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General experimental methods: All the starting compounds and catalysts employed in this
study were procured from Sigma-Aldrich and were used without further purification. For thin
layer chromatography (TLC), silica aluminium foils with fluorescent indicator 254 nm (from
Aldrich) were used and compounds were visualised by irradiation with UV light and/or by
treatment with a solution of p-anisaldehyde (23 mL), conc. H,SO4 (35 mL), and acetic acid
(10 mL) in ethanol (900 mL) followed by heating. Column chromatography was performed
using SD Fine silica gel 100-200 mesh (approximately 15-20 g per 1 g of the crude product).
Dry THF was obtained by distillation over sodium and stored over sodium wire. IR spectra
were recorded on a Perkin—Elmer FT IR spectrometer as thin films or KBr pellet, as
indicated, with vy« in inverse centimetres. Melting points were recorded on a digital melting
point apparatus Stuart SMP30 and were uncorrected. '"H NMR and C NMR spectra were
recorded on a 400 MHz Bruker Biospin Avance III FT-NMR spectrometer. NMR shifts are
reported as delta (8) units in parts per million (ppm) and coupling constants (J) are reported
in Hertz (Hz). The following abbreviations are utilised to describe peak patterns when
appropriate: br=broad, s=singlet, d=doublet, t=triplet, g=quartet and m=multiplet. Proton
chemical shifts are given in 6 relative to tetramethylsilane (6 0.00 ppm) in CDCl; or in
(CD3),SO (6 2.50 ppm). Carbon chemical shifts are internally referenced to the deuterated
solvent signals in CDCl; (8 77.1 ppm) or in (CD3),SO (& 39.5 ppm). Single crystal X-ray
analysis was carried on a Bruker AXS KAPPA APEX II system or Rigaku XtaLAB mini X-
ray diffractometer. High-resolution mass spectra were recorded on a Waters QTOF mass
spectrometer. Optical rotations were recorded on Rudolph APIII/2W instrument. HPLC data

was acquired from a Waters machine (model no 515).
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General procedure-1: Synthesis of the dienones 1q and 1r.
The dienones 1q and 1r were synthesised as in the literature methods.' Directed a-alkylation
of benzothiophene-3-carboxaldehydes A afforded the dienols B which upon IBX oxidation

generated the dienones, Scheme 18.

R
LNMP, n-BuLi R2 IBX (1 .5 equiv)
—78 °C, THF EtOAc, 75 "C

H alkyl

step-l step-ll [LNMP

Scheme 18. Synthesis of the dienones 1q and 1r.

Representative procedure for step-I (Scheme 1S): To a solution of N-methylpiperazine
(NMP, 0.18 mL, 1.6 mmol) in THF (5 mL) at —78 °C was added n-BuLi (1.6 M in hexane,
1.0 mL, 1.6 mmol). After 15 min, benzothiophene-3-carboxaldehyde (200 mg, 1.2 mmol)
was added and then the reaction mixture was stirred for an additional 30 min. A hexane
solution of »n-BuLi (2.0 mL, 3.2 mmol) was added and the mixture was stirred for an
additional 15 min and then the mixture was warmed to —30 °C in 2 h. The solution was again
cooled to —78 °C and a dienal C (1.5 mmol) was added drop wise over 5 min. The mixture
was warmed to room temperature over 30 min. The reaction progress was monitored by TLC.
Reaction mixture was quenched with saturated aqueous ammonium chloride solution and
extracted with ethyl acetate. The organic extracts were combined, dried over anhydrous
sodium sulphate and concentrated. The crude product was purified by silica gel column
chromatography using hexane/ethyl acetate as eluent to afford dienol B.

Representative procedure for step-II (Scheme 1S): Alcohol B (1 mmol) was dissolved in
ethyl acetate (10 mL), and IBX (1.5 mmol) was added. The resulting suspension was
immersed in an oil bath set to 75 °C and stirred until alcohol B disappeared as monitored by
TLC. The reaction was cooled to room temperature and filtered through Buchner funnel. The
filter cake was washed with 3x 2 mL of ethyl acetate. Organic extracts were combined and
worked up using saturated sodium bicarbonate solution to remove excess iodobenzoic acid.

The extract was dried over anhydrous sodium sulphate and concentrated under vacuum. The

! (a) S. Dhiman and S. S. V. Ramasastry, Ind. J. Chem., Sect. A, 2013, 52, 1103; (b) R. P. Shirke and S. S. V.
Ramasastry, J. Org. Chem., 2015, 80, 4893.
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crude product was purified by silica gel column chromatography using hexane/ethyl acetate

as eluent to afford the dienone 1.

General procedure-2: Synthesis of the dienones 1a-1p, 1s and 1t.

All these dienones were prepared as in Scheme 2S and 3S. For example, commercially
available 2-bromobenzaldehydes C (when R' = H and X = CH) were converted to 2-bromo
benzyl alcohols E via a straightforward sodium borohydride reduction. n-Butyllithium
mediated metal-halogen exchange followed by alkylation with an appropriate dienal C
generated the diols F. IBX oxidation of the diols F led to the formation of the dienone-
aldehydes 1a-1m and 1p, Scheme 2S. Similarly, In and 1o were prepared as in Scheme 38S,

and the dienones 1s and 1t were prepared as described in Scheme 4S.

R R
NaBH .
L o 4 L OH n-BuLi R2
R MeOH,0°C R _ —78°C, THF
X~ "Br X" "Br o R3
D E %/\/\/
R' = H, alkyl or aryl c r E
X=CHorN step-l step-ll
IBX (2.5 equiv)
EtOAc, 75 °C
tep-il
1a-1m and 1p step

J

Scheme 28S. Synthesis of the dienones 1a-1m and 1p.

NaBH4 n-BuLi
Br Br 5 >
|\/| OH, 0 °C -78 °C, THF R3
\ \ N

R4
step-l step-ll

IBX (2.5 equiv)

EtOAc, 75 °C
step-lil

1n,R®=Ph,R*=H
10, R3 = Ph, R* = Ph

Scheme 3S. Synthesis of the dienones 1n and 1o.
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O | 0 O | OH

NaBH,4 n-BuLi
—>
B MeOH, 0°C BT 78°C, THF R3

OVW
J K c r
step-lil step-lll

IBX (2.5 equiv)

EtOAc, 75 °C

step-lli

1s, R®=Ph,R*=H
1t, R® = Ph, R* = Ph

\. J

Scheme 48S. Synthesis of the dienones 1s and 1t.

Representative procedure for step-I (Scheme 2S): An oven dried 25 mL RB flask was
charged with 2-bromo benzaldehyde D (2.0 mmol), 10 mL dry MeOH and placed at 0 °C.
Sodium borohydride (2.1 mmol) was added portion wise under nitrogen atmosphere and
stirred at room temperature until D disappeared (monitored by TLC) and quenched by
saturated aqueous ammonium chloride. Methanol was removed under vacuum and extracted
using ethyl acetate. Organic extracts were combined, dried over anhydrous sodium sulphate.
Solvent was distilled off under reduced pressure to afford crude bromoalcohol E and
proceeded to the next step without further purification.

Representative procedure for step-II (Scheme 2S):* An oven dried 25 mL long neck RB
flask was charged with bromoalcohol E (1.0 mmol), 5 mL dry THF and placed at —78 °C. n-
BuLi (1.6 M in hexanes, 2.2 mmol) was added drop wise at same temperature and stirred for
2 hours. A dienal C (1.3 mmol) dissolved in 1 mL of dry THF, was added dropwise over 2
mins and stirred at room temperature for 30 mins. The reaction mixture was quenched with
saturated aq. ammonium chloride solution and extracted using ethyl acetate. The organic
extracts were combined, dried over anhydrous sodium sulphate and concentrated. The crude
product was purified by silica gel column chromatography using hexanes/ethyl acetate as
eluent to afford the diol F.

Representative procedure for step-III (Scheme 2S): The diol F were oxidised using IBX
following the general procedure described for step II in Scheme 1S to afford dienones 1a-1p,

1s and 1t.

2S.R. Flanagan, D. C. Harrowven and M. Bradely, Tetrahedron, 2002, 58, 5989.
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General procedure-3: Screening of reaction parameters

An oven dried 5 mL glass vial was charged with 1a (30 mg, 0.15 mmol). An appropriate
solvent (1 mL) and a catalyst (0.015 mmol) were introduced at room temperature under
nitrogen atmosphere and stirring continued at appropriate temperature until 1a disappeared as
monitored by TLC. All the volatiles were removed under reduced pressure. The crude
product was directly purified by silica gel flash chromatography using hexane/ethyl acetate as

eluent, to afford 2a as a pale yellow solid.

CHO OH
conditions _J
N _— —

0 o)
1a 2a
S.No | catalyst (10 mol%) solvent [ temp (°C) time % yield/(E/Z)
1 PPhy Toluene 50 48 h no reaction
2 PCy; Toluene rt lh 91 (4/1)
3 PCy; DCE rt 1h 90 (4/1)
4 PMe; Toluene rt 15 min 95 (3/1)
5 PMe, DCM rt 15 min 92 (3/1)
6 DBU DCM rt 24 h 86 (5/1)
74 DABCO DCM 45 24 h 81 (3/1)
8 PPh,Et Toluene rt 30 min 89 (4/1)
9 PPh,Et DCM rt 30 min 88 (4/1)
107 DMAP Toluene rt 24 h 85 (3/1)

“Yields are based on starting material recovery

General procedure-4: Evaluating the substrate scope (Table 1).

An oven dried 5 mL glass vial was charged with 1 (30 mg, 0.15 mmol). Toluene (1 mL) and
PMe; (1 M solution in toluene, 0.1 mL, 0.015 mmol) were introduced at room temperature
(rt) under nitrogen atmosphere and stirring continued at rt until 1 disappeared as monitored
by TLC. All the volatiles were removed under reduced pressure. The crude product was

purified by silica gel flash chromatography using hexane/ethyl acetate as eluent, to afford 2.
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General Procedure-5: Substrate scope with chiral catalyst (Table 2).

( )
F3C S
CHO OH
9(10 mol%) _< HN
S ooy
N HFIP RT FsC .
o) 1 R1 thP\
o 9 J

An oven dried 5 mL glass vial was charged with 1 (20 mg, 0.1 mmol) in 1,1,1,3,3,3-
hexafluoroisopropanol (HFIP, 0.5 mL), catalyst 9 was introduced at room temperature (rt)
under nitrogen atmosphere and stirring continued at rt until 1 disappeared as monitored by
TLC. Volatiles were removed under reduced pressure. The crude product was purified by

silica gel flash chromatography using hexane/ethyl acetate as eluent, to afford 2.

General Procedure-6: Synthesis of 3-substituted-4-acetylated-9-fluorenones 13.

o
OH RZ O O o) o

X — )J\/U\ R?
R1T/ — (1.2 equiv) — KZCO3 (1.1 equiv) 0.0
_— —

0 BiCl; (10 mol%) DMF, 60 °C
DCE, rt o)
2 Step | 12 Step Il 13

Scheme 5S: Synthesis of fluorenones (13).

Representative procedure for step-I (Scheme 5S):' An oven dried 5 mL glass vial was
charged with 2 (30 mg, 0.15 mmol) and acetylacetone (20 mg, 0.2 mmol) in dichloroethane
(DCE, 1 mL) and bismuth(IIT)chloride (10 mol %) was introduced at room temperature (rt).
Stirring continued at RT until 2 disappeared as monitored by TLC. Reaction mixture was
quenched with water and extracted using dichloromethane. Volatiles were removed under
reduced pressure. The crude product 12 was subjected to next step without further
purification.

Representative procedure for step-II (Scheme 5S): An oven dried 5 mL glass vial was
charged with 12 (0.1 mmol) in dimethylformamide (DMF, 1 mL) and potassium carbonate
(0.11 mmol) was introduced at room temperature (rt) and stirring continued at 60 °C until 12
disappeared as monitored by TLC. The crude reaction mixture was purified by silica gel flash

chromatography using hexanes/ethyl acetate as eluent, to afford 13.
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Spectroscopic data of the newly synthesised compounds during the present study

2-((2E,4E)-Hexa-2,4-dienoyl)benzaldehyde (1a).

This compound was prepared by following the general procedure-2

CE:EO\/\/ and isolated as pale yellow oil. R¢ = 0.4 (Hexane/EtOAc = 4/1). IR
o (thin film, neat): vp,/cm™ 3447, 2910, 1701, 1663, 1586, 1199,

1a 1002, 770. '"H NMR (400 MHz, CDCl3): & 10.12 (s, 1H), 7.97-
7.95 (m, 1H), 7.68-7.56 (m, 3H), 7.06 (dd, J = 15.3 and 10.8 Hz, 1H), 6.56 (d, J =15.3 Hz,
1H), 6.31-6.18 (m, 2H), 1.88 (d, J = 6.4 Hz, 3H). *C NMR (100 MHz, CDCl): & 194.6,
191.2, 147.6, 142.6, 142.0, 135.4, 133.2, 130.7, 130.2, 129.2, 128.3, 127.3, 19.0. HRMS

(ESI): m/z calcd for Ci3H 30, (M+H): 201.0916. Found: 201.0905.

(E)-2-((E)-But-2-en-1-ylidene)-3-hydroxy-2,3-dihydro-1H-inden-1-one (2a).

- ~ This compound was isolated as pale yellow solid. Following the

OH
— general procedure-3, 30 mg of 1a afforded 28.5 mg of 2a (95%
yield). M.P = 117-119 °C. Ry = 0.2 (Hexane/EtOAc = 5/1). IR (thin
o film, neat): v, /em™ 3382, 2910, 1687, 1632, 1030, 922, 754. 'H
2a(E/Z=31) |

\.

NMR (400 MHz, CDCl3): 6 7.76 (t, J = 7.6 Hz, 2H), 7.69 (dt, J =
7.6 and 1.2 Hz, 1H), 7.50-7.46 (m, 1H), 7.28-7.26 (m, 1H), 6.86-6.79 (m, 1H), 6.41 (sextet,
3.2 Hz, 1H), 5.73 (d, /= 9.6 Hz, 1H), 2.25 (d, J = 9.5 Hz, 1H), 2.00 (dd, J= 7.0 and 0.8 Hz,
3H). *C NMR (100 MHz, CDCls): & 192.1, 151.0, 143.8, 138.0, 137.3, 136.3, 135.1, 129.6,
127.7, 125.9, 123.4, 69.0, 19.3. HRMS (ESI): m/z calcd for m/z calcd for C;3H;;0 (M-OH):
183.0810. Found: 183.0821.
(8)-2-((E)-But-2-en-1-ylidene)-3-hydroxy-2,3-dihydro-1H-inden-1-one (2a).

N Following the general procedure-5, 25 mg of 1a afforded 24 mg of 2a

OH
\ (97% vyield, E/Z = 4:1). Optical rotation: [a]”p +31.7 (¢ 0.20,

CHCIl;) for a sample with ee 97%. The enantiomeric excess was

determined by HPLC analysis using Daicel Chiralpak AS Column

2a (E/Z = 411)

. J

(92:8 n-Hexane/2-Propanol, 0.8 mL/min, 254 nm, Tmajor = 34.4 min,

Tminor = 39.7 min).

2-((2E,4E)-5-Phenylpenta-2,4-dienoyl)benzaldehyde (1b).
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This compound was prepared by following the general

CHO
©:N/th procedure-2 and isolated as a pale yellow solid. M.P = 67-69 °C.
R¢ = 0.5 (Hexane/EtOAc = 3/1). IR (thin film, neat): Vimax/cm”!

O1b

3029, 2859, 1695, 1649, 1614, 1581, 1253, 1022, 775. '"H NMR
(400 MHz, CDCl3): & 10.18 (s, 1H), 8.02 (d, J= 7.2 Hz, 1H), 7.71-7.64 (m, 3H), 7.50 (d, J =
7.2 Hz, 2H), 7.41-7.35 (m, 3H), 7.31-7.25 (m, 1H), 7.01-6.99 (m, 2H), 6.80 (d, J = 7.3 Hz,
1H). ®C NMR (100 MHz, CDCl;): § 194.3, 191.2, 147.1, 143.0, 141.9, 135.7, 135.5, 133.2,
130.9, 129.6, 129.3, 129.1, 128.9(2C), 128.3, 127.4(2C), 126.4. HRMS (ESI): m/z calcd for
C1gH150, (M+H): 263.1072 Found: 263.1081.

(E)-3-Hydroxy-2-((E)-3-phenylallylidene)-2,3-dihydro-1H-inden-1-one (2b).

Ve

OH Ph) This compound was isolated as pale yellow solid. Following the
/" general procedure-4, 50 mg of 1b afforded 46 mg of 2b (91% yield).

N M.P = 162-164 °C. Ry = 0.3 (Hexane/EtOAc = 4/1). IR (thin film,

2b (E/Z=31) | neat): vmyu/om™ 3395, 3064, 1691, 1614, 1293, 976, 765. '"H NMR
(400 MHz, CDCl3): 6 7.80-7.78 (m, 1H), 7.70-7.51 (m, 5H), 7.43-7.34 (m, 5H), 7.02 (dd, J =
15.2 and 3.2 Hz, 1H), 5.97 (d, J = 4.8 Hz, 1H), 2.86 (d, J = 4.9 Hz, 1H). *C NMR (100
MHz, CDClL;): & 192.2, 151.2, 144.1, 138.3, 137.9, 137.3, 136.0, 135.2, 129.6, 129.5,
128.9(2C), 127.7(2C), 125.9, 124.0, 123.4, 69.1. HRMS (ESI): m/z calcd for C;sH;30 (M-

OH): 245.0966. Found: 245.0970.

2-((2E,4E)-5-(Naphthalen-2-yl)penta-2,4-dienoyl)benzaldehyde (1c).

This compound was prepared by following the general

CHO
procedure-2 and isolated as pale yellow solid. M.P =
NS
o 107-109 °C. Ry = 0.4 (Hexane/EtOAc = 3/1). IR (thin

le film, neat): vma/cm’ 3056, 1695, 1650, 1579, 1326,

1274, 1022, 748. "H NMR (400 MHz, CDCl3): § 10.20 (s, 1H), 8.02 (d, J = 7.5 Hz, 1H),
7.85-7.83 (m, 4H), 7.72-7.65 (m, 4H), 7.53-7.50 (m, 2H), 7.36-7.33 (m, 1H), 7.13-7.12 (m,
2H), 6.83 (d, J = 15.2 Hz, 1H). ®C NMR (100 MHz, CDCL3): § 194.2, 191.3, 147.1, 143.1,
141.9, 135.6, 133.8, 133.4, 133.3, 133.2, 130.9, 129.4, 129.0, 128.8, 128.7, 128.43, 128.4,
127.8, 127.0, 126.8, 126.7, 123.3. HRMS (ESI): m/z calcd for CyH;sNaO, (M+Na):
335.1048. Found: 335.1051.
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(E)-3-Hydroxy-2-((E)-3-(naphthalen-2-yl)allylidene)-2,3-dihydro-1H-inden-1-one  (2c).

