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I. General Methods and Materials

All of the reactions dealing with air and/or moisture-sensitive compounds were carried out
under an atmosphere of argon using oven/flame-dried glassware and standard syringe/septa
techniques. Unless otherwise noted, all commercial reagents and solvents were obtained from the
commercial provider and used without further purification. Tetrahydrofuran (THF), toluene, 1,4-
dioxane, dichloromethane (DCM) were used directly from solvent purification system. Other
anhydride solvents were purchased from Acros Organic in AcroSeal glass bottle (extra dry over
molecular sieve) and used directly.

"HNMR and *C NMR spectra were recorded on Bruker Advance NEO-400 MHz spectrometer
and Bruker Advance NEO-600 MHz. Chemical shifts were reported relative to internal
tetramethylsilane (5 0.00 ppm) for 'H and CDCl3 (8 77.0 ppm),CD3CN (8 118.26 ppm )for *C.
Flash column chromatography was performed on 230-430 mesh silica gel. Analytical thin layer
chromatography was performed with pre-coated glass baked plates (250p) and visualized by
fluorescence and by charring after treatment with potassium permanganate stain. HRMS data were
collected on Agilent 6320 TOF MS/Agilent 1200 HPLC spectrometer and an Agilent 7890 GC-
MS QTOF 7200, Agilent 6540 LC/QTOF spectrometer in the mass-spec facility in the University
of South Florida. For mechanistic studies, the nESI-MS spectra were collected by using a Thermo
Scientific Orbitrap Q-Exactive instrument (Waltham, MA) in the positive ion mode in New Jersey
Institute of Technology. A borosilicate glass capillary (Sutter Instrument Co., Navoto, CA) was
used to make a spray emitter. The emitter tip opening size was pulled to 2 um by a laser puller
(Sutter Instrument Co., Model P-2000). The reaction solution was diluted 100 times by ACN
solvent before loaded into the pulled spray emitter. A platinum wire (0.025 mm diameter, 99.99%
purity) was inserted into the emitter for conductivity and ionization, and the applied potential was
+ 2.5 kV. High resolution MS data was obtained at different time points during the reaction.

The X-ray diffraction data was measured on Bruker D8 Venture PHOTON 100 CMOS system.
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I1. Extended Optimization

2.1 Integrate three reation modes of gold catalysis

TR - RT R i
'R : 5% [Aul] N %\("L
' o ! MeCN O%\ O)\? “NHAr o} Z "NHAr
] ! A
Ph*/\\\ Hz0 3a 4a sa
+ Ar(1.0 eq) O OH R'" OH
PhCHO Ar: p-CF3-CgH
p-Ll3-LeMy R ph O Ph
Ar
N.D. N.D.
2a 2aa
[Au] cat. “Ar*” 3a 4a 5a
Me-Dal-PhosAuCl Ar-1, AgSbFg 95%
PPh3AuNTf, [ArN,]BF,4 95%
[ArN,]BF,, Blue LED . .
PPh3zAuNTf, Ru(bpy)s(PFe)s 90% 5%
[ArN,]BF,, Blue LED . .
PPhsAuNTf, [ArN,]BF,, Blue LED 90% <5% -
PPhzAuCl [ArN5]BF,, Blue LED 20 <5%
ArN,|BF,, Blue LED
PPhsAuNTf, RU(bPY)s(PFe) 95%

10 % Fe(acac)s

PPhsAUNTf,  [ArN,JBF, + 10% Fe(acac);  60% 34%

[ArN,]BF, + 10% Fe(acac)s 12% 79% 2%
+1 eq L|2CO3

PPhsAuUNTY,

2.2 General procedure of screening alkynes scope of vinyl gold nucleophilic addition toward
aryl diazonium salts

To a 0.5 mL THF solution of alkyne (0.2 mmol) and aryl diazonium salts (0.3 mmol) was added
Fe(acac)3 (0.1 equiv.,7 mg), H>O (3 equiv., 10.8 uL), Li2COs3 (1 eq.) and PPhsAuNTf (0.05 equiv.,
7.4 mg). The reaction was stirred at room temperature for 10 hours. After the reaction completed,
the reaction was filtrated through a pad of silica gel. After evacuation of the solvent, conversion
and the yield was obtained by 'H NMR and '°F NMR analysis of the crude mixture using 1,3,5-
trimethoxybenzene and trifluorobenzene as the internal standard.
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5% PPh3AuNTf,
10% Fe(acac)s

) o) R
1 eq Li,CO5
R—== + AN,BF, __9€d-HO0 RJ\ O&N‘NHAr
MeCN [0.4 M] Ar = 4-CF3-CgH,-
r.t,10h
Entry Alkyne Major product Conv. (%) yield (%)
o o
1 Ph—== 20 18
Ph o
2 Bu—— 12 1
Bu)J\
o
3
Ph)J\N/\\ O//g 100 68
HoO P
N
OH Ph
)\/\ o 100
87
4 Ph % Phw
o O (e}
NS
5 Ph Pth,NHAF 100 78
o
O o

)J\/\)J\ 28 2
Ph Ph

7

Ph - 0 _
2.3 Optimization of difunctionalization of alkynes
a) Screening of gold catalysts
5% [Au]

___________ 10% Fe(acac);

' R1 0] ' 13eq LI|2_|083 (0] R1

: | eq. Hy N

: Ph)K/\'\\ + ArN,BF, R‘k o& “NHAr

(PR X MeCN [0.4 M]

1a rt,6h 3a 4a  Ar=4-CF3-CgH,

To a 0.5 mL MeCN solution of keto-alkyne 1a (0.2 mmol, 32mg) and aryl diazonium salt (0.4
mmol) was added Fe(acac); (0.1 equiv.,3.5 mg) H20 (3 equiv,10.8 puL), gold catalyst (0.05 equiv)
and Li2COs3 (0.2 mmol). The reaction was stirred at room temperature for 6 hours. After the
reaction completed, the reaction was filtrated through a pad of silica gel. After evacuation of the
solvent, the NMR yield of 4a and 3a were obtained by ’F HMR and 'H NMR analysis of the crude
mixture with the internal standard of trifluorobenzene and 1,3,5-trimethoxybenzene, respectively.

; 0
Entry [Au] yield (%)3a Y9000

1 None 0 0

2 PPh;AuNTf: 12 79

3 IPrAuNTf: 83 0

4 JohnPhosAuNTf: 65 28

5 (ArO):PAUNTH 93 0

6 PPh;Au(TA-H)OTf 95 0

7 PPhsAu(TA-H)(MeCN) 95 0

8 CysPAUNThH 15 80

9 P(p-F-C¢H4); AuNTf2 10 85

10 P(p-CF3-CsH4)sAuNTh, 7 90
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b) Screening ratio of [Au]/[Fe]
5% (4-CF3-CgH4)3PAUNTT,

"'R!' O ! X% Fe(acac); fe) R
| | 1eq Li,COg, 3 eq. Hy0 I Y
; ' + ArN,BF R o “NHAr
L Ph)k/\\\ 7% MeCN[0.4M]
1a r.t,6h 3a 4a  Ar=4-CF3-CgHy
Entry  co-catalyst  yield (%) 3a yield (%) 4a
1 0 95 0
2 1 91 <5
3 2 80 12
4 5 50 45
5 10 7 90
6 15 7 85
¢) Screening of base
5% (4-CF3-CgHy4)3PAUNTf,
.'h}' 6 """ , 10% Fe(acac)s fo) =
| | 1 eq base, 3 eq. H,O l]\ }\7N
; ' + ArN,BF 1 o) “NHAr
Ph*/\\\ T2 MeCN [0.4 M) :
1a rrt,6h 3a 4a  Ar=4-CF3-CgH,
Entry base yield (%) 3a  yield (%) 4a
1 Li2COs 7 90
2 NaCOs 30 30
3 K2COs <5 0
4 Cs2CO:s <5 0
5 Et:N N.D. 0

5% (4-CF3-CgHy)gPAUNTY,

‘R' o 10% Fe(acac)s o R R
i | X eq Li,COg, 3 eg. H,0O N.
: PhM + ArNoBF, R1JJ\ O&N‘NHAr 07 7 NHAr
Lo AS MeCN [0.4 M] e

1a r.t,6 h 3a 4a 5a

Ar = 4'CF3'CGH4
Entry X yield (%)3a yield (%)4a Yield (%) 5a

1 0 60 34 0
2 1 7 90 0
3 2 5 80 10
4 3 <5 68 12

e) Screening solvent
5% (4'CF3'C6H4)3PAUNTf2

"R' O A 10% Fe(acac); o R
i ! 1 eq Li,CO3, 3 eq. H,0 N
! Ph)K/\'\\ + ArN,BF, Fuﬂ\ o)\7 “NHAr
S N solvent [0.4 M]
1a r.t,6h 3a 4a

Ar = 4‘CF3'CGH4'
Entry solvent yield (%) 3a  yield (%) 4a

1 MeCN 7 90
2 THF 5 93
3 1,4-dioxane 40 50
4 toluene 60 23
5 DCM 74 18
6 Et,O 50 32
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f) Screening the amount of water
5% (4'CF3-C6H4)3PAUNTf2
10% Fe(acac)s

! o}
| : 1 eq Li,COg, X eq. H,0 N
: Ph*/\'\\ + ArN,BF, Fpﬂ\ o)\? “NHAr
. IS THF [0.4 M]

r.t,6h

Ar = 4'CF3'CsH4'
Entry X yield (%)3a yield (%) 4a

3a 4a

1 0 8 0

2 1 12 80
3 3 5 93
4 5 20 78

g) Screening reaction temperature
5% (4'CF3'C6H4)3PAUNTf2

‘R0 ! 10% Fe(acac), o R R
i | 1 eq Li,CO3, 3 eq. H,0 N N
: Ph)K/\:\ + ArN-BF, R1JJ\ 02\7 “NHAr O ~ “NHAr
S N THE 04 M ¥

1a ;’ 3a 4a 5a

Ar = 4'CF3'CGH4
Entry T(°C) yield (%)3a yield (%)4a yield(%) 5a

1 0 <5 n.d. n.d.
2 25 5 93 n.d.
3 40 14 70 12
4 50 50 8 38

2.4 Control experiment of trifunctionalization

NHA
(0] N r

0
5% PPhAuCl |
o)
Br  1eqH,0,MeCN 0 Br
+
40°C, 3 h
ArN,BF, Ar = 4-CF5-CgHy- 5a
Conv. < 10% Trace

2.5 Optimization of trifunctionalization of alkynes

a) Screening reaction temperature

‘mo 5% PPhAuClI 0 R R!
H H 2 eq. L|2003 N N.
! Ph o T AN:BF, R1JJ\ 02\4 “NHAr 07 % “NHAr
' X 1 eq H,O,MeCN A
"""""" T°C, 3h '

1a ’ 3a 4a 5a

Ar = 4'CF3'C6H4'
Entry T(°C) yield (%)3a yield (%)4a yield(%) 5a

1 25 10 85 trace
2 40 8 n.d. 90
3 50 20 n.d. 67
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b) Screening of gold catalysts

"R O : 5% LAUCI 0 R! R!
: ' 1 N 077 "NHA
| Ph N AR T o R0, MeON RT. ~ O NHAr L '
e 40°C, 3 h 3a 4a 5a
Ar = 4'CF3'CGH4
Entry [Au] yield (%) 3a yield(%) 4a  Yield(%) 5a
1 None 0 0 0
2 PPhzAuCl 7 n.d. 90
3 IPrAuCl 50 trace 10
4 JohnPhosACI 35 8 trace
5 (ArO);PAuCl1 0 0 0
6 CysPAuCl 2 0 95
7 (4-CF3-CsH4)sPAuCl 12 0 85
¢) Screening the amount of water
R T 5% PCyAuCl 0 R R
: ! 2 eq. Li,CO4 JJ\ %v N ;\( N
: ' 1 2N 0”77 "NHA
L P N AR T eq Hp0 MeCN RE.-O A= T '
----- 1a 40°C, 3h 3a 4a 5a
Ar = 4'CF3'06H4'
Entry X yield(%)3a yield (%)4a  yield(%)5a
1 0 Trace 0 <5
2 1 2 0 95
3 3 20 0 73
4 5 30 0 63
d) Screening base
o1 AT : 5% PCy3;AuCl 0] 1
, R' O : 2 eq. b3ase JK R N
i . 1 AN
:\ Ph)K/\;\\ * AMNZBRY Ty eq HoOMeCN R O%\( NHAr
a7 40°C, 3h 3a Ar
Ar = 4'CF3'CGH4' 5a
Entry base yield (%) 3a  yield (%) 5a
1 Li2COs 2 95
2 NaxCOs3 15 30
3 K2COs3 <5 0
4 Cs2C03 <5 0
5 Et;N N.D. 0
¢) Screening the amount of base
‘mio , 5% PCyzAuCl o R!
i i x eq. LioCO.
: )K/\\ + ArNoBF, St R1JJ\ O)\(/N‘NHA'
: Ph S 1.0 eq H,0,MeCN Ar
e 40°C, 3h 3a 5a

Ar= 4'CF3'CGH4'

Entry X yield (%) 3a  yield (%) 5a
1 0 0 0
2 1 15 72
3 2 2 95
4 3 2 90
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f) Screening solvent

‘R0 j 5% PCy;AuCI o R
1 i 2 eq. Li,CO3 N.
on )k/\\ + AMNBF, R1JJ\ 07 N7 NHAr
S IS 1.0 erHZO, solvent Ar
1a 40°C,3h 3a 5a

Ar = 4'CF3'CGH4'
Entry solvent yield (%) 3a  yield (%) 5a

1 MeCN 2 95
2 THF 8 89
3 1,4-dioxane 40 51
4 toluene 62 32
5 DCM 78 18
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II1. General Procedures
3.1 General procedure for the synthesis of aryl diazonium salts:

To a solution of the requisite aniline (4.87 mmol) in water (1.1 mL) and aqueous tetrafluoroboric
acid (35% w/w; 2.4 mL) at 0°C , was dropwise added a solution of sodium nitrite (353 mg, 5.12
mmol) in water (0.8 mL). The mixture was stirred for 40 min, then diethyl ether (10 mL) was
added and precipitate was collected by filtration. The solid was washed with diethyl ether (20
mL) and dried under vacuum. The characterization data for this compound matched that of a
previous report.!

3.2 General procedure for the synthesis of Weinreb amide:

To a solution of 4-pentynoic acid (20 mmol) in DCM (50 mL), DMAP (2mmol, 0.1 eq), EDC
(50 mmol, 2.5 eq), trimethylamine (22 mmol, 1.1 eq) and N,O-dimethylhedroxylamine
hydrochloride (22 mmol, 1.1 eq) were added. The reaction mixture was stirred at room temperature
for 15 hours, then filtered through Celite and concentrated under reduced pressure. The crude
mixture was purified by flash chromatography on silica gel (eluent: hexane: EtOAc = 2:1) to give
Weinreb amide (75% yield, colorless oil). The characterization data for this compound matched
that of a previous report.2

3.3 General procedure for the synthesis of 4-keto-pent-1-yne (terminal alkynes)
Method A:

Under argon protection, to a solution of Weinreb amide (2.0 mmol) in THF (10 mL) at 0 °C
was slowly added to Grignard reagent solution (2.6 mmol). The resulting mixture was stirred at 0
°C for 3 hours and room temperature for another 3 h. A saturated aqueous NH4Cl solution (20 mL)
was added to quench the reaction and the reaction mixture was extracted with DCM (3 X 30 mL).
The combined organic layers were washed with brine (30 mL), dried over Na,SOs, filtered and

evaporated under reduced pressure. The residue was purified by silica gel column chromatography
(Hexane/EtOAc 20:1) to give the keto-alkyne.

Method B:

In a mixture of B-keto ester (30 mmol) in a 50 mL of acetone was added 4.14 g of K»COs (30
mmol). After stirring the mixture for 15 min, alkyl bromide (1.1 eq.) and 0.45 g of Nal (450 mg,
3 mmol, 0.1 eq.) were added dropwise at 0 °C within 30 minutes. The resulting orange solution
was stirred at 40 °C for 18 hours. After that, 1M HCIl was slowly added to the mixture in ice bath
to adjust pH around 4. The mixture was extracted three times by DCM, and combined all organic
layer. The solution was dried by Na>SOs, filtered through a pad of Celite and concentrated. The
residue was subjected to silica gel chromatography (Hexane:EtOAc = 20:1) to afford compound
A as colorless oil. To a solution of compound A (20 mmol, 1.0eq.) in a 30 mL of MeOH was added
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LiOH (30mmol, 1.5 eq) and 7.5 mL water. The reaction was stirred at 45°C for 10 hours. Then,
the crude mixture was cooled to room temperature, acidified with conc. HCI to a pH of 4 and
extracted with DCM (3x 50 mL). The combined organic layers were dried over MgSO4 and the
solvent were removed under reduced pressure. The resulting oil product was purified by silica
column chromatography (Hexane/EtOAc 40:1) to afford the desired alkyne product.

Method C:

Under argon protection, to a solution of compound 1a (2 mmol, 1 eq.), aryl iodide (2.4 mmol,
1.2 eq.), Cul (0.1 mmol, 0.05 eq.) and (PPh3),PdCl, (0.1 mmol, 0.05 eq.) in THF (10 mL) was
added Et;N (3mL). The reaction was stirred at 40 °C for 12 hrs. The mixture was diluted with
EtOAc (15 mL) and water (15 mL); the pH if the aqueous phase was adjusted to neutral. The layers
were separated; then the aqueous phase was extracted with EtOAc (2 X15 mL). The combined
organic layers were dried over MgSOa. The solvent was removed under reduced pressure, and the
crude product was purified by column chromatography.

3.4 General procedure for difunctionalization of alkynes with aryl diazonium salts

To a 0.5 mL THF solution of alkyne (0.2 mmol) and aryl diazonium salts (0.4 mmol) was added
Fe(acac)s (0.1 equiv), H2O (3 equiv),P(p-CF3-CsH4)3s AuNTH; (0.05 equiv) and Li2COs (1 equiv.).
The reaction was stirred at room temperature for 6 hours. After the reaction completed, the reaction
was filtrated through a pad of silica gel. After evacuation of the solvent, the resulting residue was
directly purified by flash silica gel column chromatography.

3.5 General procedure for trifunctionalization of alkynes with aryl diazonium salts

To a 0.5 mL MeCN solution of alkyne (0.2 mmol) and aryl diazonium salts (0.6 mmol) were
added H>O (1 equiv),PCy3AuCl (0.05 equiv) and Li2COs (2 equiv.). The reaction was stirred at 40
°C for 4 hours. After the reaction completed, the reaction was filtrated through a pad of silica gel.
After evacuation of the solvent, the resulting residue was directly purified by flash silica gel
column chromatography.

3.6 Gram scale synthesis of alkynes difunctionalization

To a 10 mL THF solution of alkyne (5 mmol) and aryl diazonium salts (10 mmol) was added
Fe(acac)3 (0.1 equiv), H2O (3 equiv),P(p-CF3-Cs¢H4)s AuNTf> (0.075 equiv) and Li>COs (1 equiv.).
The reaction was stirred at room temperature for 8 hours. After the reaction completed, the reaction
was filtrated through a pad of silica gel. After evacuation of the solvent, the resulting residue was
directly purified by flash silica gel column chromatography.

3.7 Gram scale synthesis of alkynes trifunctionalization

To a 3.5 mL MeCN solution of alkyne (3 mmol) and aryl diazonium salts (9 mmol) were added
H>O (1 equiv),PCy3AuCl (0.75 equiv) and Li,COs3 (2 equiv.). The reaction was stirred at 40 °C for
4 hours. After the reaction completed, the reaction was filtrated through a pad of silica gel. After

S-10



evacuation of the solvent, the resulting residue was directly purified by flash silica gel column
chromatography.

3.8 General procedure for synthesis of thiophene (6a) from 1,4-diketone

To a 1.0 mL toluene solution of 1,4-diketone (0.2 mmol) was added Lawesson’s reagent (0.22
mmol) The reaction was stirred at 80 °C for 2 hours. After the reaction completed, the reaction was
filtrated through a pad of silica gel. After evacuation of the solvent, the resulting residue was
directly purified by flash silica gel column chromatography.

3.9 General procedure for synthesis of hydrazone (7ba,7br,7bb) from azo compound

To a 1.0 mL methanol solution of azo compound (0.4 mmol) was added 3M HCI (0.5 mL). The
reaction was stirred at room temperature for 2 hours (for 7bb, reaction temperature is 50 °C, the
completion of the reaction was monitored by TLC). After the reaction completed, the reaction was
washed by water. The mixture was extracted by DCM. After evacuation of the solvent, the
resulting residue was directly purified by flash silica gel column chromatography.

3.10 General procedure for Pd/C catalyzed hydrogenation

To a 2.0 mL methanol solution of compound substrate(1 mmol) was added 0.15 eq Pd/C (10%).
The reaction was stirred under H» (1 atm) atomosphere at room temperature for 10 hours. After
the reaction completed, the reaction was filtrated through a pad of Celite. After evacuation of the
solvent, the resulting residue was directly purified by flash silica gel column chromatography.

3.11 General procedure for synthesis of diol

To a 1.0 mL methanol solution of compound 8a (0.3 mmol) was added 2.0 eq NaBH4 at 0 °C.
The reaction was stirred at room temperature for 2 hours. fter the reaction completed, the reaction
was washed by water. The mixture was extracted by DCM. After evacuation of the solvent, the
resulting residue was directly purified by flash silica gel column chromatography.

3.12 General procedure for synthesis of tetrafuryl hydrazone

Anhydrous zinc dichloride (ZnClz, 1.25 equiv.) was added to a stirred solution of substrate (1.0
equiv.) in distilled DCE under a flow of N». The reaction was stirred at reflux at 60 °C for 2h. The
reaction mixture was cooled to ambient temperature and diluted with DCM and H>O and then
extracted with DCM (x 3). The combined organic layers were washed with brine, dried over
MgSO04, and concentrated in vacuo. the resulting residue was directly purified by flash silica gel
column chromatography.

3.13 General procedure for synthesis of compound 7b-1

To a solution of hydrazone (5 mmol) in dry THF (20 mL) was added NaH (95%, 1.2 g, 47.5
mmol) at 0 °C. The mixture was stirred for 15 min, and then methyl iodide (7.5 mmol) was added
dropwise. After stirring at room temperature for 3 h, the reaction mixture was refluxed for another
2 h. The reaction mixture was cooled to the room temperature, and then the solvent was removed
under reduced pressure. The residue was diluted with water (15 mL), extracted with ether (25 mL
x 3), and dried over Na2SO4. After removal of the solvent, the residue was purified by flash
chromatography column on silica gel (gradient eluent of EtOAc in hexanes: 1 ~ 5%, v/v) to yield
the product 7b-1 as a yellow oil
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IV. ORTEP Drawing for Crystal Structures
Single-Crystal X-Ray Diffraction

X-ray diffraction data were measured on Bruker D8 Venture PHOTON II CPAD diffractometer
equipped with a Cu Ka INCOATEC ImuS micro-focus source (A = 1.54178 A). Indexing was
performed using APEX3 [1] (Difference Vectors method). Data integration and reduction were
performed using SaintPlus [2]. Absorption correction was performed by multi-scan method
implemented in SADABS [3]. Space groups were determined using XPREP implemented in
APEX3 [1]. Structure was solved using SHELXT [4] and refined using SHELXL-2018 [5] (full-
matrix least-squares on F2) through OLEX2 interface program [6]. 4an: -CF3 group and thiophene
are disordered and were refined with restraints. 4a: Disordered -CF3 group was refined with
restraints. 5a: -CF3 group and dichloromethane are disordered and were refined with restraints.
R7: Disordered -CH=CH2 group was refined with restraints. 5Se: Disordered -NO2 was refined
with restraints. Crystal data and refinement conditions are shown in Tables 1 - 8.

[1] Bruker (2019). APEX3 Bruker AXS Inc., Madison, Wisconsin, USA.

[2] Bruker (2019) SAINT V8.35A. Data Reduction Software.

[3] Sheldrick, G. M. (1996). SADABS. Program for Empirical Absorption

Correction. University of Gottingen, Germany.

