz, CDCl3

T
100
f1 (ppm)

110

T
120

T
200

T
210

S62



(4aR,5S,6S,10bR)-6-Benzoyl-5-(4-chlorophenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-

benzo[f]isochromen-4-one (3e)
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(4aR,5S,6S,10bR)-6-Benzoyl-2-methyl-5-(4-(trifluoromethyl)phenyl)-4a,5,6,10b-

tetrahydro-4H-benzo[f]isochromen-4-one (3f)
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(4aR,5S,6S,10bR)-6-Benzoyl-5-(3-methoxyphenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-

benzo[f]isochromen-4-one (3g)
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(4aR,5S,6S,10bR)-6-Benzoyl-5-(3-bromophenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-

benzo[f]lisochromen-4-one (3h)
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(4aR,5S,6S,10bR)-6-Benzoyl-5-(3-chlorophenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-

benzo[f]isochromen-4-one (3i)
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(4aS,5S,6S,10bR)-6-Benzoyl-2-methyl-5-(o-tolyl)-4a,5,6,10b-tetrahydro-4H-benzo[f]

isochromen-4-one (3j)
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(4aR,5S,6S,10bR)-6-Benzoyl-5-(2-fluorophenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-

benzo[f]lisochromen-4-one (3k)
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(4aS,5S,6S,10bR)-6-Benzoyl-5-(furan-2-yl)-2-methyl-4a,5,6,10b-tetrahydro-4H-

benzo[f]isochromen-4-one (3I)
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(4aS,5S,6S,10bR)-6-Benzoyl-2-methyl-5-(thiophen-3-yl)-4a,5,6,10b-tetrahydro-4H-

benzo[f]isochromen-4-one (3m)
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(4aR,5S,6S,10bR)-6-Benzoyl-5-(3,4-dimethoxyphenyl)-2-methyl-4a,5,6,10b-tetrahydro-

4H-benzo[f]isochromen-4-one (3n)
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(4aR,5S,6S,10bR)-6-Benzoyl-5-(3,4-dichlorophenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-

benzo[f]isochromen-4-one (30)
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(4aR,5S,6S,10bR)-6-Benzoyl-2-methyl-5-(naphthalen-2-yl)-4a,5,6,10b-tetrahydro-4H-

benzo[f]lisochromen-4-one (3p)
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(4aR,5S,6S,10bR)-6-Benzoyl-2-methyl-5-((E)-styryl)-4a,5,6,10b-tetrahydro-4H-

benzo[f]lisochromen-4-one (3q)
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(4aR,5S,6S,10bR)-6-Benzoyl-5-(4-methoxyphenyl)-2,8-dimethyl-4a,5,6,10b-tetrahydro-

4H-benzol[f]isochromen-4-one (3r)
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(4aR,5S,6S,10bR)-6-Benzoyl-9-fluoro-5-(4-methoxyphenyl)-2-methyl-4a,5,6,10b-

tetrahydro-4H-benzo[f]isochromen-4-one (3s)
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(4aR,5S,6S,10bR)-6-Benzoyl-8,9-dimethoxy-5-(4-methoxyphenyl)-2-methyl-4a,5,6,10b-

tetrahydro-4H-benzo[f]isochromen-4-one (3t)
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(4aR,5S,6S,10bR)-6-Benzoyl-2-isobutyl-5-(4-methoxyphenyl)-4a,5,6,10b-tetrahydro-4H-

benzo[f]lisochromen-4-one (3u)
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(4aR,5S,6S,10bR)-6-Benzoyl-5-(4-methoxyphenyl)-2-phenyl-4a,5,6,10b-tetrahydro-4H-

benzo[f]isochromen-4-one (3v)
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(4aR,5S,6S,10bR)-5-(4-Methoxyphenyl)-2-methyl-6-(4-methylbenzoyl)-4a,5,6,10b-

tetrahydro-4H-benzo[f]isochromen-4-one (3w)
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(4aR,5S,6S,10bR)-6-(3-Chlorobenzoyl)-5-(4-methoxyphenyl)-2-methyl-4a,5,6,10b-

tetrahydro-4H-benzo[f]isochromen-4-one (3x)
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(4aR,5S,6S,10bR)-6-(2-Methoxybenzoyl)-5-(4-methoxyphenyl)-2-methyl-4a,5,6,10b-

tetrahydro-4H-benzo[f]isochromen-4-one (3y)
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(4aR,5S,6S,10bR)-6-(1-Naphthoyl)-5-(4-methoxyphenyl)-2-methyl-4a,5,6,10b-tetrahydro

-4H-benzo[flisochromen-4-one (3z)
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(4aR,5S,6S,10bR)-5-(4-Methoxyphenyl)-2-methyl-6-(thiophene-2-carbonyl)-4a,5,6,10b-

tetrahydro-4H-benzo[f]isochromen-4-one (3aa)
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(4aR,5S,6R,10bR)-6-Benzoyl-5-(4-methoxyphenyl)-2-phenyl-4a,5,6,10b-tetrahydro-4H-

pyrano[3,4-glindolizin-4-one (10a)
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-4-one (10b)
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(4aR,5S,6R,10bR)-6-Benzoyl-5-(4-bromophenyl)-2-phenyl-4a,5,6,10b-tetrahydro-4H-

pyrano[3,4-g]indolizin-4-one (10c)

10c, 400 MHz, CDCl3
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(4aR,5S,6R,10bR)-6-Benzoyl-5-(3-chlorophenyl)-2-phenyl-4a,5,6,10b-tetrahydro-4H-

pyrano[3,4-glindolizin-4-one (10d)
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(4aR,5S,6R,10bR)-6-Benzoyl-2-(4-bromophenyl)-5-(4-methoxyphenyl)-4a,5,6,10b-

tetrahydro-4H-pyrano[3,4-g]indolizin-4-one (10e)
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(4aR,5S,6R,10bR)-6-Benzoyl-9-iodo-5-(4-methoxyphenyl)-2-phenyl-4a,5,6,10b-

tetrahydro-4H-pyrano[3,4-g]indolizin-4-one (10f)
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(4aR,5S,6R,10bR)-6-(3-Methoxybenzoyl)-5-(4-methoxyphenyl)-2-phenyl-4a,5,6,10b-

tetrahydro-4H-pyrano[3,4-g]indolizin-4-one (10g)
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(4aR,5S,6R,10bR)-6-(4-Bromobenzoyl)-5-(4-methoxyphenyl)-2-phenyl-4a,5,6,10b-

tetrahydro-4H-pyrano[3,4-g]indolizin-4-one (10h)
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(2S,3S,4S5)-4-benzoyl-3-(4-methoxyphenyl)-1-(2-oxopropyl)-1,2,3,4-tetrahydro

Methyl

naphthalene-2-carboxylate (11a)
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(2S,3S,4S)-4-Benzoyl-N-benzyl-3-(4-methoxyphenyl)-1-(2-oxopropyl)-1,2,3,4-tetrahydro

naphthalene-2-carboxamide (12a)
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(1S,3aR,4S,5S,9bR)-1-Acetyl-5-benzoyl-4-(4-methoxyphenyl)-3a,4,5,9b-tetrahydro

naphtho[1,2-c]furan-3(1H)-one (13a)
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10.HPLC Data of Functionalized Tricyclic 8- Lactones

(4aR,5S,6S,10bR)-6-Benzoyl-5-(4-methoxyphenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-benzo|[f]

isochromen-4-one (3a)

1 VWD1A, Wavelength=254 nm (D:\DATA\AR...EVARGHYAWARG-AH-34 RAC (4-OMe)- AD-35% (1) 2021-04-16 14-36-45.D)
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Peak RetTime Typs Width Lrea Height Lrea
¥ [min] [min] [mAU*s] [mAT] %
- l==- R [ === | === | === |
1 15.183 BB 0.4420 5287.00488 182Z.47456 50.2245
2 40.121 BE 1.2106 5239.74Z21% 66.54926 49,7753
1 VWD A, Wavelength=254 nm (DDATAAR .. EARGHYAARG-AH-35 CHI (4-OMe)- AD-35% (1) 2021-04-16 15-27-40.0)
mAU ]
175
1504 Me
1254
100
] OMe 2
75 =
] ' g
chiral - 3a N
50 f
) 1
|
‘3 I| |I
] & \
] $ L
25 . g .':\% I||
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Peak RetTime Typs Width Lrea Height Lrea
4 [min] [min] [mAU*s [maU] kS
=== | === === [ === | === | ——=————= I
1 15.186 MM 0.453€ 178.55479 6.56136 3.3868
Z 40.209% BB 1.2182 5053.52344 €4.30157 9Se€.6132
Sample Info : CHIRALPAK AD, 35% IPA-HEXANE, .7 mL/min,