- N This compound was isolated as pale yellow solid. Following

the general procedure-4, 30 mg of 1c¢ afforded 29 mg of 2¢
(95% yield). M.P = 169-171 °C. Ry = 0.2 (Hexane/EtOAc =
3/1). IR (thin film, neat): vp./cm™ 3660, 2937, 1697,
o) 1604, 1072, 1022, 746. "H NMR (400 MHz, (CD;),S0O): &
N 2¢ (E/Z=51) ) 8.08 (s, 1H), 7.99-7.87 (m, 4H), 7.81-7.68 (m, 4H), 7.59-
7.54 (m, 3H), 7.54-7.37 (m, 2H), 6.18 (d, J = 8.4 Hz, 1H), 5.85 (d, J= 8.4 Hz, 1H). *C NMR
(100 MHz, (CD3),SO): 6 192.0, 152.9, 142.8, 140.6, 138.0, 135.6, 135.3, 134.3, 133.7,
133.5, 129.7, 129.0, 128.8, 128.7, 128.1, 127.4, 127.2, 126.9, 125.7, 124.1, 123.0, 67.7.
HRMS (ESI): m/z calcd for Cy,H;50 (M-OH): 295.1123. Found: 295.1129.
(8)-3-Hydroxy-2-((E)-3-(naphthalen-2-yl)allylidene)-2,3-dihydro-1H-inden-1-one  (2¢).

e Following the general procedure-5, 20 mg of 1c¢ afforded
19.4 mg of 2¢ (97% yield, E/Z = 5:1). Optical rotation:

[a]*D +78.9 (¢ 0.08, DMSO) for a sample with ee 92%. The

J/

enantiomeric excess was determined by HPLC analysis
using Daicel Chiralpak AS Column (88:12 n-Hexane/2-
L 2c (E/Z=51) ) Propanol, 0.8 mL/min, 254 nm, Tmajor = 22.1 min, Zminor =
30.2 min).

2-((2E,4E)-5-(3,4-Dimethoxyphenyl)penta-2,4-dienoyl)benzaldehyde (1d).

This compound was prepared by following the general

CHO OMe
procedure-2 and isolated as pale yellow oil. Ry = 0.4
OMe (Hexane/EtOAc = 3/1). IR (thin film, neat): vy,/cm’

© 1d

2956, 2925, 1712, 1654, 1463, 1378, 1267, 1023, 745.
'"H NMR (400 MHz, CDCl;3): § 10.17 (s, 1H), 8.00 (d, J = 7.6 Hz, 1H), 7.68-7.62 (m, 3H),
7.30-7.23 (m, 1H), 7.05-7.02 (m, 2H), 6.90-6.85 (m, 3H), 6.75 (d, J = 14.9 Hz, 1H), 3.93 (s,
3H), 3.91 (s, 3H). ®C NMR (100 MHz, CDCly): § 194.2, 191.2, 150.6, 149.2, 147.6, 1432,
142.1, 135.4, 133.2, 130.8, 129.2, 128.8, 128.3, 128.0, 124.5, 121.8, 111.1, 109.1, 56.0, 55.9.
HRMS (ESI): m/z calcd for Cy0H19O4 (M+H): 323.1283. Found: 323.1290.
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(E)-2-((E)-3-(3,4-dimethoxyphenyl)allylidene)-3-hydroxy-2,3-dihydro-1H-inden-1-one

- N\ (2d). This compound was isolated as pale brown solid.
Following the general procedure-4, 30 mg of 1d afforded
27 mg of 2d (90% yield). M.P = 144-146 °C. Ry = 0.2
(Hexane/EtOAc = 3/1). IR (thin film, neat): vmax/cm'1
3456, 2932, 1694, 1608, 1517, 1269, 1023, 759. '"H NMR
(400 MHz, (CD3);S0): 6 7.77-7.76 (m, 2H), 7.72 (d, J =
7.6 Hz, 1H), 7.57-7.53 (m, 1H), 7.43 (dd, J = 15.4 and
12.1 Hz, 1H), 7.31-7.16 (m, 4H), 7.02 (d, /= 8.4 Hz, 1H), 6.11 (d, J= 8.0 Hz, 1H), 5.80 (d, J
= 8.0 Hz, 1H), 3.85 (s, 3H), 3.81 (s, 3H). *C NMR (100 MHz, (CD3),S0): & 191.9, 152.8,
150.7, 149.4, 143.4, 139.2, 138.1, 135.8, 135.4, 129.6, 129.5, 126.8, 123.0, 122.9, 122.2,
112.2, 110.1, 67.7, 56.0, 55.9. HRMS (ESI): m/z calcd for CyH;703 (M-OH): 305.1178.
Found: 305.1180.
(8)-2-((E)-3-(3,4-dimethoxyphenyl)allylidene)-3-hydroxy-2,3-dihydro-1H-inden-1-one

2d (E/Z = 31)

J/

e N (2d). Following the general procedure-5, 20 mg of 1d
afforded 17.5 mg of 2d (87% yield, E/Z = 5:1). Optical
rotation: [a]*p +135.8 (¢ 0.18, CHCI;) for a sample with
ee 78%. The enantiomeric excess was determined by

HPLC analysis using Daicel Chiralpak AD Column

(85:15 n-Hexane/2-Propanol, 1.0 mL/min, 254 nm, tmajor

2d (E/Z = 511)

=20.3 min, Tyinor = 29.1 min).

2-((2E,4E)-5-Phenylhexa-2,4-dienoyl)benzaldehyde (1e).

This compound was prepared by following the general

CHO
procedure-2 and isolated as pale yellow oil. Ry = 04
A N Ph
3 (Hexane/EtOAc = 4/1). IR (thin film, neat): vy, /cm™ 3379,
1e

3058, 1695, 1651, 1578, 1445, 1291, 1022, 761. "H NMR (400
MHz, CDCly): 6 10.22 (s, 1H), 8.02 (d, J = 7.3 Hz, 1H), 7.74-7.66 (m, 3H), 7.55-7.53 (m,
2H), 7.42-7.35 (m, 4H), 6.82 (d, J = 15.4 Hz, 1H), 6.73 (d, J = 7.5 Hz, 1H), 2.30 (s, 3H). *C
NMR (100 MHz, CDCL3): & 193.9, 191.4, 148.7, 142.7, 142.2, 141.6, 135.7, 133.1, 131.0,
129.2, 128.8, 128.6(2C), 128.4, 128.3, 126.0(2C), 125.2, 16.8. HRMS (ESI): m/z calcd for
C1oH70, (M+H)": 277.1229. Found: 277.1223.
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(E)-3-Hydroxy-2-((E)-3-phenylbut-2-en-1-ylidene)-2,3-dihydro-1H-inden-1-one (2e).

This compound was isolated as pale yellow solid. Following the

f )
OH Ph
— general procedure-4, 25 mg of 1e afforded 22 mg of 2e (87% yield).
— M.P = 158-160 °C. R¢ = 0.4 (Hexane/EtOAc = 3/1). IR (thin film,
o] neat): v /cm’ 3416, 3006, 1681, 1610, 1275, 749. "H NMR (400
2e (E/Z = 411)

.

/ MHz, CDCL): § 7.80-7.75 (m, 1H), 7.70 (t, J = 7.2 Hz, 1H), 7.62-
7.60 (m, 2H), 7.50-7.37 (m, 6H), 7.29-7.25 (m, 1H), 5.83 (s, 1H), 2.48 (br s, 1H), 2.39 (s,
3H). *C NMR (100 MHz, CDCls): & 192.2, 151.0, 149.9, 141.9, 138.2, 138.0, 135.2, 132.8,
129.6, 128.8, 128.5(2C), 126.2(2C), 125.9, 123.5, 122.4, 69.1, 16.5. HRMS (ESI): m/z calcd
for C1oH;s0 (M-OH): 259.1123. Found: 259.1136.

(E)-2-(5,5-Diphenylpenta-2,4-dienoyl)benzaldehyde (1f).

cHO This compound was prepared by following the general
procedure-2 and isolated as pale yellow oil. Ry = 0.4

A N Ph
d L (Hexane/EtOAc = 4/1). IR (thin film, neat): vy, /cm™ 3378,
Ll 3057, 2854, 1696, 1647, 1577, 1445, 1278, 1023, 772, 700. '"H
NMR (400 MHz, CDCl3): 6 10.15 (s, 1H), 7.95-7.93 (m, 1H), 7.64-7.58 (m, 2H), 7.40-7.17
(m, 12H), 6.93 (d, J = 11.2 Hz, 1H), 6.85 (dd, J = 15.2 and 0.6 Hz, 1H). *C NMR (100
MHz, CDCl;): & 194.1, 191.2, 153.8, 145.1, 142.0, 141.0, 138.2, 135.5, 133.1, 130.8,

130.4(2C), 129.6, 129.2, 129.1, 128.6, 128.5(2C), 128.4(2C), 128.3(2C), 125.5. HRMS
(ESI): m/z calcd for C4H 90, (M+H): 339.1385. Found: 339.1392.

(E)-2-(3,3-Diphenylallylidene)-3-hydroxy-2,3-dihydro-1H-inden-1-one (2f).

~, This compound was isolated as pale yellow solid. Following the

— general procedure-4, 30 mg of 1f afforded 28 mg of 2f (93% yield).
©:\§=/_<Ph M.P = 162-164 °C. R¢= 0.3 (Hexane/EtOAc = 4/1). IR (thin film,
neat): vi./cm” 3395, 3056, 1681, 1610, 1275, 749. "H NMR (400
MHz, CDCL): § 7.80 (d, J = 6.5 Hz, 2H), 7.70-7.66 (m, 1H), 7.50-
7.34 (m, 11H), 7.28-7.25 (m, 2H), 5.88 (d, J = 7.2 Hz, 1H), 2.39 (d, J = 7.1 Hz, 1H). *C
NMR (100 MHz, CDCl3): 6 191.7, 154.2, 150.8, 141.5, 139.2, 138.3, 138.2, 135.1, 134.5,

130.6(2C), 129.6, 129.1, 128.6, 128.5(2C), 128.4(2C), 128.3 (2C), 125.9, 123.5, 122.9, 69.2.
HRMS (ESI): m/z calcd for C,4H,0 (M-OH): 321.1279. Found: 321.1283.

2f (E/Z = 6/1)
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(8)-2-(3,3-Diphenylallylidene)-3-hydroxy-2,3-dihydro-1H-inden-1-one (2f).

s

OH Ph)

0]

2f (E/Z = 6/1)

min, Tpyiner = 20.7 min).

Following the general procedure-5, 25 mg of 1f afforded 23 mg of
2f (92% yield, E/Z = 6:1). Optical rotation: [0]*p +20.5 (¢ 0.05,
CHCI,) for a sample with ee 97%. The enantiomeric excess was
determined by HPLC analysis using Daicel Chiralpak AS Column
(90:10 n-Hexane/2-Propanol, 1.0 mL/min, 254 nm, Tmajor = 44.5

5-Fluoro-2-((2E,4E)-hexa-2,4-dienoyl)benzaldehyde (1g).

F CHO
\©:'(\/\/

O19

This compound was prepared by following the general
procedure-2 and isolated as a pale yellow solid. M.P = 100-102
°C. Ry = 0.4 (Hexane/EtOAc = 5/1). IR (thin film, neat):
Vma/em™ 2956, 1691, 1658, 1588, 1341, 1257, 1000, 836. 'H

NMR (400 MHz, CDCl3): & 10.14 (d, J = 2.8 Hz, 1H), 7.70-7.65 (m, 2HO0, 7.35 (dt, J = 8.1
and 2.6 Hz, 1H), 7.20-7.13 (m, 1H), 6.61 (d, J= 15.2 Hz, 1H), 6.34-6.29 (m, 2H), 1.93 (d, J =
6.0 Hz, 3H). ®C NMR (100 MHz, CDCl;): § 192.5, 189.9, 163.2 (d, J = 260.3 Hz), 147.9,
143.1, 138.5 (d, J= 6.2 Hz), 138.1 (d, J = 3.7 Hz), 131.0 (d, J = 8.2 Hz), 130.2, 126.4, 119.8
(d, J = 22.1 Hz), 115.5 (d, J = 23.0 Hz), 19.0. ’F NMR (376 MHz, CDCl;): & -106.7.
HRMS (ESI): m/z calcd for C3H;,FO, (M+H): 219.0821. Found: 219.0821.

(E)-2-((E)-But-2-en-1-ylidene)-5-fluoro-3-hydroxy-2,3-dihydro-1H-inden-1-one (2g).

e
F

.

OH

o)
2g (E/Z = 311)

~

J

This compound was isolated as pale yellow solid. Following the
general procedure-4, 30 mg of 1g afforded 29 mg of 2g (97%
yield). M.P = 159-161 °C. Ry = 0.3 (Hexane/EtOAc = 5/1). IR
(thin film, neat): vy /cm™ 3442, 2927, 1703, 1634, 1266, 1015,
750. "H NMR (400 MHz, CDCly): § 7.75-7.72 (m, 1H), 7.42 (dd,

J=28.1and 1.9 Hz, 1H), 7.24 (dd, J=11.2 and 2.4 Hz, 1H), 7.18-7.13 (m, 1H), 6.84-6.77 (m,
1H), 6.40 (sextet, J = 3.2 Hz, 1H), 5.60 (s, 1H), 2.42 (br s, 1H), 2.01 (dd, J= 6.8 and 1.2 Hz,
3H). ®C NMR (100 MHz, CDCl): & 190.6, 163.3 (d, J = 253.1 Hz), 144.3, 137.5, 135.9,
134.2, 127.5, 125.8 (d, J = 10.3 Hz), 117.6 (d, J = 32.0 Hz), 117.5, 112.8 (d, J = 25.3 Hz),
68.7, 19.4. ’F NMR (376 MHz, CDCl;): & -101.1. HRMS (ESI): m/z calcd for Ci3H;oFO
(M-OH): 201.0716. Found: 201.0722.
(8)-2-((E)-But-2-en-1-ylidene)-5-fluoro-3-hydroxy-2,3-dihydro-1H-inden-1-one (2g).
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Following the general procedure-5, 20 mg of 1g afforded 18.5 mg
of 2g (93% yield, E/Z = 3:1). Optical rotation: [0]”p +69.1 (c

0.12, CHCIs) for a sample with ee 99%. The enantiomeric excess

was determined by HPLC analysis using Daicel Chiralpak IC

2g (E/Z = 31)

.

Column (95:5 n-Hexane/2-Propanol, 1.0 mL/min, 254 nm, Tmajor =

39.5 min, Tminer = 27.7 min).

2-((2E,4E)-Hexa-2,4-dienoyl)-5-methoxybenzaldehyde (1h).

%) CHO This compound was prepared by following the general
\CQ‘/W procedure-2 and isolated as pale yellow solid. M.P = 82-85

°C. Ry = 0.4 (Hexane/EtOAc = 4/1). IR (thin film, neat):

Vma/em™ 3440, 2938, 1693, 1653, 1596, 1260, 1015, 750. 'H
NMR (400 MHz, CDCl3): 6 10.20 (s, 1H), 7.67 (d, J= 8.5 Hz, 1H), 7.45 (d, /= 2.4 Hz, 1H),
7.25-7.12 (m, 2H), 6.65 (d, J = 15.2 Hz, 1H), 6.33-6.27 (m, 2H), 3.92 (s, 3H), 1.91 (d, J= 6.0
Hz, 3H). C NMR (100 MHz, CDCl): § 192.2, 191.6, 161.8, 146.7, 142.2, 138.6, 134.3,

130.8, 130.3, 126.1, 118.9, 112.3, 55.7, 18.9. HRMS (ESI): m/z calcd for C;4H4NaO;
(M+Na): 253.0841. Found: 253.0836.

(E)-2-((E)-But-2-en-1-ylidene)-3-hydroxy-5-methoxy-2,3-dihydro-1H-inden-1-one (2h).

This compound was isolated as pale yellow solid. Following

( )
OH
MeO — the general procedure-4, 30 mg of 1h afforded 27.6 mg of 2h
(92% yield). M.P = 129-131 °C. Rf = 0.2 (Hexane/EtOAc =
O . . -1
2h (E/Z = 41) 4/1). IR (thin film, neat): vy,/cm™ 3374, 2926, 1681, 1631,

1597, 1290, 1018, 759. '"H NMR (400 MHz, CDCls): & 7.69-
7.67 (m, 1H), 7.21-7.18 (m, 2H), 6.99-6.97 (m, 1H), 6.83-6.76 (m, 1H), 6.38-6.33 (m, 1H),
5.65 (s, 1H), 3.94 (s, 3H), 2.46 (br s, 1H), 1.98 (dd, J = 6.8 and 1.2 Hz, 3H). C NMR (100
MHz, CDCL): 6 190.8, 165.5, 154.1, 143.0, 136.7, 136.2, 131.3, 127.6, 125.3, 117.5, 108.9,
68.9, 55.8, 19.3. HRMS (ESI): m/z calcd for C14H;503 (M+H): 231.1021. Found: 231.1009.

(8)-2-((E)-But-2-en-1-ylidene)-3-hydroxy-5-methoxy-2,3-dihydro-1H-inden-1-one  (2h).

Following the general procedure-5, 25 mg of 1h afforded 23.5
mg of 2h (94% yield, E/Z = 5:1). Optical rotation: [o]*p -2.7
(c 0.14, CHCI;) for a sample with ee 94%. The enantiomeric

excess was determined by HPLC analysis using Daicel

2h (E/Z = 5/1)
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Chiralpak AS Column (90:10 n-Hexane/2-Propanol, 0.8 mL/min, 254 nm, Tmajor = 18.2 min,

Tminor = 16.2 min).

5-Methoxy-2-((2E,4E)-5-phenylpenta-2,4-dienoyl)benzaldehyde (1i).

This compound was prepared by following the general

MeO CHO
\Cg(wph procedure-2 and isolated as pale brown oil. Ry = 0.4
o (Hexane/EtOAc = 4/1). IR (thin film, neat): Vma/cm™ 3027,

i 1692, 1653, 1596, 1579, 1350, 1237, 1016, 736. '"H NMR

(400 MHz, CDCl3): 6 10.25 (s, 1H), 7.73 (d, J = 8.4 Hz, 1H), 7.51-7.34 (m, 7H), 7.16 (dd, J
= 8.4 and 2.7 Hz, 1H), 7.02 (d, J = 4.8 Hz, 1H), 7.00 (s, 1H), 6.89 (d, J=15.2 Hz, 1H), 3.93
(s, 3H). ®C NMR (100 MHz, CDCL3): § 191.6, 162.0, 146.2, 142.7, 138.9, 138.8, 135.8,
134.2, 130.9, 129.5, 128.9(2C), 127.9, 127.4(2C), 126.5, 118.9, 112.5, 55.8. HRMS (ESI):
m/z calcd for C9H;;03 (M+H): 293.1178. Found: 293.1178.

(E)-3-Hydroxy-5-methoxy-2-((E)-3-phenylallylidene)-2,3-dihydro-1H-inden-1-one (2i).