[4] XT, G.M. Sheldrick, Acta Cryst. (2015). A71, 3-8

[5] XL, Sheldrick, G. M. (2008). Acta Cryst. A64, 112-122.

[6] Dolomanov, O.V.; Bourhis, L.J.; Gildea, R.J.; Howard, J.A.K.; Puschmann, H., OLEX2: A
complete structure solution, refinement and analysis program (2009). J. Appl. Cryst., 42, 339-
341

S-13



Table 1 Crystal data and structure refinement for 41.

Identification code 41

Empirical formula C17H15N304
Formula weight 325.32
Temperature/K 100.0

Crystal system triclinic

Space group P-1

a/A 5.4871(2)

b/A 8.3867(3)

c/A 16.9971(7)

a/° 98.6600(10)

p/e 92.5250(10)

v/° 102.307(2)
Volume/A’ 753.14(5)

Z 2

Pealeg/cm? 1.435

w/mm-! 0.869

F(000) 340.0

Crystal size/mm? 0.15 x 0.07 x 0.07
Radiation CuKoa (A =1.54178)
20 range for data collection/°5.276 to 160.244
Index ranges -6<h<6,-10<k<10,-20<1<21
Reflections collected 12999

Independent reflections 3140 [Rint = 0.0389, Rsigma = 0.0346]
Data/restraints/parameters ~ 3140/0/221

Goodness-of-fit on F? 1.038

Final R indexes [[>=26 (I)] Ri=0.0360, wR> =0.0981

Final R indexes [all data] R1=0.0392, wR, =0.1032

Largest diff. peak/hole / e A 0.26/-0.29
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Fig.1. Asymmetric unit of 41. Anisotropic displacement parameters were drawn at 50%
probability level. CCDC: 2044475
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Table 2 Crystal data and structure refinement for 4an.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

a/°

pr°

v/°

Volume/A3

V4
pcalcg/ cm’
wmm-!

F(000)

Crystal size/mm?
Radiation

4an
Ci16H13F3N202S
354.34

100.0

monoclinic

P2i/c

16.2770(6)
8.2052(3)
11.6507(4)

90

94.7940(10)

90

1550.58(10)

4

1.518

2.287

728.0

0.33 x 0.09 x 0.06
CuKoa (A =1.54178)

20 range for data collection/°5.448 to 159.724

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]
Final R indexes [all data]

-20<h<20,-10<k<10,-14<1<14

26933
3357 [Rint = 0.0449, Ryjgmma = 0.0271]
3357/243/282

1.087

R; =0.0293, wR> = 0.0770
R; =0.0297, wR> = 0.0773

Largest diff. peak/hole / e A 0.28/-0.24
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Fig.2. Asymmetric unit of 4an. Anisotropic displacement parameters were drawn at 50%
probability level. CCDC: 2044473
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Table 3 Crystal data and structure refinement for 4bf.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

a/°

pr°

v/°

Volume/A3

V4

pcalcg/ cm’

wmm-!

F(000)

Crystal size/mm?
Radiation

4bf
C24H18F3N304
469.41

100.0

monoclinic

C2/c

22.6295(5)
8.4268(2)
23.1298(5)

90

102.5426(9)

90

4305.46(17)

8

1.448

1.003

1936.0

0.36 x 0.06 x 0.06
CuKoa (A =1.54178)

20 range for data collection/°7.832 to 160.162

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]
Final R indexes [all data]

-24<h<27,-10<k<10,-29<1<29

49923

4607 [Rint = 0.0608, Ryigma = 0.0326]

4607/0/311

1.039

R; =0.0387, wR, = 0.1027
R; =0.0418, wR> = 0.1089

Largest diff. peak/hole / e A 0.45/-0.31
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F23

033

Fig.3. Asymmetric unit of 4bf. Anisotropic displacement parameters were drawn at 50%
probability level. CCDC: 2044474
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Table 4 Crystal data and structure refinement for Saa.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

a/°

pr°

v/°

Volume/A3

V4
pcalcg/ cm’
wmm-!

F(000)

Crystal size/mm?
Radiation

S5aa
C25H17F7N202
510.40

100.0

monoclinic

C2/c

23.2438(8)
8.1771(3)
24.1474(9)

90

99.4140(10)

90

4527.8(3)

8

1.497

1.184

2080.0

0.19 x 0.17 x 0.05
CuKoa (A =1.54178)

20 range for data collection/®7.422 to 159.89

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]
Final R indexes [all data]

-29<h<29,-10<k<10,-30<1<28

53709

4889 [Rint = 0.0494, Ryigma = 0.0259]

4889/0/329

1.063

R; =0.0396, wR> = 0.1067
R; =0.0429, wR> = 0.1105

Largest diff. peak/hole / e A3 0.27/-0.27
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F24

Fi

Fig.4. Asymmetric unit of Saa. Anisotropic displacement parameters were drawn at 50%
probability level. CCDC: 2044477
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Table 5 Crystal data and structure refinement for 4a.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

a/°

pr°

v/°

Volume/A3

Z

pcalcg/ cm’

wmm-!

F(000)

Crystal size/mm?
Radiation

4a

CisHi15F3N202
348.32

300.0

triclinic

P-1

5.9095(2)
7.7608(3)
18.1267(6)
101.1140(10)
92.3050(10)
90.718(6)
814.91(5)

2

1.420

1.000

360.0

0.08 x 0.06 x 0.05
CuKoa (A =1.54178)

20 range for data collection/°4.972 to 160.106

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]
Final R indexes [all data]

-7<h<7,-9<k<9,-22<1<23

16171

3441 [Rint = 0.0453, Rsigma = 0.0403]
3441/129/258

1.047

R; =0.0428, wR> = 0.1254
R; =0.0498, wR> = 0.1348

Largest diff. peak/hole / e A 0.20/-0.15
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Fig.5. Ellipsoid plot of 4a. Asymmetric unit contains two independent halves of polyhedral
molecule. Displacement parameters were drawn at 50% probability level. CCDC: 2044472
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Table 6 Crystal data and structure refinement for Sa.

Identification code
Empirical formula
Moiety formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

a/°

pr°

v/°

Volume/A3

V4
pcalcg/ cm’
wmm-!

F(000)

Crystal size/mm?
Radiation

S5a
C25.25H18.5Clo.sFsN202
C25H13FsN202, 0.25(CH2Cl)
513.64

100.0

monoclinic

P2i/c

25.6209(6)

8.2069(2)

24.8748(6)

90

115.7676(9)

90

47103(2)

8

1.449

1.587

2100.0

0.21 x 0.04 x 0.03
CuKa (A = 1.54178)

20 range for data collection/°7.118 to 160.04

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]
Final R indexes [all data]

31<h<32,-10<k<10,-31<1<31
64847

10151 [Rint = 0.0565, Reigma = 0.0323]
10151/97/739

1.051

R, =0.0411, wR, = 0.1035

R, =0.0500, wR, = 0.1113

Largest diff. peak/hole / e A 0.38/-0.32
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Q

Fig.6. Asymmetric unit of 5a. Anisotropic displacement parameters were drawn at 50%
probability level. CCDC: 2044476
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Table 7 Crystal data and structure refinement for Sal.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

a/°

pr°

v/°

Volume/A3

V4
pcalcg/ cm’
wmm-!

F(000)

Crystal size/mm?
Radiation

Sal
C23H20FsN202
470.41

100.0
monoclinic
P21/n

13.5801(4)
8.1549(2)
19.7074(6)

90

101.5517(9)

90

2138.28(10)

4

1.461

1.127

968.0

0.2 x0.06 x 0.02
CuKoa (A =1.54178)

20 range for data collection/°7.274 to 159.716

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]
Final R indexes [all data]

-16<h<17,-10<k<9,-25<1<24

27943

4555 [Rint = 0.0456, Ryjgma = 0.0288]

4555/10/320

1.063

R;=0.0371, wR, = 0.1001
R; =0.0405, wR> = 0.1035

Largest diff. peak/hole / e A~ 0.33/-0.30
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F21

Fig.7. Asymmetric unit of 5al. Anisotropic displacement parameters were drawn at 50%
probability level. CCDC: 2044478
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Table 8 Crystal data and structure refinement for Se.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

a/°

pr°

v/°

Volume/A3

Z

pcalcg/ cm’

wmm-!

F(000)

Crystal size/mm?
Radiation

Se

C23H18N4O¢
446.41

100.0
monoclinic
P21/n
11.5921(6)
7.8227(4)
23.1270(10)

90

99.162(2)

90

2070.44(18)

4

1.432

0.888

928.0

0.28 x 0.1 x 0.1
CuKoa (A =1.54178)

20 range for data collection/°7.744 to 160.034

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]
Final R indexes [all data]

14<h<14,-9<k<9,-28<1<29
36728

4457 [Rint = 0.0528, Ryjgma = 0.0322]
4457/49/314

1.054

R, =0.0378, wR, = 0.0978

R, =0.0394, wR; = 0.0995

Largest diff. peak/hole / e A 0.22/-0.31
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F22

F21

Fig.8. Asymmetric unit of Se. Anisotropic displacement parameters were drawn at 50%
probability level. CCDC: 2044479
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V. Mass Spectrometry Study

639.05242 NL:
100 z=? 3.03E5
E| TY_mix_cf3_1to200dilute_a
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80 100.0000-1500.0000
E @—P-Au CF3 [ ]
704
60
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40
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203 638.15674
E z=1 639.18941 641.04973
10 637.67687 639.54483  640.05535  640.56039 7?7 64144178 642.20990 643.26464
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S-30



CF3

C25 H19 AuCIF3 P (C 11 H1g O)(H2 O)(C7 H3 F3 N2):

NL:

3.82E7
TY_mix_cf3_1to200dilute_a
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VI. Compounds Characterization

1-phenylpent-4-yn-1-one (1a)

(@]
©)k/\\\
1a

1a was prepared following the General Procedure 3.3 Method A as white solid.
Yield:83%

'"H NMR (400 MHz, CDCl3) § 8.02-7.89 (m, 2H), 7.58 (t, J= 7.4 Hz, 1H), 7.47
(t,J=7.6 Hz, 2H), 3.25 (dd, J = 8.2, 6.5 Hz, 2H), 2.64 (td, J = 7.4, 2.6 Hz, 2H),
1.98 (t,J=2.7 Hz, 1H).

I3C-NMR (101 MHz; CDCls): § 197.7, 136.4, 133.3, 128.6, 128.0, 83.3, 68.7, 37.6, 13.2.

1-(4-fluorophenyl)pent-4-yn-1-one (1b)

Q)K/\
F

1b

1b was prepared following the General Procedure 3.3 Method A as white solid.
Yield:76%

'"H-NMR (400 MHz; CDCl3): § 8.07-7.71 (m, 2H), 7.12 (t, J = 8.6 Hz, 2H),
3.19(dd,J=8.2, 6.5 Hz, 2H), 2.73-2.51 (m, 2H), 1.97 (t, J= 2.7 Hz, 1H). 3C-

NMR (101 MHz; CDCl3): 8 196.0, 165.8 (d, J = 255.5 Hz), 132.9 (d, J = 3.0 Hz), 130.6 (d, J =
10.1 Hz), 115.7 (d, J =21.2 Hz), 83.1, 68.8, 37.4, 13.1. YF-NMR (376 MHz; CDCls): & -104.9
HRMS m/z (ESI) calcd. for C11H10FO* [M+H]* 177.0716, found 177.0702.

1-(4-chlorophenyl)pent-4-yn-1-one (1c¢)

Cl

= Ezo
V4

1c was prepared following the General Procedure 3.3 Method A as white
solid. Yield:80%

'TH-NMR (400 MHz; CDCl5): 5 7.89 (dd, J = 8.6, 1.8 Hz, 2H), 7.43 (dd, J =
8.6, 1.9 Hz, 2H), 3.36-2.99 (m, 2H), 2.77-2.44 (m, 2H), 1.98 (t, J = 2.7 Hz,
1H). 3C-NMR (101 MHz; CDCls): & 196.4, 139.7, 134.7, 129.4, 129.0,

128.9, 83.1, 68.9, 37.5, 13.2. HRMS m/z (ESI) calcd. for C11H;oClO" [M+H]" 193.0420, found
193.0407.

1-(4-bromophenyl)pent-4-yn-1-one (1d)

Br

= Ezo
4

1d was prepared following the General Procedure 3.3 Method A as white
solid. Yield:70%

'TH-NMR (400 MHz; CDCl3): § 7.92-7.76 (m, 2H), 7.66-7.51 (m, 2H), 3.27-
3.06 (m, 2H), 2.70-2.54 (m, 2H), 1.98 (d, J = 2.6 Hz, 1H). ¥C-NMR (101
MHz; CDClz): 8 196.6, 135.1, 131.9, 129.5, 128.5, 83.0, 68.9, 37.5, 13.2.

HRMS m/z (ESI) calcd. for C11HoBrO* [M+H]" 236.9915, found 236.9904.

1-(4-iodophenyl)pent-4-yn-1-one (1e)

le was prepared following the General Procedure 3.3 Method A as white solid Yield:60%

S-32



= o
Vi

'TH-NMR (400 MHz; CDCl5): 8 7.83 (d, J = 8.5 Hz, 2H), 7.66 (d, J = 8.5 Hz,
2H), 3.35-3.00 (m, 2H), 2.61 (td, J=7.4,2.7 Hz, 2H), 1.98 (d, /= 2.7 Hz, 1H).
I3C-NMR (101 MHz; CDCls): 8 196.9, 138.0, 135.6, 129.4, 101.3, 83.0, 68.9,
37.4, 13.1. HRMS m/z (ESI) calcd. for Ci1HioIO" (M+H)" 284.9776, found
284.9763

1-(p-tolyl)pent-4-yn-1-one (1f)

1f was prepared following the General Procedure 3.3 Method A as white

solid. Yield:76%

o)
| "H-NMR (400 MHz; CDCL): 8 7.89-7.74 (m, 2H), 7.24 (d, J = 8.0 Hz,
| 3H), 3.26-3.12 (m, 2H), 2.66-2.54 (m, 2H), 2.39 (s, 3H), 1.96 (t, J = 2.7

1f

Hz, 1H). BC-NMR (101 MHz; CDCl): & 197.3, 144.1, 134.0, 129.3,
128.1, 83.4, 68.7, 37.4, 21.6, 13.2. HRMS m/z (ESI) calcd. for C12H130"

[M+H]* 173.0966, found 173.0955.

1-([1,1'-biphenyl]-4-yl)pent-4-yn-1-one (1g)

/o
V4

1g

1g was prepared following the General Procedure 3.3 Method A as white
solid Yield: 65%

'TH-NMR (400 MHz; CDCl3): 4 8.05 (d, J= 8.4 Hz, 2H), 7.70 (d, J = 8.4 Hz,
2H), 7.65-7.59 (m, 2H), 7.48 (dd, J = 8.3, 6.5 Hz, 2H), 7.43-7.36 (m, 1H),
3.33-3.22 (m, 2H), 2.67 (ddd, J = 9.5, 6.5, 2.7 Hz, 2H), 2.00 (t, J = 2.7 Hz,

1H). 3C-NMR (101 MHz; CDCl3): $ 197.2, 145.9, 139.8, 135.1, 128.9, 128.6, 128.3, 127.3, 127.2,
83.3, 68.8, 37.6, 13.3. HRMS m/z (ESI) calcd. for C17H1s0" [M+H]" 235.1123, found 235.1111.

1-(4-methoxyphenyl)pent-4-yn-1-one (1h)

1h was prepared following the General Procedure 3.3 Method A as white

MeO
1h

/o
i

solid Yield: 80%

TH-NMR (400 MHz; CDCl3): & 7.95 (d, J = 8.6 Hz, 2H), 6.94 (d, J = 8.7
Hz, 2H), 3.87 (s, 3H), 3.24-3.07 (m, 2H), 2.70-2.53 (m, 2H), 1.98 (t, /= 2.6
Hz, 1H). BC-NMR (101 MHz; CDCl5): § 196.2, 163.6, 130.3, 129.6, 113.8,

83.5, 68.6, 55.5, 37.1, 13.3. HRMS m/z (ESI) calcd. for Ci2H1i302" [M+H]" 189.0916, found

189.0902.

1-(3-methoxyphenyl)pent-4-yn-1-one (1i)

1i was prepared following the General Procedure 3.3 Method A as white solid. Yield: 73%

o]
MeO

TH-NMR (400 MHz; CDCls): § 7.55 (dt, J= 7.7, 1.3 Hz, 1H), 7.50 (dd, J =
2.7, 1.5 Hz, 1H), 7.38 (t, J = 7.9 Hz, 1H), 7.15-7.08 (m, 1H), 3.86 (s, 3H),

N 3.23 (dd, J = 8.2, 6.5 Hz, 2H), 2.69-2.57 (m, 2H), 1.98 (s, 1H). 3C-NMR
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(101 MHz; CDCl3): 6 197.5, 159.9, 137.8, 129.6, 120.6, 119.8, 112.2, 83.3, 68.8, 55.4, 37.7, 13.3.
HRMS m/z (ESI) calcd. for C12H1302" [M+H]" 189.0916, found 189.0902.

1-(2-methoxyphenyl)pent-4-yn-1-one (1j)

OMe O 1j was prepared following the General Procedure 3.3 Method A as white solid.
Yield: 77% "H-NMR (400 MHz; CDCl3): & 7.75 (dd, J = 7.7, 1.8 Hz, 1H), 7.47
(ddd, J = 8.8, 7.3, 1.8 Hz, 1H), 7.05-6.87 (m, 2H), 3.91 (s, 3H), 3.25 (t, /= 7.4
Hz, 2H), 2.58 (td, J = 7.5, 2.6 Hz, 2H), 1.95 (t, J = 2.7 Hz, 1H). 3C-NMR (101
MHz; CDCls): 6 199.6, 158.8,133.7,130.4, 127.4,120.7, 111.5, 83.9, 68.2, 55.5,
42.7, 13.4. HRMS m/z (ESI) calcd. for CioHi302" [M+H]* 189.0916, found 189.0900.

/4

1j

undec-1-yn-5-one (1k)

0 1k was prepared following the General Procedure 3.3 Method A as pale
nguw\\\ yellow oil. Yield: 70% 'H-NMR (400 MHz; CDCl3): § 2.65 (dd, J = 8.1, 6.5
Hz, 2H), 2.52-2.33 (m, 4H), 1.93 (t, J=2.7 Hz, 1H), 1.57 (t, /= 6.9 Hz, 3H),
1.27 (d,J=2.7 Hz, 5H), 0.87 (t,J= 6.6 Hz, 3H). BC-NMR (101 MHz; CDCl3):
0 208.8, 83.2, 68.6, 42.8, 41.2, 31.5, 28.8, 23.7, 22.5, 14.0, 12.9. HRMS m/z (ESI) calcd. for
Ci11H190" [M+H]" 167.1436, found 167.1431

1k

1-cyclopropylpent-4-yn-1-one (11)

11 was prepared following the General Procedure 3.3 Method A as colorless oil.
Yield: 56%.

'TH-NMR (400 MHz; CDCl3): 4 2.80 (t, J= 7.3 Hz, 2H), 2.44 (td, /= 7.4, 7.0, 2.6
Hz, 2H), 2.03-1.74 (m, 2H), 1.10-0.97 (m, 2H), 0.87 (dd, J= 7.7, 3.6 Hz, 2H).
I3C-NMR (101 MHz; CDCl3): § 208.4, 83.2, 68.5,41.9, 29.7, 20.4, 13.0, 10.8.

}o
/4

1l

octa-2,7-diyn-4-one (1m)

9 1m was prepared following the General Procedure 3.3 Method A as pale yellow

oil. Yield: 60%.

TH-NMR (400 MHz; CDCls): § 2.85-2.69 (m, 2H), 2.56-2.41 (m, 2H), 2.01 (s,
3H), 1.98-1.91 (m, 1H).

I3C-NMR (101 MHz; CDCls): 4 208.4, 83.2, 68.5,41.9, 29.7, 20.4, 13.0, 10.8.

FZ

Y4

im

non-1-en-8-yn-5-one (1n)

0 1n was prepared following the General Procedure 3.3 Method A as colorless

Wk/\\\ oil. Yield: 84%

'"H-NMR (400 MHz; CDCl3): 8 5.88-5.69 (m, 1H), 5.08-4.89 (m, 2H), 2.66

1n (dd, J= 8.0, 6.5 Hz, 2H), 2.53 (t, J = 7.4 Hz, 2H), 2.45 (ddd, J= 9.4, 6.5, 2.7
Hz, 2H), 2.34 (ddd, J = 6.4, 4.6, 3.2 Hz, 2H), 1.94 (t, J = 2.7 Hz, 1H). ®*C-NMR (101 MHz;
CDCLs): § 207.7, 136.9, 115.4, 83.1, 68.7, 41.8, 41.3, 27.6, 12.9.
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1-(thiophen-3-yl)pent-4-yn-1-one (10)

Q 1o was prepared following the General Procedure 3.3 Method A as brown oil.
a x| 'H-NMR (400 MHz; CDCl3): § 7.73 (d, J = 3.8 Hz, 1H), 7.64 (d, J = 4.9 Hz,
s 1H), 7.16-7.07 (m, 1H), 3.16 (t, J = 7.5 Hz, 2H), 2.62 (td, J = 6.9, 6.3, 3.5 Hz,
1o 2H), 1.98 (t, J = 2.7 Hz, 1H). ¥C-NMR (101 MHz; CDCl;s): § 190.5, 143.6,

133.8,132.0, 128.1, 82.9, 68.9, 38.0, 13.3. HRMS m/z (ESI) calcd. for CoHoOS* [M+H]" 165.0374,
found 165.0363

2-(prop-2-yn-1-yl)cyclohexan-1-one (1p)

1p was prepared following the General Procedure 3.3 Method B as colorless oil.
Yield: 50% (2 steps in total)

'TH-NMR (400 MHz; CDCl3): § 2.61 (ddd, J = 17.0, 4.7, 2.7 Hz, 1H), 2.55-2.36 (m,
3H), 2.36-2.24 (m, 1H), 2.19 (ddd, J = 17.0, 8.3, 2.7 Hz, 1H), 2.10 (dt, /= 6.2, 3.0
1p Hz, 1H), 1.99-1.88 (m, 2H), 1.76-1.62 (m, 2H), 1.42 (dd, J = 12.6, 3.7 Hz, 1H). 3C-
NMR (101 MHz; CDCls): 6 210.8, 82.5, 69.4, 49.4, 41.9, 33.2, 27.8, 25.0, 18.8.

/O
Vi

ethyl 1-(but-2-yn-1-yl)-2-oxocyclohexane-1-carboxylate (1q)

1q was prepared following the General Procedure 3.3 Method B as colorless oil.

O
P | vield: 88%.
.| "H NMR (600 MHz, CDCl5) 5 4.19 (q, J = 7.1 Hz, 2H), 2.70 — 2.59 (m, 2H), 2.50
1 ~2.35 (m, 3H), 2.05 — 1.95 (m, 1H), 1.82 — 1.74 (m, 2H), 1.73 (t, J = 2.6 Hz, 3H),

1.67—1.51 (m, 2H), 1.23 (t, J="7.1 Hz, 3H). 3C NMR (151 MHz, CDCls) § 206.4,
170.6, 78.6, 73.9, 61.4, 60.2, 40.8, 35.3, 27.3, 25.0, 22.3, 14.0, 3.5. HRMS m/z (ESI) calcd. for
C13H1905" [M+H]* 223.1334, found 223.1334

2-(but-2-yn-1-yl)cyclohexan-1-one (1r)

1r was prepared following the General Procedure 3.3 Method B as colorless oil.