254 nm
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(4aR,5S,6S,10bR)-6-Benzoyl-2-methyl-5-phenyl-4a,5,6,10b-tetrahydro-4H-benzo[f]

isochromen-4-one (3b)

==

[ 1 VWD1 A, Wavelength=254 nm (D:\.D‘ATA'\ARGQYA'\RAW FILEVARGHYAWRG-AG-313 RAC-AD (1) 2021-01-20 11-37-31.D)
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Peak RetTime Types Width Lrea Height Lrea
id [min] [min [mAU*s [m&IT] %
-l R [ === | —==—————= | ——=————= I
1 ZE6.404 BB 0.7343 2500.38354 52.15%63 49.2873
2 34.413 BB 0.9666 25372.69678 40.65%034 530.7127
] VWD1 A Wavelengih=254 nm (DADATAARGHYAIRAW FILEARGHYAIARG-AG-357 (1) 2021-02-01 11-07-59.D)
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Peak RetTime Typs Width Lrea Height Lrea
t [min] [min] [mAT* s [mRir] %
e B | === ] ———-- | —= - R | -——— |
1 25.172 MM 0.el27 30.85%309% B8.403€8=-1 0.3636
2 32.%33 MM 1.0101 bp4g4.574€l 139%.£67593 99.6364
CHIRALPAF. AD, 20% IPA-HEXANE, .7 mL/min.,254

Sample Info
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(4aR,5S,6S,10bR)-6-Benzoyl-2-methyl-5-(p-tolyl)-4a,5,6,10b-tetrahydro-4H-

benzo[f]isochromen-4-one (3c)

] VWD1 A, Wavelengih=254 nm (D7DATASU_. TARAW FILEARGHYASH-AGAME(MA, RACT) (1) 2021-02-26 14-56-00.0)
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Peak RetTime Type Width Lrea Height Lrea
i [min] [min] [mAU*= [mAU] %
- - e R -~ |
1 24.321 MM 0.7Ze4 1.04454=4 229.75114 45,8453
2 4Z2_ 603 MM 1.3275 1.0512c=4 121.%8260 50.1507
1 VWD1 A, Wavelengin=254 nm (D-DATASU. ARAW FILEARGHYASH-AGAME(MA, CHIRT) (1) 2021-02-26 16-09-12.0)
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Peak RetTime Typs Width Lrea Height Lrea
¥ [min] [min] [mAT*s [mAIT] %
1 24.388 MM 0.668%9 S0.69158 26310 2982
Z 42.613 MM 1.3741 1.6%466=4 205.55139 9%.7018
Sample Info CHIRLZLPRFE AD, 20 % IPR-HEXANE, 0.7 mL/min, 254 nm
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(4aR,5S,6S,10bR)-6-Benzoyl-5-(4-bromophenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-
benzo[f]lisochromen-4-one (3d)

1 VWDI1 A, Wavelengih=254 nm (D1DATASU_AW FILEARGHYA\SH-AG-4Br{MA RAC,REP 2) (1) 2021-04-26 11-35-14.0)
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1 12.795 MM 0.4312 2380.29%907 S2.0071le S0.01éeB
Z 35.6Z2Z MM 1.1359 2378.70215 24.9031e¢ 45,5832
1 VWD1 A, Wavelengih=254 nm (DADATASU__.RAW FILEARGHYASH-AG-4Br(MA, CHIR,REP) (1) 2021-04-26 10-52-43.0)
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Peak RetTime Type Width Lrea Height Lrea
i [min] [min] [mRAU*s [mRU] %
1 13.80% MM 0.4232 122.14046 4,81041 2.5923
Z 35.73Z MM 1.1404 458%.5327] &67.07635 87.4077



(4aR,5S,6S,10bR)-6-Benzoyl-5-(4-chlorophenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-

benzo[f]isochromen-4-one (3e)

1 VWD1 A, Wavelength=254 nm (DDATAAR.. \ARGHYAIARG-AG-389 (4-C) RAC -ODH-30% (1) 2021-03-03 18-32-22.0)
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el B e e | === | === |
1 5.478 MM 0.4372 4725 230 180.14320 50.0154
z2 1%5.5917 MM 0.B85991 4722 5434 B7.53761 45.984¢
[ 1 WYwWD1 A, Wavelength=254 nm (D:\D‘ATA’\AR...{”\RGHYA\ARG-AG-?»BS (4-Cl) CHI -ODH-30% (1) 2021-02-03 19-01-12.0)
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Peak RetTime Typs Width Lrea Height Lrea
t [min] [min] [mAU* s ] [mAT] %
1 c 75 MM 0.446% 4077.03345 152.03278 55.8818
2 20.403 BB 0.8603 175.11208 2.774549 4.1182

Sample Info CHIRLZLCEL-ODH, 30% IPR-HEXANE, 0.7 mL/min, 254 nm
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(4aR,5S,6S,10bR)-6-Benzoyl-2-methyl-5-(4-(trifluoromethyl)phenyl)-4a,5,6,10b-

tetrahydro-4H-benzo[f]isochromen-4-one (3f)

1 VWDI A, Wavelengih=254 nm (D\DATAAR. .EARGHYAARG AH 31 (4 CF3)RAC -ODH-10% (1) 2021-03-03 14-23-14.D)
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Peak RetTime Typs Width Lrea Height Lrea
¥ [min] [min] [mAU*s [mAT] %
----------- R il ettt [ Attt
1 15.187 MM 0.8287 2677.11255 73.945974 50.17%¢
2 41.78Z MM 1.6152 3650.79%272 37.67184 4%.8204
T VWDI A, Wavelengih=254 nm (DADATAAR. .EARGHYAARG-AH-30 (4 CF3)CHI -ODH-10% (1) 2021-03-03 15-15-51.0)
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Peak RetTime Type Width Rrea Height Area
i [min] [min [mAU* 5] [maU] %
———m |- | === = | == | ———m - | -———- |
1 15.14¢ MM 0.653% 1.03840=4 264 .67667 54,0625
2 41.850 BB 1.3802 €55.4741¢8 £.31387 5.9375
. o
Sample Info CHIRLZLCOEL—ODH, 10% IPR-HEXANE, 0.7 mL/min, 254 nm
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(4aR,5S,6S,10bR)-6-Benzoyl-5-(3-methoxyphenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-

benzo[f]isochromen-4-one (3g)

[ 1 VWD1A, Wavelength=254 nm 1DZ‘\D_ATA\SUBF-€ATA\RAW FILE\SHILPA\SB-SC-167-RAC-1 (1) 2021-03-03 20-07-08.D)
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Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [mAU] %
——mm = | === = |- | = | === |
1 14.912 MM 0.4806 7645.57813 265.14667 50.0153
2 18.842 MM 0.61l66 7640.89746 206.54028 49.9847
[T VWD1A, Wavelength=254 nm (D:\DATA\SUBRATA\RAW FILE\SHILPA\SB-SC-166-CHI-1 (1) 2021-03-03 20-38-10.D)
mAU
1000 -
g @éﬁ
gﬁ"? Me
800 i 2\0
B WL
IR
“ o
600 ‘l‘ ‘I\ O O OMe
| N
= o
“ chiral - 3g
400 | "
200 :.‘ _ @@g;
0d— o~ o 7‘/‘; \‘\__77 i o /g?fz' : .
10 1I2 1|4 ‘ I 1‘5 1‘8 I ‘ 2‘0 ' 2‘2 2‘4 min
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [mAU] %
e R | === | === | == | = | -=——- |
1 14.943 MM 0.4984 2.48238e4 830.15332 95.9018
2 19.141 MM 0.6179 1060.80078 28.601245 4.0982
Sample Info CHIRALPAK-AD, 40% IPA-HEXANE, 0.7 mL/min, 254 nm
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(4aR,5S,6S,10bR)-6-Benzoyl-5-(3-bromophenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-

benzo[f]lisochromen-4-one (3h)