- on on) This compound was isolated as pale yellow solid. Following

MeO A the general procedure-4, 30 mg of 1i afforded 27 mg of 2i
\©:‘>_/_/ (90% vyield). M.P = 170-172 °C. Ry = 0.2 (Hexane/EtOAc =
2i (E/Z =O4I1) 3/1). IR (thin film, neat): vy, /cm™ 3308, 2928, 1667, 1601,
1275, 1260, 1020, 749. '"H NMR (400 MHz, (CD3),SO): &
7.68 (d, J = 8.3 Hz, 1H), 7.64-7.62 (m, 2H), 7.55 (dd, J = 16.0 and 12.0 Hz, 1H), 7.45-7.42
(m, 2H), 7.38-7.35 (m, 1H), 7.24-7.18 (m, 3H), 7.09 (dd, /= 8.0 and 2.4 Hz, 1H), 6.12 (d, J =
8.4 Hz, 1H), 5.73 (d, J = 8.2 Hz, 1H), 3.91 (s, 3H). *C NMR (100 MHz, (CD3),SO): &
190.2, 165.5, 155.9, 141.9, 141.0, 136.7, 133.9, 131.3, 129.6, 129.4(2C), 127.8(2C), 125.2,
125.0, 117.4, 110.0, 67.7, 56.3. HRMS (ESI): m/z calcd for C;9H;50, (M-OH): 275.1072.
Found: 275.1085.
(8)-3-Hydroxy-5-methoxy-2-((E)-3-phenylallylidene)-2,3-dihydro-1H-inden-1-one (2i).

s oH on) Following the general procedure-5, 18 mg of 1i afforded 17 mg

MeO \__ /T of 2i (95% yield, E/Z = 4:1). Optical rotation: [a]”p +125.2 (¢
0.10, CHCIl;) for a sample with ee 96%. The enantiomeric
o excess was determined by HPLC analysis using Daicel

2i(E/Z=41)
Chiralcel OD-H Column (80:10 n-Hexane/2-Propanol, 1.0

J

mL/min, 254 nm, Tmajor = 28.7 Min, Tminor = 22.0 min).
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(E)-2-(5,5-Diphenylpenta-2,4-dienoyl)-5-methoxybenzaldehyde (1j).

This compound was prepared by following the general

MeO CHO

procedure-2 and isolated as pale brown oil. Ry = 0.4

A N Ph
o Bh (Hexane/EtOAc = 3/1). IR (thin film, neat): Vima/em’!
1] 3055, 1690, 1595, 1577, 1444, 1276, 1018, 765. "H NMR
(400 MHz, CDCl3): 6 10.22 (s, 1H), 7.75-7.70 (m, 1H), 7.44-7.36 (m, 11H), 7.24-7.21 (m,
1H), 7.15-7.11 (m, 1H), 7.01-6.95 (m, 2H), 3.98 (s, 3H). °C NMR (100 MHz, CDCl;): §
191.7, 191.5, 161.9, 153.4, 144.0, 141.2, 138.9, 138.4, 134.3, 130.8, 130.4(2C), 129.1, 128.7,
128.6, 128.5(2C), 128.4(2C), 128.3(2C), 125.7, 118.8, 112.3, 55.8. HRMS (ESI): m/z calcd

for CysH,103 (M+H): 369.1491. Found: 369.1479.

(E)-2-(3,3-Diphenylallylidene)-3-hydroxy-5-methoxy-2,3-dihydro-1H-inden-1-one (2j).

- on o0 This compound was isolated as pale yellow solid. Following

MeO A the general procedure-4, 20 mg of 1j afforded 18.5 mg of 2j
\©:\§_/_<Ph (92% yield). M.P = 191-193 °C. Ry = 0.3 (Hexane/EtOAc =
2 (E/Z =O4I1) 3/1). IR (thin film, neat): Vima/cm’! 3006, 2919, 1691, 1609,
1275, 1260, 750. "H NMR (400 MHz, (CD;),SO): & 7.63 (d,
J=8.8 Hz, 1H), 7.54-7.50 (m, 4H), 7.43-7.35 (m, 5H), 7.25-7.23 (m, 3H), 7.07 (dd, J = 8.6
and 2.2 Hz, 1H), 6.96 (dd, /= 8.1 and 1.4 Hz, 1H), 6.15 (d, J= 8.0 Hz, 1H), 5.78 (d, /= 7.9
Hz, 1H), 3.91 (s, 3H). ®C NMR (100 MHz, (CD3),S0): & 190.1, 165.6, 156.0, 151.2, 141.9,
141.3, 138.5, 131.2, 130.7, 130.5(2C), 129.4, 129.1(2C), 129.0(2C), 128.9, 128.2(2C), 125.0,
123.7, 117.3, 169.9, 67.7, 56.3. HRMS (ESI): m/z calcd for C,5H;90, (M-OH): 351.1385.
Found: 351.1399.
(5)-2-(3,3-Diphenylallylidene)-3-hydroxy-5-methoxy-2,3-dihydro-1H-inden-1-one (2j).

. J

Following the general procedure-5, 15 mg of 1j afforded 13

N

MeO N mg of 2j (88% yield, E/Z = 7:1). Optical rotation: [0]*p
— Ph

+20.2 (¢ 0.30, CHCls) for a sample with ee 97%. The

enantiomeric excess was determined by HPLC analysis using

Daicel Chiralpak AD Column (94:6 n-Hexane/2-Propanol,

2j (E/1Z=11)

. J/

1.0 mL/min, 254 nm, Tmajor = 39.8 min, Tminor = 30.2 min).

2-((2E,4E)-Hexa-2,4-dienoyl)-4,5-dimethoxybenzaldehyde (1k).
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This compound was prepared by following the general

MeO CHO
jr\:[”/\/\/ procedure-2 and isolated as a pale yellow solid. M.P = 127-
MeO I 129 °C. Ry = 0.3 (Hexane/EtOAc = 4/1). IR (thin film,

1k neat): vp./cm’ 3006, 2851, 1672, 1588, 1519, 1355, 1283,

1118, 871, 736. '"H NMR (400 MHz, CDCly):  10.05 (s, 1H), 7.50 (s, 1H), 7.15-7.08 (m,
1H), 7.03 (s, 1H), 6.54 (d, J = 15.2 Hz, 1H), 6.32-6.25 (m, 2H), 3.98 (s, 6H), 1.89 (d, /= 6.2
Hz, 3H). *C NMR (100 MHz, CDCL): & 193.5, 189.8, 152.7, 150.7, 147.4, 142.7, 137.1,
130.2, 129.2, 127.5, 110.5, 109.5, 56.3, 56.2, 19.0. HRMS (ESI): m/z caled for C;sHNaOy
(M+H): 283.0946. Found: 283.0965.

(E)-2-((E)-But-2-en-1-ylidene)-3-hydroxy-5,6-dimethoxy-2,3-dihydro-1 H-inden-1-one

- on ~ (2K).
MeO — This compound was isolated as Pale yellow solid. Following
MeO — the general procedure-4, 25 mg of 1k afforded 23 mg of 2k
O (91% yield). M.P = 147-149 °C. R¢ = 0.2 (Hexane/EtOAc =
2k (E/Z = 5/1)

.

o 3/1). IR (thin film, neat): Vinax/cm’! 3374, 2931, 1682, 1591,
1306, 1100, 760. "H NMR (400 MHz, CDCL3): & 7.17 (s, 1H), 7.05 (d, J = 12.1 Hz, 1H),
7.02 (s, 1H), 6.84-6.77 (m, 1H), 6.34-6.29 (m, 1H), 5.60 (s, 1H), 4.02 (s, 3H), 3.89 (s, 3H),
2.55 (br s, 1H), 1.98 (dd, J = 6.8 and 0.8 Hz, 3H). °C NMR (100 MHz, CDCl;): & 191.3,
155.6, 150.8, 146.4, 142.7, 136.8, 135.6, 131.3, 127.7, 106.7, 103.8, 68.8, 56.4, 56.1, 19.2.
HRMS (ESI): m/z calcd for C;5sH;503 (M-OH): 243.1021. Found: 243.1035.
(8)-2-((E)-But-2-en-1-ylidene)-3-hydroxy-5,6-dimethoxy-2,3-dihydro-1H-inden-1-one

(2k). Following the general procedure-5, 25 mg of 1k afforded
23 mg of 2k (93% yield, E/Z = 4:1). Optical rotation: [a]”p -
49.6 (¢ 0.15, CHCl;) for a sample with ee 93%. The

enantiomeric excess was determined by HPLC analysis using

Daicel Chiralpak AD Column (88:12 n-Hexane/2-Propanol,

2k (E/Z = 411)

0.7 mL/min, 254 nm, Tmajor = 20.8 min, Tminer = 25.6 min).

2-((2E,42)-4-(Chroman-4-ylidene)but-2-enoyl)benzaldehyde (11).

CHO N This compound was prepared by following the general

procedure-2 and isolated as pale brown oil. Ry = 0.4

(Hexane/EtOAc = 4/1). IR (thin film, neat): vy /cm™ 2925,
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1694, 1646, 1578, 1481, 1276, 750. "H NMR (400 MHz, CDCl;): & 10.22 (s, 1H), 8.01 (d, J
= 7.2 Hz, 1H), 7.71-7.64 (m, 5H), 7.28-7.26 (m, 1H), 6.98-6.95 (m, 1H), 6.92-6.87 (m, 2H),
6.84 (d, J=15.2 Hz, 1H), 4.27 (t, J = 6.0 Hz, 2H), 2.90 (t, J = 6.1 Hz, 2H). *C NMR (100
MHz, CDCL): 5 193.4, 191.4, 156.0, 142.2, 141.4, 141.2, 135.7, 133.2, 131.2, 131.0, 129.2,
128.3, 128.1, 124.4, 121.5, 121.2, 118.8, 118.0, 65.6, 26.5. HRMS (ESI): m/z calcd for
CaoH,705 (M+H): 305.1178. Found: 305.1163.

(E)-2-((Z)-2-(Chroman-4-ylidene)ethylidene)-3-hydroxy-2,3-dihydro-1H-inden-1-one
2D.

This compound was isolated as Pale brown solid. Following the
general procedure-4, 25 mg of 11 afforded 22 mg of 21 (89%
yield). M.P = 166-168 °C. Ry = 0.3 (Hexane/EtOAc = 4/1). IR
(thin film, neat): vy,/cm™ 3400, 3002, 1683, 1609, 1260, 750.
'"H NMR (400 MHz, CDCls): § 7.82-7.78 (m, 3H), 7.72-7.63
(m, 2H), 7.49 (t, J = 8.0 Hz, 1H), 7.43-7.40 (m, 1H), 7.28-7.24 (m, 1H), 6.97 (dt, /= 6.9 and
1.2 Hz, 1H), 6.90 (dd, J = 8.0 and 1.1 Hz, 1H), 5.85 (s, 1H), 4.27 (t, J = 6.0 Hz, 2H), 3.01-
2.97 (m, 2H), 2.62 (br s, 1H). *C NMR (100 MHz, CDCl;): 5 192.0, 156.0, 151.1, 142.0,
138.1, 137.9, 135.1, 131.6, 131.2, 129.6, 125.9, 124.9, 123.5, 121.9, 121.2, 117.9, 116.2,
69.1, 65.7,26.3. HRMS (ESI): m/z calcd for C,0H;50, (M-OH): 287.1072. Found: 287.1099.

21 (E/Z = 51)

(2E,4E)-1-(2-Benzoylphenyl)hexa-2,4-dien-1-one (1m).

e

J

This compound was prepared by following the general procedure-2
Ph and isolated as pale brown oil. R¢ = 0.5 (Hexane/EtOAc = 4/1). IR
P (thin film, neat): . /cm™ 3451, 3061, 2930, 1664, 1587, 1448,
o} m 1284, 704. "H NMR (400 MHz, CDClL3): & 7.79-7.77 (m, 3H),
A ” 7.61-7.56 (m, 2H), 7.55-7.48 (m, 2H), 7.44-7.40 (m, 2H), 7.16-7.10
(m, 1H), 6.56 (d, J = 15.1 Hz, 1H), 6.24-6.17 (m, 2H), 1.86 (d, J = 6.2 Hz, 3H). ®C NMR
(100 MHz, CDCl3): 8 197.4, 192.5, 146.5, 141.7, 140.6, 139.3, 137.2, 132.9, 131.0, 130.3,
129.9, 129.6(2C), 128.7, 128.6, 128.3(2C), 125.1, 18.9. HRMS (ESI): m/z calcd for
Ci9oH70, (M+H): 277.1229. Found: 277.1244.

0

(E)-2-((E)-But-2-en-1-ylidene)-3-hydroxy-3-phenyl-2,3-dihydro-1H-inden-1-one (2m).
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- N\ This compound was isolated as pale yellow sticky oil. Following the
general procedure-4, 25 mg of 1m afforded 23 mg of 2m (92%
yield). R¢= 0.2 (Hexane/EtOAc = 4/1). IR (thin film, neat): ma/em’!
om (EC/)Z=3I1) ) 3413, 2929, 1687, 1624, 1288, 982, 699. '"H NMR (400 MHz,

CDCl3): 6 7.75 (d, J = 8.4 Hz, 1H), 7.65 (dt, /= 11.6 and 1.2 Hz,
1H), 7.50 (dt, J = 7.7 and 0.9 Hz, 1H), 7.37-7.33 (m, 3H), 7.31-7.27 (m, 2H), 7.21-7.17 (m,
1H), 7.04 (d, J = 10.6 Hz, 1H), 6.56 (s, 1H), 6.36-6.29 (m, 2H), 1.72 (d, J = 5.8 Hz, 3H). °C
NMR (100 MHz, CDCl3): 6 192.7, 157.3, 145.9, 143.1, 142.2, 136.4, 136.0, 134.6, 129.4,
128.6(2C), 127.8, 127.0, 125.7, 125.5(2C), 122.9, 77.6, 19.5. HRMS (ESI): m/z calcd for
Ci9H;50 (M-OH): 259.1123. Found: 259.1143.

\.

1-((2E,4E)-Hexa-2,4-dienoyl)-2-naphthaldehyde (1n).

This compound was prepared by following the general

CHO
O S A procedure-2 and isolated as pale brown solid. M.P = 85-87 °C.
O o R¢ = 0.4 (Hexane/EtOAc = 4/1). IR (thin film, neat): vmax/crn'1
1n

3016, 1697, 1275, 1260, 764, 750. 'H NMR (400 MHz,
CDCl;): 6 10.17 (s, 1H), 8.05-7.94 (m, 3H), 7.85 (d, J = 8.8 Hz, 1H), 7.69-7.65 (m, 1H),
7.60-7.56 (m, 1H), 6.79-6.72 (m, 1H), 6.60 (d, J = 15.6 Hz, 1H), 6.31-6.28 (m, 1H), 6.09-
6.03 (m, 1H), 1.85 (d, J = 6.8 Hz, 3H). *C NMR (100 MHz, CDCls): & 198.2, 190.4, 149.0,
143.3, 139.4, 136.1, 130.7, 130.4, 130.2, 129.9, 129.7, 129.3, 128.4, 127.8, 126.7, 123.0,
19.0. HRMS (ESI): m/z calcd for C17H 140, (M+H)+: 251.1072. Found: 251.1053.

(E)-2-((E)-But-2-en-1-ylidene)-3-hydroxy-2,3-dihydro-1H-cyclopentaja|naphthalen-1-

one (2n).This compound was isolated as pale yellow solid.
Following the general procedure-4, 30 mg of 1n afforded 27 mg of
2n (90% yield). M.P = 196-198 °C. R¢ = 0.2 (Hexane/EtOAc =
4/1). IR (thin film, neat): Vima/cm’! 3365, 2926, 1693, 1608,
/1517, 1441, 1176, 834, 760. '"H NMR (400 MHz, (CD;),SO): &
9.13 (d, J =8.4 Hz, 1H), 8.31 (d, J = 8.4 Hz, 1H), 8.09 (d, J = 8.0 Hz, 1H), 7.83 (d, /= 8.4
Hz, 1H), 7.77-7.73 (m, 1H), 7.68-7.64 (m, 1H), 7.11 (d, /= 11.9 Hz, 1H), 6.86-6.79 (m, 1H),
6.45-6.40 (m, 1H), 5.99 (d, J = 8.4 Hz, 1H), 5.71 (d, J = 8.3 Hz, 1H), 1.94 (dd, J = 6.8 and
1.1 Hz, 3H). ®C NMR (100 MHz, (CD;),SO): & 193.0, 155.2, 141.9, 138.3, 136.5, 134.2,

2n (E/Z = 51)

\
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133.5, 131.7, 129.5, 129.1, 128.6, 128.5, 127.6, 124.3, 123.7, 67.5, 19.5. HRMS (ESI): m/z
calced for C17H;140, (M+H)+: 251.1072. Found: 251.1089.
(8)-2-((E)-But-2-en-1-ylidene)-3-hydroxy-2,3-dihydro-1H-cyclopenta|a|naphthalen-1-

one (2n). Following the general procedure-5, 20 mg of 1In
afforded 18.6 mg of 2n (93% yield, E/Z = 5:1). Optical rotation:
[a]®p +44.9 (¢ 0.08, CHCIl3) for a sample with ee 99%. The

enantiomeric excess was determined by HPLC analysis using

J  Daicel Chiralcel OD-H Column (90:10 n-Hexane/2-Propanol, 1.0

2n (E/Z = 5/1)

.

mL/min, 254 nm, Tmajor = 19.6 min, Tminer = 13.7 min).

(E)-1-(5,5-Diphenylpenta-2,4-dienoyl)-2-naphthaldehyde (10).

This compound was prepared by following the general

CHO

procedure-2 and isolated as pale yellow solid. M.P = 122-124
°C. Ry = 0.4 (Hexane/EtOAc = 3/1). IR (thin film, neat):

1o Vma/em™ 3007, 1695, 1641, 1604, 1275, 1260, 749. "H NMR
(400 MHz, CDCl3): 6 10.17 (s, 1H), 7.93-7.89 (m, 3H), 7.69-7.61 (m, 2H), 7.36-7.19 (m,
7H), 7.07 (t, J = 7.6 Hz, 2H), 6.92-6.84 (m, 5H). *C NMR (100 MHz, CDCl;):  197.9,
190.5, 154.3, 147.2, 147.1, 143.5, 140.8, 137.8, 136.0, 132.5, 130.4, 130.3, 129.7, 129.6,
129.3, 129.2(2C), 128.4(2C), 128.3(2C), 127.9, 127.6(2C), 126.7, 125.2, 122.9. HRMS
(ESI): m/z calcd for CgH,,0, (M+H): 389.1542. Found: 389.1546.

(E)-2-(3,3-Diphenylallylidene)-3-hydroxy-2,3-dihydro-1H-cyclopenta[a]naphthalen-1-

one (20).

This compound was isolated as pale yellow solid. Following the
general procedure-4, 35 mg of 1o afforded 31 mg of 20 (89%
yield). M.P = 147-149 °C. R = 0.2 (Hexane/EtOAc = 4/1). IR
(thin film, neat): vy, /om™ 3418, 3056, 1681, 1609, 1275, 1173,
/749. "H NMR (400 MHz, CDCl): § 9.19-9.17 (m, 1H), 8.14-
8.10 (m, 1H), 7.93-7.89 (m, 1H), 7.83-7.78 (m, 1H), 7.71-7.57 (m, 2H), 7.54-7.21 (m, 12H),
5.91 (s, 1H), 2.40 (br s, 1H). *C NMR (100 MHz, CDCls): & 192.5, 153.5, 152.73, 152.71,
141.5, 139.5, 138.3, 136.4, 139.5, 136.4, 133.1, 130.6(2C), 129.1, 129.0, 128.9, 128.5(2C),
128.4(4C), 128.3, 127.4, 125.0, 122.9, 122.4, 69.0. HRMS (ESI): m/z caled for Cy3H;90
(M—-OH): 371.1436. Found: 371.1453.