(0]
yield: 85%

6/\ TH NMR (600 MHz, CDCl3) & 2.52 (ddt, J = 16.8, 4.8, 2.5 Hz, 1H), 2.44 — 2.32

d (m, 3H), 2.28 (td, ] = 13.4, 11.7, 6.6 Hz, 1H), 2.08 (dddt, J = 21.8, 12.8, 6.3, 2.8
Hz, 2H), 1.92 — 1.83 (m, 1H), 1.74 (dt, J = 5.3, 2.6 Hz, 3H), 1.64 (dddd, J = 25.8,
16.4, 10.8, 3.5 Hz, 2H), 1.41 — 1.30 (m, 1H). 3C NMR (151 MHz, CDCls) § 211.5, 77.2, 76.6,
49.9, 41.9, 33.3, 27.8, 25.0, 19.0, 3.5. HRMS m/z (ESI) calcd. for C1oH;50* [M+H]* 151.1123,
found 151.1118

1-phenylhex-4-yn-1-one (1s)

0
o )K/\ 1s was prepared following the General Procedure 3.3 Method B as colorless oil.

| Yield: 65% (2 steps in total)

1s
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TH NMR (600 MHz, CDCls) 8 8.01 — 7.92 (m, 2H), 7.60 — 7.54 (m, 1H), 7.47 (t,J = 7.7 Hz, 2H),
3.19 (dd, J = 8.2, 6.6 Hz, 2H), 2.57 (ddt, J = 7.2, 5.1, 2.6 Hz, 2H), 1.77 (t, ] = 2.6 Hz, 3H).13C
NMR (151 MHz, CDCl3) ¢ 198.2, 136.5, 133.1, 128.5, 128.0, 77.9, 76.1, 38.1, 13.5, 3.4. HRMS
m/z (ESI) calcd. for Ci2H;30" [M+H]" 173.0966, found 173.0959

1,5-diphenylpent-4-yn-1-one (1aa)

laa was prepared following the General Procedure 3.3 Method C as white
solid. Yield: 85%

'TH-NMR (400 MHz; CDCls): § 8.03-7.93 (m, 2H), 7.57 (s, OH), 7.48 (d, J =
7.9 Hz, 2H), 7.40-7.32 (m, 2H), 7.27 (dd, /= 4.8, 1.9 Hz, 3H), 3.38-3.19 (m,
1aa 2H), 2.92-2.77 (m, 2H). 3C-NMR (101 MHz; CDCl;3):  197.9, 136.5, 133.2,
131.5, 128.6, 128.2, 128.0, 127.7, 123.6, 88.8, 81.0, 37.8, 14.3. HRMS m/z
(ESI) caled. for Ci7H150" [M+H]" 235.1123, found 235.1109

Ph

(@)
4

methyl 4-(5-oxo-5-phenylpent-1-yn-1-yl)benzoate (1ab)

lab was prepared following the General Procedure 3.3 Method C as
white solid. Yield: 85%

IH NMR (600 MHz, CDCL): § 8.01 (d, J = 8.0 Hz, 2H), 7.95 (d, ] =
8.0 Hz, 2H), 7.63 — 7.55 (m, 1H), 7.49 (t, J = 7.6 Hz, 2H), 7.43 (d, J
1ab COOMe| _ 8 1 Hz, 2H), 3.91 (s, 3H), 3.34 (dd, J = 8.0, 6.7 Hz, 2H), 2.88 (dd, J
= 8.2, 6.6 Hz, 2H). 13C NMR (151 MHz, CDCI3) & 197.8, 166.7,
136.5, 133.4, 131.5, 129.4, 129.1, 128.7, 128.5, 128.1, 92.3, 80.6, 52.2, 37.6, 14.4. HRMS m/z
(ESI) caled. for C1oH1705" [M+H]" 293.1178, found 293.1178

Ph

o
4

4-(5-ox0-5-phenylpent-1-yn-1-yl)benzaldehyde (1ac)

lac was prepared following the General Procedure 3.3 Method C as
white solid. Yield: 78%

'TH NMR (600 MHz, CDCl3) 4 9.98 (d, /= 1.9 Hz, 1H), 8.05 — 7.98 (m,
crol 2H), 7.79 (dd, J=8.2, 1.8 Hz, 2H), 7.63 — 7.56 (m, 1H), 7.54 — 7.47 (m,
1ac 4H), 3.40 — 3.31 (m, 2H), 2.89 (dd, J= 8.2, 6.5 Hz, 2H). 13C NMR (151
MHz, CDCl;) 6 197.6, 191.5, 136.4, 135.0, 133.4, 132.1, 130.0, 129.5, 128.7, 128.0, 93.6, 80.5,
37.5, 14.4. HRMS m/z (ESI) calcd. for CisHi502" [M+H]" 263.1072, found 263.1069

Ph

o
4

5-(4-acetylphenyl)-1-phenylpent-4-yn-1-one (1ad)

lad was prepared following the General Procedure 3.3 Method C as
white solid. Yield:80%.
'TH NMR (600 MHz, CDCl3)  8.08 — 7.93 (m, 2H), 7.86 (d, J = 8.3 Hz,
2H), 7.62 —7.55 (m, 1H), 7.52 — 7.36 (m, 4H), 3.39 — 3.30 (m, 2H), 2.88
(dd, J=8.2, 6.5 Hz, 2H), 2.58 (d, ] = 1.6 Hz, 3H).13C NMR (151 MHz,
Tad CDClz) 6 197.7, 197.4, 136.4, 135.8, 133.3, 131.7, 128.7, 128.6, 128.1,
128.0, 92.7, 80.5, 37.5, 26.6, 14.3. HRMS m/z (ESI) calcd. for Ci9H70," [M+H]" 277.1229,
found 277.1225

Ph

o
Vi
o

S-36



5-(4-bromophenyl)-1-phenylpent-4-yn-1-one (1ae)

(6]
Ph*/\g
Br
1ae

lae was prepared following the General Procedure 3.3 Method C as white
solid. Yield: 90%

'TH-NMR (400 MHz; CDCl3): 4 8.05-7.92 (m, 2H), 7.58 (t, J = 7.4 Hz,
1H), 7.48 (t,J=7.6 Hz, 2H), 7.40 (d, J= 8.5 Hz, 2H), 7.23 (d, /= 8.5 Hz,
2H), 3.31 (dd, J = 8.4, 6.4 Hz, 2H), 2.84 (dd, J = 8.3, 6.4 Hz, 2H). 13C-
NMR (101 MHz; CDCl3): ¢ 197.8, 136.5, 133.3, 133.0, 131.4, 128.6,

128.0, 122.6, 121.8, 90.1, 80.0, 37.6, 14.3. HRMS m/z (ESI) calcd. for Ci7H14BrO" [M+H]"
313.0228, found 313.0217

4-(5-oxo-5-phenylpent-1-yn-1-yl)benzonitrile (1af)

(e}
Ph)k/\g
CN
1af

laf was prepared following the General Procedure 3.3 Method C as
white solid. Yield: 81%

TH NMR (600 MHz, CDCl3) & 8.03 — 7.98 (m, 2H), 7.62 — 7.57 (m, 1H),
7.57 —17.53 (m, 2H), 7.49 (t, J = 7.7 Hz, 2H), 7.45 — 7.41 (m, 2H), 3.46
—3.25 (m, 2H), 3.01 — 2.65 (m, 2H). 13C NMR (151 MHz, CDCI3) &
197.5,136.3,133.4,132.1,131.9, 128.7, 128.6, 128.0, 118.5, 111.0, 94.0,

79.7,37.3, 14.3. HRMS m/z (ESI) calcd. for C1sH1saNO* [M+H]" 260.1075, found 260.1072

5-(4-nitrophenyl)-1-phenylpent-4-yn-1-one (1ag)

(0]
F>h)J\/\<:L
NO,
1ag

lag was prepared following the General Procedure 3.3 Method C as
orange solid. Yield: 77%

'"H NMR (600 MHz, CDCl3) 8 8.17 — 8.10 (m, 2H), 8.00 (d, J = 7.8 Hz,
2H), 7.64 —7.56 (m, 1H), 7.49 (dd, ] = 8.8, 7.3 Hz, 4H), 3.35 (t, J = 7.3
Hz, 2H), 2.90 (t, ] = 7.2 Hz, 2H). 3C NMR (151 MHz, CDCI3) § 197.4,
146.6, 136.3, 133.4, 132.3, 130.6, 128.7, 128.0, 123.4, 95.0, 79.6, 37.3,

14.3. HRMS m/z (ESI) calcd. for Ci7H14sNO3s" (M+H)" 280.0974, found 280.0969

1-phenyl-5-(4-(trifluoromethyl)phenyl)pent-4-yn-1-one (1ah)

0
Ph)k/\g
CF5
1ah

lah was prepared following the General Procedure 3.3 Method C as
white solid. Yield: 81%

TH NMR (600 MHz, CDCl3) 6 8.01 (dd, J=8.1, 1.4 Hz, 2H), 7.62 — 7.57
(m, 1H), 7.53 (d, J = 8.2 Hz, 2H), 7.48 (q, J = 7.9 Hz, 4H), 3.34 (dd, J =
8.3, 6.4 Hz, 2H), 2.88 (dd, J = 8.2, 6.5 Hz, 2H). 13C NMR (151 MHz,
CDCl3) 6 197.7,136.5,133.4,131.8,129.5 (q,J=32.7 Hz), 128.7, 128.1,

127.5,125.1 (d, J = 4.4 Hz),124.0 (d, J = 273.3 Hz), 91.7, 80.0, 37.6, 14.3. 1°’F NMR (565 MHz,
CDCl) 6 -62.7. HRMS m/z (ESI) caled. for CisH14F;0* [M+H]" 303.0997, found 303.0992
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1-phenyl-5-(p-tolyl)pent-4-yn-1-one (1ai)

lai was prepared following the General Procedure 3.3 Method C as
white solid. Yield: 80%

TH NMR (600 MHz, CDCl3) 6 8.00 (dd, /= 8.4, 1.4 Hz, 2H), 7.62 —7.55
Me| (m, 1H), 7.48 (t, J = 7.8 Hz, 2H), 7.29 (d, /= 8.2 Hz, 2H), 7.09 (d, J =
7.8 Hz, 2H), 3.44 — 3.18 (m, 2H), 2.97 — 2.70 (m, 2H). 3C NMR (151
MHz, CDCl3) & 198.0, 137.6, 136.5, 133.2, 131.4, 128.9, 128.6, 128.0, 120.5, 88.0, 81.0, 37.8,
21.3, 14.3. HRMS nv/z (ESI) calcd. for CisHi7O" [M+H]" 249.1279 found 249.1278

Ph

(]
4

1ai

5-(4-methoxyphenyl)-1-phenylpent-4-yn-1-one (1aj)

laj was prepared following the General Procedure 3.3 Method C as
white solid. Yield: 82%

'TH NMR (600 MHz, CDCl3) 8 8.04 — 7.94 (m, 2H), 7.62 — 7.54 (m, 1H),
omel 747 (t,J=17.7 Hz, 2H), 7.36 — 7.30 (m, 2H), 6.84 — 6.76 (m, 2H), 3.78
1aj (s, 3H), 3.36 — 3.27 (m, 2H), 2.84 (dd, J = 8.4, 6.4 Hz, 2H). 13C NMR
(151 MHz, CDCl3) 6 198.0, 159.1, 133.2, 132.9, 128.6, 128.0, 115.7, 113.7, 87.2, 80.7, 55.2, 37.9,
14.3. HRMS m/z (ESI) calcd. for Ci1sH702" [M+H]" 249.1229 found 249.1227

Ph

(@)
4

5-(3-bromophenyl)-1-phenylpent-4-yn-1-one (1ak)

lak was prepared following the General Procedure 3.3 Method C as white
solid. Yield: 86%

TH NMR (600 MHz, CDCl3) § 8.01 — 7.94 (m, 2H), 7.60 — 7.55 (m, 1H),
7.52 (t,J= 1.8 Hz, 1H), 7.47 (t,J = 7.8 Hz, 2H), 7.38 (ddd, J = 8.0, 2.0,
1ak 1.1 Hz, 1H), 7.29 (dt, J= 7.7, 1.3 Hz, 1H), 7.12 (t, J = 7.9 Hz, 1H), 3.35
—3.25(m, 2H), 2.89 - 2.78 (m, 2H). 3C NMR (151 MHz, CDCl3) 6 197.7,
136.4, 134.3, 133.3, 130.8, 130.0, 129.6, 128.6, 128.0, 125.5, 121.9, 90.4, 79.6, 37.5, 14.2. HRMS
m/z (ESI) calcd. for Ci7H14BrO™ [M+H]" 313.0228, found 313.0228

Ph

(]
4

5-(2-bromophenyl)-1-phenylpent-4-yn-1-one (1al)

o} 1al was prepared following the General Procedure 3.3 Method C as white
Ph « 2| solid. Yield: 80%
S '"H NMR (600 MHz, CDCl3) & 7.99 (dd, J = 8.3, 1.4 Hz, 2H), 7.59 — 7.54
(m, 1H), 7.53 (dd, J= 8.1, 1.2 Hz, 1H), 7.46 (t, J= 7.8 Hz, 2H), 7.41 (dd, J
1al =17.7, 1.7 Hz, 1H), 7.20 (td, J = 7.6, 1.2 Hz, 1H), 7.10 (td, J = 7.8, 1.7 Hz,
1H), 3.38 —3.27 (m, 2H), 2.94 — 2.85 (m, 2H). 3*C NMR (151 MHz, CDCl3) 5 197.6, 136.3, 133.2,
133.1, 132.1, 128.8, 128.5, 127.9, 126.8, 125.5, 125.3, 93.9, 79.7, 37.5, 14.3. HRMS m/z (ESI)
calcd. for C17H14BrO" [M+H]" 313.0228, found 313.0225
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2-(5-0x0-5-phenylpent-1-yn-1-yl)benzonitrile (1am)

© lam was prepared following the General Procedure 3.3 Method C as white
Ph § CN| solid. Yield: 83%
'"H NMR (600 MHz, CDCl3) 8 8.04 —7.98 (m, 2H), 7.63 — 7.56 (m, 2H), 7.53
—7.45 (m, 4H), 7.36 (td, J = 7.4, 2.0 Hz, 1H), 3.44 — 3.36 (m, 2H), 3.00 —
1am 2.89 (m, 2H). 13C NMR (151 MHz, CDCls) 8 197.6, 136.4, 133.4, 132.5,
132.3, 132.3, 128.7, 128.1, 127.9, 127.6, 117.8, 115.4, 96.4, 77.7, 37.5, 14.4. HRMS m/z (ESI)
calcd. for Ci1sH1sNO™ [M+H]" 260.1075, found 260.1072

methyl 3-(5-oxo-5-phenylpent-1-yn-1-yl)benzoate(1an)

0 lan was prepared following the General Procedure 3.3 Method C as
ph)‘\/\@woa white solid. Yield: 82%

TH NMR (600 MHz, CDCl3) 8 8.06 (t, J = 1.7 Hz, 1H), 8.02 — 7.98 (m,

2H), 7.94 (dt,J=7.9, 1.5 Hz, 1H), 7.63 — 7.51 (m, 2H), 7.48 (t, J=7.8

1an Hz, 2H), 7.35 (t, /= 7.8 Hz, 1H), 4.36 (q, /= 7.1 Hz, 2H), 3.42 - 3.29

(m, 2H), 2.92 — 2.80 (m, 2H), 1.38 (t, J = 7.2 Hz, 3H). 3C NMR (151 MHz, CDCL) § 197.9,
166.0, 136.5, 135.7, 133.4, 132.7, 130.6, 128.8, 128.7, 128.3, 128.1, 124.0, 89.9, 80.2, 61.2, 37.7,
14.3, 14.3. HRMS m/z (ESI) calcd. for C2oH1905* [M+H]* 307.1334, found 307.1335

(E)-1-phenyl-5-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)pentane-1,4-dione (4a)

H 4a was prepared following the General Procedure 3.4 as pale yellow
0 N’N\©\ solid. Yield: 88% (80% for gram scale synthesis following General
Phw cr.| Procedure 3.6)
3
o '"H NMR (600 MHz, CDCl3) & 8.67 (s, 1H), 8.06 — 8.00 (m, 2H), 7.61
4a —7.57 (m, 1H), 7.54 (d, J= 8.4 Hz, 2H), 7.48 (t, /= 7.6 Hz, 2H), 7.28

~7.19 (m, 3H), 3.43 (dd, J="7.1, 5.5 Hz, 2H), 3.35 (dd, J = 6.8, 5.2 Hz, 2H). 3C NMR (151 MHz,
CDCls) § 198.9, 197.7, 145.1, 136.7, 136.1, 133.3, 128.6, 128.1, 126.8 (q, J = 4.3 Hz), 124.3 (q, J
= 271.8 Hz), 1243 (q, J = 32.6 Hz), 113.6, 32.5, 30.9. °F NMR (565 MHz, CDCls) & -61.7.
HRMS m/z (ESI) calcd. for Ci1gHi5N202F3" [M+H]" 349.1164, found 349.1160

(E)-5-(2-(4-fluorophenyl)hydrazineylidene)-1-phenylpentane-1,4-dione (4b)

4b was prepared following the General Procedure 3.4 as pale yellow

H
.N
e O solid. Yield: 89%
A F| TH NMR (600 MHz, CD;CN) 8 9.51 (s, 1H), 8.03 (d, J = 7.0 Hz, 2H),
o}
4b

7.64 (t, J = 7.4 Hz, 1H), 7.53 (t, J = 7.8 Hz, 2H), 7.25 — 7.20 (m, 3H),
7.10 (t, J = 8.9 Hz, 2H), 3.39 — 3.32 (m, 2H), 3.28 — 3.23 (m, 2H). 3C
NMR (151 MHz, CD;CN) & 199.9, 198.5, 159.1 (d, J = 237.8 Hz), 140.7, 137.9, 135.3, 134.0,
129.6,128.8, 116.8 (d,J=23.2 Hz), 115.7 (d,J = 7.9 Hz), 33.3, 31.5. ’F NMR (565 MHz, CDsCN)
§-123.9. HRMS m/z (ESI) calcd. for C17H1sN202F" [M+H]" 299.1196, found 299.1191
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(E)-5-(2-(4-chlorophenyl)hydrazineylidene)-1-phenylpentane-1,4-dione (4c)

H 4c was prepared following the General Procedure 3.4 as pale yellow

o N’ O solid. Yield: 77%
Phw c| 'HNMR (600 MHz, CD;CN) & 9.57 (s, 1H), 8.03 (d, J = 6.8 Hz, 1H),
0 7.64 (t,J =74 Hz, 1H), 753 (t,J =7.7 Hz, 2H), 7.33 (d, J = 8.8 Hz,
4c 2H),7.26 — 7.16 (m, 3H), 3.36 (t, J = 6.2 Hz, 2H), 3.26 (t, / = 6.2 Hz,

2H).3C NMR (151 MHz,CD;CN) 6 199.9,198.5,143.1,137.9,135.9,134.0,130.2,129.6, 128 .8,
127.0, 1159, 33.3, 31.5. HRMS m/z (ESI) calcd. for C;;H;sN,O,Cl* [M+H]* 315.0900, found
315.0899

(E)-5-(2-(4-bromophenyl)hydrazineylidene)-1-phenylpentane-1,4-dione (4d)

H 4d was prepared following the General Procedure 3.4 as dark yellow

o N’ j@ solid. Yield: 72%
Phw Br| TH NMR (600 MHz, CD3CN) & 9.56 (s, 1H), 8.07 — 7.97 (m, 2H), 7.87
0 (d, J=17.2 Hz, 1H), 7.64 (t, J = 7.4 Hz, 1H), 7.53 (t, J = 7.6 Hz, 2H),
4d 7.47 (d, J=8.7 Hz, 2H), 7.27 — 7.19 (m, 1H), 7.19 — 7.08 (m, 2H), 3.36

(dd, J=7.2, 5.4 Hz, 2H), 3.26 (dd, J = 7.1, 5.4 Hz, 2H). 3C NMR (151 MHz, CD3CN) & 199.8,
198.5,143.5, 137.8, 136.0, 133.9, 133.0, 129.5, 128.7, 116.2, 114.3, 33.2, 31.4. HRMS m/z (ESI)
calcd. for C17H16N202C1* [M+H]* 359.0395, found 359.0390

(E)-4-(2-(2,5-dioxo-5-phenylpentylidene)hydrazineyl)benzonitrile (4¢)

N 4e was prepared following the General Procedure 3.4 as yellow solid.

0 N’ O Yield: 87%.
Phw cN| 'HNMR (400 MHz, CD;CN) & 9.79 (s, 1H), 8.04 (dt,J =7.1, 1.4 Hz,
0 2H),7.67 (dd,J=8.1,6.3 Hz, 2H), 7.54 (t,J =7.7 Hz, 2H), 732 (d, J
de = 8.6 Hz,3H),3.38 (dd,J =7.0,4.9 Hz, 2H), 3.32 — 3.26 (m, 2H). 3C

NMR (101 MHz, CD;CN) 6 199.7,198.6, 147.8,137.9, 134.7,134.0, 129.5, 128.8, 120.1, 114.6,
104.6,33.2,31.5. HRMS m/z (ESI) calcd. for C;sH;sN;O,Cl* [M+H]" 306.1243, found 306.1241

(E)-5-(2-(4-acetylphenyl)hydrazineylidene)-1-phenylpentane-1,4-dione (4f)

H 4f was prepared following the General Procedure 3.4 as pale yellow

0 ,u'“\@\f solid. Yield: 86%
Phw O| 'H NMR (400 MHz, CD3CN) & 9.77 (s, 1H), 8.03 (dt, /= 7.0, 1.4 Hz,
2H), 8.00 — 7.92 (m, 2H), 7.64 (d, J= 7.4 Hz, 1H), 7.54 (t,J= 7.6 Hz,
at 2H), 7.38 — 7.20 (m, 3H), 3.38 (dd, J = 6.9, 4.8 Hz, 2H), 3.29 (dd, J =
6.9, 4.9 Hz, 2H), 2.53 (s, 3H). 3C NMR (101 MHz, CD:CN) § 199.8, 198.7, 197.3, 148.1, 137.4,
134.8, 134.0, 131.2, 129.6, 128.4, 114.7, 113.8, 33.2, 31.5, 26.6. HRMS m/z (ESI) calcd. for
C1oH1oN305* [M+H]" 323.1396, found 323.1392

methyl (E)-4-(2-(2,5-dioxo-5-phenylpentylidene)hydrazineyl)benzoate (4g)

4g was prepared following the General Procedure 3.4 as pale yellow solid. Yield: 85%
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'H NMR (400 MHz, CD;CN) § 9.74 (s, 1H), 8.08 — 8.00 (m, 2H),
8.00 —7.92 (m, 2H),7.64 (dd, J = 8.3,6.3 Hz, 1H),7.54 (t,J = 7.6 Hz,
2H),7.32 — 721 (m, 3H), 3.86 (s, 3H), 3.38 (dd, J = 7.3, 5.2 Hz, 2H),
3.28 (dd,J=7.2,5.2 Hz, 2H).*C NMR (101 MHz, CD:CN) & 199.8,
198.6, 167.3, 148.1, 137.3, 134.1, 132.0, 129.6, 128.8, 124.1, 113.9,

52.3,33.2,31.5. HRMS m/z (ESI) calcd. for C,sH;oN,O,* [M+H]" 339.1345, found 339.1346.

(E)-5-(2-([1,1'-biphenyl]-

4h

4-y)hydrazineylidene)-1-phenylpentane-1,4-dione (4h)

4h was prepared following the General Procedure 3.4 as white yellow
solid. Yield: 60%.

'"H NMR (400 MHz, CD;CN) 8 9.63 (s, 1H), 8.03 (d, J = 7.7 Hz, 2H),
7.70 — 7.58 (m, 5H), 7.53 (t,J = 7.6 Hz, 2H), 7.45 (t,J = 7.5 Hz, 2H),
7.38 —7.22 (m, 4H), 3.41 — 3.33 (m, 2H), 3.28 (t,J = 6.3 Hz, 2H). BC

NMR (101 MHz, CD;CN) 6 199.9,198.5,143.7,141.3,137.9,135.5,135.3,134.0, 129.8, 129.6,

128.8,127.8,127.2,114.9
found 357.1600.