T VWDT A Wavelengih=254 nm (D7DATAISUBRATARAW FILESHILPASE-5C-157-RAC-12 (1) 2021-03-03 09-39-33.0)
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Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*3 ] [mATU] %
el EEEEEEE e R | = | === |
1 10.157 MM 0.3998 744.81976 31.05234 50.0240
2 15.943 MM 0.6596 744.10590 18.80138 49.9760
1 VWD1A, Waveler‘}gﬂ;=254 nm (Df\leTA\SUEéATA\RAW FILE\SHILPA\SB-SC-156-CHI-12 (1) 2021-03-03 10-03-28.D)
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e e | = | === | === |
1 10.000 MM 0.3827 8717.67480 379.68018 93.2940
2 15.736 MM 0.5352 626.62598 19.51251 6.7060
Sample Info : CHIRALCEL-CODH, 30% IPA-HEXANE, 0.7 mL/min, 254 nm
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(4aR,5S,6S,10bR)-6-Benzoyl-5-(3-chlorophenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-

benzo[f]isochromen-4-one (3i)

[ ] VWD1A, Wavelength=254 nm (D‘\D_ATA\SUE!éATA\RAW FILEA\SHILPA\SB-SC-154-RAC-1 (1) 2021-02-23 19-22-37.D)
mAU
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Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [mAU] %
il e |—=== === |—==——=—==- | —=———====- | —==————= |
1 19.403 MM 0.6115 3404.52319 92.78700 50.3767
2 25.473 MM 0.7685 3353.61279 72.72897 49.6233
[T VWD1 A, Wavelength=254 nm (D:\DATA\SUBRATA\RAW FILE\SHILPA\SB-SC-153-CHI-4 (1) 2021-02-26 12-12-53.D)
mAU |
80
60 —
o h‘ﬁ‘
-
40+ J(’\N.
20
,\'\
o GJWW \
E @"5 \
o — - Py S L N~ '
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Peak RetTime Type Width Area Height Lrea
# [min] [min] [MAU*s ] [mAU]
|- e R |- | -=—mm - |
1 17.861 MM 0.5449 52.24108 1.59798 2.7470
2 23.903 MM 0.7514 1849.53821 41.02214 97.2530
Sample Info : CHIRALPAK AD, 20 % IPA-HEXANE, 0.7 mL/min, 254 nm
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(4aS,5S,6S,10bR)-6-Benzoyl-2-methyl-5-(o-tolyl)-4a,5,6,10b-tetrahydro-4H-

benzo[flisochromen-4-one (3j)

] VWDTA, Wavelength=254 nm (D:\DATA\SUBRATA\RAW FILE\SHILPA\SB-SC-171-RAC-2 (1) 2021-03-10 10-32-07.D)
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Peak RetTime Type Width Area Height Area
# [min] [min] [MAU* s ] [mAU] %
SRnEIEEEEEES e | == - | == | === |
1 20.340 MM 0.9139 5020.79297 91.56218 49.8793
2 25.629 MM 1.2427 5045.09961 67.66344 50.1207
[T VWD1 A Wavelength=254 nm (D:\DATA\SUBRATA\RAW FILE\SHILPA\SB-SC-170-CHI-1 (1) 2021-03-10 11-08-25.D)
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# [min] [min] [MAU*s ] [mAU] %
= = e | == R el REE e |
1 19.497 MM 0.9212 2.54942e4 461.24158 99.8984
2 25.936 MM 0.7956 25.92232 5.43040e-1 0.1016
CHIRALCEL-OD-H, 10% IPA-HEXANE, .7 mL/min, 254 nm

Sample Info
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(4aR,5S,6S,10bR)-6-Benzoyl-5-(2-fluorophenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-

benzo[f]lisochromen-4-one (3k)

1 VWD A, Wavelength=254 nm (DADATAVAR. AW FILEARGHYAARG-AH-37 RAC (2.F) 20% (1) 202103-07 18-11-06.0)
mAL
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- e el e e |- |
1 17.54¢6 MM 0.3120 B8789.780 286.10803 50.571¢
2 22.23% MM 0.6401 85%1.0%0 223.69762 45,4284
[ 1 VWD1A, Wavelength=254 nm (DZ\D_ATA\AR..._AW FILEVARGHYA\ARG-AH-36 CHI (2-F) 20% (1) 2021-03-07 18-42-03.D)
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t [min] [min [mATT* 5] [mRIT] %
S [———— === |————————- | ———————= |
1 17.070 BB 0.3273 Z28&.35%078 T7.98820 0.7033
2 21.546 MM 0.6762 4.04345%e 996.66321 99.29&67
Sampls Info : CHIRALPRAFR-2D, 20% IPR-HEXZNE, .7 mL/min, 254 nm
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(4aS,5S,6S,10bR)-6-Benzoyl-5-(furan-2-yl)-2-methyl-4a,5,6,10b-tetrahydro-4H-

benzo[f]isochromen-4-one (3I)

1 VWD1A, Waveleﬁgtﬁ:254 nm (DZ\D‘ATA’\AR...TLE\.»‘\RGHYA\.»"\RG—AH—BQ RAC (2-FUFAD- 7% (1) 2021-03-04 22-34-45.D)
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Peak RetTime Type Width Lrea Height Lrea
¥ [min] [min [mATT* 5] [m&IT] %
=== Bl R [-—=——== [———=——=—= | —————=—= I
1 4¢.211 BB 1.2434 4723.75244 58.41530 45,1002
2 53.043 MM 1.5222 489%&.86816 53.€161l2 50.8997

T VWOT A, Wavelengh=258 nm [D7DAT AR ILEARGHYARRG-AR-38 CHI [2-FULAD- 7% (1) 20210504 23-37-36.0)
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1 4c_831 EEB 1.2764 1.15338=4 142 4187 85.7405
2 54.072 BB 1.182e 52c.4B8718 5.35247 4 2555
Sample Info . CEIRRLPAE-AD, 7% IPA-HEXARNE, .7 mL/min, 254 nm



(4aS,5S,6S,10bR)-6-Benzoyl-2-methyl-5-(thiophen-3-yl)-4a,5,6,10b-tetrahydro-4H-

benzo[f]isochromen-4-one (3m)

[T VWD1 A, Wavelengih=254 nm (DDATASU_\RAW FILEARGHYASH-AG-THIO (MARAC 2) (1) 2021-03-11 11-55-12.0)
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Peak RetTime Typs Width Lrea Height Lrea
t [min] [min] [mAU*s] [mAT] %
1 18.695 MM 0.7350 2941.24Z21%9 66.33076 50.3387
Z 31.285 MM 2.2711 2894.70c05 21.242¢ 9.6012
1 VWD1 A, Wavelengih=254 nm (D DATASU_.RAW FILEVARGHYAISH-AG-THIO (MA,CHIR 1} (1) 2021-03-11 12-43-34.D)
mALl :
140
120
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- N
100 o O
c A
] @, &
80 f
H
1 I
|
j |I |
|
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1 | II chiral - 3m
] |
40 [
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20| .
] [
b II \
04 — 1 \\-__I
| | T T T T T 1 1 T T
15 175 20 225 25 275 0 325 35 mir
Peak RetTime Typs Width Lrea Height Lrea
¥ [min] [min] [MAT* s ] [m&IT] %
1 18.319% MM 0.7508 2715.17944 B2.55823 100.0000
Sample Info CHIRALCELL OD-H, 15% IPR-HEXANE, 0.7 mL/min, 254 nm
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(4aR,5S,6S,10bR)-6-Benzoyl-5-(3,4-dimethoxyphenyl)-2-methyl-4a,5,6,10b-tetrahydro-

4H-benzol[f]isochromen-4-one(3n)