20 (E/Z = 6/1)

.
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(8)-2-(3,3-Diphenylallylidene)-3-hydroxy-2,3-dihydro-1H-cyclopenta[a|naphthalen-1-

one (20). Following the general procedure-5, 24 mg of lo
afforded 23 mg of 20 (95% yield, E/Z = 7:1). Optical rotation:
[a]*b +114.7 (¢ 0.18, CHCL;) for a sample with ee 89%. The

enantiomeric excess was determined by HPLC analysis using

20(E/Z=71) ) Daicel Chiralcel OD-H Column (95:5 n-Hexane/2-Propanol, 1.0

mL/min, 254 nm, Tmajor = 59.6 min, Tminer = 37.8 min).

2-((2E,4E)-Hexa-2,4-dienoyl)nicotinaldehyde (1p).

This compound was prepared by following the general procedure-2
and isolated as pale brown solid. M.P = 114-116 °C. Ry = 0.4
(Hexane/EtOAc = 3/1). IR (thin film, neat): Vinax/Cm’| 3009, 1700,

L 1662, 1574, 1275, 997, 750. "H NMR (400 MHz, CDCls): &
10.49 (s, 1H), 8.86-8.85 (m, 1H), 8.23 (d, J= 7.6 Hz, 1H), 7.60 (dd, /= 7.6 and 4.8 Hz, 1H),
7.55-7.49 (m, 1H), 7.33 (d, J = 15.6 Hz, 1H), 6.41-6.37 (m, 2H), 1.94 (d, J = 5.6 Hz, 3H). *C
NMR (100 MHz, CDCl3): 6 191.2, 190.8, 156.0, 151.9, 147.0, 143.1, 136.3, 133.0, 130.8,
126.2, 123.5, 19.1. HRMS (ESI): m/z calcd for C,H;2NO, (M+H): 202.0868. Found:
202.0881.

= CHO

|
Sy N

0]

(E)-6-((E)-But-2-en-1-ylidene)-5-hydroxy-SH-cyclopenta[b]pyridin-7(6 H)-one (2p).

e

on N This compound was isolated as Pale brown solid. Following the

N . general procedure-4, 20 mg of 1p afforded 17.5 mg of 2p (87%
NZ yield). M.P = 123-125 °C. Ry = 0.2 (Hexane/EtOAc = 5/1). IR (thin
2 (E/OZ=511) film, neat): vy /cm™ 3417, 2834, 1659, 1651, 1025, 999, 764. 'H

NMR (400 MHz, (CD3),SO): & 8.81-8.80 (m, 1H), 8.21-8.19 (m,
1H), 7.68 (dd, J= 8.0 and 6.9 Hz, 1H), 7.20 (d, J= 7.0 Hz, 1H), 6.84-6.76 (m, 1H), 6.53-6.47
(m, 1H), 6.00 (d, J = 8.4 Hz, 1H), 5.67 (d, J = 8.1 Hz, 1H), 1.94 (d, J = 6.8 Hz, 3H). *C
NMR (100 MHz, (CD3),SO): & 191.5, 154.6, 152.2, 148.1, 144.0, 137.0, 136.8, 135.5,
128.6, 128.4, 65.9, 19.6. HRMS (ESI): m/z calcd for C1,H;oNO (M-OH): 184.0762. Found:
184.0756.

(8)-6-((E)-But-2-en-1-ylidene)-5-hydroxy-SH-cyclopenta[b]pyridin-7(6 H)-one (2p).

. J

Following the general procedure-5, 20 mg of 1p afforded 17.7 mg of
2p (88% vyield, E/Z = 4:1). Optical rotation: [a]*p +39.2 (¢ 0.05,
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DMSO) for a sample with ee 96%. The enantiomeric excess was determined by HPLC
analysis using Daicel Chiralpak AS Column (87:13 n-Hexane/2-Propanol, 1.0 mL/min, 254

M, Tmajor = 9.2 MIN, Tminor = 11.8 min).

2-((2E,4E)-Hexa-2,4-dienoyl)benzo[b]thiophene-3-carbaldehyde (1q).

This compound was prepared by following the general

FHO __/ procedure-1 and isolated as a pale yellow solid. M.P = 122-124
g X °C. R¢ = 0.5 (Hexane/EtOAc = 4/1). IR (thin film, neat):

1q Vmadem™ 3442, 3002, 1671, 1655, 1592, 1499, 1000, 751. 'H
NMR (400 MHz, CDCl3): & 10.65 (s, 1H), 8.80-8.78 (m, 1H), 7.92-7.90 (m, 1H), 7.58-7.54
(m, 2H), 7.53-7.47 (m, 1H), 6.70 (d, J = 14.8 Hz, 1H), 6.40-6.39 (m, 2H), 1.96 (d, J= 5.2 Hz,
3H). *C NMR (100 MHz, CDCls): & 188.0, 184.7, 150.7, 147.7, 144.3, 138.9, 136.6, 136.4,
130.2, 127.8, 126.9, 126.7, 125.4, 122.2, 19.1. HRMS (ESI): m/z caled for C;sH;30,S
(M+H): 257.0636. Found: 257.0654.

(E)-2-((E)-But-2-en-1-ylidene)-1-hydroxy-1H-benzo[b]cyclopenta[d|thiophen-3(2H)-one

e (2q).This compound was isolated as pale yellow solid. Following
the general procedure-4, 25 mg of 1q afforded 23 mg of 2q (93%
yield). M.P = 127-129 °C. Ry = 0.4 (Hexane/EtOAc = 4/1). IR
(thin film, neat): vi,/cm™ 3467, 2925, 1690, 1633, 1270, 1019,
760. "H NMR (400 MHz, CDCl;): § 8.16-8.14 (m, 1H), 7.92-7.90
(m, 1H), 7.56-7.49 (m, 2H), 7.16 (d, J = 11.6 Hz, 1H), 6.85-6.78 (m, 1H), 6.36 (sextet, J =
7.2 Hz, 1H), 591 (d, J = 6.5 Hz, 1H), 2.35 (d, J = 6.4 Hz, 1H), 2.00 (dd, /= 6.9 and 1.3 Hz,
3H). *C NMR (100 MHz, CDCl3): & 185.4, 158.9, 148.1, 145.0, 143.2, 138.9, 135.3, 133.3,
128.3,127.2, 125.5, 124.6, 124.3, 67.0, 19.3. HRMS (ESI): m/z calcd for C;sH;30,S (M+H)":
257.0636. Found: 257.0644.
(8)-2-((E)-But-2-en-1-ylidene)-1-hydroxy-1H-benzo[b]cyclopenta|d]thiophen-3(2 H)-one

2q (E/Z = 411)

.

(2q). Following the general procedure-5, 20 mg of 1q afforded
18.3 mg of 2q (91% yield, E/Z = 4:1). Optical rotation: [o]*p -
36.3 (c 0.11, CHCIl,) for a sample with ee 94%. The enantiomeric

excess was determined by HPLC analysis using Daicel Chiralpak

\__24(E/Z=41) J AS Column (98:2 n-Hexane/2-Propanol, 1.0 mL/min, 254 nm,

Tmajor = 13.2 mMiN, Tminer = 23.9 min).
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(2E,4E)-1-(3-Acetylbenzo[b]thiophen-2-yl)hexa-2,4-dien-1-one (1r).

This compound was prepared by following the general

procedure-1 and isolated as pale yellow oil. Ry = 04
(Hexane/EtOAc = 4/1). IR (thin film, neat): ,./cm™ 3444,
3064, 2918, 1699, 1652, 1585, 1510, 1140, 757. "H NMR (400
MHz, CDCl3): 6 7.89 (d, J = 8.0 Hz, 1H), 7.85 (d, J = 7.9 Hz,
1H), 7.52-7.47 (m, 3H), 6.67 (d, J = 14.8 Hz, 1H), 6.37-6.35 (m, 2H), 2.62 (s, 3H), 1.94 (d, J
= 4.8 Hz, 3H). “C NMR (100 MHz, CDCls): & 200.9, 184.0, 146.9, 143.5, 142.1, 140.5,
136.7, 130.2, 127.6, 125.8, 125.2, 124.5, 124.3, 122.7, 31.5, 19.1. HRMS (ESI): m/z calcd
for C16H;50,S (M+H): 271.0793. Found: 271.0793.

(E)-2-((E)-But-2-en-1-ylidene)-1-hydroxy-1-methyl-1H-benzo[b]cyclopenta|d]|thiophen-

- 3(2H)-one (2r). This compound was isolated as light yellow semi
OH = solid. Following the general procedure-4, 20 mg of 1r afforded
\ 17.8 mg of 2r (89% yield). Ry = 0.3 (Hexane/EtOAc = 3/1). IR
S 0 (thin film, neat): ./cm™ 3387, 2929, 1681, 1632, 1267, 1041,
(__2r(E/Z=8M1) ) 735.'H NMR (400 MHz, CDCly): & 8.18-8.15 (m, 1H), 7.93-7.90
(m, 1H), 7.53-7.49 (m, 2H), 7.03 (d, J = 12.0 Hz, 1H), 6.97-6.93 (m, 1H), 6.34-6.28 (m, 1H),
2.61 (br s, 1H), 2.00 (dd, J = 6.7 and 1.6 Hz, 3H), 1.96 (s, 3H). *C NMR (100 MHz,
CDCl;): 6 185.1, 162.8, 148.3, 143.0, 142.8, 133.4, 132.2, 128.8, 127.2, 126.5, 125.3, 125.0,
124.4, 74.7, 26.1, 19.3. HRMS (ESI): m/z caled for C;sH;50,S (M+H)™: 271.0793. Found:
271.0782.

4-((2E,4E)-Hexa-2,4-dienoyl)-2H-chromene-3-carbaldehyde (1s).

CHO This compound was prepared by following the general
Q | procedure-2 and isolated as light brown oil. Ry = 0.5
(Hexane/EtOAc = 4/1). IR (thin film, neat): vy, /cm” 3370,

1s 3030, 2832, 2745, 1701, 1654, 1616, 1578, 1458, 1100, 752. 'H
NMR (400 MHz, CDCl3): 6 9.65 (s, 1H), 7.36-7.32 (m, 1H), 7.16-7.09 (m, 2H), 6.97-6.94
(m, 2H), 6.37 (d, /= 15.2 Hz, 1H), 6.31-6.29 (m, 2H), 5.03 (s, 2H), 1.91 (d, J = 5.0 Hz, 3H).

BC NMR (100 MHz, CDCL3): & 194.2, 187.8, 155.8, 149.8, 149.7, 149.3, 144.6, 133.6,

N
O
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130.0, 128.6, 127.0, 122.3, 1194, 117.2, 62.4, 19.1. HRMS (ESI): m/z caled for
C16H1503(M+H)Z 255.1021. Found: 255.1036.

(E)-2-((E)-But-2-en-1-ylidene)-3-hydroxy-2,3-dihydrocyclopenta|c]chromen-1(4H)-one

(2s).This compound was isolated as pale brown solid. Following
the general procedure-4, 20 mg of 1s afforded 19 mg of 2s (93%
yield). M.P = 167-169 °C. Ry = 0.3 (Hexane/EtOAc = 5/1). IR
(thin film, neat): vi./cm™ 2929, 1696, 1608, 1459, 1277, 1072,
/1019, 757. "H NMR (400 MHz, CDCl;): & 8.16-8.12 (m, 1H),
7.24-7.20 (m, 1H), 7.05 (d, J=11.6 Hz, 1H), 6.98-6.94 (m, 1H), 6.85 (dd, J= 8.0 and 0.8 Hz,
1H), 6.69-6.28 (m, 1H), 6.37-6.30 (m, 1H), 5.41-5.35 (m, 1H), 5.26 (s, 2H), 5.25-5.19 (m,
1H), 1.98 (dd, J = 6.8 and 1.2 Hz, 3H). *C NMR (100 MHz, CDCl3): & 190.3, 156.9, 153.0,
143.2, 134.5, 134.1, 133.9, 130.8, 127.0, 125.2, 121.7, 116.5, 115.9, 68.5, 65.2, 19.2. HRMS
(ESI): m/z calcd for C16H;503 (M+H)+: 255.1021. Found: 255.1043.
(8)-2-((E)-But-2-en-1-ylidene)-3-hydroxy-2,3-dihydrocyclopenta|c|chromen-1(4H)-one

2s (E/Z = 6/1)

.

(2s). Following the general procedure-5, 22 mg of 1s afforded 21.3
mg of 2s (97% vyield, E/Z = 6:1). Optical rotation: [0]*p +3.1 (¢

0.05, CHCI;) for a sample with ee 95%. The enantiomeric excess

was determined by HPLC analysis using Daicel Chiralcel OD-H

| 2s(E/Z=6N)

J Column (95:5 n-Hexane/2-Propanol, 1.0 mL/min, 254 nm, Tmajor =

34.6 min, Tminer = 23.4 min).

(E)-4-(5,5-Diphenylpenta-2,4-dienoyl)-2 H-chromene-3-carbaldehyde (1t).

This compound was prepared by following the general
procedure-2 and isolated as pale brown sticky oil. Ry = 0.4
(Hexane/EtOAc = 4/1). IR (thin film, neat): vy /cm” 3058,
2855, 1759, 1672, 1602, 1445, 1275, 751. "H NMR (400
MHz, CDCl3): 3 9.66 (s, 1H), 7.40-7.35 (m, 4H), 7.34-7.28 (m, 4H), 7.27-7.25 (m, 2H), 7.12
(dd, /= 8.0 and 1.6 Hz, 1H), 7.01-6.98 (m, 3H), 6.93 (dd, /= 8.0 and 0.8 Hz, 1H), 6.89 (d, J
= 11.6 Hz, 1H), 6.61 (d, J = 15.2 Hz, 1H), 4.90 (s, 2H). *C NMR (100 MHz, CDCL): §
194.1, 187.8, 155.7, 155.5, 149.4, 148.1, 140.7, 137.8, 133.5, 130.5, 130.4(2C), 129.5, 128.9,
128.6(2C), 128.5(2C), 128.3(2C), 127.2, 126.9, 124.9, 122.1, 119.4, 117.1, 62.1. HRMS
(ESI): m/z calcd for Cy7H,,05 (M+H)+: 393.1491. Found: 393.1473.
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(E)-2-(3,3-Diphenylallylidene)-3-hydroxy-2,3-dihydrocyclopenta|c]chromen-1(4H)-one

(2t).This compound was isolated as light yellow liquid.
Following the general procedure-4, 25 mg of 1t afforded 24 mg
of 2t (96% yield). Ry = 0.3 (Hexane/EtOAc = 3/1). IR (thin
film, neat): vy, /cm' 3437, 2924, 1634, 1614, 1269, 760. 'H
. / NMR (400 MHz, CDCl3): 6 8.11 (dd, J = 7.8 and 0.8 Hz,
1H),7.44-7.43 (m, 3H), 7.36-7.35 (m, 5SH), 7.32-7.28 (m, 2H), 7.26-7.19 (m, 3H), 6.96-6.93
(m, 1H), 6.92-6.83 (m, 1H), 5.42-5.20 (m, 3H), 2.07 (br s, 1H) . ®C NMR (100 MHz,
CDCl): 6 189.9, 156.7, 153.8, 153.0, 141.4, 138.1, 136.9, 134.1, 131.8, 130.6(2C), 129.0,
128.6, 128.4(6C), 125.2, 122.3, 121.7, 116.5, 115.9, 68.7, 65.2. HRMS (ESI): m/z calcd for
Cy7Hy 03 (M+H)": 393.1491. Found: 393.1474.
(S,E)-2-(3,3-Diphenylallylidene)-3-hydroxy-2,3-dihydrocyclopenta|c]chromen-1(4 H)-

2t (E/Z = 811)

one (2t). Following the general procedure-5, 20 mg of 1t
afforded 18.3 mg of 2t (91% yield, E/Z = 6:1). Optical rotation:
[a]*Dp +49.9 (¢ 0.10, CHCl;) for a sample with ee 98%. The

enantiomeric excess was determined by HPLC analysis using

Daicel Chiralcel OD-H Column (93:7 n-Hexane/2-Propanol, 0.8

2t (E/Z = 6/1)

mL/min, 254 nm, Tmajor = 35.7 MiN, Tminor = 32.3 min).

2-((2E,4E)-Hexa-2,4-dienoyl)thiophene-3-carbaldehyde (1u).

CHO This compound was prepared by following the general procedure-2
7\ —~ and isolated as pale yellow oil. R¢ = 0.5 (Hexane/EtOAc = 4/1). IR
S o (thin film, neat): vy, /cm' 2928, 1680, 1651, 1623, 1584, 1244,
1u 1156, 732. "H NMR (400 MHz, CDCl3): 5 10.50 (s, 1H), 7.65 (d, J

=4.9 Hz, 1H), 7.50-7.47 (m, 2H), 6.68 (d, J = 14.8 Hz, 1H), 6.36-6.34 (m, 2H), 1.43 (d, J =
5.3 Hz, 3H). *C NMR (100 MHz, CDClLy): & 187.5, 182.8, 147.1, 146.6, 144.3, 143.5,
130.1, 129.2, 128.4, 124.6, 19.0. HRMS (ESI): m/z calcd for C;;H;,0,S (M+H)": 207.0480.
Found: 207.0467.

(E)-5-((E)-But-2-en-1-ylidene)-4-hydroxy-4 H-cyclopenta|b|thiophen-6(5H)-one (2u).

OH This compound was isolated as Pale yellow oil. Following the general
/ | _ procedure-3, 25 mg of 1u afforded 23.5 mg of 2u (94% yield). Rr=0.3
S
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(Hexane/EtOAc = 3/1). IR (thin film, neat): vma/em™ 3383, 2961, 2925, 1692, 1633, 1434,
1377, 1035, 732. "H NMR (400 MHz, CDCls): & 7.89 (d, J = 4.8 Hz, 1H), 7.30 (d, J = 4.9
Hz, 1H), 7.09 (d, J = 12.0 Hz, 1H), 6.77-6.69 (m, 1H), 6.34-6.29 (m, 1H), 5.65 (s, 1H), 2.41
(br.s, 1H), 1.97 (dd, J= 8.0 and 1.5 Hz, 3H). *C NMR (100 MHz, CDCL): & 184.1, 163.7,
144.6, 142.7, 140.0, 139.8, 135.4, 127.1, 123.3, 66.7, 19.2. HRMS (ESI): m/z calcd for
C11Ho0S (M-OH)": 189.0374. Found: 189.0389.

(R,E)-5-((E)-But-2-en-1-ylidene)-4-hydroxy-4 H-cyclopenta[b]|thiophen-6(SH)-one (2u).
Following the general procedure-5, 20 mg of 1u afforded 19.4 mg of
2u (89% vyield, E/Z = 5:1). Optical rotation: [o]*p -6.6 (¢ 0.10,

OH

CHCIl;) for a sample with ee 92%. The enantiomeric excess was

O . . . . . .
2u (E/Z = 5:1) determined by HPLC analysis using Daicel Chiralcel OD-H Column

(90:10 n-Hexane/2-Propanol, 1.0 mL/min, 254 nm, tmajor = 22.1 min,

Tminor = 33.2 min).