,33.3,31.5. HRMS m/z (ESI) calcd. for Co;H» N,O,* [M+H]* 357.1603,

(E)-4-(2-(2,5-dioxo-5-phenylpentylidene)hydrazineyl)benzenesulfonamide (4i)

H 4i was prepared following the General Procedure 3.4 as orange

0 lN’N\©\ solid. Yield: 87%
Phw SO,NH, 'H NMR (600 MHz, CD;CN) 6 9.81 (s, 1H), 8.08 — 8.00 (m, 2H),
0 7.85-7.77 (m,2H),7.69 —7.61 (m, 1H), 7.55 (t,J = 7.8 Hz, 2H),
4i 7.38 —7.27 (m, 3H), 5.61 (s, 2H), 3.39 (dd, J = 7.3, 5.5 Hz, 2H),

3.30 (dd,J=7.2,5.3 Hz,2H). ®C NMR (151 MHz, CD;CN) 6 199.8,198.7, 147.4, 137.8, 137.5,
136.7, 134.1, 129.6, 128.8, 128.8, 114.2, 33.2, 31.6. HRMS m/z (ESI) calcd. for C;;H;7;N;0,S*
[M+H]" 360.1018, found 360.1015.

(E)-5-(2-(4-nitrophenyl)hydrazineylidene)-1-phenylpentane-1,4-dione (4j)

N
S
Phw NO,

0
4

4j was prepared following the General Procedure 3.4 as dark yellow
solid. Yield: 93%

TH NMR (600 MHz, CD3CN) § 9.91 (s, 1H), 8.22 (d, /= 9.0 Hz, 2H),
8.08 — 8.00 (m, 2H), 7.68 — 7.62 (m, 1H), 7.54 (t, /= 7.7 Hz, 2H), 7.37
—7.28 (m, 3H), 3.39 (dd, J = 7.2, 5.2 Hz, 2H), 3.30 (dd, /= 7.1, 5.3

Hz, 2H). 3C NMR (151 MHz, CDsCN) & 199.7, 198.7, 490.7, 142.7, 138.9, 137.8, 134.0, 129.6,
128.8, 126.8, 114.0, 33.2, 31.6. HRMS m/z (ESI) calcd. for [M+H]* C17H1¢N304" 326.1141, found

326.1136.

(E)-5-(2-(3-nitrophenyl)hydrazineylidene)-1-phenylpentane-1,4-dione (4Kk)

4k was prepared following the General Procedure 3.4 as orange solid. Yield: 87%
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IH NMR (400 MHz, CDsCN) & 9.74 (s, 1H), 8.07 — 7.96 (m, 3H),

o N,H NO,| 7.83 —7.77 (m, 1H), 7.68 — 7.60 (m, 1H), 7.58 — 7.48 (m, 4H), 7.30 (s,
w fj 1H), 3.38 (dd, J= 7.5, 5.4 Hz, 2H), 3.29 (dd, J = 7.0, 5.0 Hz, 2H). 3C
Ph I NMR (101 MHz, CD:CN) & 199.8, 199.6, 150.3, 145.6, 137.9, 137.2,
x 134.0, 131.5, 129.6, 128.9, 120.4, 117.0, 108.7, 33.4, 31.6. HRMS m/z

(ESI) caled. for C17H16N304" [M+H]" 326.1141, found 326.1137.

(E)-5-(2-(2-nitrophenyl)hydrazineylidene)-1-phenylpentane-1,4-dione (41)

H  NOz| 41 was prepared following the General Procedure 3.4 as dark yellow solid.

o) N’N\© Yield: 85% 'H NMR (600 MHz, CD3CN) 8 11.13 (s, 1H), 8.23 (dd, J =

Phw 8.5, 1.5 Hz, 1H), 8.05 (dt, /= 8.4, 1.8 Hz, 3H), 7.73 (ddd, /= 8.6, 7.0, 1.5

o Hz, 1H), 7.68 — 7.63 (m, 1H), 7.62 (s, 1H), 7.55 (t, J = 7.8 Hz, 2H), 7.12

4 (ddd, J=8.4, 7.0, 1.3 Hz, 1H), 3.41 (dd, J = 7.4, 5.3 Hz, 2H), 3.34 (dd, J

= 6.8, 4.8 Hz, 2H). 13C NMR (151 MHz, CD3CN) & 199.7, 198.9, 141.3, 140.9, 137.8, 137.4,

129.6, 128.8, 126.8, 121.7, 117.4, 33.2, 31.8. HRMS m/z (ESI) calcd. for C17H1sN3O04" [M+H]"
326.1141, found 326.1138.

(E)-5-(2-(2,4-bis(trifluoromethyl)phenyl)hydrazineylidene)-1-phenylpentane-1,4-dione (4m)

4m was prepared following the General Procedure 3.4 as pale yellow

CF
9 N °| solid. Yield: 77%.
phw 'H NMR (400 MHz, CD;CN) 3 9.85 (s, 1H), 8.03 (d, /= 7.7 Hz, 2H),

0 CFs 7.72 —7.62 (m, 3H), 7.54 (d, J = 8.5 Hz, 3H), 7.33 (s, 1H), 3.38 (dd, J
=72, 5.1 Hz, 2H), 3.30 (t, J = 6.2 Hz, 2H). 3C NMR (101 MHz,
CDsCN) 5 199.7, 198.6, 145.9, 138.2, 134.0, 133.0 (g, J = 33.3 Hz), 129.6, 128.7, 124.4 (q, J =
271.9 Hz), 115.2 (q, J = 3.5 Hz), 114.3, 33.1, 31.6 1%F NMR (565 MHz, CDsCN) & -63.7 HRMS
m/z (ESI) calcd. for C1oH14N202F6" [M+H]* 417.1038, found 417.1043.

(E)-5-(2-(3,4-difluorophenyl)hydrazineylidene)-1-phenylpentane-1,4-dione (4n)

H E 4n was prepared following the General Procedure 3.4 as pale yellow
o N’ \C[ solid. Yield: 90%

phw r| 'HNMR (400 MHz, CD3CN) § 9.54 (s, 1H), 8.10 — 7.92 (m, 2H), 7.72
o) —7.59 (m, 1H), 7.53 (dd, /= 8.4, 7.0 Hz, 2H), 7.37 — 7.14 (m, 3H), 6.94
el - 6.80 (m, 1H), 3.42 — 3.32 (m, 2H), 3.32 — 3.22 (m, 2H). 3C NMR
(101 MHz, CD3CN) 6 199.9, 198.6, 151.7 (dd, J = 242.4 Hz, 13.7 Hz), 146.4 (dd, J = 242.4, 13.0
Hz), 141.5 (d, J = 8.9 Hz), 138.3, 136.7, 134.4, 130.0, 129.2, 118.8 (d, J = 18.6 Hz), 110.3 (dd, J
=6.1,3.3 Hz), 103.50 (d, J=22.2 Hz), 33.7, 32.0. ’F NMR (565 MHz, CD3CN) & -138.3, -149.3.

HRMS m/z (ESI) caled. for C17H14N2O2F," [NH‘H]+ 317.1102, found 317.1105.

(E)-5-(2-(2-0x0-4-(trifluoromethyl)-2H-chromen-6-yl)hydrazineylidene)-1-phenylpentane-
1,4-dione (40)
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40 was prepared following the General Procedure 3.4 as pale yellow

CF.
Iy (| solid. Yield: 72%
o N m H NMR (600 MHz, CD;CN) & 9.93 (s, 1H), 8.06 — 8.03 (m, 2H),
Phw 0"0| 7.70 (dd, J = 8.9, 2.2 Hz, 1H), 7.65 (d, J= 7.4 Hz, 1H), 7.55 (t, J =
© 7.8 Hz, 2H), 7.34 (s, 1H), 7.26 (d, J= 2.1 Hz, 1H), 7.22 — 7.16 (m,

1H), 6.68 (s, 1H), 3.39 (dd, J = 7.0, 4.8 Hz, 2H), 3.32 (td, J = 6.1,
1.5 Hz, 2H). ®C NMR (101 MHz, CD3sCN) 8 199.8, 198.7, 160.2, 157.2, 148.5, 141.4 (q,J=33.3
Hz), 138.6, 137.8, 134.0, 129.6, 128.8, 127.3, 125.7 (q, J=274.8 Hz), 113.5 (q, /= 5.9 Hz), 112.0,
108.4, 101.6, 33.6, 32.1. ’F NMR (565 MHz, CD3CN) & -65.3. HRMS m/z (ESI) calcd. for
C21H15N204F3" [M+H]" 417.1062, found 417.1056.

(E)-5-(2-(4-methyl-2-oxo-2H-chromen-6-yl)hydrazineylidene)-1-phenylpentane-1,4-dione
(4p)

4p was prepared following the General Procedure 3.4 as pale

5 N | yellow solid. Yield:28%
W 'H NMR (400 MHz, DMSO-ds) & 11.72 (s, 1H), 8.06 — 7.93 (m,
Ph (O]

T 2H), 7.76 — 7.60 (m, 2H), 7.54 (t, J = 7.6 Hz, 2H), 7.35 (s, 1H), 7.16

ap ~7.04 (m, 2H), 6.22 — 6.12 (m, 1H), 3.36 — 3.29 (m, 2H), 3.23 (dd,
J=172,4.9 Hz, 2H), 2.39 (s, 3H). 3C NMR (101 MHz, DMSO) &
198.8, 197.5, 160.2, 154.8, 153.5, 146.7, 136.6, 136.5, 133.3, 128.8, 127.9, 126.9, 113.7, 111.0,
110.3,99.7, 32.3, 30.4, 18.2. HRMS m/z (ESI) calcd. for C21HisN2O4" [M+H]* 363.1345, found
363.1338.

(E)-1-(4-fluorophenyl)-5-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)pentane-1,4-dione
(4aa)

H 4aa was prepared following the General Procedure 3.4 as pale

. N’ O yellow solid. Yield: 91%

W crs| 'H NMR (600 MHz, CDCl3) & 8.47 (s, 1H), 8.05 (dd, J=8.7, 5.5
. 0 Hz, 2H), 7.57 (d, J = 8.4 Hz, 2H), 7.25 (d, J = 8.6 Hz, 3H), 7.15
4aa (t, J = 8.6 Hz, 2H), 3.41 — 3.30 (m, J = 3.8 Hz, 4H). 3C NMR
(151 MHz, CDCLs) & 197.8, 197.7, 165.9 (d, J = 255.2 Hz), 145.1, 135.7, 132.9 (d, J = 3.0 Hz),
130.8 (d, J= 9.3 Hz), 126.7 (d, J = 4.0 Hz), 124.3 (q, J = 271.8 Hz), 124.1(q, J = 32.9 Hz), 115.8
(d,J=21.9 Hz), 113.5,32.4, 30.7. YF NMR (565 MHz, CDCls) 5 -61.7, -105.0. HRMS m/z (ESI)
caled. for Ci1sHisN2OoF4" [M+H]* 367.1070, found 367.1070.

(E)-1-(4-chlorophenyl)-5-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)pentane-1,4-dione
(4ab)

u 4ab was prepared following the General Procedure 3.4 as pale

0 N Nj@ yellow solid. Yield:90%.

W cFs| TH NMR (600 MHz, CDCL3) 8 9.04 (s, 1H), 7.99 — 7.90 (m, 2H),
a 0 7.49 (d, J = 8.3 Hz, 2H), 7.44 (d, J = 8.5 Hz, 2H), 7.21 (s, 1H),
4ab 7.17 (d, J = 8.3 Hz, 2H), 3.40 — 3.35 (m, 2H), 3.35 — 3.29 (m,
2H). 13C NMR (101 MHz, CDCL) § 198.0, 197.7, 145.1, 139.8, 135.7, 134.8, 129.5, 129.0, 126.7
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(q,J=3.9 Hz), 124.2 (q, J = 272.7 Hz), 124.1 (q, J = 33.3 Hz), 113.5, 32.4, 30.7. F NMR (565
MHz, CDCls) 6 -61.7. HRMS m/z (ESI) caled. for C1sH1aN,O,FCl* [M+H]" 383.0774, found
383.0769.

(E)-1-(4-bromophenyl)-5-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)pentane-1,4-
dione (4ac)

H 4ac was prepared following the General Procedure 3.4 as pale

0 N’ \©\ yellow solid. Yield: 89%.

)@W .| TH NMR (600 MHz, CDCl3) 6 8.71 (s, 1H), 7.88 (d, J= 8.2 Hz,
N 0 2H), 7.62 (d, J = 8.3 Hz, 2H), 7.54 (d, J = 8.4 Hz, 2H), 7.25 —
4ac 7.19 (m, 3H), 3.36 (h, J = 5.3 Hz, 4H). 3C NMR (101 MHz,
CDCL3) 5 198.1, 197.7, 145.1, 135.8, 135.2, 131.9, 129.6, 128.5, 126.7, 124.2 (q, J = 293.9 Hz),
124.2 (q,J = 32.3 Hz), 113.5, 32.4, 30.7. "F NMR (565 MHz, CDCl3) 5 -61.7. HRMS m/z (ESI)
calcd. for CisH14N202F3Br" [M+H]" 427.0269, found 427.0264.

(E)-1-(4-iodophenyl)-5-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)pentane-1,4-dione
(4ad)

H 4ad was prepared following the General Procedure 3.4 as pale

0 N O yellow solid. Yield:87%.
W CFs| 'H NMR (600 MHz, CDCl3) & 8.40 (s, 1H), 7.87 — 7.83 (m, 2H),
| 0 7.75—7.71 (m, 2H), 7.58 (d, J= 8.4 Hz, 2H), 7.26 — 7.20 (m, 3H),
dad 3.36 (s, 4H). 3C NMR (151 MHz, CDCLs) § 198.3, 197.6, 145.0,
137.9, 135.8, 135.8, 129.5, 126.8 (q, J = 3.9 Hz), 124.2 (q, J = 33.2 Hz), 124.0 (q, J=271.8 Hz),
113.6, 101.3, 32.3, 30.8. YF NMR (565 MHz, CDCl3) & -61.7. HRMS m/z (ESI) calcd. for
C1sH1aN2OF3I" [M+H]" 475.0130, found 475.0125.

(E)-1-(p-tolyl)-5-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)pentane-1,4-dione (4ae)

H 4ae was prepared following the General Procedure 3.4 as pale

0 {“’NQ yellow solid. Yield: 84%

W cFs| THNMR (600 MHz, CDsCN) 8 9.76 (s, 1H), 7.92 (d,./=7.9 Hz,
Vo 0 2H), 7.63 (d, J = 8.4 Hz, 2H), 7.34 (dd, J = 8.5, 2.8 Hz, 4H),
dae 7.29 (s, 1H), 3.34 (dd, J="7.2, 5.2 Hz, 2H), 3.26 (dd, /= 7.1, 5.3
Hz, 2H), 2.42 (s, 3H). *C NMR (151 MHz, CD;CN) 3 199.3, 198.7, 147.3, 144.9, 137.3, 135.3,
130.2, 128.9, 127.6 (q, J = 4.1 Hz), 125.7 (q, J = 270.3 Hz), 1233 (q, /= 31.7 Hz), 114.3, 33.1,
31.5, 21.6. °F NMR (565 MHz, CD;CN) 3 -62.0. HRMS m/z (ESI) caled. for C19HisN2OsFs*
[M+H]" 363.1320, found 363.1317.

(E)-1-([1,1'-biphenyl]-4-yl)-5-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)pentane-1,4-
dione (4af)

S-44



H 4af was prepared following the General Procedure 3.4 as pale

0 N Q yellow solid. Yield: 91%

W cF;| 'H NMR (600 MHz, CD;CN) & 9.73 (s, 1H), 8.13 — 8.07 (m,
Ph O 2H), 7.83 — 7.76 (m, 2H), 7.75 — 7.69 (m, 2H), 7.63 (d, J = 8.4
daf Hz, 2H), 7.51 (t,J=7.7 Hz, 2H), 7.47 — 7.41 (m, 1H), 7.34 (d, J
= 8.4 Hz, 2H), 7.30 (d, J = 1.2 Hz, 1H), 3.40 (dd, J = 7.2, 5.3 Hz, 2H), 3.30 (dd, J= 7.1, 5.3 Hz,
2H). BCNMR (101 MHz, CD;CN) 6 199.4, 198.7, 147.3, 146.2, 140.5, 137.3, 136.7, 133.6, 130.0,
129.5,129.2, 128.1 (q, J = 5.2 Hz), 127.6 (q, J = 3.9 Hz), 125.7 (q, J = 270.8 Hz), 123.4 (q, J =
32.4 Hz), 114.4, 33.3, 31.6. 'F NMR (565 MHz, CD;CN) § -62.0. HRMS m/z (ESI) calcd. for
Ca24H20N202F;" [M+H]" 425.1477, found 425.1472.

(E)-1-(4-methoxyphenyl)-5-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)pentane-1,4-
dione (4ag)

H 4ag was prepared following the General Procedure 3.4 as pale

0 {“'NO yellow solid. Yield: 85%
W cFs| 'H NMR (600 MHz, CD;CN) 8 9.64 (s, 1H), 7.98 — 7.82 (m,
oo 0 2H), 7.53 (d, J = 8.4 Hz, 2H), 7.27 — 7.11 (m, 3H), 6.96 — 6.87
4ag (m, 2H), 3.29 — 3.21 (m, 2H), 3.16 (dd, J = 7.0, 5.0 Hz, 2H).
I3C NMR (101 MHz, CD3sCN) 8 199.4, 198.2, 164.5, 147.4,137.3, 131.1, 127.6, 124.4 (q, J =272
Hz), 123.42 (q,J=32.5 Hz), 114.7, 114.3, 56.2, 32.9, 31.6.F NMR (565 MHz, CD3CN) & -62.0.
HRMS m/z (ESI) calcd. for CioH1sN2O3F3" [M+H]" 379.1270, found 379.1268.

(E)-1-(3-methoxyphenyl)-5-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)pentane-1,4-
dione (4ah)

H 4ah was prepared following the General Procedure 3.4 as pale
o} N yellow solid. Yield: 80%
Meo@)\/\H \©\CF3 THNMR (600 MHz, CDCl3) § 9.05 (s, 1H), 7.62 (d, J= 7.6 Hz,
0 1H), 7.51 (dd, J=11.9, 5.4 Hz, 3H), 7.39 (t, J = 7.9 Hz, 1H),
4ah 7.25(d,J=14.4 Hz, 1H), 7.19 (d, /= 8.3 Hz, 2H), 7.13 (dd, J
=8.3,2.6 Hz, 1H), 3.85 (s, 3H), 3.41 (d, /= 6.3 Hz, 2H), 3.34 (d, J= 6.1 Hz, 1H). 13C NMR (151
MHz, CDCIl3) 6 199.0, 197.9, 159.8, 145.1, 137.9, 135.9, 129.6, 126.7 (q, J = 3Hz), 124.3 (q, J =
271.8 Hz), 124.1 (q, J = 31.7 Hz), 120.8, 119.7, 113.5, 112.3, 55.4, 32.7, 30.8. ’F NMR (565
MHz, CDCl3) 6 -61.7. HRMS m/z (ESI) calcd. for Ci9HsN2OsF3* [M+H]" 379.1270, found
379.1271.

(E)-1-(2-methoxyphenyl)-5-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)pentane-1,4-
dione (4ai)

H 4ai was prepared following the General Procedure 3.4 as pale

OMe O N Q yellow solid. Yield: 79%
cFs| 'H NMR (600 MHz, CDsCN) § 9.62 (s, 1H), 7.56 — 7.49 (m, 3H),

0 7.43 (ddd, J = 8.8, 7.3, 1.9 Hz, 1H), 7.22 (d, J = 8.4 Hz, 2H), 7.17
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(d,J=1.3Hz, 1H), 7.03 (d, /= 8.3 Hz, 1H), 6.93 (td, /= 7.5, 1.0 Hz, 1H), 3.82 (s, 3H), 3.22 (dd,
J=7.2,5.5Hz, 2H), 3.12 (dd, J= 7.0, 5.6 Hz, 2H). 13C NMR (151 MHz, CD;CN) 5 201.6, 198.9,
159.7, 147.3, 137.3, 134.5, 130.7, 128.8, 127.6 (d, /= 4.5 Hz), 125.7 (d, /= 270.1 Hz), 123.4 (d,
J=32.3Hz),121.8,114.3,113.1, 56.4, 38.6, 31.9. 'F NMR (565 MHz, CD3CN)  -62.0. HRMS
m/z (ESI) calcd. for C19H1sN2O3F3" [M+H]" 379.1270, found 379.1267.

(E)-1-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)undecane-2,5-dione (4aj)

4aj was prepared following the General Procedure 3.4 as pale yellow

H
.N
i ) @ oil. Yield: 79%
Ny CFs| TH NMR (600 MHz, CDCl3) 8 8.92 (s, 1H), 7.51 (d, J = 8.0 Hz, 2H),
0 7.23-7.06 (m, 2H), 3.15 (dd, /= 7.4, 4.9 Hz, 2H), 2.82 (t, /= 6.3 Hz,

4aj 2H), 2.50 (t, J = 7.5 Hz, 2H), 1.65 — 1.51 (m, 2H), 1.28 (s, 7H), 0.87
(t,J= 6.6 Hz, 3H). 3C NMR (101 MHz, CDCl3) § 209.6, 196.7, 144.1, 134.9, 125.7 (d, J = 4 Hz),
123.3 (q,J=271.7 Hz), 123.1 (q, J=32.3 Hz), 112.5, 41.9, 35.1, 30.6, 29.6, 27.9, 22.8, 21.5, 13.0.
19F NMR (565 MHz, CDCls) § -61.7. HRMS m/z (ESI) calcd. for C1sH24N20,F5*357.1790, found
357.1787.

(E)-1-cyclopropyl-5-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)pentane-1,4-dione
(4ak)

H 4ak was prepared following the General Procedure 3.4 as pale yellow
0 N’ \@L solid. Yield: 86%.

M cFs| 'HNMR (600 MHz, CD3CN) 8 9.60 (s, 1H), 7.52 (d, /= 8.3 Hz, 2H),
o 7.21 (d, J = 8.4 Hz, 2H), 7.14 (d, /= 1.2 Hz, 1H), 3.00 (dd, J = 7.2,
4ak 5.6 Hz, 2H), 2.82 (dd, J = 7.2, 5.6 Hz, 2H), 1.96 (tt, /= 7.2, 5.3 Hz,
1H), 0.84 — 0.75 (m, 4H). BC NMR (151 MHz, CD3CN) & 210.1, 198.6, 147.3, 137.2, 127.6 (d, J
= 4.5 Hz), 125.7 (q, J = 270.3Hz), 123.4 (q, J=31.7 Hz), 114.3,37.2, 31.2, 20.8, 10.5. ’F NMR
(565 MHz, CD3CN) 0-62.0. HRMS m/z (ESI) calcd. for C1sH6N202F3* [M+H]+ 313.1 164, found

313.1161.

(E)-1-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)oct-6-yne-2,5-dione (4al)

H 4al was prepared following the General Procedure 3.4 as pale

9 N’ O yellow oil. Yield: 68%
= crs| 'H NMR (600 MHz, CD3CN) 8 9.74 (s, 1H), 7.64 (d, J = 8.4 Hz,
0 2H), 7.34 (d, J=8.4 Hz, 2H), 7.27 (d, J= 1.2 Hz, 1H), 3.20 (dd, J =
4al 7.2, 5.6 Hz, 2H), 2.88 (dd, J = 7.2, 5.6 Hz, 2H), 2.04 (s, 3H). 13C

NMR (151 MHz, CDsCN) 6 198.0, 187.4, 147.3, 137.0, 127.6, 125.7 (q, J = 269.9 Hz), 123.5 (q,
J=32.5Hz),114.8,91.7,80.7,40.2, 31.8, 4.3. YF NMR (565 MHz, CD;CN) 8 -62.0. HRMS m/z
(ESI) caled. for Ci1sHisN2O2F3* [NH’H]+ 311.1007, found 311.1011.
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(E)-1-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)non-8-ene-2,5-dione (4am)

N 4am was prepared following the General Procedure 3.4 as pale
0 N @ yellow oil. Yield: 65%

WJ\/\[H cFs| "H NMR (600 MHz, CD3CN) 8 9.59 (s, 1H), 7.53 (d, /= 8.8 Hz,
0 2H), 7.22 (d, J = 8.7 Hz, 2H), 7.15 (s, 1H), 5.76 (ddt, J = 16.9,
dam 10.2, 6.5 Hz, 1H), 4.96 (dd, J = 17.2, 1.8 Hz, 1H), 4.87 (dd, J =
10.1, 1.7 Hz, 1H), 3.00 (t, J = 6.4 Hz, 2H), 2.67 (t, J = 6.4 Hz, 2H), 2.50 (t, /= 7.4 Hz, 2H), 2.25
—2.15 (m, 2H), 2.10 (d, J = 2.7 Hz, 1H). 13C NMR (101 MHz, CD3CN) & 209.7, 198.7, 147 .4,
138.7,137.2,127.6, 125.7 (q, J=272.7 Hz), 123.5 (q, J=32.3 Hz), 115.3, 114.3, 42.2, 36.9, 31 .4,
28.4 F NMR (565 MHz, CD3CN) § -62.0. HRMS m/z (ESI) calcd. for C1¢HisN2O2F3* [M+H]*

327.1320, found 327.1317.