] VWD1A, Wavelength=254 nm (D:\DATA\SUBRATA\RAW FILE\SHILPA\SB-5C-190-RAC-1 (1) 2021-03-19 10-35-24.D)
mAU ]
300+ . (b%g;\
@ 40 o
250 Me ?ﬁ © ‘iﬁﬁ
M 2
200 | [
OMe . |
. |
1501 OMe : f
racemic-3n I\I I‘ .‘I
100 - ‘ "1 ‘
50 \
I e o SN ; o _
10 1‘2 1‘4 1‘5 1‘8 2‘0 2‘2 2‘4 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*3] [mAU] %
il Rt [—===]=====—= [ === | —==—————— | =======- |
1 16.695 MM 0.6069 9138.87305 250.95570 49.7927
2 19.445 MM 0.7048 9214.95215 217.90891 50.2073
[ ] VWD1 A, Wavelength=254 nm (D:\DATA\SUBRATA\RAW FILE\SHILPA\SB-SC-189-CHI-1 (1) 2021-03-19 11-02-12.D)
mAU ]
70
60
Me
50 aF
g ®
40 %f
304 |
204
10 o @& f \
o & / \
ol— . o . S S~ B
-10 T T T T T T T T T T T T T T T T T T T T T T T T
10 12 14 16 18 20 22 24 mi
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [mAU] %
R EEEEEEE e | —mmm - R | ===
1 16.502 MM 0.6699 22.47602 5.59212e-1 1.3747
2 19.231 MM 0.6838 1612.47778 39.30384 98.6253

Sample Info CHIRALPAK AD, 50 % IPA-HEXANE,

0.7mL/min,

254 nm
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(4aR,5S,6S,10bR)-6-Benzoyl-5-(3,4-dichlorophenyl)-2-methyl-4a,5,6,10b-tetrahydro-4H-

benzo[f]isochromen-4-one (30)

o ————— i ——— - ——— —————

[T VWDT A Wavelength=254 nm (DU DATAMR.. LEWARGHYAWRG-AH-23 RAC (2.4-DICL) 20% (1) 2021-03-07 19-20-22.0)

mAL ]
500
500 Me
400}
] cl
0] Loo® cl
] § &
p w2 .
200 ﬁps racemic-30
4 ||
1 g
100 -] II g
1 AN
_ || | ."II Y
u_-ﬁ\-_u'g.\_ _-/ﬁ\\-_ S — - —l_-”l \--_ .
15 2 25 20 s 40 n
Peak RetTime Tyvpe Width LErazaz Height Lreas
- [min] [min] [mAT*s [mAT i
=== —————— | =—===] === | === e
1 15.382 MM 0_.4845 5847_&752% 201_.1563%5 50_88c3
2 3e.105 BE 1.0321 5643.597217 B4.1%18% 45.1137
T VWDT A, Wavelength=254 nm [D-DATAAR.. LEARGHYAARG-AH47 CHI (3,4-DICL) 20% (1) 2021-03-07 20-04-16.0)
mall 7]
400
300
200
chiral - 30
g
1 8
100 N
2 ,I'I ‘I'\
@ [
w
ol - )N
15 ' 20 25 ' 3 35 - 4 mir
Peak RetTime Typs Width Lrea Height Lrea
t [min] [min] [mAU* s [mAT] %
S B e | =====—m | —=====—= |—=—————= !
1 15.832Z BB 0.e298 303.36142 6.581239 4.09148
2 36.707 BB 1.0332 7110.46240 106.15379 95.5082

CHIRALPAK-AD, 20% IPA-HEXANE, .7 mL/min,

254 nm
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benzo[f]lisochromen-4-one (3p)

(4aR,5S,6S,10bR)-6-Benzoyl-2-methyl-5-(naphthalen-2-yl)-4a,5,6,10b-tetrahydro-4H-

[ 1 VWD1 A, Wavelength=254 nm (D:\D‘ATA'LAR...E\ARGHYA\ARG—AH—46 (2-NAP) RAC-20% AD (1) 2021-03-10 22-24-17.D)

mAL ]
400+
300
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2 _é§
3;3?. >
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] f | | N\
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0 L / \"_ T ‘—/ E— E——
40 45 50 55 80 mir
Peak RetTime Typs Width Lrea Height Lrea
t [min] [min [mRAU*s [mAT] %
= e | ——======== | ———=—===== | ——==——= =
1 44,269 MM 1.3881 1.B825%%=4 219.24704 45,9913
2 54.%35 MM 1.8639 1.B82663=4 163.33215 50.0087

[T VWDT A Wavelength=254 nm (D'DATAWR.. AW FILEARGHYAARG-AH-45 CHI[Z-NF) 20% (1) 2021-03-07 2Z-07-430)

mAl ]
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200
E "
] i
1501 3 o
: 2
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100 [
] [
] { Y
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50 | Y
p II LY
] : : \
] -
4 1 /
1 T S . — —
T T T T T T T T T T T T T
40 45 50 55 60
Peak RetTime Twvpe Width Ars=a Height Erea
- [min] [min] [mAT*s] [mAlr] &
1_3083
98_.e517
EE Ay, Z0% IPA-HEXANE, 7 mL/min, 254 nm

_____
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(4aR,5S,6S,10bR)-6-Benzoyl-2-methyl-5-((E)-styryl)-4a,5,6,10b-tetrahydro-4H-

benzo[f]lisochromen-4-one (3q)

T VWD A Wavelengih=254 nm (D7DATAISU. . TARAW FILEARGHYAISH-AG-CNE(MA RAC 4) (1) 2021-03-13 16-04-24 D)
mAU ]
140
120
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] e &
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] Il g o
407] I racemic-3q umj'vs‘?;‘)
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25 30 35 40 45 50 55 mi
Peak RetTime Typs Width Lrea Height Lrea
i [min] [min [mAUT*= [mATT] %
e R | === | === | ===
1 Z2B.737 MM 0.917% 3202.76147 58.15466 49.3329
2 55.157 MM 1.613¢ 3260.553518 33.67784 50.4471
] VWD A, Wavelength=254 nm (D-DATAISU _ARAW FILEARGHYASH-AG-CNE(MA,CHIR 4) (1) 2021-03-13 17-15-07.D)
mAL ]
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125
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chiral - 3q |'I ".I
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| \
II |II
4 © |I I|
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Peak RetTime Typs Width Lrea Height Lrea
¥ [min] [min] [mAT*s [mATT] %
el EEEEE | === === | === | === | === |
1 28.868 MM 0.9101 35.65258 £.52930e-1 0.4528
2 55.160 MM 1.6144 T7667.75248 79.1e170 59%.3537Z2
Samples Info : CHIRR] PAF AD,7% IPL-HEXZNE, 0.7 mL/min, 254 nm
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(4aR,5S,6S,10bR)-6-Benzoyl-5-(4-methoxyphenyl)-2,8-dimethyl-4a,5,6,10b-tetrahydro-

4H-benzol[f]isochromen-4-one (3r)

[ 1 VWD1 A, Wavelength=254 nm (D\DATA'SUBRATA\RAW FILE\SHILPA\SB-SC-164-RAC-1 (1) 2021-03-02 19-17-39.D)
mAU
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Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
——— |- | === | == R R | ———————- |
1 12.604 MM 0.4003 1.10991e4 462.08380 49.6712
2 36.967 MM 1.3260 1.12461e4 141.29347 50.3288
[ ] VWD1A, Wavelength=254 nm (D:\D—ATA\SUBéATA\RAW FILE\SHILPA\SB-SC-163-CHI-1 (1) 2021-03-02 20-04-46.D)
mAU ]
175 N
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Beved
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chiral - 3r \‘ .
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10 I ‘ I ‘ 1‘5 ' ‘ ‘ ‘ 2‘0 ‘ ‘ I ‘ 2|5 I ‘ I ‘ 3‘0 ‘ ‘ I ‘ 3‘5 I I ‘ ‘ 4‘0 ‘ ‘ ‘ mi
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [mAU] &
B R | === | === | === |
1 12.707 MM 0.3874 109.52612 4.71262 0.8975
2 37.329 MM 1.3651 1.20941e4 147.66252 99.1025
Sample Info : CHIRALPARK-AD, 40% IPA—ﬁEXANE, 0.7 mL/min, 254 nm
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(4aR,5S,6S,10bR)-6-Benzoyl-9-fluoro-5-(4-methoxyphenyl)-2-methyl-4a,5,6,10b-

tetrahydro-4H-benzo[f]isochromen-4-one (3s)