2-((2E,4E)-3-Methyl-5-phenylpenta-2,4-dienoyl)benzaldehyde (1v).

CHO This compound was prepared by following the general procedure-
S__Ph 2 and isolated as pale yellow oil. Ry = 0.4 (Hexane/EtOAc = 4/1).

AN
o IR (thin film, neat): Vina/Cm! 2922, 1694, 1654, 1575, 1246, 968,
1v (E/Z = 2:1) 725. '"H NMR (400 MHz, CDCl3): & 10.28 (s, 1H), 7.96 (d, J =

7.6 Hz, 1H), 7.74-7.72 (m, 1H), 7.68-7.52 (m, 4H), 7.41-7.28 (m, 3H), 7.14 (d, J = 16.0 Hz,
1H), 6.93 (d, J = 16.0 Hz, 1H), 6.78 (s, 1H), 2.52 (s, 3H). *C NMR (100 MHz, CDCL): §
192.8, 191.8, 153.9, 143.8, 136.7, 136.1, 135.8, 133.0, 132.0, 129.1, 128.9(2C), 128.8, 128.1,
127.3(2C), 125.9, 124.0, 14.7. HRMS (ESI): m/z calcd for CoH;0, (M+H)": 277.1229.
Found: 277.1216.

(E)-3-Hydroxy-2-((E)-4-phenylbut-3-en-2-ylidene)-2,3-dihydro-1H-inden-1-one (2v).

Ve

OH pn) This compound was isolated as Pale yellow solid. Following the
— general procedure-3, 40 mg of 1v afforded 36.5 mg of 2v (91%
yield). M.P = 127-129 °C. R¢= 0.2 (Hexane/EtOAc = 4/1). IR (thin
2v (E?Z=3:2) ) film, neat): vi,/cm™ 3400, 2924, 1668, 1605, 1579, 1336, 1094,
751. "TH NMR (400 MHz, CDCls): & 7.74-7.70 (m, 2H), 7.65-7.53
(m, 4H), 7.42-7.28 (m, 4H), 7.12 (d, J = 16.0 Hz, 1H), 5.8 (s, 1H), 2.92 (br.s, 2.50 (s, 3H).

BC NMR (100 MHz, CDCl): & 193.7, 149.7, 149.3, 131.9, 137.6, 136.5, 135.3, 134.9,

o
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129.2, 128.8(2C), 128.5, 127.6(2C), 125.8, 125.7, 123.2, 69.9, 13.3. HRMS (ESI): m/z calcd
for C1oH 70, (M+H)": 277.1229. Found: 277.1215.

4-Acetyl-3-methyl-9H-fluoren-9-one (13a).

e 0 ) This compound was isolated as pale yellow solid. Following the general

procedure-6, 30 mg of 2a afforded 16 mg of 13a (46% yield, over two

0.0 steps). M.P = 150-152 °C. R¢= 0.5 (Hexane/EtOAc = 4/1). IR (thin film,

neat): vy /om’ 2924, 2854, 1714, 1695, 1357, 1111, 752. "H NMR (400
(1)33 MHz, CDCl;): § 7.70 (d, J= 7.3 Hz, 1H), 7.61 (d, J= 7.6 Hz, 1H), 7.46

(dt, J=7.6 and 1.1 Hz, 1H), 7.35-7.28 (m, 2H), 7.71 (d, J = 7.6 Hz, 1H),
2.67 (s, 3H), 2.35 (s, 3H). *C NMR (100 MHz, CDCl3): § 206.7, 192.5, 142.5, 139.8, 139.2,
137.2, 134.7, 134.6, 132.5, 130.9, 129.4, 124.6, 124.5, 122.1, 32.3, 19.3. HRMS (ESI): m/z
caled for C1H;110, (M—H)+: 235.0759. Found: 235.0750.

4-Acetyl-3-phenyl-9H-fluoren-9-one (13b).

- 5 This compound was isolated as pale yellow solid. Following the general
ph| procedure-6, 25 mg of 2b afforded 12 mg of 13b (43% yield, over two

0.0 steps). M.P = 115-117 °C. Ry = 0.5 (Hexane/EtOAc = 5/1). IR (thin

film, neat): v, /cm’ 2993, 1715, 1698, 1606, 1576, 1412, 1275, 1259,
749. "H NMR (400 MHz, CDCL3): § 7.78 (d, J= 7.6 Hz, 1H), 7.73 (dd,
J =74 and 0.8 Hz, 1H), 7.48-7.41 (m, 7H), 7.36 (d, J = 7.6 Hz, 1H),
7.35 (dt, J=7.6 and 1.3 Hz, 1H), 2.11 (s, 3H). ®C NMR (100 MHz, CDCL3): 5 206.3, 192.5,
144.8, 142.8, 142.6, 139.7, 138.9, 136.5, 135.0, 134.5, 133.6, 130.7, 129.5, 128.9(2C),
128.8(2C), 128.7, 124.7, 124.5, 122.6, 32.0. HRMS (ESI): m/z calcd for C,iH 30, (M-H):
297.0916. Found: 297.0903.

)

L 13b )

4-Acetyl-6-methoxy-3-methyl-9 H-fluoren-9-one (13c).

Vs

o ) This compound was isolated as pale yellow solid. Following the
MeQ general procedure-6, 30 mg of 2h afforded 15 mg of 13¢ (44%

0.0 yield). M.P = 116-117 °C. R¢= 0.3 (Hexane/EtOAc = 4/1). IR (thin
film, neat): vp./cm™ 2928, 1704, 1688, 1612, 1584, 1363, 1228,
782. "H NMR (400 MHz, CDCls): § 7.67 (d, J = 8.2 Hz, 1H), 7.58
(d, J=7.7Hz, 1H), 7.17 (d, J= 7.7 Hz, 1H), 6.81 (d, J = 2.0 Hz, 1H), 6.77 (dd, J = 8.2 and

L 13¢ O )
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2.0 Hz, 1H), 3.89 (s, 3H), 2.67 (s, 3H), 2.37 (s, 3H). *C NMR (100 MHz, CDCl;): § 206.5,
191.1, 165.2, 144.9, 139.2, 138.0, 137.2, 133.7, 131.1, 129.6, 126.5, 124.1, 112.5, 109.7,
55.8,32.3, 19.2. HRMS (ESI): m/z caled for C17H;505 (M+H)": 267.1021. Found: 267.1009.

5-Acetyl-2,3-dimethoxy-6-methyl-9 H-fluoren-9-one (13d).

- ~ This compound was isolated as pale yellow solid. Following the

O
MeO general procedure-6, 35 mg of 2k afforded 16 mg of 13d (43%

yield). M.P = 178-180 °C. Ry = 0.3 (Hexane/EtOAc = 3/1). IR
MeO .

(thin film, neat): v /cm™ 2926, 1704, 1681, 1609, 1480, 1276,
. 13d0 | 749. 'TH NMR (400 MHz, CDCl3): & 7.50 (d, J = 7.6 Hz, 1H),

7.23 (s, 1H), 7.07 (d, J = 7.6 Hz, 1H), 6.78 (s, 1H), 3.96 (s, 3H),
3.95 (s, 3H), 2.67 (s, 3H), 2.33 (s, 3H). *C NMR (100 MHz, CDCl;): § 206.8, 191.8, 154.2,
149.8, 139.3, 138.8, 137.4, 136.1, 133.2, 129.9, 127.7, 124.0, 107.2, 105.3, 56.29, 56.28,
32.3, 19.3. HRMS (ESI): m/z calcd for C;gH;704 (M+H)+: 297.1127. Found: 297.1123.

4-Acetyl-6-fluoro-3-methyl-9H-fluoren-9-one (13e).

- 5 ) This compound was isolated as off white solid. Following the general
E procedure-6, 25 mg of 2g afforded 15 mg of 13e (50% yield). M.P =

0.0 110-112 °C. Ry = 0.3 (Hexane/EtOAc = 4/1). IR (thin film, neat):

Vmadem™ 2990, 1714, 1690, 1612, 1584, 1275, 1260, 750. '"H NMR
k 1‘§e ) (400 MHz, CDCl3): & 7.70 (dd, J = 8.0 and 2.8 Hz, 1H), 7.61 (d, J =

8.0 Hz, 1H), 7.21 (7.7 Hz, 1H), 7.01-6.96 (m, 2H), 2.67 (s, 3H), 2.37 (s,
3H). *C NMR (100 MHz, CDCls): § 206.1, 190.7, 165.7 (d, J = 254.1 Hz), 145.4 (d, J=9.7
Hz), 139.9, 137.53, 137.51, 132.9, 131.6, 130.6 (d, J= 2.5 Hz), 126.5 (d, J = 10.2 Hz), 124.5,
115.8 (d, J = 23.2 Hz), 110.4 (d, J = 25.0 Hz), 32.2, 19.3. ’F NMR (376 MHz, CDCL): & -
101.9. HRMS (ESI): m/z calcd for C,;¢H2FO, (M+H)+: 255.0821. Found: 255.0819.

7-Acetyl-8-methyl-11H-benzo[a]fluoren-11-one (13f).

4 o ) This compound was isolated as pale yellow solid. Following the
general procedure-6, 40 mg of 2n afforded 22 mg of 13f (48% yield).

0.0 M.P = 162-164 °C. R¢ = 0.4 (Hexane/EtOAc = 3/1). IR (thin film,
O neat): v /em’ 2935, 1702, 1692, 1604, 1581, 1280, 1060, 761. 'H
NMR (400 MHz, CDCl5): 3 9.02 (d, J = 8.5 Hz, 1H), 7.95 (J = 8.4
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Hz, 1H), 7.80 (d, J = 8.1 Hz, 1H), 7.64-7.62 (m, 1H), 7.55 (d, J= 7.7 Hz, 1H), 7.49-7.46 (m,
1H), 7.41 (d, J = 8.1 Hz, 1H), 7.14 (d, J= 7.8 Hz, 1H), 2.71 (s, 3H), 2.34 (s, 3H). *C NMR
(100 MHz, CDCls): § 206.8, 194.0, 144.3, 139.2, 138.6, 137.0, 135.8, 134.3, 132.9, 130.9,
130.2, 129.6, 128.3, 127.6, 126.8, 124.4, 123.9, 119.4, 32.6, 19.2. HRMS (ESI): m/z calcd
for Co0H;50, (M+H)": 287.1072. Found: 287.1076.
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Crystal structure of racemic 2a (CCDC 1520613): Structure of the racemic indanone 2a

was confirmed by single crystal X-ray diffraction analysis.

Crystal Data for C3H;,0, (M =200.24 g/mol): triclinic, space group P-1 (no. 2), a=
7.8751(9) A, b= 82320(4) A, c= 8.8523(12) A, a= 73.986(8)°, f= 73.564(11)°, y=
83.983(8)°, V= 528.84(10)A°, Z= 2, T'= 298K, w(Mo Ka)= 0.084 mm™, Dcalc=
1.2574 g/cm3, 11929 reflections measured (4.96° < 20 < 65.5°), 3626 unique (R, = 0.0618,
Rgigma = 0.0428) which were used in all calculations. The final R; was 0.0969 (I>=2u(I)) and
wR; was 0.2917 (all data).

Table 1: Crystal data and structure refinement for racemic 2a

Identification code Racemic 2a

Empirical formula C13H 120,
Formula weight 200.24
Temperature/K 298
Crystal system triclinic
Space group P-1

a/A 7.8751(9)
b/A 8.2320(4)
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c/A 8.8523(12)

o/° 73.986(8)

pB/e 73.564(11)

v/° 83.983(8)

Volume/A’ 528.84(10)

Z 2

pcalcg/cm3 1.2574

w/mm’ 0.084

F(000) 212.1

Crystal size/mm’ 0.25 x 0.2 x 0.14

Radiation Mo Ka (A =0.71073)

20 range for data collection/° 4.96 to 65.5

Index ranges -11<h<10,-11<k<12,-12<1<13
Reflections collected 11929

Independent reflections 3626 [Rint = 0.0618, Ryigma = 0.0428]
Data/restraints/parameters 3626/0/137

Goodness-of-fit on F* 1.467

Final R indexes [[>=2c ()] R; =0.0969, wR, =0.2396

Final R indexes [all data] R, =0.1444, wR, = 0.2917

Largest diff. peak/hole / e A>  0.72/-0.35

Table 2: Fractional Atomic Coordinates (x10*) and Equivalent Isotropic Displacement
Parameters (A?x10°) for 2a. Ueq is defined as 1/3 of of the trace of the orthogonalised Uy
tensor.

Atom x z U(eq)
0001 6489.9(19) 7938.7(19) 1949.2(16) 67.3(5)

0002 2431(2)  5482.5(18) 6815.7(18) 69.9(5)
C003 5107(3)  7023(2)  6204(2)  53.9(5)
C004 3686(3)  7263(2)  41122)  54.2(5)
C005 6154(3)  8021(2)  4790(2)  55.4(5)
C006 3576(2)  6465(2)  5852(2)  53.3(5)
C007 5327(3)  8328(2)  3368(2)  56.3(5)
C008 2483(3)  6998(2)  3406(2)  57.5(5)
C009 2413(3)  7727(3)  1744(3)  61.1(5)
CO00A 11453)  7332(3)  1181(3)  63.2(5)
C00B 5564(3)  6618(3)  7674(3)  67.3(6)
C00C 7750(3)  8594(3)  4801(3)  67.7(6)
C00D 82103)  8167(3)  6260(3)  76.5(7)
COOE 7123(4)  7225(3)  7685(3)  76.0(7)
COOF 952(3) 8043(4)  -5003)  76.7(7)

Table 3: Anisotropic Displacement Parameters (A*x10°) for bsme. The Anisotropic
displacement factor exponent takes the form: -21t2[hza*2U11+2hka*b*U12+...].

0001 67.6(9) 67.5(10) 61.009) -9.4(7)  -10.6(7) -11.3(7)

Page 31 of 137



0002 70.5(10) 59.5(9) 73.3(10) -16.9(7) -9.7(7)  -10.9(7)
C003 60.7(10) 43.3(9) 59.9(10) -1.0(7) -18.8(8) -14.1(8)
C004 57.6(10) 47.8(9) 58.6(10) -02(8) -16.6(8) -15.1(8)
C005 57.3(10) 452(9) 65.8(11) -3.6(8) -17.509) -15.7(8)
C006 56.4(10) 44.8(9) 58.7(11) -4.0(7) -13.7(8) -14.0(8)
C007 62.7(11) 45.609) 58.9(11) -9.58) -17.2(9) -6.9(8)

C008 55.2(10) 52.8(10) 66.0(12) -53(8) -15.7(9) -16.9(9)
C009 58.8(11) 59.5(11) 66.7(12) -54(8)  -18.4(9) -15.9(9)
CO00A 60.7(11) 63.3(12) 70.8(13) -2.3(9)  -21.09) -21.7(10)
CO0B 80.2(14) 60.9(12) 61.9(12) -1.1(10) -24.7(11) -12.0(9)
C00C 65.6(12) 62.1(12) 76.3(14) -11.8(10) -20.1(10) -14.5(10)
CO00D 74.2(14) 76.3(15) 89.5(16) -8.8(11) -35.0(12) -22.3(12)
COOE 85.8(16) 72.6(15) 80.7(15) -0.8(12) -40.6(13) -19.2(12)
COOF 76.2(15) 89.0(17) 74.2(14) 0.9(12) -29.4(12) -27.5(12)

Table 4: Bond Lengths for racemic 2a.

Atom Atom Lenth/A Atom Atom Lenth/A

0001 C007 1.425(3) C005 C007 1.525(3)
0002 C006 1.238(2) C005 C00C 1.391(3)
C003 C005 1.383(3) C008 C009 1.442(3)
C003 C006 1.472(3) C009 CO0A 1.338(3)
C003 C00B 1.390(3) CO0A COOF 1.486(3)
C004 C006 1.480(3) C00B COOE 1.377(3)
C004 C007 1.520(3) C00C CO00D 1.382(3)
C004 C008 1.337(3) CO00D COOE 1.383(4)

Table 5: Bond Angles for racemic 2a.

Atom Atom | Atom  Angle/® Atom Atom Atom  Angle/’
C006 CO003 CO005 109.58(17) C004 C006 (C003 107.19(16)
C00B CO003 C005 121.9(2) C004 C007 O001 114.40(16)
C00B CO003 CO006 128.44(19) C005 C007 O001 113.86(16)
C007 C004 CO006 108.84(16) C005 C007 C004 102.62(15)
C008 C004 CO006 121.95(18) C009 C008 C004 127.4(2)
C008 C004 CO007 129.21(18) CO0A C009 CO008 121.4(2)
C007 CO005 C003 111.61(17) COOF CO0A CO009 125.1(2)
C00C CO005 C003 119.8(2) COOE CO00B (€003 117.9(2)
C00C CO005 CO007 128.54(18) C00D CO00C C005 117.9(2)
C003 C006 0002 126.68(17) COOE CO00D C00C 122.0(2)
C004 CO006 0002 126.10(18) C00D COOE CO00B 120.4(2)

Table 6: Hydrogen Atom Coordinates (Ax 104) and Isotropic Displacement Parameters
(A*x10%) for racemic 2a.

Atom X y 4
HO0C 8485(3) 9243(3) 3855(3)

U(eq)
81.2(7)
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HOOD 9281(3) 8525(3) 6285(3) 91.8(8)
HOOE 7447(4) 7000(3) 8656(3)  91.2(8)
HOOB 4840(3) 5958(3) 8619(3)  80.8(7)
HO01 6820(30) 6942(11) 2172(10) 100.9(7)
HO007 4951(3) 9521(2) 3084(2)  67.5(6)
HO08 1591(3) 6259(2) 4062(2)  69.0(6)
HO09 3266(3) 8489(3) 1050(3)  73.3(6)
HO0A 3203)  6553(3) 1897(3) 75.9(7)
HOOf 1895(17) 8800(20) -1124(8) 115.1(10)
HO0g 1000(30) 7141(4) -1006(10) 115.1(10)
HOOh -165(13) 8650(20) -456(3)  115.1(10)
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Crystal structure of chiral 2j (CCDC 1520308): Structure of the chiral indanone 2j was

confirmed by single crystal X-ray diffraction analysis. Absolute stereochemistry was realised

to be (S).

Crystal Data for CsH,003 (M =368.42 g/mol): orthorhombic, space group P2,2,2; (no. 19),
a= 10.1899(4) A, b= 13.3377(5) A, c= 14.4940(7) A, V= 1969.88(14) A°’, Z= 8, T=
298 K, p(Mo Ka) = 0.081 mm™, Deale = 1.2422 g/em’, 15325 reflections measured (5.62° <
20 < 65.52°), 6671 unique (Rinx = 0.0263, Rgigma = 0.0399) which were used in all
calculations. The final R, was 0.0593 (I>=2u(I)) and wR, was 0.1979 (all data).