(E)-1-(thiophen-2-yl)-5-(2-(4-(trifluoromethyl)phenyl) hydrazineylidene)pentane-1,4-dione
(4an)

w 4an was prepared following the General Procedure 3.4 as yellow

0 NN solid. Yield: 85%
“ ! \©\CF 'TH NMR (600 MHz, CD3CN) 8 9.74 (s, 1H), 7.91 (dd, /=3.8, 1.1
\_s o °| Hz, 1H), 7.80 (dd, J = 5.0, 1.1 Hz, 1H), 7.64 (d, J = 8.5 Hz, 2H),
4an 7.34 (d, J=8.4 Hz, 2H), 7.28 (d, /= 1.2 Hz, 1H), 7.22 (dd, J = 5.0,

3.8 Hz, 1H), 3.36 — 3.30 (m, 2H), 3.29 (d, J= 6.4 Hz, 2H). *C NMR
(101 MHz, CD3CN) & 198.4, 193.0, 147.3, 144.9, 137.2, 134.7, 133.5, 129.4, 127.7, 125.7 (q, J =
270.7Hz), 123.5(q,J=32.3 Hz), 114.4,33.7,31.6. Y’F NMR (565 MHz, CD3CN) & -62.0. HRMS
m/z (ESI) calcd. for CisH14N202F3S™ [M+H]" 355.0728, found 355.0725.

(E)-2-(2-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)acetyl)cyclohexan-1-one (4a0)

4ao0 was prepared following the General Procedure 3.4 as colorless oil.
u Yield: 83%

° N O TH NMR (600 MHz, CD;CN) & 9.61 (s, 1H), 7.52 (dd, J = 8.8, 3.1 Hz,

CFs| 2H), 7.21 (dd, J = 8.8, 3.3 Hz, 2H), 7.14 (s, 1H), 3.28 (dd, /= 17.2, 7.9

© 430 Hz, 1H), 2.98 — 2.89 (m, 1H), 2.44 (dd, J=17.2, 5.2 Hz, 1H), 2.34 (td, J

=13.5, 5.9 Hz, 1H), 2.23 — 2.16 (m, 2H), 2.00 (ddq, /= 9.2, 6.2, 3.3 Hz,

2H), 1.76 (dt, J = 13.4, 3.7 Hz, 1H), 1.72 — 1.62 (m, 1H), 1.53 (dddd, J = 17.3, 13.2, 8.7, 4.1 Hz,

1H), 1.39 (qd, J=12.9, 3.9 Hz, 1H). ¥C NMR (151 MHz, CD3CN) § 212.2, 198.5, 147.4, 137.5,

127.6,125.7 (q,J=270.3 Hz), 123.4 (q,J=31.7 Hz), 114.3,47.2,42.4,37.5,34.7, 28.6, 25.9. F

NMR (565 MHz, CD3CN) & -62.0. HRMS m/z (ESI) calcd. for C15H1sN202F3" [M+H]" 327.1320,
found 327.1323.

methyl (E)-4-(2,5-dioxo-5-phenyl-1-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)pent-
yl)benzoate (4ba)

4ba was prepared following the General Procedure 3.4 as pale yellow solid. Yield: 79%
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CFs

NH

NE

4ba

IH NMR (400 MHz, CDsCN) § 8.98 (s, 1H), 8.16 (d, J= 8.0 Hz, 2H),
8.07 — 8.02 (m, 2H), 7.63 (dd, J = 7.9, 3.4 Hz, 3H), 7.54 (t, J = 7.6
Hz, 2H), 7.42 (d, J = 8.2 Hz, 4H), 3.94 (s, 3H), 3.52 (dd, J= 7.2, 5.3
Hz, 2H), 3.42 (dd, J= 7.3, 5.3 Hz, 2H). 3C NMR (151 MHz, CDsCN)

| §200.0, 197.9, 167.3, 147.4, 143.8, 137.8, 135.9, 134.0, 131.9, 130.9
Ph% 130.7, 129.6, 128.8, 127.5 (q, J = 4.0 Hz), 125.7 (q, J = 270.3 Hz),
(0]
COOMe

123.7 (q,J = 33.2 Hz), 115.1, 52.9, 33.7, 31.9. ’F NMR (565 MHz,
CD3CN) 6 -62.0. HRMS m/z (ESI) calcd. for Ca6H22F3N2O4" [M+H]*

483.1532, found 483.1530.

(E)-4-(2,5-dioxo-5-phenyl-1-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)pentyl)benz-
aldehyde (4bb)

0]

-NH
N

4bb

|
Ph/M\V/\WrJ\W:::l\
© CHO

4bb was prepared following the General Procedure 3.4 as pale yellow
solid. Yield: 76%.

'H NMR (400 MHz, CD3CN) 8 10.10 — 10.09 (m, 1H), 9.02 (s, 1H),
8.06 — 8.03 (m, 4H), 7.63 (d, J = 8.5 Hz, 3H), 7.58 — 7.46 (m, 4H), 7.42
(d, J = 8.4 Hz, 2H), 3.52 (t, J = 6.3 Hz, 2H), 3.45 — 3.38 (m, 2H). 3C
NMR (101 MHz, CD;CN) 6 200.0, 197.9, 193.5, 147.4, 143.6, 137.9,
137.3, 134.0, 131.3, 131.0, 129.6, 128.8, 127.5, 125.7 (q, J=271.7 Hz),
124.2 (q,J=32.3 Hz), 115.5,33.7, 31.9. ’F NMR (565 MHz, CD3CN)

8 -62.0. HRMS m/z (ESI) caled. for C2sH20N205F3* [M+H]" 453.1426, found 453.1425.

(E)-5-(4-acetylphenyl)-1-phenyl-5-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)pentane-
1,4-dione (4bc)

o)

CF3

-NH
N

4bc

|
Ph
o

0]

4bc was prepared following the General Procedure 3.4 as pale yellow
solid. Yield: 72%.

'TH NMR (400 MHz, CD3CN) 8 9.02 (s, 1H), 8.18 — 8.08 (m, 2H), 8.07
—7.99 (m, 2H), 7.68 — 7.60 (m, 3H), 7.54 (dd, J = 8.4, 7.0 Hz, 2H), 7.43
(dd, J=8.4, 1.9 Hz, 4H), 3.52 (td, /= 5.9, 1.2 Hz, 2H), 3.45 — 3.35 (m,
2H), 2.64 (s, 3H). 13C NMR (101 MHz, CD3CN) & 200.0, 198.8, 198.0,
147.5, 143.9, 138.6, 137.9, 135.8, 134.0, 130.8, 129.7, 129.6, 128.8,
127.5,125.7 (q, J =271.7 Hz), 123.6 (q, J = 32.4 Hz).115.0, 33.7, 31.9,
27.1. PF NMR (565 MHz, CD3CN) § -62.0. HRMS m/z (ESI) caled. for

Cao6H21N203F3" [M+H]" 467.1583, found 467.1582

(E)-5-(4-bromophenyl)-1-phenyl-5-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)pent-
ane-1,4-dione (4bd)

4bd was prepared following the General Procedure 3.4 as pale yellow solid. Yield: 83%.
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'H NMR (400 MHz, CDsCN) 5 9.01 (d, J = 2.8 Hz, 1H), 8.04 (d, J = 8.6
Hz, 2H), 7.71 (ddd, J=6.2,4.1, 1.9 Hz, 2H), 7.62 (d, /= 8.8 Hz, 3H), 7.53
(t,J = 7.6 Hz, 2H), 7.41 (d, J = 8.4 Hz, 2H), 7.21 (ddd, J = 8.5, 3.2, 1.7
Hz, 2H), 3.54 — 3.45 (m, 2H), 3.44 — 3.35 (m, 2H). *C NMR (101 MHz,
CDsCN) 6 200.0, 197.9, 147.5, 143.7, 137.9, 134.0, 133.2, 132.4, 130.2,
130.0, 128.8, 127.4, 125.7 (q, J = 271.7 Hz), 124.1, 123.6 (q, J = 32.3 Hz),
115.4,34.1,32.3. 9F NMR (565 MHz, CD3CN) & -62.0. HRMS m/z (ESI)
calcd. for C24H19N202F3Br* [M+H]" 503.0582, found 503.0575

(E)-4-(2,5-dioxo-5-phenyl-1-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)pentyl)benzo-

nitrile (4be)

4be was prepared following the General Procedure 3.4 as pale yellow
solid. Yield: 78%.

TH NMR (600 MHz, CD3CN) 8 9.00 (s, 1H), 8.11 — 7.99 (m, 2H), 7.93
—7.88 (m, 2H), 7.69 — 7.61 (m, 3H), 7.54 (t,J= 7.7 Hz, 2H), 7.48 — 7.45
(m, 2H), 7.43 (d, /= 8.5 Hz, 2H), 3.51 (dd, /= 7.1, 5.3 Hz, 2H), 3.42 (dd,
J=7.1,5.3Hz,2H). BC NMR (151 MHz, CD3CN) 6 199.9, 197.7, 147.3,
142.9, 137.8, 136.2, 133.9, 133.8, 131.4, 129.5, 128.8, 127.4, 125.7 (q, J
=269.9 Hz), 123.8 (q, /= 32.4 Hz), 119.3, 115.0, 113.6, 33.7, 31.9. F
NMR (565 MHz, CD3CN) 6 -62.1. HRMS m/z (ESI) calcd. for

C25sH19N302F3" [M+H]" 450.1429, found 450.1431

(E)-5-(4-nitrophenyl)-1-phenyl-5-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)pentane-

1,4-dione (4bf)

¢

NH
O N’

|
© NO.

4bf

2

4bf was prepared following the General Procedure 3.4 as pale yellow
solid. Yield: 95%.

TH NMR (400 MHz, CD3CN) 8 9.03 (s, 1H), 8.43 — 8.34 (m, 2H), 8.09
—8.00 (m, 2H), 7.64 (dd, J="7.8, 1.7 Hz, 3H), 7.58 — 7.51 (m, 4H), 7.44
(d, J=8.5 Hz, 2H), 3.53 (td, /= 5.9, 5.4, 1.1 Hz, 2H), 3.46 — 3.36 (m,
2H). 13C NMR (101 MHz, CD3CN) 8 200.0, 197.8, 149.4, 147.4, 142.6,
138.1, 137.8, 134.0, 132.0, 129.6, 128.8, 127.5, 125.6 (q, J=270.1 Hz),
125.0, 123.3 (q, J = 32.3 Hz), 115.5, 34.1, 32.3. ’F NMR (565 MHz,

CD;CN) 6§ -62.0 HRMS m/z (ESI) caled. for C24H19N3O04F3" [M+H]*

470.1328, found 470.1323

(E)-1,5-diphenyl-5-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)pentane-1,4-dione (4bg)
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CFs | 4bg was prepared following the General Procedure 3.4 as pale yellow solid.
Yield: 89%.

'TH NMR (600 MHz, CD3CN) & 8.96 (s, 1H), 8.10 — 7.96 (m, 2H), 7.63 (dd,
~H | /=105, 8.4 Hz, 3H), 7.59 — 7.48 (m, 5H), 7.47 — 7.38 (m, 2H), 7.29 (dd, J

o N = 6.4, 1.8 Hz, 2H), 3.54 — 3.49 (m, 2H), 3.41 (dd, J = 7.0, 5.1 Hz, 2H). 3C
Ph% NMR (101 MHz, CD:CN) §200.0, 198.1, 147.6, 143.9, 137.9, 134.0, 138.8,
O 130.3, 130.0, 129.6, 128.8, 127.4, 126.7 (q, J=270.9 Hz), 123.5 (q, J = 32.4

abg Hz), 118.3, 115.0, 32.9, 31.2. 1°F NMR (565 MHz, CD:;CN) § -62.0. HRMS

m/z (ESI) calcd. for C24H20N20:F;3" [M+H]" 425.1477, found 425.1481

(E)-1-phenyl-5-(p-tolyl)-5-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)pentane-1,4-
dione (4bh)

CF3 4bh was prepared following the General Procedure 3.4 as pale yellow solid.
Yield: 88%.

'"H NMR (400 MHz, CD3CN) § 8.97 (s, 1H), 8.09 — 8.00 (m, 2H), 7.62 (dd,
_NH J=28.8,7.0 Hz, 3H), 7.57 — 7.49 (m, 2H), 7.44 — 7.34 (m, 4H), 7.23 - 7.13

0 N (m, 2H), 3.50 (dd, J = 7.2, 5.2 Hz, 2H), 3.40 (dd, J = 7.2, 5.2, Hz, 2H),
Ph% 2.42 (s, 1H) 3C NMR (101 MHz, CDsCN) & 200.0, 198.2, 147.6, 145.1,
° 140.3, 138.0, 134.0, 130.1, 129.6, 128.8, 127.4, 127.4, 125.8 (q, J = 271.7

4bh Hz), 123.4 (q,J = 32.3 Hz), 118.3, 114.9, 33.7, 32.0, 21.9. F NMR (565

MHz, CDsCN) & -62.0. HRMS m/z (ESI) caled. for CasHaaN2OFs" [M+H]* 439.1633, found
439.1633

(E)-5-(2-(4-methoxyphenyl)hydrazineylidene)-1-phenyl-5-(4-(trifluoromethyl)phenyl)pent-
ane-1,4-dione (4bi)

CFs 4bi was prepared following the General Procedure 3.4 as pale yellow
solid. Yield: 72%.
'TH NMR (400 MHz, CD3CN) § 9.00 (s, 1H), 8.04 (d, J = 7.7 Hz, 2H),

i 7.62 (t, J = 7.6 Hz, 3H), 7.54 (t, J = 7.6 Hz, 2H), 7.40 (d, J = 8.4 Hz,

i \ 2H), 7.22 (d, J = 8.2 Hz, 2H), 7.13 — 7.03 (m, 2H), 3.86 (s, 3H), 3.50 (t,
Ph% J = 6.4 Hz, 2H), 3.44 — 3.33 (m, 2H). 3C NMR (101 MHz, CDsCN) &
0 ome| 200.0, 198.3, 161.4, 147.6, 144.9, 137.9, 134.0, 131.8, 129.6, 128.8,

abi 127.4, 125.7 (q, J = 270.2 Hz), 123.3 (g, J = 32.3 Hz), 122.6, 115.4,

114.9,55.9,33.8,32.0. YFNMR (565 MHz, CD3CN) § -61.9. HRMS m/z (ESI) calcd. for [M+H]*
CasH2oN203F37455.1583, found 455.1584

(E)-5-(3-bromophenyl)-1-phenyl-5-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)pent-
ane-1,4-dione (4bj)
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4bj was prepared following the General Procedure 3.4 as pale yellow solid.

T Yicld: 84%.
"H NMR (600 MHz, CD3;CN) § 8.99 (s, 1H), 8.06 — 7.98 (m, 2H), 7.72
(dd, J = 8.4, 1.8 Hz, 2H), 7.65 — 7.60 (m, 3H), 7.53 (t, J = 7.7 Hz, 2H),
0 n-H 7.42 (d, J=8.4 Hz, 2H), 7.21 (dd, J = 8.3, 1.4 Hz, 2H), 3.49 (dd, J= 7.1,
Ph% Br| 5.4 Hz, 2H), 3.40 (dd, J=7.3, 5.3 Hz, 2H). ¥*C NMR (151 MHz, CDsCN)
5 5 200.0, 197.9, 147.5, 143.8, 137.9, 134.0, 133.2, 132.4, 130.2, 129.6,
) 128.8, 127.5 (q, J = 3.3 Hz), 125.7 (q, J = 270.0 Hz) ,124.0, 123.6 (q, J =

32.4Hz) 115.0, 33.7,31.9. F NMR (565 MHz, CD3CN) 4 -62.0. HRMS

m/z (ESI) caled. for C24H1sN202F5* [M+H]* 503.0582, found 503.0576

(E)-5-(2-bromophenyl)-1-phenyl-5-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)pent-
ane-1,4-dione (4bk)

CF,

.NH
O N

|
L0
oBr

4bk

4bk was prepared following the General Procedure 3.4 as pale yellow solid.
Yield: 84%.

'TH NMR (600 MHz, CD3CN) 6 8.91 (s, 1H), 8.05 — 8.02 (m, 2H), 7.79 (d, J
= 8.1 Hz, 1H), 7.68 — 7.60 (m, 3H), 7.55 (t, /= 7.6 Hz, 3H), 7.49 — 7.42 (m,
3H), 7.24 (dd, J = 7.6, 1.6 Hz, 1H), 3.62 (dt, J = 16.9, 6.1 Hz, 1H), 3.50 —
3.38 (m, 3H). 13C NMR (151 MHz, CD3CN) & 199.8, 197.4, 147.5, 143.8,
137.9,134.0, 134.0, 133.0, 132.4, 132.4, 129.6, 129.3, 128.8, 127.5, 125.7 (q,
J=270.1Hz), 123.8 (q,J=32.3 Hz), 123.8, 115.1, 33.6, 32.0. ’F NMR (565

MHz, CD;CN) & -62.0. HRMS m/z (ESI) caled. for CaaH1oN2O2F5" [M+H]* 503.0582, found

503.0577

(E)-1-phenyl-5-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)hexane-1,4-dione (4bl)

CF;

363.1317

4bl was prepared following the General Procedure 3.4 as pale yellow solid.
Yield: 76%.

'TH NMR (600 MHz, CD3CN) $ 8.89 (s, 1H), 8.04 (dd, J = 8.0, 1.4 Hz, 2H),
7.64 (dd, J=8.0, 5.8 Hz, 3H), 7.53 (t,J = 7.6 Hz, 2H), 7.46 (d, J = 8.4 Hz, 2H),
3.36 (h, J= 1.8 Hz, 4H), 2.01 (s, 3H). 3C NMR (101 MHz, CD3CN) & 200.0,
198.3, 148.1, 143.6, 137.9, 134.0, 129.5, 128.8, 127.5, 125.8 (q, J = 270.1 Hz),
123.1 (q, J=32.4 Hz), 114.7, 33.6, 31.2, 9.2. YF NMR (565 MHz, CD3;CN)
-61.9. HRMS m/z (ESI) calcd. for C2sHi9oN>O2F3* [M+H]* 363.1320, found

(E)-1-phenyl-5-(4-(trifluoromethyl)phenyl)-5-(2-(4-(trifluoromethyl)phenyl)hydra-
zineylidene)pentane-1,4-dione (5a)
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CFy Sa was prepared following the General Procedure 3.5 as pale yellow solid.

Yield: 95%. (yield: 85% for gram scale.) 'H NMR (400 MHz, CD3;CN)

3 8.99 (s, 1H), 8.09 —8.02 (m, 2H), 7.87 (d, J= 8.0 Hz, 2H), 7.68 — 7.60

NH (m, 3H), 7.54 (dd, J= 8.4, 7.0 Hz, 2H), 7.49 (d, J= 8.0 Hz, 2H), 7.44 (d,

o N J=8.5Hz, 2H), 3.53 (td, J= 5.9, 5.4, 1.1 Hz, 2H), 3.46 — 3.40 (m, 2H).
Ph)J\/\yH\O\ I3C NMR (101 MHz, CDCl3) 6 198.9, 196.6, 144.9, 142.1, 136.6, 133.2,
o cr,| 132.5,131.7 (q,J=32.8 Hz), 129.7, 128.6, 128.0, 126.74 (q, J= 3.9 Hz),

5a 124.2 (q, J = 272.7 Hz), 123.6 (q, J = 273.7 Hz), 126.3 (q, J = 3.9 Hz),

124.5 (q, J = 32.8 Hz), 113.9, 32.7, 30.9. F NMR (565 MHz, CD;CN) § -62.1, -63.2. HRMS
m/z (ESI) calcd. for C2sH 1oN202Fs" [M+H]* 493.1351, found 493.1348

(E)-5-(4-fluorophenyl)-5-(2-(4-fluorophenyl)hydrazineylidene)-1-phenylpentane-1,4-dione
(Sb)

Yield: 91%. ™H NMR (600 MHz, CD3CN) 8 8.75 (s, 1H), 8.03 (dd, J =

F 5b was prepared following the General Procedure 3.5 as pale yellow solid.
© 8.2, 1.4 Hz, 2H), 7.63 (t,J = 7.4 Hz, 1H), 7.53 (t, J = 7.6 Hz, 2H), 7.35 —

NH 7.23 (m, 6H), 7.08 (t, J = 8.9 Hz, 2H), 3.47 (dd, J = 7.2, 5.5 Hz, 2H), 3.38

o N (dd, J = 7.2, 5.5 Hz, 2H). 13C NMR (151 MHz, CDsCN) & 200.2, 197.9,
Phw\g 164.0 (d, J=245.6 Hz), 159.3 (d, J=238.0 Hz), 142.3, 141.0, 138.1, 134.0,
0 F| 132.8(d,J=8.2 Hz), 129.6, 128.9, 127.5, 117.0 (d, J=21.8 Hz), 116.7 (d,

5b J =23.0 Hz), 116.5 (d, J = 7.8 Hz), 33.9, 31.9. ¥F NMR (565 MHz,

CDsCN) & -113.8, -123.7. HRMS m/z (ESI) caled. for [M+H]" C23H1oN202F;* 393.1415, found
393.1408

(E)-5-(4-chlorophenyl)-5-(2-(4-chlorophenyl)hydrazineylidene)-1-phenylpentane-1,4-dione
(5¢)

cl Sc was prepared following the General Procedure 3.5 as pale yellow solid.
Yield: 85%.
'"H NMR (400 MHz, CD3CN) 6 8.83 (s, 1H), 8.11 — 7.99 (m, 2H), 7.69 —
I 7.61 (m, 1H), 7.59 — 7.49 (m, 4H), 7.36 — 7.19 (m, 6H), 3.47 (dd, J= 6.9,
0 N’ 5.2 Hz, 2H), 3.39 (dd, J=7.5, 5.3 Hz, 2H). 3C NMR (101 MHz, CD3;CN)
8 200.0, 197.7, 143.3, 142.4, 137.9, 135.5, 134.0, 132.2, 130.2, 130.0,
129.6, 128.8,127.2, 121.9, 116.5, 33.7, 31.8. HRMS m/z (ESI) calcd. for
[M+H]" C23H19N20,Cl,"425.0824, found 425.0820

Ph
Cl

:
a
o gi

(E)-5-(4-bromophenyl)-5-(2-(4-bromophenyl)hydrazineylidene)-1-phenylpentane-1,4-dione
(3d)
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Br 5d was prepared following the General Procedure 3.5 as pale yellow solid.
Yield: 81%.
'TH NMR (400 MHz, CD3;CN) & 8.75 (s, 1H), 7.93 (d, J = 7.6 Hz, 2H),

NH 7.62 — 7.49 (m, 3H), 7.43 (t, J = 7.4 Hz, 2H), 7.37 — 7.30 (m, 2H), 7.10

o N (dd, J=11.7, 8.2 Hz, 4H), 3.40 — 3.31 (m, 2H), 3.28 (t, J = 6.4 Hz, 2H).
PhW 13C NMR (101 MHz, CD;CN) § 200.0, 197.7, 143.7, 142.5, 137.9, 134.0,
0 Br| 133.2,132.9, 132.4, 130.3, 129.6, 128.8, 123.8, 116.9, 114.6, 33.7, 31.8.