[ 1 VWD1 A, Wavelength=254 nm (DADATA\SUBRATAIRAW FILEVARGHYA\SH-AG-5F(RAC,MA) (1) 2021-03-05 18-35-14.D)

mAU ]
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12 14 16 18 20 2 24 2% mi
Peak RetTime Typs Width Lrea Height Lrea
t [min] [min [mAU*= [m&Ir] %
-l e el Bt |-~ -
1 16.23% MM 0.5287 %632.2%9883 303.67033 50.3052
Z2 Z2Z.456 MM 0.7350 9515.4333% Z214.e0608 4%.63948
1 VWD1 A Wavelengin=254 nm (DDA TASUBRATARAW FILEVARGHYAISH-AG-5F (CHIR,MA) (1) 2021-03-05 19-12-43 D)
mAU ]
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-10 T T T T T T -
12 14 16 18 20 2 24 2% mi
Peak RetTime Typs Width Lrea Height Lre=a
t [min] [min] [mAU* s [m&U] %
1 16.272 MM 0.2022 24.10212 7.93881=e-1 1.7470
2 Z22.633 MM 0.790% 1355.5401¢ 28.56595 9B.2530
Jample Info CHIRALFPALF-D, 30% IPRA-HEXLNE, 7 mL/min, 254 nm



(4aR,5S,6S,10bR)-6-Benzoyl-8,9-dimethoxy-5-(4-methoxyphenyl)-2-methyl-4a,5,6,10b-
tetrahydro-4H-benzo[f]isochromen-4-one(3t)

[T VWDT A, Wavelength=254 nm (DADATASUBRATARAW FILE\SHILPASB-SC-185-RAC-1 (1) 2021-03-15 14-58-54 D)
mAU |
200i 62%6)
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] ‘ OMe o
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6 é 1‘0 I|2 1|4 1‘6 I 1IE mi
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s3] [mAU] %
el EEEEEEE e | —mmmmm - | == - | -=—————- |
1 9.140 MM 0.3081 3059.04810 165.49138 50.0056
2 16.131 MM 0.5803 3058.35742 87.84579 49.9944

[T VWD1A, Wavelength=254 nm (D:\DATA\SUBRATA\RAW FILE\SHILPA\SB-SC-184-CHI-1 (1) 2021-03-15 15-22-14.D)
mAU
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MeO : |'D ‘
60 - ©/§o OMe J.
40 chiral - 3t ‘I‘ .
2 =3 rbﬁac'?b\ ‘ ‘I“'\,
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0 — L /03?3_7 — — I I_‘_/._ N \‘,,-— o ]
6 EIS 1b 1‘2 1‘4 1‘6 1IB mi
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*3] [mAU] %
=== === | === |======= [—=—====—=—= | ========== | =======-
1 9.180 MM 0.36860 36.55605 1.65312 1.2500
2 16.194 MM 0.5771 2887.84¢619 83.39981 98.7500
CHIRA1l PAK AD,50% IPA-HEXANE, 0.7 mL/min, 254 nm

Sample Info
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(4aR,5S,6S,10bR)-6-Benzoyl-2-isobutyl-5-(4-methoxyphenyl)-4a,5,6,10b-tetrahydro-4H-

benzo[f]lisochromen-4-one (3u)

] VWD1 A Wavelengin=254 nm (DDATASU_ \RAW FILEARGHYAISH-AG-P (WML, RAC 4) (1) 2021-04-21 09-34-01.0)
mAL ]
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Peak RetTime Typs Width Lrea Height Lrea
t [min] [min [mAT+*s] [mArr] %
-l | == === | === | ————————= | ===~ =
1 13.5537 MM 0.4170 2Z860.35522 114.32¢lc 45,8540
2 100.835 MM 3.276e7 2877.11230 14.€335%8 50.14¢0
1 VWD1 A, Wavelengin=254 nm (DADATASU. ARAW FILEARGHYAISH-AG-IP(MML, CHIR3) (1) 2021-04-20 17-30-09.0)
mAU ]
40|
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20| o
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i II |I
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chiral - 3u .
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o .9 [
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Peak RetTime Typs Width Lrea Height Lrea
t [min] [min [mAU*s] [mAT] %
|- |——— === | —————————= | ——————= =
1 13.510 MM 0.394818 91.2838¢ 3.8353373 1.9003
2 101.455 MM 3.6141 4712 .48877 21.73170 5S8.08%7

Gample Info CHIRRLPRFE RD,

20 % IPA-HEXLNE,

.7 mL/min,

254 nm
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(4aR,5S,6S,10bR)-6-Benzoyl-5-(4-methoxyphenyl)-2-phenyl-4a,5,6,10b-tetrahydro-4H-

benzo[f]isochromen-4-one(3v)

[T VWD1A, Waveler;gth=254 nm (D:\D;ATA\SUBI%ATA\RAW FILE\SHILPA\SB-SC-239-RAC-11 (1) 2021-04-20 10-32-34.D)
mAU ]
1754
150 +
125
100
racemic-3v
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\ 3] q;a"‘
25 \ ‘/53\
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1I4 16 1‘8 2‘0 2I2 2‘4 ZIG 2‘8 miry
Peak RetTime Type Width Area Height RArea
4 [min] [min] [MAU*s ] [mAU] %
SRR EEEEEES e e | == | == |-
1 14.569 MM 0.9648 2670.01758 46.12535 49.7311
2 24.353 MM 1.6601 2698.88794 27.09529 50.2689
[T VWDT A, Wavelength=254 nm (D:\DATA\SUBRATA\RAW FILE\SHILFPA\SB-SC-238-CHI-2 (1) 2021-04-20 09-55-49.D)
mAU
1400
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1200 - Ny @u@
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8004 | “| ©/\
; \ chiral - 3v
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200 f {\ Kl
| \ © N
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1‘4 1‘6 1‘8 2‘0 2‘2 2‘4 2‘6 ZIB mi
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU* s ] [mAU] %
=== |- | === === [————————- | ——=—————== |———=———= |
1 14.174 MM 0.8440 5.4429%96e4 1074.85742 98.445¢6
2 24.788 MM 2.2115 859.43213 6.47697 1.5544

Sample Info CHIRALCEL-0OD-H, 30% TPA-HEXANE, 0.7 mL/min,

254 nm
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(4aR,5S,6S,10bR)-5-(4-Methoxyphenyl)-2-methyl-6-(4-methylbenzoyl)-4a,5,6,10b-
tetrahydro-4H-benzo[f]isochromen-4-one (3w)

[ VWD1 A, Wavelength=254 nm (D:\D‘ATA'\AR...dRGHYA\ARG-AH-QQ (4-Me-Ac) RAC -ODH-30% (1) 2021-03-03 17-37-42.D)

mAlU
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FPeak RetTims Typs Width Lrea Height Lrea
14 [min] [min] [mAU*s] [mAU] B
e e [——== [————— | ===
1 0.783 MM 0.304Z2 1.115%7c=4 370.11%€0 50.077%9
2 8.2350 MM 1.103% 1.11€27=4 1¢28.54013 495.9221

Sample
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Peak RetTime Type Width Area Height Area
i [min] [min] [mAU* s ] [mATT] %
e e | === | ———————= | ———————= |
1 10.891 MM 0.3320 2.465%%4=4 773.75%09 5%5.3221
2 18.5%2Z MM 1.1131 118.55%254 1.77578 0.4779
Info

CHIRARLCEL-ODH, 30% IPA-HEXANE, 0.7 mL/min, 254 nm
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(4aR,5S,6S,10bR)-6-(3-Chlorobenzoyl)-5-(4-methoxyphenyl)-2-methyl-4a,5,6,10b-

tetrahydro-4H-benzo[f]isochromen-4-one (3x)

[T VWD A Wavelength=254 nm (DDATAAR . AW FILEARGHYAIARG-AH-52 (3-CF-AC) RAC (1) 2021-03-10 19-36-21.0)
mAU ]
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Peak RetTime Type Width Lrea Height Lrea
t [min] [min] [mAU*s [mAU] %
-l | === | ——==—===== | ——=—————= | ——=———=-
1 2Z2£.595 BB 0.7680 3030.35327 61.21006 50.2005
2 64.327 MM 1.988% 3065.66235 25.6%009 45.7985
T VWD1 A Wavelengih=254 nm (D \DATAVAR._AW FILEVARGHYAVARG-AH-51 (3-CI-AC) CHI (1) 2021-03-10 21-07-16 D)
mAU ]
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Peak RetTime Typs Width Lrea Height Lrea
i [min] [min] [mAT*s [mAU] %
— - e | === | === | ===
1 27.436 MM 1.12594 34.77931 5.13250e-1 0.315¢6
2 &5.637 MM 2.197¢e 1.0598&65=4 B3.32234 S%.cB44
CHIRALPAK AD, 20% IPA-HEXANE, .7 mL/min, 254