Table 1: Crystal data and structure refinement for Chiral 2j

Identification code Chiral 2j

Empirical formula CysH,003
Formula weight 368.42
Temperature/K 298
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Crystal system orthorhombic

Space group P2,2,2;

a/A 10.1899(4)

b/A 13.3377(5)

c/A 14.4940(7)

a/° 90

p/e 90

v/° 90

Volume/A’ 1969.88(14)

Z 8

Pealeg/cm’ 1.2422

w/mm’ 0.081

F(000) 776.4

Crystal size/mm’ 0.2 x 0.15 x 0.12
Radiation Mo Ka (A =0.71073)
20 range for data collection/° 5.62 to 65.52

Index ranges -14<h<14,-16<k<19,-15<1<21
Reflections collected 15325

Independent reflections 6671 [Rint = 0.0263, Ryigma = 0.0399]
Data/restraints/parameters 6671/0/254
Goodness-of-fit on F* 1.053

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A~
Flack parameter

R; = 0.0593, wR;, = 0.1576
R, =0.1099, wR, = 0.1979
0.28/-0.20

-0.6(9)

Table 2: Fractional Atomic Coordinates (><104) and Equivalent Isotropic Displacement
Parameters (A’x10%) for BSO60Mediph. U, is defined as 1/3 of of the trace of the
orthogonalised Uy, tensor.

Atom x y z U(eq) |
0001 -5270.0(17) -9422.2(12) -3131.7(14) 71.4(5)
0002 -6061.1(16) -6272.1(12) -1904.2(13) 71.0(5)
0003 -1220.6(18) -6755.7(13) -683.1(14) 76.9(5)
C004 -4027.7(18) -7214.5(15) -2114.1(14) 48.2 (4)
C005 -3937.0(19) -8244 .4 (14) -2271.1(14) 49.6 (4)
C006 -3090 (2) -6727.5(16) -1593.1(15) 54.8(5)
o007 ~5060 (2) 78576.9(15) 72825.9(14) 53.5(5)
C008 -5915.0(19) -7689.5(15) -2962.4(15) 52.1(5)
C009 29242 (2) 26956.4(17) ~3781.7(15) 53.6(5)
CO00A -10059(2) -6043.4(106) -3685.7(15) 54.3(5)
C00B -2075(2) =-7279.5(17) -1207.6(15) 56.2(5)
C00C ~1981 (2) 78312.5(17) ~1365.4(17) 59.7(5)
C0o0D -5244 (2) -6771.3(15) -2551.7(16) 52.4(5)
CO0E -7104 (2) -7759.1(16) -3355.1(16) 56.8(5)
COOF -9878 (2) -7846.6(16) -4197.6(14) 53.4(5)
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C00G -2902 (2) -8791.1(16) ~1902.4(16) 58.2(5)
CO0H -8009 (2) -6933.9(17) ~3437.9(17) 59.1(5)
C001I 11174 (2) ~8073.9(18) ~3941.7(17) 62.2(6)
C00J 10774 (2) -5667.7(19) ~4416.8(17) 65.1(6)
CO0K -9248 (2) -8475.2(18) ~4820.5(16) 63.1(6)
COOL -11550(3) -4821 (2) -4311 (2) 77.3(7)
COOM -11789(3) -8921 (2) ~4278.6(19) 75.2(7)
COON -10133(3) -5542 (2) -2833.3(18) 69.6(6)
C000 -11623(3) -4351 (2) -3471 (2) 84.8(8)
CO0P 11132 (3) -9551 (2) -4873(2) 83.2(8)
C00Q -9876 (3) -9326(2) ~5141.5(19) 76.0(7)
COOR 10912 (3) -4709 (2) -2748(2) 87.7(9)
C00S -208(4) -7278 (2) -209(3) 111.3(13)

Table 3: Anisotropic Displacement Parameters (A*x10%) for BS060Mediph. The
Anisotropic displacement factor exponent takes the form: -
2a’[h*a**U;+2hka*b*Uyp+...].

Atom Un Uz, Uss Up Uz Uz

0001 66.9(9) 52.5(8) 94.9(12) -3.0(7) -19.3(9) -8.7(8)
0002 58.1(8) 59.1(9) 95.7(12) 9.7(8) -7.5(9) -14.5(9)
0003 73.6(11) ©65.1(10) 92.0(12) 2.7(9) -34.5(10) -8.5(9)
Cc004 44,1 (9) 48.6(9) 51.9(10) -1.5(8) -0.7(9) 3.9(8)
C005 46.9(9) 47.5(9) 54.4(11) ~1.6(8) ~0.5(9) 2.1(8)
Co006 54 (1) 46.4(10) 64.1(12) -0.6(9) -5.5(10) 1.2(9)
C007  53.8(10) 48.4(10) 58.2(11) ~1.8(9) 0.9(10) 0.8(9)
C008 44,9 (9) 50.7(10) 60.7(12) -3.4(8) -3.4(9) 4.5(9)
C009 46.6(9) 60.2(12) 54.1(11) -3.3(9) -0.4(9) 4.5(9)
CO00A 46.7(9) 52.6(10) 63.6(12) -0.8(9) -0.3(9) 0.1(10)
C00B 49.7(10) 58.6(12) 60.3(12) -1.2(10) -8.2(10) 1.9(10)
coocC 54.5(11) 58.6(12) 66.0(13) 6.2(10) -10.5(11) 1.4(10)
Co0D 48.1(9) 45.1(9) 63.9(12) -1.2(8) -5.5(10) 7.2(9)
COOE 50.1(10) 50.9(11) 69.3(13) -4.3(9) -3.4(10) 3.5(10)
COOF 49.9(10) 57.1(11) 53.4(10) 3.1(9) -4.2(9) 2.7(9)
C00G 59.5(11) 48.4(10) 66.7(13) 5.4 (9) -5.4(11) -0.4(10)
CO0H 50.3(10) 54.9(11) 72.1(13) -3.9(9) -3.9(11) 2.9(10)
C001 55.3(11) 64.0(12) 67.2(13) -2(1) -1.2(11) -3.4(11)
c00J 060.4(12) 9.7 (14) 65.1(14) 0.9(11) -3.5(11) -2.1(11)
COOK 61.0(12) ©68.5(14) 59.8(13) 11.9(11) -2.9(11) -3.1(11)
CooL 64.7(14) 68.0(14) 99 (2) 9.0(12) -4.4(14) 13.1(15)
COOM 67.7(15) 73.0(15) 84.8(16) -15.6(13) -5.0(14) -4.7(14)
COON 064.6(13) 79.4(15) 64.7(13) 2.7(12) -5.8(12) -9.2(12)
C000 63.2(14) 72.7(16) 118 (2) 8.8(13) 6.8(16) =12.2(17)
coop 90 (2) 68.7(15) 90.4(19) -6.3(15) -24.4(17) -9.3(14)
COOQ 92.3(19) 09.1(14) 66.7(14) 17.0(14) -15.7(14) -14.3(12)
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COOR 73.3(16) 90.7(19) 99 (2) 6.7(15) 7.1(17) -34.0(17)
C00S 106 (2) 89 (2) 139(3) 8(2) -74(2) -10(2)
Table 4: Bond Lengths for chiral 2j
Atom Atom  Length/A Atom Atom  Length/A
0001 C007 1.230(3) CO0A CO00J 1.380(3)
0002 CO0OD 1.420(3) CO0A COON  1.407(3)
0003 CO0B  1.351(3) C00B C00C 1.400(3)
0003 C00S 1.422(3) CooC C00G  1.376(3)
C004 CO005 1.395(3) COOE COOH  1.441(3)
C004 CO006 1.380(3) COOF  C00I 1.405(3)
C004 COOD 1.512(3) COOF COOK  1.389(3)
C005 C007 1.467(3) Ccoor CooM  1.381(3)
C005 CO00G  1.389(3) C00J COOL 1.387(4)
C006 CO0OB  1.387(3) COOK C00Q  1.383(3)
C007 C008 1.483(3) COOL C000  1.371(4)
C008 COOD 1.524(3) COOM CO0P 1.377(4)
C008 COOE  1.342(3) COON COOR 1.370(4)
C009 CO0A  1.482(3) C000 COOR 1.361(4)
C009 COOF 1.481(3) COooOP C00Q  1.371(5)
C009 COOH 1.351(3)
Table S: Bond Angles for chiral 2j
Atom Atom Atom Angle/* Atom Atom Atom Angle/®
C00S 0003 C00B 119.1(2) C00C C00B C006 120.5(2)
C006 C004 CO005 120.44 (18) C00G C00C C00B 120.1(2)
C00D C004 C005 111.76(17) C004 CO00D 0002 112.74(18)
C00D C004 C006 127.78(18) C008 CO00D 0002 111.82(16)
C007 CO005 C004 109.59(18) C008 C00D C004 102.56(15)
C00G C005 C004 120.28(19) COOH COOE (C008 124.1(2)
C00G C005 €007 130.11(19) C00I  COOF  C009 118.5(2)
C00B C006 C004 119.13(19) COOK COOF  C009 123.12(19)
C005 C007 0001 127.6(2) CO0OK COOF CO00I 118.4(2)
C008 C007 O001 125.51(19) C00C C00G €005 119.47(19)
C008 C007 C005 106.87(17) COOE COOH C009 127.5(2)
C00D C008 C007 109.00(16) COOM C00I  COOF 120.7(2)
CO0E C008 C007 122.1(2) COOL C00J COOA 120.8(2)
CO0E C008 CO00D 128.80(19) C00Q COOK COOF 120.0(2)
CO0F C009 CO00A 116.80(17) C000 COOL C00J 120.1(3)
CO0H C009 CO0A 118.0(2) CO0P COOM CO00I 120.0(3)
CO00H C009 COOF 125.1(2) COOR COON CO0A 119.7(3)
C00J CO0A C009 121.5(2) COOR C00O COOL 119.6(3)
COON CO0A C009 120.2(2) C00Q CooP COOM 119.9(3)
COON CO0A C00J 118.2(2) COOP C00Q COOK 121.0(3)
C006 CO00B 0003 115.7(2) C000 COOR COON 121.5(3)
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| C00C CO00B 0003

123.8(2)

Table 6: Hydrogen Atom Coordinates (Ax 104) and Isotropic Displacement Parameters

(A*x10?) for chiral 2j

Atom X y U(eq)
H002 =-5770 ( -570 106.4(7)
H006 -3139 -6038 65.8(6)
HO00C -1294 -8676 71.6(6)
HOOD -4993 -6307 62.8(6)
HOOE -7359 -8378 68.1(6)
HO00G -2832 -9474 69.8(6)
HOOH -7711 -6314 70.9(6)
HO00I -11623 -7649 74.6(7)
HO00J -10735 -5985 78.1(7)
HOOK -8405 -8323. 75.7(7)
HOOL -12022 -4572 92.7(9)
HOOM -12647 -9065 -4104.5( 90.2(8)
HOON -9656 -5774 -2330.0¢( 83.5(7)
H000 -12155 -3791 101.7(10)
HOOP -11539 -10128 99.8(10)
H00Q -9439 -9752 -5546.1 ( 91.2(9)
HOOR -10955 -4382 105.2(10)
HO00a 399 ( -7550 167 (2)
HOOb 240 ( -6823 167 (2)
HOOf -585 -7811 167 (2)
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Efforts to gain evidence for 1,4- vs 1,6-addition of phosphines

In an attempt to prove 1,4- vs 1,6-addition of phosphine, we planned to synthesize the
substrate 1b, where the two double bonds (of the dienone moiety) are disposed E and Z, Scheme 1. In
case of a 1,4-addition of phosphine (path a), the stereochemical integrity of the Z-configured double
bond should remain unchanged, leading to the formation of E,Z-2b. But in case of a 1,6-addition
(path b), the stereochemical information at the Z-configured double bond (of 1b) should be lost and
thus should lead to a thermodynamically preferred E,E-2b, Scheme 1.

OH ® Fh @
_ 16add|t|on & (Z) 14add|t|on
0

E,E-2 . -
,E-2b 1b PR3 E,Z 2b

Scheme 1
Accordingly, we have designed a synthetic route to access the E,Z-1b as in Scheme 2. The
required £, Z-aldehyde A was obtained from phenylpropargyl aldehyde A1 via Wittig-Horner reaction,
hydrogenation of A2 using Lindlar’s catalyst, DIBAL-H reduction of the ester A3, and IBX oxidation
sequence.

(0]
P CO,Et (E)
9o HO OEt/ O Lindlar's catalyst (10 mol%) X~ “OEt
Ph——= B E— E)) > |2
H NaH, THF, 0 °C Ph——= OEt quinoline (15 mol%), MeOH Ph
A1 1h,81% A2 , 6 h, 84% A3
Step-I Step-ll
i. DIBAL-H, THF
-78°Ctort,5h &
- Ny
ii. IBX, EtOAc, 75°C ||
3 h, 57% over 2 steps Ph
Step-lll A (E/Z=1:4)

Scheme 2

Page 39 of 137



SpinWorks 4: bs 07 260

1.3197
1.3375 %
1.3553 —=

4.2370
4.2547
4.2725 —=

7.3546 —
7.3671

7.3828
7.4949
7.5136

OEt

__®y

A2

w 3.293

2.143

1.000

0.971

3.306
2.176

PPM

SpinWorks 4: BS-07-262

1.2971
1.3149
1.3327 —=

4.2075
4.2253
4.2431
4.2609

6.0463
6.0845 =
6.3632

6.3917
64211 —=

6.8255
68539
7.2832 =

73237 W
73323
73412
jiaig

7788 —F
7.8099
7.8125
7.8186
7.8212
7.8481
7.8507

SpinWorks 4: BS-07-262

50483 —
50845 —

6332 —
3017
a2l —

6255 —
68538 —

S e

PPM

0983

6.4

osss | ©

5284

0989

: % 3.397

Ww 2.260

0.998

0.993

0.969

5.284

0.989

PPM

Page 40 of 137



SpinWorks 4: BS-07-270

¥559'6
§5€9'6
20€9'6
2019'6

8£99°L
£599°L
68€9°L
£9€9°L
1629°L
iiiil
6680'4

70

— ¥5§59'6
— §5€9'6
— 20€9'6
— 20196

-~y ||| I =y
(E)
| M
Ph
A (E/Z=1:4)

w&\

866'0

—

8620

I <
N
kS
T T T T T T T T
9.68 9.64 9.60 9.56

3
v26'L
6LT
€0T'T
YSv'T

PPM 10

I
8

I I I I
6 4 2 0

Further, n-butyllithium mediated alkylation, IBX oxidation, and acetal deprotection furnished
the desired dienone D in 1:4 E/Z ratio (Scheme 3). IMBH reaction of D under the optimized
conditions generated the indanone E. However, at this stage we were unable to extract the
stereochemical information across the double bonds (see the '"H-NMR of E). Thus, the indanone E
was oxidized using tetrapropylammonium perruthenate (TPAP) to indanedione F. 'H-NMR of

indanedione F clearly indicated the presence of E-configured double bond. The data of F was also

verified with the literature report.

i. n-BuLi, THF, -78 °C
ii. A, aq. NH,Cl, 74%

Cp

B
Step-IV
OH
PMe; (10 mol%)
toluene, rt
15 min, 84% 0
Step-ViI E

3

—F 2

1>

(o) i. IBX, EtOAc, 75°C, 3 h CHO
e (E)
NN ii. PTSA (20 mol%) AT
Acetone, rt, 1 h, 58% over
¢ ©OH Ph 2 steps 0 Ph
Step-V D (E/Z = 1:4)
0 (& Ph

TPAP (5 mol%) _
Ph\NMO (1.2 eq.), DCM
rt, 4 h, 83% o
Step-Vil F
exclusively E isomer
Scheme 3

*F. 1. Chang, R. Gurubrahamam and K. Chen, Adv. Synth. Catal., 2017, 359, 1277.
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Reported '"H NMR of Compound F (F. J. Chang, R. Gurubrahamam and K. Chen, Adv. Synth.
Catal., 2017, 359, 1277)

We also have performed the reaction of the dienone D (E/Z = 1:4) with the chiral catalyst 9.
'H-NMR of the diketone F also indicated the exclusive formation of the E-isomer.

O

CHO ArHN OH o (E) Ph
% Pph2 N =, TPAP(Emol%) —
Ph NMO (1.2 eq.), DCM
HFIP 8h,rt rt, 4 h, 83%
e} o)
D (E/Z = 1.4) E F

exclusively E isomer
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A parallel approach has also been considered for the stereoselective synthesis of the required
starting material, the dienone D (Scheme 4). Towards this, the enynone I was synthesized by
following a similar synthetic sequence described in Scheme 3. The dienone D was achieved via the
selective hydrogenation of I using the Lindlar’s catalyst. Reaction of D with trimethyl phosphine
produced the indanone E, but the stereochemical information across the double bonds could not be
extracted. As described earlier, the indanone E was oxidised to indanedione F and the 'H-NMR
spectrum indicated the formation of only the E-isomer of F. The data of F was also verified with the
literature report.'

O
1O vCOZEt i. DIBAL-H, THF
< > q OEt -78°Ctort,5h C (E)//—<
— = —
H NaH, THF, 0°C - i. IBX, EtOAc, 75 °C
1h, 81% 3 h, 62% over 2 steps
Step-l

only E isomer Step-ll only E isomer

@(L O inBuli THF,-78°C__ o Ph i IBX, E1OAG, 75°C, 3 __ o
Br  ii. G, ag. NH,Cl, 78% 72 i PTSA (20 mol)
acetone, rt, 1 h,
OH 56% over 2 steps

Step-lll Step-IV
op- onIy E isomer
o OH
Lindlar's catalyst (10 moIA: PMes (10 mol%) _ =
qumolln?t(165hmgrg; MEOH toluene, rt, 15 min Ph
0 Ph 88% ol
Step-V D (E/Z =1:3) Step-VI E
TPAP (5 mol%)
NMO (1.2 eq.), DCM
rt, 4 h, 83%
Step-Vii
exclusively E isomer
Scheme 4
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Reported '"H NMR of Compound F (F. J. Chang, R. Gurubrahamam and K. Chen, Adv. Synth.
Catal., 2017, 359, 1277)

We also have performed the reaction of the dienone D (E/Z = 1:3) with the chiral catalyst 9.
'H-NMR of the diketone F also indicated the exclusive formation of the E-isomer.