5d HRMS m/z (ESI) calcd. for C23Hi9N202Br>" [M+H]" 514.9793, found

514.9788

(E)-5-(4-nitrophenyl)-5-(2-(4-nitrophenyl)hydrazineylidene)-1-phenylpentane-1,4-dione (5e)

NO, Se was prepared following the General Procedure 3.5 as pale yellow
solid. Yield: 95%

TH NMR (400 MHz, CD;CN) & 9.20 (s, 1H), 8.45 — 8.34 (m, 2H), 8.25
NH —8.18 (m, 2H), 8.07 — 8.02 (m, 2H), 7.68 — 7.63 (m, 1H), 7.59 — 7.51 (m,
o N 4H), 7.46 — 7.40 (m, 2H), 3.54 (td, J= 5.8, 5.3, 1.1 Hz, 2H), 3.48 — 3.41
PhW@ (m, 2H). 3C NMR (101 MHz, CDsCN) & 199.9, 197.9, 149.7, 149.5,
0 No,| 144.1, 143.0, 137.8, 137.8, 134.0, 132.0, 129.6, 128.8, 126.5, 125.0,
Se 114.8, 33.7, 32.0. HRMS m/z (ESI) caled. for CasHioN4Og™ [M+H]"

447.1305, found 447.1300

(E)-4-(2-(1-(4-cyanophenyl)-2,5-dioxo-5-phenylpentylidene)hydrazineyl)benzonitrile (5f)

CN 5f was prepared following the General Procedure 3.5 as pale yellow solid.
Yield: 91%.
'"H NMR (400 MHz, CD3CN) & 9.04 (s, 1H), 8.03 (dt, J = 7.1, 1.4 Hz,

NH 2H), 7.90 — 7.85 (m, 2H), 7.68 — 7.59 (m, 3H), 7.52 (dd, J = 8.4, 7.0 Hz,

9 N 2H), 7.45 (d, J = 8.3 Hz, 2H), 7.37 (d, J = 8.8 Hz, 2H), 3.54 — 3.44 (m,
PhW 2H), 3.44 — 3.35 (m, 2H). 3C NMR (101 MHz, CD;CN) § 199.9, 197.8,
° on| 147.9, 143.6, 137.8, 134.6, 134.0, 133.9, 131.4, 129.6, 128.8, 121.1,

5f 120.1,119.3, 115.4, 113.7, 105.1, 33.7, 31.9. HRMS m/z (ESI) calcd. for

CasH19N4O2* [M+H]* 407.1508, found 407.1508

(E)-5-(4-benzoylphenyl)-5-(2-(4-benzoylphenyl)hydrazineylidene)-1-phenylpentane-1,4-
dione (5g)
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5g was prepared following the General Procedure 3.5 as pale yellow
solid. Yield: 90%.

TH NMR (400 MHz, CD3CN) 4 9.13 (s, 1H), 8.08 — 8.02 (m, 2H), 7.92
(d, J=7.9 Hz, 2H), 7.89 — 7.84 (m, 2H), 7.81 (d, J = 8.4 Hz, 2H), 7.77
—7.73 (m, 2H), 7.72 - 7.50 (m, 9H), 7.44 (dd, J=17.8, 8.2 Hz, 4H), 3.54
(dd, J=17.0,5.2 Hz, 2H), 3.43 (dd, /= 7.2, 5.1 Hz, 2H). 3C NMR (101
MHz, CD3CN) 6 200.4, 198.4, 197.3, 196.2, 148.5, 144.5, 139.6, 139.5,
138.5, 138.2, 135.6, 134.4, 134.1, 133.4, 133.2, 132.1, 131.7, 131.2,
130.9, 130.8, 130.0, 129.8, 129.6, 129.2, 114.9, 34.1, 32.4. HRMS m/z

(ESI) calcd. for C37H20N204" [M+H]* 565.2127 , found 565.2122

methyl (E)-4-(2-(1-(4-(methoxycarbonyl)phenyl)-2,5-dioxo-5-phenylpentylidene)hydra-

zineyl)benzoate (Sh)

O._OMe

found 473.1708

5h was prepared following the General Procedure 3.5 as pale yellow
solid. Yield:77%.

'TH NMR (600 MHz, CD3CN) 4 8.99 (s, 1H), 8.15 — 8.09 (m, 2H), 8.04
—8.00 (m, 2H), 7.96 — 7.91 (m, 2H), 7.64 — 7.59 (m, 1H), 7.51 (t,J=7.7
Hz, 2H), 7.40 — 7.35 (m, 2H), 7.35 - 7.31 (m, 2H), 3.91 (s, 3H), 3.84 (s,
3H), 3.48 (dd, J= 7.1, 5.4 Hz, 2H), 3.39 (dd, J = 7.1, 5.4 Hz, 2H). 13C
NMR (101 MHz, CD;CN) & 200.0, 197.9, 167.3, 148.2, 143.8, 137.8,
135.8, 134.0, 131.9, 130.8, 130.7, 129.6, 128.8, 124.3, 114.6, 52.9, 52.4,
33.7,31.9. HRMS m/z (ESI) calcd. for C27H2sN2O6" [M+H]* 473.1713,

(E)-4-(2,5-dioxo-5-phenyl-1-(2-(4-sulfamoylphenyl) hydrazineylidene)pentyl)benzene-

sulfonamide (5i)

SO,NH,

NH
O N’

5i

|
Ph%
© SO,NH,

5i was prepared following the General Procedure 3.5 as pale yellow
solid. Yield:84%.

'"H NMR (400 MHz, CD3CN) § 9.08 (s, 1H), 8.07 — 8.00 (m, 4H),
7.84 —7.76 (m, 2H), 7.63 (d, J = 7.4 Hz, 1H), 7.53 (dd, J = 8.4, 7.0
Hz, 2H), 7.48 (d, J = 8.4 Hz, 2H), 7.42 (d, J = 8.9 Hz, 2H), 5.85 (s,
2H), 5.60 (s, 2H), 3.56 — 3.47 (m, 2H), 3.42 (dd, J= 7.2, 5.2 Hz, 2H).
13C NMR (101 MHz, CD3;CN) § 200.0, 198.0, 147.5, 144.9, 143.5,
137.8, 136.9, 135.3, 134.0, 131.3, 129.6, 128.8, 128.6, 127.6, 114.9,

33.7, 31.9. HRMS m/z (ESI) calcd. for C23H23N406S2" [M+H]*

515.1059, found 515.1052

(E)-1,5-diphenyl-5-(2-phenylhydrazineylidene)pentane-1,4-dione (5j)
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Yield:65%
'H NMR (600 MHz, CDsCN) 5 8.69 (s, 1H), 8.06 — 8.02 (m, 2H), 7.65 —
N 7.61 (m, 1H), 7.53 (t, J = 7.8 Hz, 2H), 7.36 (d, J= 7.8 Hz, 2H), 7.18 = 7.11
| (m, 6H), 3.50 — 3.44 (m, 2H), 3.38 (dd, J = 7.3, 5.6 Hz, 2H), 2.42 (s, 3H),
P“% 2.29 (s. 3H). 3C NMR (101 MHz, CDsCN) & 200.2, 198.0, 142.8, 142.1,
. 140.0, 138.1, 133.9, 132.4, 130.6, 130.3, 129.6, 128.8, 128.1, 115.1, 33.9,

31.9, 21.4, 20.7. HRMS m/z (ESI) caled. for CasH2sN202" [M+H]"
385.1916, found 385.1910

© 5j was prepared following the General Procedure 3.5 as pale yellow solid.

(E)-1-phenyl-5-(2-(trifluoromethyl)phenyl)-5-(2-(2-(trifluoromethyl)phenyl)hydra-
zineylidene)pentane-1,4-dione (5k)

Yield:80%.
| "H NMR (400 MHz, CDsCN) & 8.05 — 7.97 (m, 2H), 7.91 (dd, /= 8.2, 3.5
i N CFsl Hgz, 3H), 7.81 (t, J = 7.5 Hz, 1H), 7.73 (t, J = 7.8 Hz, 1H), 7.68 — 7.57 (m,
Ph% 2H), 7.51 (dt, J= 15.2, 7.7 Hz, 3H), 7.35 (d, J= 7.5 Hz, 1H), 7.13 (t, J= 7.7
o Hz, 1H), 3.67 — 3.57 (m, 1H), 3.43 — 3.34 (m, 3H). *C NMR (101 MHz,
Sk CD3CN) & 199.6, 197.5, 144.6, 140.8, 137.8, 135.0, 134.4, 134.0, 133.4,
131.7, 131.7, 129.6, 128.8, 128.0 (q, J = 4.8 Hz), 127.4 (q, J = 5.4 Hz), 125.2 (q, J = 272.7 Hz),
123.6, 123.1, 122.8 (q, J = 272.4 Hz), 116.6, 114.9 (d, J = 30.4 Hz), 33.4, 31.9. F NMR (565

MHz, CD;CN) & -61.4, -62.0. HRMS m/z (ESI) calcd. for C2sH1oFgN,0," [M+H]* 493.1351,
found 493.1350

/@ Sk was prepared following the General Procedure 3.5 as pale yellow solid.

(E)-5-(2-nitrophenyl)-5-(2-(2-nitrophenyl)hydrazineylidene)-1-phenylpentane-1,4-dione (51)

51 was prepared following the General Procedure 3.5 as pale yellow solid.
ON Yield:78%.

o Mo '"H NMR (400 MHz, CD3CN) 4 10.88 (s, 1H), 8.35 (dd, /= 8.3, 1.2 Hz, 1H),

! ?| 8.15(ddd, J= 8.5, 3.8, 1.5 Hz, 2H), 8.03 (dd, J = 8.2, 1.5 Hz, 2H), 7.96 (td,

Ph% J=17.6,12Hz, 1H), 7.84 (td,J=7.9, 1.4 Hz, 1H), 7.80 — 7.73 (m, 1H), 7.66

° —7.57 (m, 2H), 7.56 — 7.48 (m, 2H), 7.12 (ddd, J=8.5, 7.1, 1.5 Hz, 1H), 3.71

3 (tdd, J=11.6, 8.4, 4.6 Hz, 1H), 3.52 — 3.28 (m, 4H). 1*C NMR (101 MHz,

CD3CN) 8 199.6, 197.4, 149.0, 145.5, 141.3, 140.5, 137.8, 137.6, 136.1, 134.1, 132.6, 131.7, 129.6,

128.9, 126.8, 126.4, 126.2, 122.2, 117.2, 33.4, 32.1. HRMS m/z (ESI) calcd. for C23H1oFeN4O¢"
[M+H]" 447.1305, found 447.1299

(E)-5-(2-bromophenyl)-5-(2-(2-bromophenyl)hydrazineylidene)-1-phenylpentane-1,4-dione
(Sm)
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Sm was prepared following the General Procedure 3.5 as pale yellow solid.
Br Yield: 73%. TH NMR (600 MHz, CD3CN) & 8.31 (s, 1H), 8.08 — 8.03 (m,

NH, 2H), 7.83 (dd,J=8.1, 1.1 Hz, 1H), 7.77 (dd, /= 8.3, 1.5 Hz, 1H), 7.67 — 7.62
o "B (m, 1H), 7.60 (td, J = 7.6, 1.1 Hz, 1H), 7.57 — 7.51 (m, 3H), 7.48 (td, J = 7.8,
1.8 Hz, 1H), 7.46 — 7.42 (m, 1H), 7.32 (dd, J="7.6, 1.7 Hz, 1H), 6.97 (td, /=
© 7.7, 1.6 Hz, 1H), 3.64 — 3.57 (m, 1H), 3.50 — 3.41 (m, 3H). 13C NMR (101
Sm MHz, CD3CN) 8 199.7,197.1, 144.7, 140.3, 137.8, 134.9, 134.2, 134.0, 133.5,

132.7,132.1, 130.0, 129.6, 128.8, 124.4, 123.1, 118.3, 116.2, 109.4, 33.5, 31.9. HRMS m/z (ESI)
caled. for C23H9BraN,O>" [M+H]" 514.9793, found 514.9789

(E)-5-(3-nitrophenyl)-5-(2-(3-nitrophenyl)hydrazineylidene)-1-phenylpentane-1,4-dione

(Sm)

_NH
0]

|
Ph NO-
o)

5n

5n was prepared following the General Procedure 3.5 as yellow solid.
Yield:87%

TH NMR (600 MHz, CDCI3) & 8.35 (d, J = 8.3 Hz, 1H), 8.26 (s, 1H),
8.20 (s, 1H), 8.05 — 7.97 (m, 3H), 7.88 (d, /= 8.1 Hz, 1H), 7.76 (t, J =
8.1 Hz, 1H), 7.66 (d, J= 7.5 Hz, 1H), 7.62 — 7.54 (m, 2H), 7.49 (dt, J =
15.1, 7.8 Hz, 3H), 3.59 (t, J = 6.0 Hz, 2H), 3.48 (t, /= 6.1 Hz, 2H). 3C
NMR (101 MHz, DMSO-d6) 6 199.1, 196.3, 148.6, 148.0, 145.5, 140.6,

136.7, 136.6, 133.3, 132.4, 130.7, 130.4, 128.8, 128.0, 124.8, 123.9, 120.5, 116.1, 109.1, 32.8,
30.9. HRMS m/z (ESI) caled. for C23H1o0N4Og™ [M+H]* 447.1305, found 447.1298

(E)-5-(3,5-bis(trifluoromethyl)phenyl)-5-(2-(3,5-bis(trifluoromethyl)phenyl)hydra-
zineylidene)-1-phenylpentane-1,4-dione (50)

50

50 was prepared following the General Procedure 3.5 as pale yellow solid.
Yield:92%

TH NMR (600 MHz, CDsCN) 8 9.16 (s, 1H), 8.18 (s, 1H), 8.04 (d, J =
7.1 Hz, 2H), 7.90 (d, J = 1.6 Hz, 2H), 7.79 (d, J = 1.5 Hz, 2H), 7.66 —
7.58 (m, 2H), 7.52 (d, J = 7.7 Hz, 2H), 3.57 — 3.51 (m, 2H), 3.43 (t, J =
6.2 Hz, 2H). 13C NMR (151 MHz, CD3CN) 6 199.8, 197.7, 145.9, 142.4,
137.8,134.0, 133.8, 132.9 (q, /= 33.6 Hz), 131.5, 129.6, 128.8, 123.5 (q,
J=2719 Hz), 123.4 (q,J=271.9 Hz), 124.5, 118.5, 115.9, 115.2, 34.0,

32.3. YF NMR (565 MHz, CD3CN) ) -63.3, -63.7. HRMS m/z (ESI) calcd. for Co7H17F12N202*
[M+H]" 629.1098, found 629.1094

(E)-5-(3,4-difluorophenyl)-5-(2-(3,4-difluorophenyl)hydrazineylidene)-1-phenylpentane-

1,4-dione (5p)
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F 5p was prepared following the General Procedure 3.5 as pale yellow solid.
F | Yield: 88%

TH NMR (600 MHz, CDsCN) & 8.83 (s, 1H), 8.03 (dd, J="7.9, 1.5 Hz, 2H),

NH 7.66 — 7.60 (m, 1H), 7.53 (t, J = 7.8 Hz, 2H), 7.44 (dt, J = 10.7, 8.4 Hz,

o N c| 1H),7.28 —7.16 (m, 3H), 7.08 (ddd, /= 8.5, 4.1, 1.9 Hz, 1H), 7.04 - 6.98

Phw\@ (m, 1H), 3.46 (dd, J=17.1, 5.3 Hz, 2H), 3.38 (dd, J = 7.3, 5.2 Hz, 2H) 3C

O £l NMR (151 MHz, CD;CN) & 200.0, 197.6, 151.5 (td, J = 244.6 Hz, 11.0

5p Hz), 146.5 (dd, J=239.7 Hz, 13.0 Hz), 141.6, 141.5 (d, J= 8.8 Hz), 137.9,

134.0, 129.6, 128.8, 128.2, 127.7, 119.8 (d, J= 16.8 Hz), 119.2 (d, J= 14.2 Hz), 118.6 (d, /= 18.6

Hz), 111.0, 104.3 (d, J=22.2 Hz), 34.1, 32.2. F NMR (565 MHz, CD:CN) § -138.26 (d, J =21.4

Hz), -139.00 (q,J = 20.9 Hz), -148.84 (d, ] = 20.4 Hz). HRMS m/z (ESI) calcd. for CsHi7F4N,0,"
[M+H]" 429.1226, found 429.1222

(E)-5-(4-fluoro-3-methylphenyl)-5-(2-(4-fluoro-3-methylphenyl)hydrazineylidene)-1-
phenylpentane-1,4-dione (5q)

Yield: 85%

F 5q was prepared following the General Procedure 3.5 as pale yellow solid.
©/ '"H NMR (600 MHz, CD3CN) 4 8.67 (s, 1H), 8.03 (d, J= 7.8 Hz, 2H), 7.67

NH ~7.60 (m, 1H), 7.53 (t, J = 7.6 Hz, 2H), 7.20 (t, J = 9.1 Hz, 1H), 7.17 —

i ”| 7.11 (m, 2H), 7.07 (dq, J = 7.4, 4.1 Hz, 2H), 7.00 (t, J = 9.1 Hz, 1H), 3.47
Phw (t, J = 6.3 Hz, 2H), 3.42 — 3.34 (m, 2H), 2.32 (s, 3H), 2.26 (s, 3H). BC
0 F| NMR (151 MHz, CD;CN) 5 200.2, 197.9, 162.49 (d, J = 244.8 Hz), 157.8

59 (d, J=237.2 Hz). 142.4, 140.6, 138.1, 134.0, 133.7 (d, J = 5.8 Hz), 129.9

(d, J=8.7 Hz), 129.6, 128.9, 127.1, 126.8 (d, J = 18.3 Hz), 126.5 (d, /= 18.3 Hz), 117.7, 116.6
(d, J=22.9 Hz), 116.3 (d, J = 24.0 Hz) 113.8 (d, /= 8.1 Hz), 34.3, 32.3, 15.2, 15.0. YF NMR
(565 MHz, CD3CN) ) -118.3, -127.8. HRMS m/z (ESI) caled. for CasHa3FaN,Oo" [M-FH]+
420.1728, found 420.1724

(E)-1-(2-(1-(9,10-diox0-9,10-dihydroanthracen-1-yl)-2,5-dioxo-5-phenylpentylidene)hydra-
zineyl)anthracene-9,10-dione (5r)

0 Sr was prepared following the General Procedure 3.5 as orange solid.
Yield: 70%.

'"H NMR (400 MHz, CDCl3) & 12.45 (s, 1H), 8.64 (dd, J= 7.9, 1.3
Hz, 1H), 8.38 (dd, J=8.6, 1.3 Hz, 1H), 8.33 (dd, /= 7.6, 1.5 Hz, 1H),
8.23 — 8.18 (m, 1H), 8.15 (dd, J =17.5, 1.6 Hz, 1H), 8.09 — 8.02 (m,
3H), 7.98 — 7.94 (m, 1H), 7.90 (dd, /= 7.5, 1.2 Hz, 1H), 7.83 - 7.72
(m, 4H), 7.68 (pd, J=17.3, 1.6 Hz, 2H), 7.60 — 7.54 (m, 1H), 7.48 (dd,
J=28.4,7.0 Hz, 2H), 4.09 — 3.94 (m, 1H), 3.73 —3.57 (m, 2H), 3.50 —
3.36 (m, 1H). 3C NMR (101 MHz, CDCIl3) 6 199.1, 197.3, 185.9,
183.1, 182.9, 147.6, 146.5, 136.9, 135.8, 135.5, 135.2, 134.8, 134.3,
5r 134.3, 134.0, 133.9, 133.8, 133.5, 133.1, 132.8, 132.8, 132.1, 132.0,
129.5,128.6, 128.1, 127.5, 127.1, 126.9, 120.6, 120.5, 114.6, 32.8, 31.7. HRMS m/z (ESI) calcd.
for C39H25sN6O,2" [M+H]" 617.1713, found 617.1716
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(E)-1-(4-fluorophenyl)-5-(4-(trifluoromethyl)phenyl)-5-(2-(4-(trifluoromethyl)phenyl)-
hydrazineylidene)pentane-1,4-dione (5aa)

2

o

CF3

-NH
N

|

5aa

Saa was prepared following the General Procedure 3.5 as pale
yellow solid. Yield: 94%

'TH NMR (600 MHz, CD3CN) 8 9.00 (s, 1H), 8.09 (dd, J = 8.6, 5.5
Hz, 2H), 7.85 (d, J=7.9 Hz, 2H), 7.62 (d, J = 8.5 Hz, 2H), 7.47 (d,
J=8.0 Hz, 2H), 7.42 (d, J = 8.5 Hz, 2H), 7.24 (t, J = 8.6 Hz, 2H),
3.51 (dd, J=17.2, 5.4 Hz, 2H), 3.38 (t, J = 6.3 Hz, 2H). 3C NMR
(151 MHz, CD3CN) 6 198.2,197.5,166.13 (d,J=252.0 Hz) , 147.1,
143.0, 135.0, 134.1, 131.4 (q, J = 32.4 Hz), 131.3, 130.9, 127.1,

126.6 ,125.3 (q,J=271.8 Hz), 124.9 (q, J=271.8 Hz), 123.5 (d, J=32.3 Hz), 116.1 (d, J=22.2
Hz), 114.7, 33.3, 31.5. F NMR (565 MHz, CD3CN) § -62.0, -63.2, -107.8. HRMS m/z (ESI)
calcd. for CosHigF7N,O2" [M+H]" 511.1257, found 511.1255

(E)-1-(4-chlorophenyl)-5-(4-(trifluoromethyl)phenyl)-5-(2-(4-(trifluoromethyl)phenyl)-
hydrazineylidene)pentane-1,4-dione (Sab)

Cl I

CF3

NH
N

|

5ab

Sab was prepared following the General Procedure 3.4 as pale
yellow solid. Yield: 90%.