Sample Info



(4aR,5S,6S,10bR)-6-(2-Methoxybenzoyl)-5-(4-methoxyphenyl)-2-methyl-4a,5,6,10b-

tetrahydro-4H-benzo[f]isochromen-4-one (3y)

] VWD1 A, Wavelengin=254 nm (D\DATAAR _ARAW FILEVARGHYAARG-AH-54 (4-OMe-Ac) (1) 2021-03-10 18-13-42.0)
mAU ]
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FPeak RetTimes Typs Width Lrea Height Lrea
# [min] [min] [mAU*s [maTU] %
- [——— === [—————— | === |- |
1 15.115 BB 0.4694 2g10.16211 84.033%8 4B.9814
2 25.233 BB 0.7503 2718.715873 35.231538 51.018¢

I VWD T A Wavelength=254 nm ujD:'-E_ATA'.AR '."I' FILEVARGHYAARG-AH-53 [4-OMe-Ac) CHI (1) 2021-03-10 13-48-36.0)
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Peak BetTime Typs Widzch Ar=s Height Ere=z
- [min] [min] [mRT*=s mAlT] &
et e B B D B ] Ittt
15_375 BE 0. 4886 21.41607 2.63374 0.512H
1 B 4888 1.41¢ 6337 1214
2 25.302 BB 0.7635 1.579%c0e4 316.594006 B55_4872
Sample Info : CEHIRRLPAK AD, 30% IPR-HEXLNE, 7 mL/min, 254 nm



(4aR,5S,6S,10bR)-6-(1-Naphthoyl)-5-(4-methoxyphenyl)-2-methyl-4a,5,6,10b-tetrahydro
-4H-benzo[flisochromen-4-one (3z)

T VWD1 A, Wavelengih=254 nm (D7DATAAR...RAW FILEARGHYAARG-AH-122 RAC (1-NAP) (1) 2021-04-20 21-28-10.0)
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Peak RetTime Type Width Lrea Height Lrea
% [min] [min] [mAU*s ] [mATT] %
——— |- |- | === | —————————- |———————- |
1 20.%22 BB 0.6310 2275.20898 53.07272 50.46553
2 35%.6l1ll1l BB 1.1979% 2233.23193 28.32182 49.5345
[T VWD A, Wavelength=25% nm (D-DATARR_RAW FILEARGHYARRG-AH-121 GHI {1-NAF) (1) 2021-04-20 20-3541.0)
mal ]
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20 25 a0 a5 40 45 m
Peak R=2tTime Type Width Arssa Height Erea
i [min] [min] [mAT*s] [mAiT] &
1 20.682 BB 0.545¢ 49 _97591 2._.83019 0_8713
2 359_400 BB 1.2365 1.13748e4 140 _943¢E 89_1287
Sample Infc : CEIRRLPARE AD, Z5% IPAR-HEXRHNE, 7 mL/min, 254 nm



(4aS,5S,6S,10bR)-6-Benzoyl-2-methyl-5-(thiophen-2-yl)-4a,5,6,10b-tetrahydro-4H-

benzo[f]isochromen-4-one (3aa)

[ 1 VWD1A, Wavelength=254 nm (D:\D-ATA'\SU...-FILE'\ARGHYA'\SH-AG-ThiO (sm, MA rac 2) (1) 2021-03-15 12-35-16.D)

mAl ]
80
60
40
204
[]_J\__./\“ﬂ- —
T T T T T T 7 T
10 15 20 25 30 kL 40 45 50 i
Peak RetTims Types Width Lrea Height Lrea
i [min [min] [MAU* s [mai] 5
e |1 |-
1 24.658 MM 0.7815 3055.60425 65.25004 45.7100
2 42.16l1 MM 1.3512 3095.30103 38.17882 50.2900

YWD1 A, Wavelength=254 nm (D:\D_ATA'\SU...;ILE\ARGHYA\SH—AG-ThiO (sm, MA,chir 1) (1) 2021-03-15 11-31-14.D)

[
mal ]
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chiral - 3aa I'I
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o4 o —
T T T 1T T I T T T T
10 15 20 25 30 35 40 45 50 e
Peak RetTime Typs Width Lrea Height Lrea
t [min] [min] [mRAU* = [m&IT] %
-—— |- |-——= - |———————— |- |- |
1 42.%76 MM 1.5931 2765.3830¢ 39.34288 100.0000
SGample Info CHIRR]1 PRF AD,30% IPR-HEXANE, 0. mL/min, 254 nm
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(4aR,5S,6R,10bR)-6-Benzoyl-5-(4-methoxyphenyl)-2-phenyl-4a,5,6,10b-tetrahydro-4H-
pyrano[3,4-glindolizin-4-one (10a)

1 vwD1A, Waveleﬁgtﬁ=254 nm (DI\D‘ATA'\AR...{ARGHVA\ARG-AG-25O RAC(4-OMe-) AD- 30% (1) 2020-12-22 19-14-21.D)
mAU ]
200
| wy
od
©
Ll
'[_ Ph
150+ |‘
~
‘ ~
100 cl;lj
] | I OMe
I
| | | || racemic-10a
Le=]
507 | p:A [ ©
1 P | P
| o || AN
| I"lI | | o &
| I|I | ", II I'. — %
o | _‘\_‘___U'I \ / 1 - - //' “ﬁ-\,_\_\__\_\_ . /\\ |
— ,
20 30 40 50 60 70 mir
Psak RetTims Typs Width Lrea
4 [min] [min] [mAU*s]
- e [—==m
1 17.€25 BB 0.5571 £le3.848¢3
2 23.848 BB 0.7303 1430.62756
3 31.217 BE 0.5288 £195.304¢89
4 T70.234 MM 2.3156 1461.86133
[ 1 WwwWD1 A, Wavelength=254 nm (DI\D‘ATA'\AR..:QRGHYA’\ARG-AG—249 CHI (4-OMe-) AD- 30% (1) 2020-12-22 21-11-23.D)
mAU]
200
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5 P
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100—_ || OMe
‘| chiral - 10a
50 ‘ | 2
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04 J . Vi . .“':‘Q"I N
T T T T T T
20 30 40 50 60 70 il
Peak RetTime Typs Width Lrea Height Lrea
14 [min] [min] [mAU*s] [mRIT] %
- |- |- |——————— | —————— | === [
1 17.681 MM 0.6114 45331.035c4 123.510%97 85.3412
2 232.9%912 MM 0.7912 722.546594 15.85250 14,1741
3 31.374 MM 0.8%940 25.73804 4_.798Z8e—-1 0.4848
Sample Infoc CHIRALPAFE AD , 30% IPL-HEXANE, .7 mL/min
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(4aR,5S,6R,10bR)-6-Benzoyl-2,5-diphenyl-4a,5,6,10b-tetrahydro-4H-pyrano[3,4-g]

indolizin-4-one (10b)

T VWD1 A, Wavalength=254 nm (D1DATAAR . LEARGHYAARG-AG 253 RAC(PhAD- 20%2 (1) 2020-12-21 15-4440.0)
mAL ]
80 3
(=]
= 2
ll“ll %
‘| |'I
60| | I
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| | |
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I
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40 | | | |
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n I ¢ P
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15 17.5 20 225 25 275 30 325 35 mir
Peak RetTime Type Width Lrea Height Area
# [min] [min [mAU+*=] [m&Tr] e
———= === e [ === | ———————= |———=———= I
1 17.5%c4 BB 0.5103 2419.71733 T2.52306 34.93907
Z 20.378 BB 0.5612 2418.16943 65.88641 34.9683
3 Z29.466 BB 0.8369% 1007.151&7 158.507%4 14.5641
4 32.070 MM 0.9930 1070.28638 17.%6461 15.4770
] VWD1 A, Wavelengih=254 nm (D-DATAVAR . LEVARGHYAWRRG-AG-258 CHIPh-JAD- 20%-2 (1) 2020-12-21 14-18-16.0)
mal ]
200+
@
2
~
I
fl
150 (|
| |
|
|
| |
100 |
[
|
|
| || chiral - 10b
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15 175 " T s 25 ‘ots o s 3
Peak RetTime Typs Width Lrea Height Lrea
b4 [min] [min] [mRU*s] [mRU] %
———— |- R | == | - |-~ -
1 17.985% BB 0.5200 5882.€2451 172.88060 78.7045
2 20.4%91 MM 0.5088 31.34187 1.02664 0.4153
3 32.22Z4 BB 0.58311 1560.31506 25.63548 20.8758
Sample Info : CHIRALPRAFR AD , 20% IPR-HEXANE, .7 mL/min.
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(4aR,5S,6R,10bR)-6-Benzoyl-5-(4-bromophenyl)-2-phenyl-4a,5,6,10b-tetrahydro-4H-
pyrano[3,4-g]indolizin-4-one (10c)