ArHN /O OH O g Ph
& Pth _ 5=y TPAPGmol%) .
Ph NMO (1.2 eq.), DCM
rt, 4 h, 83%

HFIP, 8h rt

D (E/Z = 1.3) E F
exclusively E isomer
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Expansion of the aromatic region of F (below):
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Copies of 'H and “C-NMR spectra of all the new compounds reported in this study

(Note: In general, in a "H NMR spectrum recorded in CDCls, a peak at around & 1.6 refers to moisture
in the solvent/sample and a peak at about & 1.2 refers to oil/grease present in the sample. In a °C
NMR spectrum recorded in CDCl;, a peak at about & 29.7 usually represents oil/grease)
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PROTON CDCI3 /opt/topspin3.5pl2/nmrdata nmrsu 45
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SpinWorks 4: BS-06-667
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PROTON DMSO /opt/topspin3.5pl2/nmrdata nmrsu 45
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SpinWorks 4: BS 06 223 RE
PROTON CDCI3 /opt/topspin3.5pl2/nmrdata nmrsu 55
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SpinWorks 4: BS 06 228
PROTON CDCI3 /opt/topspin3.5pl2/nmrdata nmrsu 55
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SpinWorks 4: BS-07-18
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SpinWorks 4: BS-07-20-Re
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SpinWorks 4: BS 07 113
PROTON CDCI3 /opt/topspin3.5pl2/nmrdata nmrsu 14
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SpinWorks 4: bs 07 120
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SpinWorks 4: BS-06-640
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SpinWorks 4: BS 06 657

PROTON CDCI3 /opt/topspin3.5pl2/nmrdata nmrsu 14
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PROTON CDCI3 /opt/topspin nmrsu 21
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SpinWorks 4: BS 05 113
PROTON CDCI3 /opt/topspin nmrsu 31
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SpinWorks 4: BS-07-160
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SpinWorks 4: BS-07-163-mix
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SpinWorks 4: BS-07-35
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SpinWorks 4: PBS-07-38-Re
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PROTON CDCI3 /opt/topspin3.5pl2/nmrdata nmrsu 41
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SpinWorks 4: bs 07 140
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SpinWorks 4: bs-07-143
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SpinWorks 4: BS 07 143
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HPLC Spectra

) Vishnu
SAMPLE INFORMATION -
Sample MName B5-benzhexdien acASEY 8ml  Acquired By Systam
Sample Type: Linkniown Sample Set Name
Wial 1 Acn ‘Method Set Bishnu MBH
Injection &: 1 Processng Methoo  belBbenzhexdimcASE%Ram
Injection Volume: 10.00 w| Channel Hame 254 Onm |
Run Time: 120.0 Minutes Proc. Chnl, Descr: POA 254.0 nm
Date Acquied 21042017 20:40:28 15T
Date Processd 25-04-2017 21:42:27 IBT
020 (— N =
| OH
[ER -0 J— P
l [
n-.1j = -
(o]
01
| O I
012 2 |
ase] S 2 o ' |
Z
Q.06- | l’ [
oue] \
| | |
e |I
| | |
WEE IIJ \
1
:--:l:l-f ""‘-—,J L T |
age | & oo 1500 00 T oW 6w s
Mimues
RT Arga Ya fuiea | Height
1| 34465 | 18524127 | 50.09% (191051
2|38 257 | 17E03583 | 4301 | 147886
Reporied by User Sysem Project Mame:  YR_01
Report Method: Wighnu Date Printed
Report Melthod [ 7929 25-04-2017
Page:1 012 223429 AsaiCalcutta
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Vishnu

SAMPLE INFORMATION

Sample Nama: BS-banzhexdiencat15A5E% 8ml Acquired By Systam

Sample Type, Uniriown Sampie Set Mame

Wial 1 Acg, Method Sat Bighnu MBH
Injection #: 2 Processng Methoo  badS benzhexdicatlh
Injection Volume: 10.00 ul Channel Name:; 254 Onm

Run Time: 120.0 Minutes Proc. Chnl, Descr. PDA 2540 nm

Date Acguired 21-04-2017 21:34:08 15T
Date Processsd 25-04-201T 21:43114 15T

0z - e
e )\
o :Q H _ 3
o — i
1 18|
|:|11a5 (0]
: e .
w1z (+)-2a y ‘l
2 0.1 | [
o |
|
s 3 |I
o4 | m
: VA
e | &
Py A) A\ 8
ron S — % e
0.0 B0 Moo a0 2500 xw B A0100 &n nm
Mimess
RT Area % Area | Height
1| 34,448 | 21522395 | 9666 | 208379
2| 3%.TE8 291380 1.34 IB0L9
Reported by Lisr Sysem Froject Mame:  ¥R_01
Repart Method: Vishnu Date Printed
Report Method I 7828 25042017
Page: 10f2 233444 AgalCaleutta
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Vishnu

SAMPLE INFORMATION
Sample Name: BS-benznaphmcAld 2% Emi Acguired By Sygem
Sample Typa Unimown Sample Set Name
Vial; 1 Acg. Method Set Bishnu MBH
Injection #: 1 Processing Methor  bsbenznaphmesD 2958 ml
Injection Volume: 10,00 wl Channal Name: 254, 0nm
Run Tima 120.0 Minules Proc. Chnl. Descr..  PDA Z54.0 nm
Date Acquined: 24042017 23:37.32 I8T
[ate Procesed 25042017 215717 IBT
EI.HI: = =
e’ g
GAES ' 4 |
4 (=]
pita =
1 n |
3 i 1D= |
r | |
006 |
ook ‘ |
| | |
- f\_Jlljl'UU ’ L |
moo i i i i —
R WO M e S : e =2
000 ] e 1500 2m 50 3000 nm 01 4500 501 66,00
Minines
RT Area U Area | Hejght
122,073 | T939004 | 51.32 | 194330
2| 30020 (T531677 | 4868 | 134345
Repored by User Syslem Project Mame;  YR_G1
Repord Method: Vishnw Date Prnted.
Repor Method 117923 26-04-2017

Page: 1af 2

224359 AsiaiCalculla
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Vishnu

SAMPLE

Sample Type, Unknown
Vial 1
Injection # 1

Injection Volume: 1000 ul
Run Tirme 120.0 Minules

[ate Acqulred 25-04-2017 122047 15T
Date Pocessed: 25042017 21:50:44 |5T

INFORMATION

Sample Name: BS-benznaphcat15AD12% Aml  Acquired By:

Sampla Set Mame
Acg. Method Set
Processing Methoc
Channel Name
Prac Chnl Descr

Systemn

Bishnu MBH

bas benznaphcatib
254 Onm

POA 2640 nm

aoaa
ooa
007

£ 06

|
anso]
DDIIJ:
nom |

o,

oo

. O E—— |

aog 500 1

Miraes

RT Area | % Area | Heght

1| 22135 | 370575 | 9601 | BA444

2130231 | 155861 3.89 | 2373
Repored by Lser Systermn Project Mame:  ¥R_01
Repod Method: Vishnu Date Printod
Repor Methed I Y934 25042017
Page: T of 2 22:44:11 AsalCaloutte
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‘BB

Vishnu
SAMPLE INFORMATION
Sample Marmea BS0&benzdiomamasDI 5% Iml  Acquired By Syslam
Sample Type: Linknawn Sample Set Name
Wial 1 Ao, Method Sat Bishnu MBH
Inpection # 1 Precassing Methor  BelBbanzdiomeracll 534 1mi
Inpection Valume 10000 W Channal Mame 254 Dnm
Run Tim 100,40 Minutas Proc. Chal, Desgr,.  PDA 254.0 am
Date Acquired: 03-09-2016 152248 15T
Ciabe Proossed 20092018 25238 |15T
g
'} i
d 1
R
o]
0 =
3 [}
3 m
EEr pl
o l |
]
~ S | |
L |'|
0 ‘
| N
B, |
aca] |' u‘ | ". |
1
1
o : f o rﬁ“ . E‘,{'I H-H_F-rffll- I\‘"‘-r—v__—wl
T T T T ol M S T T ' i L i
nm am 1050 15 Fule ] mm W W0 000
W
RT Area | % Ama | Height
1 |20320 [ 8188970 4370181634
2030040 [ BEZT414 | 51300121391
Reportad by Usar. Sysam Project Mame.  YR_01
Eepart Mathad: Visnu Date Printed:
Reparl Methad GE4HT 20408-2098
Papga: 102 223755 AsECalcula
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Vishnu

SAMPLE INFORMATION

Sample MNarmea Acruired By Sysham

Sample Typa: Linkown Sample Set Mame

Wial 1 Aoq, Method Bet:  Bishnu MBH
Injectian W z Perocessng Methor  bslfbenzdiomecall s
iniection Velume  10.00 wl Channel Mamsa 254.0mm

Run Time: 100 0 Minutas Peoc. Chd. Descr,  POA 2540 nm

Dale Acguired 03082016 16,1028 I5T
Date Prcessed 20082018 22:33.18 18T

i i
1 -
Bin | o
| f‘\\
oo0] A e _mﬁm.+.-;, e
o0 s 16t Tem mm #m wm  omm 10
Mizuiey
RT Aned % Amga | Haight
1| 20308 { 24270812 | SE.8E |BS184F
20422 | 30332F2| 11.91| 45408
Fepored by User System Project Name. YR _I
Repari Methad: Wishn Ciate Prinied.
Repart Method IIE487 20-08-2018
Papa: 1of 2 223728 AsialCalculta
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Vishnu
SAMPLE INFORMATION ==
Sample Namea: BE-benzdiphracAS10% Acquired By: yeem
Sample Type: Linkmanwn Sample Set Name
Vial! 1 Acg. Method Set Bishnu MEH
Injection # 1 Processing Mathoo  bsbenzdiphracAS10%
Injection Volume:  10.00 ul Chanral Mame. 254 0nm
Fun Timg 120.0 Minutes Proc. Chnl Desr:  PDA 254.0 nm
Date Acquired: 23-04-2017 11:11:38 15T
Date Processed 25-04-2017 24:50:30 IST
( N\
o OH Ph
=
= J—
O —
a 1 [ Ph
nm- o o
s 2f )
g 3
ﬂm‘_ |III
|
Ae
U
u@;_AM i \\\-\_
i N T
oo a0 nm nm m 5000 60,00
Mrrutes
RT Ares | % Area (Height
1118.7592 | 5014124 | 52.11) 30582
2144 352 | 460B0E8 | 47 89 (22781
Repoded by User Sysem Project Mame:  YR_01
Report Mathod: Vishnu Cate Panted:
Raport Method |[ 7933 25-04-2017

Page: 1of 2

2273805 AgialCalcutta
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Vishnu

I SAMPLE INFORMATION _
Sample Name. BS-benzdiphcat15A510% Acquired By System
Sample Type. Unbrown Sample Sel Name
Viat i Acg Method Set.  Bishnu MEBH
Imjection # 1 Processing Methoo  bs benediphcat1s
Injection Valume! 10.00 wl Channel Name 254 0nm
Run Time 120.0 Minules Progc Chnl Descr: PDMZ6E4.0 nm
Date Acguired 24042017 16:20:42 IST
Date Processed,  25-04-2017 21:51.1515T
=—, - = —
| OH Ph)
otz . 3 =
1 — Ph
LRl II
| 1
noa- "
| i L (+)-2f y
2 1
L
!
0| |
(-
o
[ |
[ =
L s e |
we x| om0 g s mm
Mrwites
RT Area o Araa | Height
120704 457481 163] 3v66
2|44 524 | 29636340 | 984T | 132123
Reported by User Sysem Project Name:  YR_01
Reaport Mathad: \ishnu Date Pnnted.
Repod Method [[T833 25042017

Page: 1of2

22:43:04 AgalCalcuits
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m — Vishnu

SAMPLE INFORMATION

Sample Mame BE-0GFbenzhexraclCE%mi Acquired By System

Sampte Type Unknown Sample Set Name

Wial i Acq. Method Set Bishnu MEBH

Injection #: 1 Processng Methoo  bslE FoenzhexraciCs% 1 mil
Injection Volume: 10.00 wl Channel Mame 2E4 0nm

Run Tirme 120.0 Minutes Proc. Chnl, Descr;  PDA 2540 nm

Diate Acgilired 21042017 1015328 15T
Date Processd 25-04-2017 2135940 16T

s OH N 4
F = :
DS _ i =
[ |
@
=4
Lt o
. 2g J
2 1
0.3t :
o
1 |
|
aoe . ) — i o I ¥ s
noo Hig e 1800 26 M Wm ;|0 400 B0 s
W ifndirs
AT Area % Area | Height
127,249 | 26005920 | 49 87 F5TAE3T
2130257 |26139020 | 5093 (422721
Repored by User Sysem Project Mame: YR_01
Reaport Method: Vishnu Cate Printed
Repen Method I[7317 25-04-2017
Page: 1 of 2 22:33 35 Aga/Calcutta
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Vishnu

SAMPLE INFORMATION
Sample Mame: BE-08Fbenzhexcat SICAWImMI  Acguired By, Systemn
Sample Typa Unibmown Sample Satf Name
Wial: 1 Acg. Method Set Bishnu MBH
Injection # 2 Processng Maethot  belt Fhenehexcalls
Injecton Velume  10.00 ul Channel Mame: 254 . 0nm
Run Tiime 1200 Minutes Proc, Chnl, Dasr PDA 254.0 am
Date Acguirad 21-04-2017 11:52:24 I5T
Date Processed 25-04-201T7 21:41:44 IS8T
ot~ OH N\
|F N —
B o
{ 0]
(Hls R +)-
L (+)-29 )
E {
il |
I]I:l:'.*: . | \
| o
| o
(o
A (. 5 J \
ase— o oL %
b : T T T ™ L T ™
[ef14] 500 1000 1500 il ] 2500 k] 3500 4000 4500 vl o]

Minutes

RT Ares % Area | Height
27,723 23684 0.38 516
39,584 [B0B019T | BR.E1T | 100068

-y

L5 ]

Raported by Usar. Sydem
Report Method: Vishnu
Report Method [[7929
Page: 1of2

Project Name: YR_01
Date Prnted
25042017

22:33:50 AslaiCalcutta
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- Vishnu

SAMPLE INFORMATION B
Sarmple Mame. Acquired By: Syslam

Sampla Type Unlnioran Sampla Sei Mamo

Vel i Ao, Method Set Bighmu MEH

Injecticn # i Processng Meihoe  belBamabenrhaxedienamo
Injacticn YValume: 1000 ul Ghannal Nam: 84 fnm

Run Time: 1200 Minuies Prac Chal Descr PDa 2540 pm

Dabe Acquimd: 114022018 221201 IS8T

Cate Procassad 11402-2016 23.21:25 IST

" S E—
it OH

| a MeO —
oz

| | | :

| 2h
n1=! | | \ )

2 - | | |

a0

i
B WA | J
oA WINLN

Gto | 200 4m BN &0 1000 1200 MO0 W00 (00 M0 Do MM MK MO W0

W
BT Apag % Ared | Heigh

1115818 [ 16482182 | §1.04 | 25685780
21 1R A3 | 16TH091G | 48 96 | 251687

Raponed by Lisar System Project Hame:  YR_01
Rapon Mathoo: Yishing Cabe Printed
Repor Mathod | 8154 11-02-2018
Page: 1af2 232303 AsalCalcutla
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_ Vishnu

SAMFLE INFORMATION

Sampla Name Acguired By Sysam

Sample Type: Linkncram Sampla Set Name

LT R 1 Acg. Method Set Bighmu MEH

IFjackon & 2 Frocasgng Melhes  bpomehsxdiangsS10%08m!
Injecton Woluma: 10,00 ul Channal Nama: 284 {snm

Aun Tima 120.0 Minutes Prag Chinl. Descr FDe 2540 nmy

[rate Acquinad 1102-2016 224840 13T
Cate Procesed: 11022074 23 3604 15T

] N\
o ( OH di
- |MeO o —
o — I
1 I
:l.ﬂl': O
5 (-)-2h |I
801 . J ||
" S |
:-:r:-;
oz
g ]\
A1 4
I o |
| %
r.-m-i ﬁ.___.a,aﬂ__ﬂ_-'“\,__ﬁ_,ﬂ'_ﬁ_/\\.l N
G0 A0 400 AN B0 0 100 WMOF iGN Wi AN B MED mMmN O 3BE N
Mimides
RT ATeE % Amea | Halght
116270 | 157B3ITZ 288 | 33052
Z| 18277 { B31BE5E1 BT 12 | 718271
Regoned by U=ar, Sygem Project Mame, YR_01
Rapor Mathod; Weshnu Dt Printad:
Repon Mathod 1 5354 19022016
Page taf 2 23 34820 AssCGatoutla
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Vishnu

Sample Mame; BSomebenzeinndien

SAMPLE INFORMATION

Acquired By System
Sample Type Lis kncxiers Sample Sat Name
Vial 1 Acg. Method Ser Blshne MBH
Inpection & 1 Processing Methos  pslBomebenzeinhexracDDHT 0%
Injection Volume: 10,00 ul Channel Mamea, 254 0nm
Run Tima 120.0 Minutes Proc Chnl Deser,.  PDA 254.0 nm
Dabe Acquined: 21042017 23:45:48 I5T
Date Processed 25-04-201T7 223521 18T
(
| OH Ph) B
oosa- | MeO — i’ @
i H -
| — o
] =
| o
0040 F|
| o) I
! 2i |
i \ J ||
] |
o] | [
| | |
QoM

= . __,_Jw.___m,__,\J
(5 1 P

sm 0 18

"m0

Mintas
RT Arega | % Area | Haelght
121748 (2806044 | 47 BB | 54470
2128.978 | 3054353 521342280

2500

I J |

o

Repored by Ueer Sygem
Repen Method  Vishhnu
Repon Method I 7925
Page: 10f2

Project Mame, YR_01
Date Printed
25-04-2017

22-35:53 AgaiCalcutta
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Vishnu

SAMPLE INFORMATION

Sample Name Actiired By System

Eample Type Unmown Sample Sal Mame

Wial 1 Acg. Mathod Sett  Bishnu MBH

Imjaction #: 2 Processng Methoo  bsl&omebenzoinhexcatts
Injection VWolume: 10,00 ul Channel Mame: 254 0nm

Rumn Time: 120.0 Minutes Proc. Chnl. Descr.: PDA 2540 nm

Date Acquired 22042017 00:28:45 IST
Date Procos=d 25042017 21:44:55 I5T

{ A
( OH Ph
[IMeO & —
Qi _
T
0] ||
12
LN ()2 ) |
i 1
|
- \
oG- o ||I
{=]
8 |\
B Foay e — 2, ﬁr\_ i i
0.0 500 100 wam | e | se0 | ;o m® o0
Minises
BT Amea % Area | Height
1|22 062 | 138454 1.73 qrr
21 28. 717 | 7854129 | BR.2T | 113138
Reported by Lser System Project Nama  YR_01
Report Method: \ishnu Crate Prinfed
Raport Mathod [[7931 25-04-2017
Page 1al2 23:38:57 AsialCalcutta
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Vishnu
SAMPLE INFORMATION
Sample Hame BS0E-omabenadi phmcADES %1 mi Acquined By Syslam
Sampla Type: Linkriorat Sample Sel Mame
Wial 1 Acg. Method Sel Bishru MBH
injection # 1 PocagEng Maihoo  bsomebanzeiphracADEY fm
Injectian Valumea 10000 Ul Channel Hame. 254 {nm
Run Time: 100.0 Minutes Proc. Chnl Dascr. PDA 254 0 nm
Oate Acguined: Q4082018 00:29:43 18T
Date Pocesed: 04082016 02:34:04 157
| )
=] OH Ph % -
- |MeO — ; 2
1 — an
| Ph s
o [l
| 0 |
ul:u-i \. 2j J
£ ]
[1Fa 8 | |
1a | |
ne | } I
I u\ \
T n SR I‘*-'—'Ili—" A e —— ——.n"l —— )
E T ™
Miruies
RT Amma | %eAma| Height
1130063 | 7410004 | 5027 | 10B3S50
2 | 3608 | 7330764 | 4B.73| BHA5T
Raponed by Leer Sydem Projact Mama:  YR_D1
Fapor Malfod. Yishnu Oase Printed:
Fapor Mathod 115354 04082016