'TH NMR (400 MHz, CD3CN) 8 9.02 — 8.95 (m, 1H), 8.03 — 7.95
(m, 2H), 7.86 (d, J = 7.2 Hz, 2H), 7.61 (t, J = 6.0 Hz, 2H), 7.56 —
7.44 (m, 2H), 7.44 —7.38 (m, 2H), 3.51 (t, /= 5.9 Hz, 2H), 3.38 (t,
J = 6.2 Hz, 2H). 13C NMR (101 MHz, CD3;CN) & 199.0, 197.8,
147.5, 143.4, 139.7, 136.5, 135.4, 132.8, 131.6 (q, J = 32.4 Hz),
131.3, 130.7, 128.4, 127.5 (q, J = 4.3 Hz), 126.9 (q, J = 3.9 Hz),

125.8 (q, J = 271.8 Hz), 125.3 (q, J =270.2 Hz), 123.9 (d, J = 32.4 Hz), 115.2, 33.8, 32.0. ¥F
NMR (565 MHz, CD3CN) 6 -62.0, -63.2. HRMS m/z (ESI) calcd. for C2sHsFsCIN,O2" [M+H]"
527.0961, found 527.0955

(E)-1-(4-bromophenyl)-5-(4-(trifluoromethyl)phenyl)-5-(2-(4-(trifluoromethyl)phenyl)-
hydrazineylidene)pentane-1,4-dione (Sac)

CFs Sac was prepared following the General Procedure 3.5 as pale
yellow solid. Yield: 88%

TH NMR (400 MHz, CD;CN) & 8.98 (s, 1H), 7.93 (d, J = 8.6 Hz,

_NH 1H), 7.86 (d, /= 8.0 Hz, 2H), 7.70 (d, /= 8.6 Hz, 1H), 7.62 (d, J =

o N 8.4 Hz, 2H), 7.48 (d, J = 8.0 Hz, 2H), 7.42 (d, J= 8.5 Hz, 2H), 3.51

O O (dd, J="7.1, 5.4 Hz, 2H), 3.38 (dd, J = 7.2, 5.2 Hz, 2H). *C NMR

Br © crs| (101 MHz, CD3CN) 6 199.2, 197.8, 147.5 143.4, 136.9, 1354,

5ac 133.0(q, J=32.3 Hz), 133.2,131.7,131.1, 128.4, 127.5(d,J=4.0

Hz), 126.9 (d, J = 4.0 Hz), 125.8 (q, J = 271.7 Hz ), 125.4 (q, J = 272.7 Hz), 124.3 (q, J = 32.3
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Hz),115.1, 33.7, 31.9. F NMR (565 MHz, CD3CN) & -62.1, -63.2. HRMS m/z (ESI) calcd. for
CasHisFsBrN2O2" [M+H]" 571.0456, found 571.0452

(E)-1-(4-iodophenyl)-5-(4-(trifluoromethyl)phenyl)-5-(2-(4-(trifluoromethyl)phenyl)-
hydrazineylidene)pentane-1,4-dione (Sad)

CF3 Sad was prepared following the General Procedure 3.5 as pale
yellow solid. Yield: 86%
'H NMR (400 MHz, CD3CN) & 8.98 (s, 1H), 7.92 (d, J = 8.0 Hz,

T 2H), 7.86 (d, J = 7.9 Hz, 2H), 7.77 (d, J = 8.0 Hz, 2H), 7.63 (d, J =

i N| 8.4 Hz, 2H), 7.48 (d, J = 8.0 Hz, 2H), 7.42 (d, J = 8.4 Hz, 2H), 3.51

O O (t, J= 6.3 Hz, 2H), 3.37 (t, J = 6.3 Hz, 2H). 13C NMR (101 MHz,

| o cr,| CDsCN)§199.5,197.8, 147.5, 143.4, 138.9, 137.3, 135.4, 131.5 (q,
5ad J =323 Hz), 131.3, 130.5, 127.5, 126.9, 125.7 (q, J = 271.7 Hz),

125.4 (q, J = 272.7 Hz), 123.9 (d, J = 32.2 Hz), 115.2, 101.2, 33.7, 31.9. ’F NMR (565 MHz,
CD3;CN) 6 -62.1, -63.2. HRMS m/z (ESI) calcd. for CasHisFeIN,O2" [M+H]" 619.0317, found
619.0311

(E)-1-([1,1'-biphenyl]-4-yl)-5-(4-(trifluoromethyl)phenyl)-5-(2-(4-(trifluoromethyl)phenyl)-
hydrazineylidene)pentane-1,4-dione (Sae)

CFs Sae was prepared following the General Procedure 3.5 as pale
yellow solid. Yield: 88%.

TH NMR (400 MHz, CD3CN) & 9.00 (s, 1H), 8.09 (d, J= 8.5 Hz,

NH 2H),7.85(d,J=7.9 Hz, 2H), 7.78 (s, 1H), 7.71 (d,J= 7.3 Hz, 1H),

i | 7.62 (d, J=8.5Hz, 2H), 7.55 - 7.40 (m, 7H), 3.53 (dd, /= 7.0, 5.1

O O Hz, 2H), 3.46 — 3.39 (m, 2H). 3C NMR (101 MHz, CDs;CN) §

Ph © crs| 199.6,197.9, 147.5, 146.2, 143.5, 140.6, 136.8, 135.5, 131.6 (q, J

5ae =32.3Hz), 131.3,130.0, 129.6, 129.3, 128.1 (q, /= 5.9 Hz), 127.5

(q,J=4.0 Hz), 126.9 (q, J = 4.0 Hz), 125.8 (q, J =272.7Hz), 125.3 (q, J = 271.7 Hz), 123.9 (q, J

= 32.5 Hz), 115.4, 115.2, 33.9, 32.1. ¥YF NMR (565 MHz, CD3CN) § -62.0, -63.1. HRMS m/z
(ESI) calcd. for C31H23FeN202" [M+H]" 569.1664, found 569.1661

(E)-1-(p-tolyl)-5-(4-(trifluoromethyl)phenyl)-5-(2-(4-(trifluoromethyl)phenyl)hydra-
zineylidene)pentane-1,4-dione (5af)

CFs Saf was prepared following the General Procedure 3.5 as pale
yellow solid. Yield: 86%.
'TH NMR (600 MHz, , CD3CN) 4 8.97 (s, 1H), 7.96 —7.91 (m, 2H),

NH 7.86 (d, J = 8.0 Hz, 2H), 7.62 (d, J = 8.5 Hz, 2H), 7.48 (d, J= 8.0

o N Hz, 2H), 7.42 (d, J = 8.6 Hz, 2H), 7.34 (d, J = 7.9 Hz, 2H), 3.49

O O (dd, J = 7.2, 5.4 Hz, 2H), 3.41 — 3.37 (m, 2H), 2.42 (s, 3H). 13C

Me © cr,| NMR (151 MHz, CD;CN) & 199.5, 198.0, 147.5, 145.0, 143.4,
5af 135.4,135.4, 131.5 (d, J=32.0 Hz), 131.3, 130.2, 129.0, 127.5 (q,

J=4.1Hz), 1269 (q, J = 3.8 Hz), 125.7 (q, J =272.7 Hz), 125.3 (q, J = 271.8 Hz), 123.8 (q, J =
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32.4Hz), 115.2,33.6,31.9,21.6. YF NMR (565 MHz, CD3CN) & -62.1, -63.2. HRMS m/z (ESI)
calcd. for C26H21FsN2O2" [M+H]" 507.1507, found 507.1504

(E)-1-(4-methoxyphenyl)-5-(4-(trifluoromethyl)phenyl)-5-(2-(4-(trifluoromethyl)phenyl)-
hydrazineylidene)pentane-1,4-dione (5ag)

CF;

.NH
I

5ag

MeO I

Sag was prepared following the General Procedure 3.5 as pale
yellow solid. Yield: 88%

'TH NMR (400 MHz, CD3CN) 4 8.96 (s, 1H), 8.01 (d, /=9.0 Hz,
1H), 7.86 (d, J = 8.0 Hz, 2H), 7.62 (d, J= 8.5 Hz, 2H), 7.48 (d, J
=8.0 Hz, 2H), 7.41 (d, J = 8.5 Hz, 2H), 7.01 (d, J = 8.9 Hz, 2H),
3.87 (s, 3H), 3.48 (t, J= 6.5 Hz, 2H), 3.36 (t, /= 6.3 Hz, 2H). BC
NMR (101 MHz, CD3CN) 6 198.4, 198.1, 164.5, 147.5, 143.5,
135.5,131.3,131.2, 130.8(q, /= 32.4 Hz),, 127.5 (q, /= 4.0 Hz),
127.0 (q,J=3.9 Hz), 123.9(q,J=32.4 Hz), 123.8, 123.1 (q, J =

272.7 Hz), 122.6 (q, J=272.7 Hz), 115.1, 114.7, 56.3, 33.5, 32.0. ’F NMR (565 MHz, CD3CN)
0 -62.1, -63.2. HRMS m/z (ESI) calcd. for CagH21FsN203" [M+H]" 523.1456, found 523.1449

(E)-1-(3-methoxyphenyl)-5-(4-(trifluoromethyl)phenyl)-5-(2-(4-(trifluoromethyl)phenyl)-
hydrazineylidene)pentane-1,4-dione (Sah)

;

NH
Nl,

O

“C

Sah was prepared following the General Procedure 3.5 as pale
yellow solid. Yield: 82%.

"H NMR (400 MHz, CD3CN) 6 8.98 (s, 1H), 7.86 (d, J= 8.0 Hz,
2H), 7.63 (dd, J = 8.0, 5.6 Hz, 3H), 7.53 (t, /=2.1 Hz, 1H), 7.51
—7.46 (m, 2H), 7.43 (dd, J = 8.2, 5.2 Hz, 3H), 7.19 (dd, J = 8.2,
2.7 Hz, 1H), 3.85 (s, 3H), 3.51 (t,J= 6.3 Hz, 2H), 3.41 (6, /= 6.3
Hz, 2H). 3C NMR (101 MHz, CD3CN) & 199.8, 197.9, 160.9,
147.5, 143.4, 139.4, 135.5, 131.5 (q, J = 32.0 Hz), 131.3, 130.8,

125.7(q,J=270.7 Hz), 123.9 (q, /= 32.5 Hz), 122.6 (q,J=271.7 Hz), 121.4, 120.0, 115.1, 113 .4,
56.1, 34.0, 32.0. F NMR (565 MHz, CD3;CN) 8 -62.1, -63.2. HRMS m/z (ESI) calcd. for
Ca6H21FsN2O3" [M+H]" 523.1456, found 523.1460

(E)-1-(2-methoxyphenyl)-5-(4-(trifluoromethyl)phenyl)-5-(2-(4-(trifluoromethyl)phenyl)-
hydrazineylidene)pentane-1,4-dione (5ai)
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CF3

NH
OMe O N~

|

5ai

Sai was prepared following the General Procedure 3.5 as pale yellow
solid. Yield: 78%.

TH NMR (600 MHz, CD3CN) 8 8.97 (s, 1H), 7.85 (d, J= 8.5 Hz, 2H),
7.68 —7.59 (m, 3H), 7.52 (ddd, /= 8.8, 7.2, 1.8 Hz, 1H), 7.47 (d, J =
7.9 Hz, 2H), 7.41 (d, J = 8.6 Hz, 2H), 7.12 (d, J = 8.3 Hz, 1H), 7.02
(td,J=7.6,1.0 Hz, 1H), 3.92 (s, 3H), 3.45 (t, /= 6.1 Hz, 2H), 3.36 (t,
J=6.4Hz, 2H). 3C NMR (151 MHz, CD3CN) 4 201.8, 198.1, 159.6,
147.5,143.5,135.5,134.5,131.4 (q,J=32.6 Hz), 131.3, 130.7, 129.0,

127.5(q,J=4.0 Hz), 126.9 (t,J= 3.8 Hz). 125.7 (q, J=270.3 Hz), 125.3 (q, /= 271.8 Hz), 124.0

(q,J = 32.5 Hz),

121.4,115.1, 113.1, 56.3, 39.1, 32.3. F NMR (565 MHz, CD3CN) § -62.0, -

63.2. HRMS m/z (ESI) calcd. for CagHz1FsN2O3* [M+H]* 523.1456, found 523.1459

(E)-1-cyclopropyl-5-(4-(trifluoromethyl)phenyl)-5-(2-(4-(trifluoromethyl)phenyl)-
hydrazineylidene)pentane-1,4-dione (5aj)

CF3

Saj was prepared following the General Procedure 3.5 as pale yellow
solid. Yield: 88%.

'TH NMR (600 MHz, CD3CN) & 8.93 (s, 1H), 7.86 (d, J = 8.0 Hz, 2H),
7.62 (d, J=8.6 Hz, 2H), 7.46 (d, J = 8.0 Hz, 2H), 7.40 (d, J = 8.6 Hz,
2H), 3.37 - 3.30 (m, 2H), 2.96 (dd, J = 7.0, 5.8 Hz, 2H), 2.12 — 2.02
(m, 1H), 1.00 — 0.78 (m, 4H). 3C NMR (151 MHz, CD3CN) § 210.2,
197.8, 147.5, 143.4, 135.5, 131.5 (q, J = 33.2 Hz), 131.3, 127.5 (d, J =
4.4 Hz), 126.9 (d, J = 4.4 Hz), 125.7 (q, J = 270.3 Hz), 1253 (q, J =
271.8 Hz), 123.8 (q, J = 32.5 Hz), 115.1, 38.1, 32.0, 21.3, 10.9. F

NMR (565 MHz, CD3CN) ) -62.1, -63.2. HRMS m/z (ESI) caled. for C2oHi9F¢N2O2" [M-FH]+

457.1351, found 457.1348

(E)-1-(4-(trifluoromethyl)phenyl)-1-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)oct-6-

yne-2,5-dione (5ak)

_NH

= I

5ak

Sak was prepared following the General Procedure 3.5 as pale yellow
solid. Yield: 80%.

'"H NMR (400 MHz, CD3CN) 8 8.97 (s, 1H), 7.86 (d, /= 7.9 Hz, 2H),
7.80 (s, 0H), 7.63 (d, J= 8.5 Hz, 2H), 7.44 (dd, J = 18.5, 8.2 Hz, 4H),
3.42 (t, J = 6.3 Hz, 2H), 2.91 (t, J = 6.5 Hz, 2H), 2.04 (s, 2H). 13C
NMR (101 MHz, CD3CN) & 197.4, 187.6, 147.4, 143.2, 135.3, 131.6
(g, J =323 Hz), 131.3, 127.5 (d, J = 4.0 Hz), 127.0 (d, J = 3.9 Hz),
126.1 (q, J = 270.7 Hz), 125.7 (q, J = 272.7 Hz), 124.4 (q, J = 32.3
Hz), 115.2,91.4, 80.4, 40.3, 31.8, 3.9. ’F NMR (565 MHz, CD3CN)

8 -62.1, -63.2. HRMS m/z (ESI) calcd. for CooH17FeN20," [M+H]* 455.1194, found 455.1193

(E)-1-(4-(trifluoromethyl)phenyl)-1-(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)non-8-

ene-2,5-dione (5al)
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CFs Sal was prepared following the General Procedure 3.5 as pale
yellow solid. Yield: 77%.
'"H NMR (400 MHz, CD3;CN) & 8.95 (s, 1H), 7.86 (d, J = 8.1 Hz,

NH 2H), 7.62 (d, J = 8.6 Hz, 2H), 7.46 (d, J = 8.0 Hz, 2H), 7.41 (d, J =

- o N 8.5 Hz, 2H), 5.86 (ddt, J = 16.8, 10.3, 6.5 Hz, 1H), 5.05 (dd, J =
17.2, 1.8 Hz, 1H), 4.97 (dd, /= 10.2, 1.7 Hz, 1H), 3.33 (dd, J= 7.1,

° cr,| 5.8 Hz, 2H), 2.81 (t, J = 6.4 Hz, 2H), 2.60 (t, J = 7.4 Hz, 2H), 2.39

5al ~2.24 (m, 2H). 3C NMR (101 MHz, CD3CN) § 209.8, 197.9, 147.5,

143.4, 138.7, 135.5, 131.9 (q, J = 32.3 Hz), 131.3, 127.5 (d, J = 4.0 Hz), 127.0 (d, J = 3.9 Hz),
125.8 (q, J=271.7 Hz), 125.3 (q, J =268.8 Hz), 123.9 (q, /= 32.4 Hz), 115.3, 115.1, 42.2, 37 .4,
31.8, 28.5. F NMR (565 MHz, CDsCN) & -62.1, -63.2. HRMS m/z (ESI) caled. for
C23H21FsN2O>" [M+H]" 471.1507, found 471.1507

(E)-1-(thiophen-3-yl)-5-(4-(trifluoromethyl)phenyl)-5-(2-(4-(trifluoromethyl)phenyl)-
hydrazineylidene)pentane-1,4-dione (Sam)

CFy Sam was prepared following the General Procedure 3.5 as yellow solid.
Yield: 84%.
'"H NMR (600 MHz, CD3CN) 8 8.98 (s, 1H), 7.91 (dd, J=3.7, 1.1 Hz,

NH 1H), 7.86 (d, J = 8.0 Hz, 2H), 7.79 (dd, J= 5.0, 1.1 Hz, 1H), 7.62 (d, J

O N = 8.7 Hz, 2H), 7.47 (d, J = 8.0 Hz, 2H), 7.42 (d, J = 8.5 Hz, 2H), 7.21

a (dd,J=5.0, 3.8 Hz, 1H), 3.50 (dd, J=7.2, 5.6 Hz, 2H). 3C NMR (101
s 0 cr,| MHz, CDsCN) 8 197.7,193.2, 147.5, 145.0, 143 .4, 135.4, 134.8, 133.5,
5am 131.5 (g, J = 33.2 Hz), 131.3, 129.5, 127.5 (d, J = 4.0 Hz), 127.0 (d, J

=3.9 Hz), 125.4 (q,J=271.7 Hz), 124.9 (q, J = 272.7 Hz), 123.9 (d, J
=32.4Hz),115.2,34.3,32.0. YF NMR (565 MHz, CD;CN) § -62.1, -63.2. HRMS m/z (ESI) calcd.
for C23H17SFeN202" [M+H]* 499.0915, found 499.0917

(E)-2-(2-0x0-3-(4-(trifluoromethyl)phenyl)-3-(2-(4-(trifluoromethyl)phenyl)hydra-
zineylidene)propyl)cyclohexan-1-one (5an)

San was prepared following the General Procedure 3.5 as pale yellow oil.
CFs Yield: 79%.

'H NMR (600 MHz, Acetonitrile-d3) & 8.92 (s, 1H), 7.87 (d, J = 7.7 Hz,

2H), 7.63 (d, J=8.5 Hz, 2H), 7.47 (d, J= 7.8 Hz, 1H), 7.41 (d, /= 8.5 Hz,

NH 2H), 3.64 (dd, J = 16.9, 7.9 Hz, 1H), 3.11 — 3.00 (m, 1H), 2.76 (dd, J =

! 16.9, 5.4 Hz, 1H), 2.45 (tdd, J = 13.6, 6.1, 1.2 Hz, 1H), 2.36 — 2.26 (m,

m 1H), 2.12 (dq, J =9.5, 3.1 Hz, 1H), 1.93 — 1.86 (m, 1H), 1.84 — 1.72 (m,

° cFs| 1H), 1.74 — 1.61 (m, 1H), 1.57 (qd, J=12.8, 3.8 Hz, 1H). 13C NMR (151

5an MHz, CD3;CN) 6 212.2, 197.8, 147.6, 143.8, 135.6, 131.5 (d, J=32.6 Hz),

131.3,127.5,126.9, 125.8 (q,J=271.8 Hz), 125.3 (q,J=270.3 Hz), 123.8 (d, /= 32.6 Hz), 115.1,

47.9,42.5,37.7,34.8,28.6,25.9. YF NMR (565 MHz, CD3CN) § -62.1, -63.2. HRMS m/z (ESI)
calcd. for C23H21FsN2O>" [M+H]" 471.1507, found 471.1504

5-(4-bromophenyl)-1-phenyl-5-(4-(trifluoromethyl)phenyl)-5-((4-(trifluoromethyl)phenyl)-
diazenyl)pentane-1,4-dione (5ba)
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Sba was prepared following the General Procedure 3.5 as pale
yellow oil. Yield: 88% (Yield: 82% for gram scale)

'"H NMR (600 MHz, CD3CN) 8 7.99 — 7.94 (m, 4H), 7.90 (d, J =
8.5Hz,2H), 7.74 (d,J=8.2 Hz, 2H), 7.65 — 7.60 (m, 3H), 7.51 (ddt,
J=28.7,7.6, 1.5 Hz, 2H), 7.49 — 7.46 (m, 2H), 7.26 — 7.20 (m, 2H),
3.33 — 3.26 (m, 2H), 3.03 — 2.89 (m, 2H). 1*C NMR (151 MHz,
5ba CD3;CN) 6 206.4,199.2, 154.6, 143.9, 138.5, 137.6, 134.1, 133.3 (q,
J=32.4Hz), 132.4,131.3 (q, J = 32.5 Hz), 129.6, 128.8, 127.6 (q, J = 4.3 Hz), 125.9 (q, /= 4.1
Hz),125.0 (q, J=272.7 Hz), 124.7 (q, ) = 271.8 Hz), 123.3, 93.5, 36.6, 33.5. ’'F NMR (565 MHz,
CD3;CN) 6 -63.2, -63.2. HRMS m/z (ESI) calcd. for C31H2BrFsN.O>" [M+H]" 647.0769, found
647.0765

4-(2,5-dioxo-5-phenyl-1-(4-(trifluoromethyl)phenyl)-1-((4-(trifluoromethyl)phenyl)-
diazenyl)pentyl)benzaldehyde (Sbb)

S5bb was prepared following the General Procedure 3.5 as pale
yellow s oil. Yield: 80%. ( Yield: 76% for gram scale)

TH NMR (600 MHz, CD3CN) & 10.06 (s, 1H), 8.02 — 7.85 (m, 8H),
7.75 (d, J = 8.2 Hz, 2H), 7.63 (t, J = 7.2 Hz, 1H), 7.57 — 7.36 (m,
6H), 3.31 (t, J = 6.2 Hz, 2H), 3.02 (t, J = 6.2 Hz, 2H). *C NMR
(151 MHz, CD:CN) 6 206.3, 199.2, 193.2, 154.6, 144.6, 143.7,
137.5,137.1, 134.1, 133.4 (q, J = 32.3 Hz), 131.4, 131.3, 130.6 (q,
J=32.1 Hz), 130.2, 129.6, 128.8, 127.6, 126.1, 125.2 (q, J = 272.7 Hz), 124.9 (q, J =271.8 Hz),
124.1,93.9, 36.7, 33.5. PF NMR (565 MHz, CD3CN) & -63.2, -63.2. HRMS m/z (ESI) calcd. for
C32H2FsN203" [M+H]* 597.1613, found 597.1619

5bb

5-(4-acetylphenyl)-1-phenyl-5-(4-(trifluoromethyl)phenyl)-5-((4-(trifluoromethyl)phenyl)-
diazenyl)pentane-1,4-dione (5bc)

Sbc was prepared following the General Procedure 3.5 as pale
yellow oil. Yield: 78%.

'H NMR (600 MHz, CD3CN) & 8.00 (d, J = 8.2 Hz, 2H), 7.96 —
7.92 (m, 3H), 7.88 (d, J = 8.3 Hz, 2H), 7.73 (d, J = 8.3 Hz, 2H),
7.62 —7.57 (m, 1H), 7.48 (dt, J=7.6, 3.4 Hz, 4H), 7.44 (d, J=8.2
Hz, 2H), 3.29 (t, J = 6.2 Hz, 2H), 3.00 (t, J = 6.2 Hz, 2H), 2.58 (s,
3H). BC NMR (151 MHz, CD3CN) & 206.4, 199.2, 198.5, 154.6,
144.1, 143.9, 137.8, 137.6, 134.1, 133.4 (d, J = 32.5 Hz), 131.4,
130.8, 130.6 (d, J=32.9 Hz), 129.6, 129.1, 128.8, 127.7, 126.1, 125.2 (q, J=270.7 Hz), 124.9 (q,
J=271.8 Hz), 124.1, 93.8, 36.7, 33.5, 27.1. ’F NMR (565 MHz, CD3CN) & -63.1, -63.2. HRMS
m/z (ESI) calcd. for C33HasFsN205" [M+H]" 611.1769, found 611.1764

4-(2,5-dioxo-5-phenyl-1-(4-(trifluoromethyl)phenyl)-1-((4-(trifluoromethyl)phenyl)-
diazenyl)pentyl)benzonitrile (Sbd)
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5bd was prepared following the General Procedure 3.5 as pale
yellow oil. Yield: 84%
'H NMR (600 MHz, CD3CN) & 7.99 — 7.92 (m, 4H), 7.92 — 7.87
(m, 2H), 7.80 — 7.73 (m, 4H), 7.61 (q, J = 9.0, 8.3 Hz, 1H), 7.50 (t,
J=28.0 Hz, 4H), 7.48 — 7.42 (m, 2H), 3.30 (t, /= 6.1 Hz, 2H), 3.00
(dd, J= 6.8, 5.4 Hz, 2H). 13C NMR (151 MHz, CDsCN) § 206.1,
5bd 199.2, 154.5, 144.6, 143.5, 137.5, 134.2, 133.5 (q, J = 32.4 Hz),
133.1, 132.6, 131.3, 130.7 (q, J = 32.2 Hz), 129.6, 128.8, 127.6,
126.3, 125.2 (q,J =271.8 Hz), 124.9 (q, J = 271.8 Hz), 124.1, 119.3, 112.9, 93.6, 36.7, 33.5. F
NMR (565 MHz, CD3CN) 6 -63.2, -63.2. HRMS m/z (ESI) calcd. for C32H2FsN3O2" [M+H]*
594.1616, found 594.1615

methyl 4-(2,5-dioxo-5-phenyl-1-(4-(trifluoromethyl)phenyl)-1-((4-(trifluoromethyl)-
phenyl)diazenyl)pentyl)benzoate (Sbe)

Sbe was prepared following the General Procedure 3.5 as pale
yellow s oil. Yield: 76%.