1 VWD A Wavelengih=254 nm (DADATAAR _GHYAARG-AG-296 RAC (4 Br-PY-ODH-20% (1) 2020-12-23 11-00-25.0)
mALl
140-|
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100
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b r~
2 8 2
40 N = 5 -
[
| | I.'A‘\ ray o
|\ [ IR I3
AU A [\ /
[\ / \\ , \ /
04—— ._/'l _\-__|_/I e / \‘__ / ——
T T T T T T T T
10 15 20 2 30 i
Peak RetTime Typs Width Lrea Height Lres
¥ [min] [min] [mAU* s [m&TT] e
———= === [-—— || === | == |
1 12.5Z5 BE 0.7926e 2373.79173 44 ,83872 Z22.7Z30
2 17.037 BE 0.9266 2406.54530 38.96358 23.03&5
3 Z22.07% BB 1.2051 2830.432701 153.5032¢ 27.0942
4 27.380 BE 1.5797 2ZB35.8764¢ 26.0575%8 27.14&3
T VWD1 A, Wavelengih=254 nm (D\DATAAR _GHYAARG-AG-295 CHI (4- BI-PY)-ODH-20% (1) 2020-12-23 12-21-52 D)
mal 7]
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[ | | I', chiral - 10c
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10 15 20 25 30 i
Peak RetTime Type Width Lrea Height Lrea
b4 [min] [min] [mAU*s= [mAT] %
e Rl B | ———mm - |- |
1 12.4732 BB 0.69%8% 121.081350 2.39228 0.4644
2 1lg.818 BB 0.8870 B485.18066 143.&7177 32.354:Z22
3 Z2Zl.6e0 BB 1.1057 1.7386%=4 237.32100 6&6.6817
4 27.438 MM 1.17%9¢ 81.30183 1.14867 0.3118
Zample Infc CHIRRLCEL ODH , 20% IPZR-HEXANE, .7 mL/min.



(4aR,5S,6R,10bR)-6-Benzoyl-5-(3-chlorophenyl)-2-phenyl-4a,5,6,10b-tetrahydro-4H-
pyrano[3,4-glindolizin-4-one (10d)

T VWOT A Wavelengih=250 nm (1D ATAAR. . EARGHVAVARG AG 246 RAC (3.01 AD- 15% (1) 2020 1120 00 42.50.0)
mAl ]
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w
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| o s 65“’ %]
- p=s )
-‘ | \ ‘w b
20 N (' i .'FI‘.
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10 125 15 17.5 20 25 25 275 mir
Peak RetTime Typs Width Lrea Height Lrea
¥ [min] [min] [mAU*s] [mATT] 5%
———= |- |- | === | ———————— | === |
1 12.553& BB 0.4078 1203.81201 44 46981 27.8955
2 1%.064 MM 0.3620 960.1452¢ 28.471%9 22 _.2523
3 Z20.406 MM 0.5752 945.76758 27.403299 21.91%91
4 232.85Z BB 0.e791 1205.08¢l18 26.98148 27.9251
] VWOT A, Wavelength=250 nm (DIDATAAR . EARGHYAARG-AG 245 CHI (3-CI) AD- 15% (1) 2020-11-20 01-34-02.0)
mAL 7]
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Peak RetTime Typs Width Lrea Height Lrea
# [min] [min] [mRAU*s [mAU] %
| | == == R | ———mmmm- R |
1 13.€18 BB 0.3174 6€1.38850 3.05608 0.249%9
2 18.873 BB 0.3712 1.61%7c=4 42933289 &5.592¢c6
3 23.841 BB 0.6583 8310.12733 15%3.80508 33.8235
Sample Info CHIRALPAF- 2D, 15 % IPLR/HEXANE, .7 mL -min, 254 nM
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(4aR,5S,6R,10bR)-6-Benzoyl-2-(4-bromophenyl)-5-(4-methoxyphenyl)-4a,5,6,10b-
tetrahydro-4H-pyrano[3,4-g]indolizin-4-one (10e)

] VWDI1 A, Wavelengih=250 nm (D-DATAAR._ILEARGHYAARG-AG-252 RAC
mAU ]
17.5]
15
125
: 2
10 $
|'II'I
7.5 Il |
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5] | |I § .%o?" racemic-10e
] | & & &
: o ra\ g & g
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a0 35 40 45 50 55 60 e
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
=== |====|=====- | === | === | ===
1 3e.704 BB 0.882] 652.05e82 11.23482 26.5049
2 40.703 MM 1.5726 598.15027 4.55471 24,3137
3 46.836 MM 3.6536 5e8.08191 2.59142 23.0915
4 59.778 MM 3.07%4 ©41.84424 3.47381 26.0898
I:I YWD1 A, Wavelength=250 nm (D\DATAVR._ILEVARGHYAVARG-AG-251 CHI
mAL ]
70
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] Br
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] 2 Z 0
30 N ® :
: A g
207 R /5#’?
] . / \ OMe
10 I‘ \ / A
I / \ chiral - 10e
0—7____ y. \/ — — e— - -
10 ; : T \ T T
30 35 40 45 a0 55 60 min
Peak E=tTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
e B | === | = |- |- | -=——- - |
1l 36.6ltc BB 0.884%9 2117.62183 36.33844 43,8987
2 40.408 MM 2.354e 2706.26343 19.15561 56.1013
Sample Info : CHIRALPAK- ODH, 15 % IPA/HEXANE, .7 mL -min, 254 nM



(4aR,5S,6R,10bR)-6-Benzoyl-9-iodo-5-(4-methoxyphenyl)-2-phenyl-4a,5,6,10b-

tetrahydro-4H-pyrano[3,4-g]indolizin-4-one (10f)

] VWD A, Wavelengih=250 nm (DIDATAAR. .RGHYAARG-AG271 RAC (4-17) ODF 10% (1) 2020-12-07 13-45-39.0)
mAl]
35
30
25
20
15
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q
u—?’h A 2 _@q' ;.’;\
10 8§ & * G 5 &
@ ~ A R o
= 2 5 %
5] Do x/\
/ / / /
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01— A —_—r— _J// e J/_ - = —_—
T T T T T T
15 20 25 a0 5 40 45 mi
Peak RetTime Typs Width Lrea Height Lrea
# [min] [min] [mAU*s [maU] %
-l | === === [ === |- [ === |
1 18.g82 MM 1.5138 3581.69360 6.40423 18.195%
2 28.497 MM 1.8068 577.96674 5.33142 18.07532
3 36.8B73 MM 2.0732 022.82001 B.22237 31.9947
4 42,201 MM 2.60%¢ 1014.3664¢ &.47836 31.7302
=] VWD1 A, Wavelengih=250 nm (DADATAIAR _RGHYAIARG-AG 270 GHI (4-1-Fy) ODF- 10% (1) 2020-12.07 14 4642)
mAU 7]
] Ph
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So oM ®
e |
40 gq?g?fb
] chiral - 10f A
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-0 T T T T T T -
15 20 25 30 ki 40 45 mi
Peak RetTime Typs Width Lrea Height Lrea
t [min] [min [mAU+*s [mAU] %
e e | === | ——————- | ——=———== |
1 18.212 MM 0.3626 2.67144 1.22803e-1 0.0428
Z Z28.033 BB 1.3223 1478.41¢38 13.94061 23.6932
3 36.29%8 MM 2.1527 4758.74302 36.84281 76.2640
Zample Info CHIRALCEL ©DH, 10 % IPA/HEXANE, .7 mL -min, 254 nM
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(4aR,5S,6R,10bR)-6-(3-Methoxybenzoyl)-5-(4-methoxyphenyl)-2-phenyl-4a,5,6,10b-
tetrahydro-4H-pyrano[3,4-g]indolizin-4-one (10g)