Page 1aof2

02:3:53 AsaiCalcutia
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Vishnu

SAMPLE INFORMATION |
Sampin Nama: Aoquired By Bygem
Sample Type Linknawn Sample Sat Mams
Wial 1 fog. Method Se1:  Bishnu MEH
knjeciion #: 2 Processng Mathoo  bslGomebanzdiphaatis
Injectian Velume 10,00 wl Channel Mame. 254.0nm
Bun Tima 100 0 Minules Proc. Chnl. Daacr POA 254.0 nm
Dale Acquimned O4-O6-2016 Q124,27 15T
Oaie Procesed 04-08-2016 02:32:56 IST
= OH Ph)
|MeO R —
o — Ph
|
o
| 0]
o 9
L (+)-2] ) |
2|
: I
o
|
RES |
| | |
g
’ &
2\ |
{ B J
LT b - . - e |
i - e me e e . - B T T = -
o 100 0 1='|;|;| i B i 400 i} 500 4 AR00 Lale s
Aifades.
RT firem % Area | Haight
1| 30.25T I9044T KR a1 ]
2 [ 30.601 | 3048THEGS | 9502 |4T000E

Reporied by User Sydam
Repor Method. Vishnu
Report Method 105404
Page; 1ol

Project Mame:  YR_01
Dale Prinded
0a-08-2016

023600 AgarCaloulte
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~ Vishnu
__SAMPLE INFORMATION =
Sample Nama: BS-diomehexracaDl 2% Tml Acquired By System
Sample Type: Unkrown Sample Set Name
Vial 1 Acq. Method Set:  Bishnu MEH
Injaction & 1 Processng Methoo  bediomeheascADt2%Tml
Injection Yolume. 10,00 ul Channel Nama: 254 .0nm
Run Tima 1200 Minutes Pmc. Chnl. Descr.; PO& 254.0 nm
Date Acqulred 22042017 23:00.24 18T
Date Processad 25042017 21:47:56 IST
ﬂ;hl-_:”( N = ===
| o]
L Feal OH 5
- |MeO = =
0420 . . ol
nig- "
| |[MeO
{18
0]
814
. 2k J
E 12
DAL |
[0
[HOE I |
(T I| | W |
" PVAWALY
oo L S II\H; X £ —
B0 50 | e 1800 2000 x00 | Wo 0 At
Minuses
RT Area | % Area | Heaght
1]|20.852 | 9086127 | 4903 1234750
2 |25.506 | 9445436 | 50.87 | 193654
Repored by User System Project Mama.  ¥R_01
Repaort Method: Vishpu Date Printed;
Repor Method ILTR32 25-04-2017

Page: 1of 2

22:38:37 AgiasCalculta
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SAMPLE INFORMATION
Sampla Name: BS-diomehexcat! 5ADT2%.Tml  Acguired By Sysam
Semple Type Lk oo Sample Set Nama
Wial; 1 Acg. Method Set Bishnu MBH
Injection ¥ P Pracessing Methor  bsdiomehexcat! s
Injection Volume: 10,00 Channel Mame; 254 Onm
Rurn T 120.0 Minules Proc, Chnl. Desr,.  PDA 254 0 nm
Date Acquired 23-04-2017 DO:D2:56 15T
Cate Pocessed;  25-04-2017 21:48:40 15T
B\
A OH 3
_{|MeO & — g
[ Ery _ 5
I]-l-[:-: MeO
O
L ()-2k J
03
2
|
oan |
am @
: | b 4
! e
{ ;J \ J ™
amo- i A S L R . — ——
(i 500 1am 1500 ww = S 3500 &m asm
Mimuees
RT ATBE % Area | Height
1| 20.854 | 22437058 | 96.54 | 565589
2 | 26.648 BO4320 46 15332
Raparted by Ler Systemn Project Mama: YR_01
Report Mathaod: Vishou Date Prinbed
Report Method If 7834 25-04-2017

Page 1of2

2347

34 AgialCalcutta
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Vishnu

Sampla Typa Unknown

Wial: 1

Injection #: 1

Injection Volume: 10.00 wl

Run Time: 120.0 Minutes

Date Acquied 22-04-201T 10:38: 3
Date Processed 25042017 21454

Sample Name BS-naphhexacODH1 0%

& IST
78T

SAMPLE INFORMATION

Acquired By System

Sampie Sel Name

Acg Method Set  Bishnu MEBH
Processng Methoo  basnaphhexracODH10%
Channal Mama 254 dnm

Proc. Chnl. Descr.  PDA 254.0 nm

azH

——=19.668

a0 | \ }
[ Zre 40 &0 A0 e 12w w0
Mlinies
RT Araa % furea | Hevight
13484 [ 17756116 ( BOTI | 594348
2119658 | 17243708 | 4927 | 4359015

Repored by Usmr Syslem
Report Method: Vishnu
Repom Method IT7932

Page. 1af2

e — —

Project Mame: YR_01
Date Printed:
26042017

22:38:01 AslalCaloulla
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Vishnu

= SAMPLE INFORMATION
Sample Name BS-naphhexmccatiSODHI0%  Acquired By System

Sample Typa Unknown Sample Set Mame

Wial 1 Acg, Method Set: Bishnu MEH
Injection #: 2 Processing Methoo  bansphhexcatih
Injection Volume: 10.00 ul Channel Name: 254 Onm

Run Time 120.0 Minutes Proc. Chnl. Dessr. PDA 254.0 nm

Drate Acquired. 22-04-2017 11:21:08 IS8T
Date Processed 2504-2017 214703 15T

|
{
0.0 *
1 a0
| &
| -
i s
nm: ST ,."t.\_\_F,_\_\—'_,.-\.,_‘i.___r.,—\.\_\_ I
o 200 Al B0 sba | woe 12w 100 W0 1400 000 2200
h s
RT Areg | % Arsa | Height
1(13.798| 20375 0.30 1100
2 |19.655 (9719027 | 99.70 (261473
Repored by Usar Sydem Project Name:  YR_01
Repon Method: Wishnu Date Printed
Repon Method I[T7931 25-04-2017
Page: 1 of 2 22:37 48 AsialCaloutts
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Vishnu

SAMPLE INFORMATION

Sample MName:

BE-06naphdiphracsis

Sample Type Linkmowm

WVial: 1

Injection # 2

Injection Valume: 10,00 wl

Run Tima 1200 Minutes

Data Acquired. 28504-2017 20:33:45 15T

Date Precessed 25-04-2017 22:01 31 IST

Acquired By
Sample Sat Nama

Ac, Method Set
Processng Methos
Channal Name:
Prac. Chnl Descr.

System

Bighnu MBH

b naphdi phracODHS%
264 0nm

PD& 254 0 nm

oz
IIIJI}!
4]1&;
1|

1443

T
an
ave
ans-
e
anz’

ap—Hh

L

1000 200 o

Pt

RT Area % Area

Height

50 36

=

36.370 | 27443564

234410

45.64

(]

B0.24% | 27040854

17073y

50,00

Reportad by W=er, Sydem
Repart Method: Wishnu
Repor Method 1T 7934
Page: ¥ of 2

Project Mame:.  YRE_01
Date Printad
25042017

22:44:50 AzalCaleutia
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Vishnu

| SAMPLE INFORMATION
Sample Nama: BSOBnaphdipheatt 5 5% Boquired By Syztem
Sample Type Unknowm Sampla Set Name
\ial 1 Acg, Method Sat Bishnu MBH
injeclion # i Procassng Mathor  bsnaphdigheati s
injection Wolume: 10.00 ul Channel Mame: 2454 0nm
Run Timea; 120.0 Minutes Prog Chal Desr-  PDA 2540 nm
Date Acguined: 25-04-2017 21:54:04 |ST
Date Processed:  25-04-2017 23.03:44 |57 |

-

! o

oo o

; =
" ST TN . _ _—

o | 1w Mo xw  #m w00 “go0 o0 ]
Minises

RT Area % Area | Height

137882 | 2613083 585 | 23744

2 | 50699 | 41273723 | 94.08 | 266201
Reporied by User Sysem Froject Mame:  YR_01
Report Method: Vishnu Date Panted:
Repon Method I[ 7934 25-04-2017
Page: 1of 2 23:14:50 AsaiCaleulla
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Vishnu
SAMPLE INFORMATION
Sgmple Mams; BS0E-pymesracADHTI% 1 ml Aoquired By: Sydam
Zampie Tyne: Linknawn Sampla Sat Mame
Vial i Acq. Methed Sat Bishnu MBH
Injection # 1 Processing Methor  BslBpyrhesmssADH 3%Ami
Injection Vodume: 1000 wl Channal MNama 254 Onmy
Run Time: 1200 Minutas Penc. Chnl. Descr. POA 254 0 am
Date Avguined 23082016 2241:0B6 15T
Date Processsd FALGME 28T 15T
gin| ™ o o
! OH . =
i) I A n ,F
i ~ |I
(=% = o
| ]
CTE @
1 2p y, | [
B |
2 l\ |
. \ |
nm!
1
B,
- M |I 'il
T — i
:-ml— i —— 1}
g m im &8 A it TEE 1400 1A mm ‘mm
PA rrikss
RT Arpa | % Amea | Haight
1| 5333 [6120025)| 4545 | 174487
21 19690 | 7O56TET | 5365 | 160816
Reporbad by User Sydam Project Mame  YR_DT
Report Meihad. Vighnu Dale Prinbad
Repart Methad I BAET 234092018

Faga: 1ol

235206 AdaiCaiculta
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Vishnu

SAMPLE INFORMATION

Sample Mame BSOEpymesmetDHTI%Iml  Asquinsd By Sygem
Sample Tvpa Linkmown Sampla Sat Mama
Wial: 1 foq Mathod Set: Bighnu MBH
Injeciian i Z Processing Maoe  beslGpymexcaiis
Injectian Velume 10,00 al Ghanna! Mama 254 0nm
Run Teime: 1200 Minubes Piroe. Chnl. Dastr POA 2540 am
Dile Acquined: 230820 E 232533 15T
Dale Frocesssd 23-0-201 68 235336 15T

o OH /)

(HF, ]

(HRF 3
a IEE ')
URLR -
L (+)-2p )
g
3 |
LT
nim I\
u:.u-E
1:
k-
e [
i 2 Nl N |
(E
: S ’ et et g e g
oo I-I]} 50 8.0 15 4] il 1200 Rl O 1600 a0 20
Wi
RT A | %A | Height
1] 9288 [ AX25126 | 98.0£§218272
21118401 184200 186) 4720
Repoftad by User Systam Propect Mama:  YR_01
Repoit Melhod. Vishnu Diul= Prnfed
Repord Methad I[B4E7 23409-2016

Page: 1 ol 2

2305426 AdarCalouita
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Vishnu
SAMPLE INFORMATION i
Sample Mame badE-benshicharacd 52 % Acquirsd By Syabam
Sample Typa: Linkncam Sarmnple Sat Mama
Wial 1 &, Method Set Bishnu MBH
injection & 1 Pmoessng Methor  balfbenzfhichaarach52%
Injection Volume: 1000 ul Chanmel Mama 254, 0nm
Bun Time 120D Minutas Prog. Chnd, Dascrr PO 254.0 Arm
Oate Anguined 1ED2-20168 10:04,48 [ST
Dinte Processed 18-02-2016 11:24:32 15T
e S ]
4]
=
L)
L]
a1 /ﬁl'\
01
| | L
1 |
oo |"|I Ilﬁ'-i."hﬂ | III \
P '-nw — ;i_;.-.__ LA v ——
[ LT
RT ArRA W dma | Hzight
1| 13629 17128243 | 5028 322747
2|23 EYT | 162340850 AB T2 | 173745

Reportad by User Sysam

Report Meihod  Yishnw
Report Meihod I[ 56230
Page: 112

Projeci Mama:  YR_01
[rats Printed
18-02-20116

11.24.508 AsmarCalculte
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Vishnu
SAMPLE INFORMATION - _.
Sample Name.  bedd-benzihlohexcat1SAS2%  Acquired By Sydem
Sampla Type Lrikricran Sample 321 Nams
Wiad i 1 Acg. Methad Set Bishnu MBH
injection @ 2 Procagng Meihce  belEbanzthiobexcel 156452 %
lajaction Valume 9000 w Channal Mama 284 finm
Run Tims 120 0 Minutes Proc Chnl, Desr:  PDA-254.0 nm
Dale foguined 18022016 10:4122 187
Dale Processsd 18022016 11:26:44 18T |
[
- |
.30 | "
' /J \ a
T
VR s
it e ™ ™ :
aen s wm  w\m 0 =00 W
(LR ]
AT Area | % Anea| Height
1| 13554 |BI253DME | 96 52 | EESLT
2j23912| 1893282 308 | #9010

Rapohed by Usr Sysem
Fapon Melhod: Wishn
Fapor Mahod L5533

Page: 162

Project Mame:  YR_O1
Date Prinied
1B-02-2015

112701 Asa/Caleutts
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Vishnu

Sample Nams
Sample Type,
Wial

Imjection #
Injection Valume
Run Tirme

[hate Acquined
Dabe Processed

_ SAMPLE

BS-08chromhexracODH 5%
Unbnowrn
i

4
10.00 ul
120.0 Minutes

26-04-2017 231418 15T
26-04-2017 004621 15T

INFORMATION

Acquired By: Syetem

Sampie Set Mame

Acg Mathod Sat Bighnu MEH
Processng Methoo  bschrmomhbeoaeDDHEY%
Channel Mams: 254 Onm

Proc. Chnl, Descr POA 254.0 nm

18-
3 [Ce]
0t .ﬂ.l
i b |
ard fl
a 0 DE- ‘ | :
a6 ‘ \ I
04 \ |
S M b A N P ]
ot 500 . 180 3000 o s
erum.
RT | Ama | % Amea| Helght
1|22.403 [E143691 | 5040 | 161244
2|34 %256 (BO15048 | 40601232311

Reported by User Syslem

Repart Method: Wishnu

Repart Mathod 1[ 7934

Page: 1012

Broject Name: YR_0f
Date Printad:
260420407

004519 AsiaiCalcutta
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Vishnu

Sample Namae
Sampla Type:
Wigd

Inj#cticn &
IFjechion Wolume.
Run Tima

Dt Acguinag
Dale Pocesed

SAMPLE

pEchrmbexch DDHTE % 8mi
Livikrcran
1

i
10.00 ul
120.0 Minutes

OF-07-Z017 11.44:32 557
03012017 124206 EST

INFORMATION

Acguined By:
Sample Sef Mame
Ay Mathad Sel
Proceming Mathac
Chanmel Mame.
Pme. Chnl. Dascy

Sysem

Alanu
beeghromshaxchimd
254.0nm

PO 254 0 fim

o OH
| S = |
usui | |
IJ-H:I'. |
+)-
@2 |
i il B
a2 \
; I
r:-lr:i' B |I
g}
a0 — —r"-'i'h—ﬂ‘“—"ln\—-! o - Z
o0 L 1wm wor  mm  aeg nw | wm 4000 s =
Minidis
AT Amma | % Area | Haight
1]23.438 22314 i 2154
2 | 34 665 | 45202379 | &4.80 | &20554
Reported by User Sysam Project Mama:  YR_01
Report Moihod: Wishne Date Prnbed
Repord Method I[ 6525 d301-2007

Pags: 1 of2

12:46:66 AsaCalcuita
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Vishnu

! SAMPLE INFORMATION
Bample Mama. BEG-chmomdiphracOOR1 0% Im| Acquired By. Bysem
Sampla Type: Linkniown Sampla Set Mama
Viad: ] Apq, Maethod Sat Bishnu MBH
Injachon @ 1 Procassing Methos  beltchromdiphracCDOHTREm|
Injection Yoluma 10400 ul Channal Mams 254, 0nmi
R Tims: 12000 Minulss Proc. Chal. Deser:  PDA 254.0 nm
Dale Acguined 1909-2018 ZBER A5 ST
Cate Prcassad: 18082018 Z2:38 48 15T
aMo- o
( OH Ph)
o035
| Ph
Q- | |
T | |
; J
2 ot \ |
um&.i | |
| i
omo | |I
L
e S [\,/\J |
1
lh_h,fﬁk —
um'—-rw f ~f — = e
o e 0o it} i wm s B0 &in dh
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BT Anaa % Area | Height
1|31 816 | 3292867 | 4847 | A5634
2 [36.081 | 3417866 | 5003 ) aTeE0
Reportad by User Sysam Project Name.  YR_O1
Report Mathad: Wishnu Cate Pripiad
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SAMPLE INFORMATION

Sampla Mama: Acguinad By: Hysem

Sample Type Unkniowr Sample Sai Name

Wial 1 Acg Mathad Sel Bighnu MBH
Injectian # 2 Processng Mathae  belbchremdiphcail s
Ingechan Velume 10,00 ul GChannel Hame 2854 dnm

Fun Time: 12000 Minbes Prac. Chnl. Descr,.  PDA 2540 nm

Daie Acgulred 18-08-2018 215019 15T
Date Frocessed 16-05-2016 224218157

oef’ OH Ph)

(=R E ] Ph

013 |

o7 m |
2 umi |
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] o LS
nm L _."“I"-"I.'r"‘-l._F-'\-\_-r'n_____.ﬂa_"H'“-\._,— —-\_—JII'III‘»_,-__ — = _\_\_‘-'—-!—
w0 s w0 oo P R ™~ "
LGS
BT APER o Brma | Height
1|32 345 BE107 L80 1168
2138 TRT | 14130087 | 8840 | 155456
Raportad by Usar Sysem Prject Name:  YR_{1
Repoft Melthed Wishnu Caibe Printeg
Report Method L6497 18:-08-2016
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Sample Mame.
Sample Tvpa
Wial-

tnpectian #
Injectian Velume
Bun Time.

Dale Acquined.
Date Poceeed

SAMPLE

bEl51 13mcemic
Linknawn
1

1
1000 wl
&0.0 Minutas

06-08-2015 16.00:03 15T
ZE-T1-EDME 22212 T ST

INFORMATION

Aquired By
Sarmale Sel Mame
Aieg. Method Sab
Prcassng Methoo
Charnel Masmsa:
P, Ghini. D
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Blannu MBH
bslE113mc
254 0nmy

BOa 264 0 nm
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— R ]

= ,,J|._ lif U-_%_Jl _.lk___,__g

oo 100 mig 550 e =0 mm W A0
[LTEV

RT Arga | WoAmea | Haight

1| 22.07B [5t95648 | 5037 | 160

2133418 |E134971 | 45.BB| B3IIZE
Reperted by User Sysem Praject Mame:  YR_D1
Repof Melhed: Vishnu Dale Printed
26112016

Fapert Melhod (G487

Pege 1'0f 2
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SAMPLE INFORMATION

Sampie Mama: bl 1 dcatth Aoquired By Sydam
Sample Type Linkncwin SBample Sal Namia

Wial 1 Acg. Method Sat. Bishnu MBH
Injaction # 1 Procemsing Melbo:  be0E1 13catlb
injection Valume 1000 ul Channal Ramea: 254 Dnm

Run Time B0 Minubas Proc Chal Descr: PO 254 0 nm

Diate Acquired. Da-05-2015 17:58:14 15T
Date Procesead:  06-06-2015 18:44:03 I5T

|
T
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Z R 2
ape——"" ’-H——_Fﬂ—uh__ﬁ—-_g' ) - _,M‘-t-h ___-/_\—_:
inm men s wmm an e P i
Tl i
BT Area % Anza | Height
122116} 3453139 | 6594 | GIEHS
2333228 1459559 406 3137
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Rapart Matnod: Vishny " Date Printed
Ragort Method 113437 OE-08-2015
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