] VWD1 A, Wavelengih=254 nm (DJDATAWAR .YAARG-AG-303-RAC (3-OME-AC)-{ODH) 20% (1) 2021-01-02 12-46-08.0)
mal 7]
175
150
125
2
&
1 @
100 ‘l‘
?5— H fﬁ'
&
1 ‘ ||'| °
50
1 5
‘ | 8 & &
] | || & 5 R
25 v o3 &
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Peak RetTime Typs Width Lrea Height Lrea
i [min] [min [mRU*s [mAU] %
- |- [ |- |- |
1 18.5%30 BE 0.5673 32680.00659 59.05443 28.1534
2 24.554 BE 0.7371 25%22.5455¢6 60.77134 22_.358¢
3 5B.5%33 MM 1.8218 2B1&6.8%014 25.77083 21.5502
4 B83.628 MM 3.5284 2651.82983 17.24%60 27.9378
] VWDT A, Wavelengih=254 nm (D-DATAAR _AARG-AG-302- CHI (3-OME-AC)-(ODH) 20% (1) 2021-01-02 16-41-09.0)
mAlLl 7
400
] Ph
300
] 3
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] |
2004 “ OMe
“ chiral - 10g
100] ‘
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2 | ®
S I| M =
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0 e S . AN . / .
10 A i i 70 B0 @ i
Peak RetTime Type Width Lrea Height Lrea
* [min] [min [mAT*s [mATr] %
——— |- |- === | —————————- | === |
1 15.065 BB 0.6228 185.87975 4.62691 1.057%
2 24.417 BB 0.732% 1.14755=4 238.7910e €£32.9358
3 B832.675% BB 2.59064 6279.71680 27.71310 34.59863
Sample Info : CHIRAPAFR AD , 20% IPL-HEXANE, .7 mL/min
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(4aR,5S,6R,10bR)-6-(4-Bromobenzoyl)-5-(4-methoxyphenyl)-2-phenyl-4a,5,6,10b-

tetrahydro-4H-pyrano[3,4-g]indolizin-4-one (10h)

T VWDT A, Wavelengih=254 nm (DDATAAR _ARGHYAARG-AG291 RAC(A-Br-Ac) AD- 25% (1) 2020-12-21 16-20-00 D)
nAl 7]
175
150
Ph
125
] >
100 w
] T
|
75 2 |
2 I OMe oS
A w 9‘?’
50 1 I'I | ‘ 3 fa-v
20 | | NS B
fl i 8 A\
1 [ I ~ & [
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Peak RetTime Typs Width Lrea Height Lrea
i [min] [min] [mRAU*s [mAT] %
- === | === === |——=———=—=- | === | ——=————= I
1 17.%5%0 BB 0.6335 2515.45823 60.04304 17.08&7
2 25.234 BB 0.7754 4673.5%33506 $2.21004 31.6581
3 47.735 MM 1.8152 Z2532.7059%9¢ 23.43846 17.3122
4 5&.286 MM 1.957¢ 455%5.0668%9 42.56183 33.%031
[T VWDT A, Wavelengih=254 nm (D:DATAAR. . ARGHYA\ARG-AG-200 CHIA-Br-Ac) AD- 25% (1) 2020-12-21 16-27-44.0)
mal 7]
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Peak RetTime Typs Width Lrea Height Lrea
4 [min] [min] [mAU*s [mAU] %
1 25.271 BB 0.77%¢ 1.47c3c=4 289.65424 90.045¢6
2 57.320 MM 1.5938% 1632.091553 14.02%32 5.9344
Sample Info CHIRALPAFR AD , 25% IPA-HEXANE, .7 mL/min.
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Methyl

naphthalene-2-carboxylate (11a)

(2S,3S,4S5)-4-benzoyl-3-(4-methoxyphenyl)-1-(2-oxopropyl)-1,2,3,4-tetrahydro

1 VWD1 A, Wavelength=254 nm (D:\E;ATA'LAR..;RAV\.' FILE\ARGHYAWRG-AH-136 RAC-AD-30% (1) 2021-04-27 15-55-15.D)

mal 7]
175
1504 g
125 1 Me OMe
] o
100 O
?5_- ‘ Ph (6] OMe -
] racemic-11a é
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T L T
10 15 20 25 30 i
Peak RetTime Typs Width Lrea Height Lres
t [min] [min] [mAUT*s] [mRTT] %
Sl |- === [-——————- |-—————— -
1 7.869 BB 0.3065 25%1.43237 122.33221 45.7804
2 25.%41 BB 0.737% 2614.25517 54.771lee 50.21%¢
] VWDT A, Wavelengih=254 nm (D-DATAAR.RAW FILEVARGHYA\ARG-AH-135 CHI-AD-30% (1) 2021-04-27 17-45-33.0)
mal ]
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5] chiral - 11a
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T T T T T
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Peak RetTims Typs Width Lrea Height Lrea
i [min] [min] [mAT*s] [m&] %
-——— |- |——= - [-———————- | ———————- |-
1 7.969 MM 0.54Z20 97.5353525 2.99%9¢0 4,538
2 Z6.8B03 BB Q.7715 2052.01853 40.%96047 95.461
Sampls Info CHIERLLPLF. AD, 30% IPL-HEXENE, mL/min, 254 nm
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(2S,3S,4S)-4-Benzoyl-N-benzyl-3-(4-methoxyphenyl)-1-(2-oxopropyl)-1,2,3,4-tetrahydro

naphthalene-2-carboxamide (12a)

[ 1 VWD1 A, Wavelength=254 nm (D:\D-ATA'\AR...:MRA'\"\" FILEVARGHYAARG-AH-42 RAC-AD-40% (1) 2021-04-27 14-51-26.D)

mal ]
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Peak RetTime Typs Width Lrea Height Lrea
t [min] [min] [mAU*s] [mAT] %
-l | === === | === | ————————= | ——————= =1
1 7.364 MM 0.3288 2544_.23535 145.245389 2733
2 12.023 MM 0.5144 32031.08008 98.21487 50.72&7
] VWD1 A, Wavelength=254 nm (DDATAVAR _ARAW FILEARGHYAARG-AH-42 CHI-AD-40% (1) 2021-04-27 15-16-22.D)
|r|.l’\U__
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Peak RetTime Typs Width Lrea Height Lres
t [min] [min] [mAU*s] [mRU] %
el B R R | = |- |
1 7.332 MM 0.3447 2.58%c4=4 1252.11340 98.5781
2 12.076 MM 0.4973 373.52Z28¢ 12.51868 1.421%9

Sample Infco CHIRRLFPRFE RD,

40% IPL-HEXZNE, .7 mL/min, 254 nm



(1S,3aR,4S,5S,9bR)-1-Acetyl-5-benzoyl-4-(4-methoxyphenyl)-3a,4,5,9b-tetrahydro

naphtho[1,2-c]furan-3(1H)-one (13a)

] VWD1 A, Wavelengih=254 nm (DIDATAARGHYARAW FILEARGHYAARG-AH-148 (30%) (1) 2021-05-25 15-28-03.0)
mal ]
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Peak RetTime Typs Width Lrea Height Lrea
t [min] [min] [mAU* s ] [mRU] %
———— === |-——= - [ - |-——————- |- |
1 15.830 MM 0.5437 4.08308=4 1251.72%B¢ 45.6287
2 17.441 MM 0.5637 4.14417=4 12Z20.%9%032Z 50.3712
1 VWDI1 A, Wavelengih=254 nm (D-DATAAR..W FILEARGHYAARG-AH-147 CHIRALT (30%) (1) 2021-05-25 16-36-31.0)
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Peak RetTime Typs Width Lrea Height Lrea
4 [min] [min] [mAU*s] [mRU] %
e e e |- | === | ——————= =
1 16.041 MM 0.4132 2g£5.04749 10.69152 1.4253
2 17.452 MM 0.5984 1.83307=4 510.56180 98.5747
Sample Info CHIRALFPAFE AD, 30% IPA-HEXLNE, 7 mL/min, 254 nm