'H NMR (600 MHz, CD3CN) 8 8.06 (d, J = 8.3 Hz, 2H), 7.97 (d, J
= 7.8 Hz, 4H), 7.91 (d, J = 8.4 Hz, 2H), 7.75 (d, J = 8.3 Hz, 2H),
7.65 —7.61 (m, 1H), 7.54 — 7.43 (m, 6H), 3.91 (s, 3H), 3.31 (t, J =
6.2 Hz, 2H), 3.02 (td, J = 6.0, 2.2 Hz, 2H). 3C NMR (151 MHz,
5be CDsCN) 8 206.3, 199.1, 167.1, 154.6, 144.1, 143.8, 137.5, 134.1,
133.6 (q,J=31.7 Hz), 131.4, 131.2 (g, / = 31.7 Hz), 130.6, 130.4,
129.6, 128.8, 127.6, 126.0, 125.1 (q, J =271.8 Hz), 124.8 (q,J=271.8 Hz), 124.0, 93.9, 52.8, 36.7,
33.5. F NMR (565 MHz, CD3CN) § -63.2, -63.2. HRMS m/z (ESI) calcd. for C33H2sFsN2O4*
[M+H]" 627.1719, found 627.1721

1-phenyl-5,5-bis(4-(trifluoromethyl)phenyl)-5-((4-(trifluoromethyl)phenyl)diazenyl)-
pentane-1,4-dione (5bf)

S5bf was prepared following the General Procedure 3.5 as pale
yellow oil. Yield: 81%.

'TH NMR (600 MHz, CD3CN) § 7.99 — 7.94 (m, 4H), 7.91 (d, J =
8.3 Hz, 2H), 7.76 (d, J = 8.3 Hz, 4H), 7.65 — 7.61 (m, 1H), 7.51 (t,
J=17.6 Hz, 6H), 3.31 (t, /= 6.2 Hz, 2H), 3.01 (dd, /= 6.8, 5.6 Hz,
2H). BC NMR (151 MHz, CD3;CN) § 206.3, 199.2, 154.6, 143.7,
137.6, 134.1, 133.5 (q, J = 32.5 Hz), 131.3, 130.6 (q, J = 32.3 Hz),
Sbf 129.6, 128.8, 127.7, 126.2, 125.2 (q, J = 271.8 Hz), 124.9 (q, J =
271.8 Hz), 124.4,93.6, 36.7, 33.5. Y'F NMR (565 MHz, CD3CN) § -63.2, -63.2. HRMS m/z (ESI)
caled. for C3H21FoN2O2" [M+H]+ 637.153 8, found 637.1532

5-(4-nitrophenyl)-1-phenyl-5-(4-(trifluoromethyl)phenyl)-5-((4-(trifluoromethyl)phenyl)-
diazenyl)pentane-1,4-dione (5bg)
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Sbg was prepared following the General Procedure 3.5 as orange
oil. Yield: 93%.
'"H NMR (600 MHz, CD3;CN) 8 8.24 (d, J = 9.1 Hz, 1H), 8.00 —
7.94 (m, 4H), 7.91 (d, J = 8.4 Hz, 2H), 7.78 (d, J = 8.3 Hz, 2H),
7.65 — 7.60 (m, 1H), 7.56 — 7.47 (m, 6H), 3.32 (t,J = 6.2 Hz, 2H),
3.03 (td, J = 6.0, 3.4 Hz, 2H). 3C NMR (151 MHz, CDsCN) §
206.0, 199.2, 154.5, 148.7, 146.5, 143.4, 137.5, 134.2, 133.6 (q, J
obg =32.5Hz), 132.0, 131.2, 130.8 (q, /= 32.5 Hz), 129.6, 128.8, 127.7,
126.4, 125.2 (q, J = 271.8 Hz), 124.9 (q, J = 271.8 Hz), 124.2, 94.0, 37.1, 33.9. ’F NMR (565
MHz, CD3;CN) 6 -63.2, -63.2. HRMS m/z (ESI) calcd. for C31H22FsN3O4" [M+H]" 614.1515,
found 614.1508

1,5-diphenyl-5-(4-(trifluoromethyl)phenyl)-5-((4-(trifluoromethyl)phenyl)diazenyl)pentane-
1,4-dione (Sbh)

CF, Sbh was prepared following the General Procedure 3.5 as pale yellow
oil. Yield: 73%. The regioselectivity is determined by crude ’F NMR
O and "TH NMR.

N TH NMR (600 MHz, CDsCN) & 7.95 (dd, J= 8.7, 7.1 Hz, 4H), 7.89 (d,
N J=8.6 Hz, 2H), 7.71 (d, J = 8.3 Hz, 2H), 7.61 (t, J = 7.4 Hz, 1H), 7.52
Q Q ~7.42 (m, 7H), 7.37 — 7.32 (m, 2H), 3.34 — 3.24 (m, 2H), 3.06 — 2.94
o.| (m, 2H). BC NMR (151 MHz, CD;CN) 3 206.8, 199.3, 154.7, 144.4,
5bh 3 139.1, 137.6, 134.1, 133.3 (q, J = 32.6 Hz), 131.6, 131.0 (q, J = 32.6
Hz), 130.2, 129.6, 129.5, 128.8, 127.6, 125.8, 125.3 (q, J = 271.8 Hz), 125.0 (q, J = 271.8 Hz),
124.0, 94.1, 36.6, 33.6. 1°F NMR (565 MHz, CDsCN) § -63.1, -63.2. HRMS m/z (ESI) calcd. for
Ca1Ha3F6N202" [M+H]* 529.1327 found 529.1330

1-phenyl-5-(p-tolyl)-5-(4-(trifluoromethyl)phenyl)-5-((4-(trifluoromethyl)phenyl)diazenyl)-
pentane-1,4-dione (5bi)

CFy Sbi was prepared following the General Procedure 3.5 as pale yellow oil.
Yield: 68%. The regioselectivity is determined by crude F NMR and 'H
NMR.

O N TH NMR (600 MHz, CD3CN) 8 7.95 (dd, J = 13.2, 7.9 Hz, 4H), 7.89 (d, J =

o N 8.3 Hz, 2H), 7.71 (d, J = 8.3 Hz, 2H), 7.62 (t, J = 7.4 Hz, 1H), 7.50 (t, J =

Ph 7.6 Hz, 2H), 7.43 (d, J = 8.2 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 7.21 (d, J =

© O 8.0 Hz, 2H), 3.29 (td, /= 6.3, 4.5 Hz, 2H), 3.05 — 2.92 (m, 2H), 2.38 (s, 3H).

CF, 13C NMR (151 MHz, CD3CN) § 206.9, 199.3, 154.7, 144.5, 139.5, 137.6,

5bi 136.0, 134.1, 133.2 (q, J = 32.4 Hz), 131.6, 130.3 (q, J = 32.4 Hz), 130.2,

130.1, 129.6, 128.8, 127.6, 125.8, 125.3 (q, J = 271.8 Hz), 124.6 (q, J =271.8Hz), 124.0, 93.9,

36.5, 33.6, 21.1. F NMR (565 MHz, CD3CN) 8 -63.1, -63.2. HRMS m/z (ESI) calcd. for
C32H25FsN202" [M+H]* 583.1820 found 583.1817.
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5-(3-bromophenyl)-1-phenyl-5-(4-(trifluoromethyl)phenyl)-5-((4-(trifluoromethyl)phenyl)-
diazenyl)pentane-1,4-dione (5bj)

5bj was prepared following the General Procedure 3.5 as pale
yellow oil. Yield: 82%.

'H NMR (600 MHz, CD3CN) 6 7.99 — 7.92 (m, 4H), 7.92 — 7.88
(m, 2H), 7.74 (d, J = 8.3 Hz, 2H), 7.65 — 7.59 (m, 2H), 7.55 — 7.47
(m, 5H), 7.37 (td, J=17.9, 1.3 Hz, 1H), 7.28 — 7.23 (m, 1H), 3.30 (t,
J=6.2Hz,2H),2.99 (dd,J=6.9, 5.5 Hz, 2H). *C NMR (151 MHz,
CD3CN) 6 206.4,199.2, 154.6, 143.8, 141.8,137.6, 134.1, 133.4 (q,
J=31.6 Hz), 133.2, 132.4, 131.4, 131.3, 130.6 (q, J = 32.7 Hz),
129.6, 129.5, 128.8, 127.6, 126.1, 125.1 (q, J =271.8 Hz), 124.9 (q, J = 271.8 Hz), 124.1, 123.0,
93.4, 36.6, 33.5. ’F NMR (565 MHz, CD3CN) § -63.2, -63.2. HRMS m/z (ESI) calcd. for
C31H2BrFsN,O>" [M+H]" 647.0769 found 647.0764.

5bj

ethyl 3-(2,5-dioxo-5-phenyl-1-(4-(trifluoromethyl)phenyl)-1-((4-(trifluoromethyl)phenyl)-
diazenyl)pentyl)benzoate (5bk)

COOEt 5bk was prepared following the General Procedure 3.5 as pale
yellow oil. Yield: 84%.

TH NMR (600 MHz, CD3CN) 6 7.95 (d, /= 7.5 Hz, 1H), 7.87 — 7.83
(m, 4H), 7.80 (d, J = 8.5 Hz, 3H), 7.65 (d, J = 8.3 Hz, 2H), 7.51 (1, J
— 7.4 Hz, 1H), 7.46 (t, J = 7.7 Hz, 1H), 7.44 — 7.37 (m, 5H), 4.21 (q,
J=7.1Hz, 2H), 3.20 (t, J = 6.2 Hz, 2H), 2.92 (t, J = 6.2 Hz, 2H),
1.22(t,J=7.1 Hz, 3H). 3C NMR (151 MHz, CD3CN)  206.6, 199.2,
166.8, 154.7, 144.0, 139.8, 137.6, 135.0, 134.2 (q, J = 32.6 Hz),
134.1,131.8, 131.4, 131.4 (q, J=32.2 Hz), 131.2, 130.1, 129.8, 129.6, 128.8, 127.7, 126.2, 126.0
(q,J=271.8 Hz), 125.7 (q,J=271.8 Hz), 124.1,93.8, 62.1, 36.6, 33.5, 14.5. ’F NMR (565 MHz,
CDsCN) ¢ -63.1, -63.2.

5bk

5-(2-bromophenyl)-1-phenyl-5-(4-(trifluoromethyl)phenyl)-5-((4-(trifluoromethyl)phenyl)-
diazenyl)pentane-1,4-dione (5bl)

5bl was prepared following the General Procedure 3.5 as pale yellow
oil. Yield: 80%
'"H NMR (600 MHz, CD3CN) 8 8.01 (dd, J = 8.1, 1.4 Hz, 2H), 7.93
(s,4H), 7.80 (d, /= 8.6 Hz, 2H), 7.69 — 7.62 (m, 2H), 7.53 (t, J="7.7
Hz, 2H), 7.46 (d, /= 8.3 Hz, 2H), 7.31 (pd, J= 7.4, 1.8 Hz, 2H), 6.82
(dd, J/=17.3, 2.2 Hz, 1H), 3.54 — 3.40 (m, 3H), 3.35 — 3.28 (m, 1H).
Sbl 13C NMR (151 MHz, CD3CN) § 206.4 , 199.3, 155.0, 141.7, 140.5,
137.8, 134.8, 134.3, 134.0, 133.2 (q, J = 32.2 Hz), 131.0, 130.8, 129.6, 129.4 (q, J = 32.2 Hz),
128.8, 128.1, 127.7, 126.6, 125.5, 125.2 (q, J = 271.8 Hz), 125.0 (q, J =271.8 Hz), 123.9, 95.5,
37.4, 32.9. YF NMR (565 MHz, CDsCN) & -63.2, -63.2. HRMS m/z (ESI) caled. for
C31H2:BrFsN2O>" [M+H]" 647.0769 found 647.07609.
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2-(2,5-dioxo-5-phenyl-1-(4-(trifluoromethyl)phenyl)-1-((4-(trifluoromethyl)phenyl)-
diazenyl)pentyl)benzonitrile (Sbm)

Sbm was prepared following the General Procedure 3.5 as pale
yellow oil. Yield: 88%

TH NMR (600 MHz, CD3CN) 6 7.97 (dd, /= 10.3, 8.4 Hz, 4H), 7.92
(d, J = 8.4 Hz, 2H), 7.82 (t, J = 7.9 Hz, 3H), 7.65 — 7.59 (m, 2H),
7.52 (dt, J=21.3, 8.0 Hz, 5H), 7.01 (d, /= 8.0 Hz, 1H), 3.50 — 3.41
(m, 2H), 3.32-3.19 (m, 2H). 3C NMR (151 MHz, CD3CN) § 206.0,
Sbm 199.1, 154.5, 143.9, 141.4, 137.6, 135.1, 134.1, 133.6, 133.5(q, J =
32.3 Hz), 132.6, 131.2 (q, J = 32.5 Hz), 130.8, 129.8, 129.6, 128.8, 127.8, 126.7, 124.9 (q, J =
271.8 Hz), 125.2 (q, J = 271.8 Hz), 124.1, 119.7, 115.1, 95.0, 37.6, 32.9. ’F NMR (565 MHz,
CD3CN) 6 -63.2, -63.2. HRMS m/z (ESI) calcd. for C3,H21FsN3O2Na" [M+Na]* 616.1436 found
616.1436.

1-phenyl-5-(4-(trifluoromethyl)phenyl)-5-((4-(trifluoromethyl)phenyl)diazenyl)hexane-1,4-
dione (5bn)

CFs| Sbn was prepared following the General Procedure 3.5 as pale yellow
N O oil. Yield: 83%.

0 N® 'H NMR (600 MHz, CDsCN) & 7.99 (d, J = 8.3 Hz, 2H), 7.97 — 7.94
o (m, 2H), 7.91 (d, J = 8.4 Hz, 2H), 7.83 — 7.76 (m, 4H), 7.65 — 7.60 (m,
o or. | 1H). 750 (t./=7.7 Hz, 2H), 3.30 - 3.16 (m, 2H), 2.90 (td, /= 6.2, 3.1

3

Hz, 2H), 1.79 (s, 3H). 3C NMR (151 MHz, CD3CN) § 206.9, 199.2,
154.9, 146.2, 137.6, 134.1, 133.0 (q, J = 32.3 Hz), 130.3 (q, J = 32.4
Hz), 129.6, 128.9, 128.8, 127.6, 126.5, 125.3 (q, J =271.8 Hz), 125.1 (q, J = 271.8 Hz), 123.9,
86.9, 35.2, 33.0, 22.3. F NMR (565 MHz, CD3CN) & -63.1, -63.2. HRMS m/z (ESI) calcd. for
C26H21FsN2O2" [M+H]" 529.1327 found 529.1330.

(E)-1-(4-methoxyphenyl)-5-phenyl-2-(4-(trifluoromethyl)phenyl)-2-((4-(trifluoromethyl)-
phenyl)diazenyl)pentane-1,5-dione (5bo)

CFy S5bo was prepared following the General Procedure 3.5 as pale yellow
oil. Yield: 80%
'H NMR (600 MHz, CD;CN) 5 8.02 (d, J = 8.2 Hz, 2H), 7.84 (q, J =
o N o 8.5 Hz, 4H), 7.79 (d, J = 8.3 Hz, 2H), 7.77 — 7.74 (m, 2H), 7.57 — 7.53
N (m, 1H), 7.51 — 7.46 (m, 2H), 7.41 (t, J = 7.8 Hz, 2H), 6.79 — 6.71 (m,
Fh O 2H), 3.71 (s, 3H), 2.86 (ddd, J= 8.9, 6.1, 3.1 Hz, 2H), 2.83 — 2.75 (m,
O OMe| 1H), 2.70 (ddd, J = 13.9, 8.6, 6.8 Hz, 1H). 3C NMR (151 MHz,
CD3CN) 6 199.7,195.6,164.0, 154.9, 146.2, 137.6,134.2,133.9, 133.2
CFy (q, J = 32.7 Hz), 130.2 (q, J = 32.3 Hz), 129.4, 128.7, 128.5, 127.5,
5bo 127.1 (q, J =271.8 Hz), 126.9, 126.8 (q, J = 271.8 Hz), 126.4, 123.8,

114.6, 87.2, 56.2, 36.8, 33.2. YF NMR (565 MHz, CDsCN) & -63.0, -
63.2. HRMS m/z (ESI) calcd. for C32HasFsN2O3* [M+H]* 599.1769 found 599.1768.
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(E)-2-(2-0x0-3-(4-(trifluoromethyl)phenyl)-3-((4-(trifluoromethyl)phenyl)diazenyl)-
butyl)cyclohexan-1-one (Sbp)

CF;

N

"L
CF

5bp

3

Sbp was prepared following the General Procedure 3.5 as pale yellow
oil. Yield: 68%

TH NMR (600 MHz, CD3CN) 8 7.97 (dd, J=11.3, 8.4 Hz, 2H), 7.91 (t,
J=6.8 Hz, 2H), 7.80 (s, 2H), 7.79 — 7.72 (m, 2H), 3.00 — 2.87 (m, 2H),
2.45 —2.22 (m, 3H), 2.04 (ddt, J = 12.8, 6.3, 3.1 Hz, 1H), 1.96 — 1.90
(m, 1H), 1.81 — 1.64 (m, 5SH), 1.53 (dtd, J=17.6, 9.3, 4.5 Hz, 1H), 1.25
(ddt,J=25.2,12.7,3.9 Hz, 1H). ®C NMR (151 MHz, CD3CN) § 211.2,
205.8, 154.5, 145.9, 132.60 (d, J = 32.2 Hz), 129.82 (d, J = 32.3 Hz),
128.6, 128.5, 127.2, 126.0, 124.9 (q, J = 271.8 Hz), 124.6 (q, /= 271.8

Hz), 123.5, 86.6, 86.4, 46.4, 46.2, 41.9, 41.8, 40.6, 40.5, 34.1, 33.8, 28.2, 28.1, 25.4, 25.3, 22.0,
21.6. YF NMR (565 MHz, CDsCN) & -63.1, -63.1, -63.1, -63.2 HRMS m/z (ESI) calcd. for
CasHaoF6N2O,* [M+H]* 485.1664 found 485.1660.

ethyl (E)-2-0x0-1-(2-0x0-3-(4-(trifluoromethyl)phenyl)-3-((4-(trifluoromethyl)phenyl)-
diazenyl)butyl)cyclohexane-1-carboxylate (Sbq)

5bq 3

S5bq was prepared following the General Procedure 3.5 as pale yellow
oil. Yield: 71%

'"H NMR (400 MHz, CD3CN) & 7.96 (d, J = 8.5 Hz, 2H), 7.90 (d, J =
8.7 Hz, 2H), 7.78 (s, 4H), 4.28 — 3.87 (m, 2H), 3.12 - 2.99 (m, 1H), 2.96
—2.82 (m, 1H), 2.76 (ddt, J = 12.2, 10.4, 6.3 Hz, 1H), 2.36 — 2.27 (m,
1H), 1.87 — 1.78 (m, 1H), 1.77 — 1.70 (m, 3H), 1.26 — 1.12 (m, 3H). 3C
NMR (101 MHz, CD3CN) 6 208.0, 205.3, 172.8, 155.2, 146.4, 133.42
(q, J = 32.5 Hz), 130.66 (q, J = 32.4 Hz), 129.4, 129.2, 128.0,

126.9,125.7 ( q, J =271.7 Hz), 125.4 (q, J = 272.7 Hz), 124.3, 87.1, 62.0, 59.4, 45.8, 41.4, 41.0,
37.2, 36.0, 33.8, 33.5, 31.6, 28.0, 27.7, 27.4, 26.5, 25.5, 22.9, 22.4, 22.1, 21.9, 14.2. '°F NMR
(565 MHz, CDsCN) & -63.1, -63.2.

(E)-5-(4-benzoylphenyl)-5-((4-benzoylphenyl)diazenyl)-1-phenylhexane-1,4-dione (5br)

Ph._O
N
o Me
Ph
0 Ph
(0]
5br

Sbr was prepared following the General Procedure 3.7 as pale yellow
oil. Yield: 79%

'"H NMR (600 MHz, CD3CN) & 7.94 (d, J = 1.5 Hz, 6H), 7.87 — 7.84
(m, 2H), 7.81 (ddd, J =13.9, 8.3, 1.4 Hz, 3H), 7.76 — 7.71 (m, 2H), 7.70
—7.64 (m, 2H), 7.60 (td, J = 7.3, 1.3 Hz, 1H), 7.58 — 7.52 (m, 4H), 7.49
(t, J =7.8 Hz, 2H), 3.24 (td, ] = 6.1, 1.8 Hz, 2H), 2.94 (q, J = 6.3 Hz,
2H), 1.81 (s, 3H).

13C NMR (151 MHz, CD3CN) § 207.2, 199.2, 196.7, 196.5, 154.7,
146.3, 140.7, 138.3, 138.0, 137.8, 137.6, 134.0, 133.8, 133.5, 131.9,

131.1, 130.8, 130.7, 129.5, 129.4, 129.3, 128.7, 128.0, 123.1, 87.0, 35.2, 33.1, 22.3.
HRMS m/z (ESI) calcd. for C3sH21N204" [M+H]" 579.2284 found 579.2286.

S-68



(E)-1-((5-phenylthiophen-2-yl)methylene)-2-(4-(trifluoromethyl)phenyl)hydrazine (6a)

I N\ N-N
PhQ\ﬁ H

6a

CF3

6a was prepared following the General Procedure 3.8 as yellow oil. Yield:
87%

'TH NMR (600 MHz, CD3CN) 8 9.07 (s, 1H), 8.03 (s, 1H), 7.74 — 7.68
(m, 2H), 7.56 (d, J = 8.5 Hz, 2H), 7.47 — 7.42 (m, 2H), 7.39 (d, J = 3.8
Hz, 1H), 7.37 — 7.34 (m, 1H), 7.22 (d, J = 3.9 Hz, 1H), 7.18 (d, J = 8.4
Hz, 2H). 3C NMR (151 MHz, CD3CN) & 148.8, 145.2, 140.7, 135.3,

134.8, 130.1, 129.9, 129.0, 127.5, 126.5, 126.0 (q, J = 268.8 Hz), 124.8, 120.9 (q, J = 31.8 Hz),
112.7. F NMR (565 MHz, CD;CN) & -61.6. HRMS m/z (ESI) caled. for CigHisF3NoS* [M+H]*
347.0830 found 347.0827.

(E)-4-hydroxy-1-phenyl-5-(4-(trifluoromethyl)phenyl)-5-(2-(4-(trifluoromethyl)-
phenyl)hydrazineylidene)pentan-1-one (6b)

CF3

_NH

Ph
OH

6b

6b was prepared following the General Procedure 3.10 as yellow oil.
Yield: 87%

TH NMR (600 MHz, CD3CN)) 8 8.91 (s, 1H), 7.85 (d, J = 8.0 Hz, 2H),
7.61 (d, J = 8.5 Hz, 2H), 7.45 — 7.40 (m, 4H), 7.38 (t, J = 7.6 Hz, 2H),
7.34 —7.28 (m, 3H), 4.77 (t, J = 6.4 Hz, 1H), 3.50 (s, 1H), 3.11 (td, J =
7.5, 4.6 Hz, 2H), 2.11 — 2.04 (m, 2H). *C NMR (151 MHz, CDsCN) §
199.2,147.4,146.3,143.4,135.5,131.2,129.1, 128.0, 127.5(q,J=271.8
Hz), 127.4,127.0 (q, J=271.8 Hz), 126.8, 123.7 (q, J = 32.3 Hz), 115.0,

73.7, 35.3, 33.9. YF NMR (565 MHz, CD3CN) § -62.0, -63.1. HRMS m/z (ESI) calcd. for
C25H21FsN2O>" [M+H]" 495.1507, found 495.1512.

(E)-1-phenyl-5-(4-(trifluoromethyl)phenyl)-5-(2-(4-(trifluoromethyl)phenyl)-
hydrazineylidene)pentane-1,4-diol (6¢)

.NH
OH

Ph
OH

6¢c

6¢ was prepared following the General Procedure 3.11 as yellow oil.
Yield: 93%. d.r. = 1:1

TH NMR (600 MHz, CDCI3) 8 7.72 (dd, J = 13.1, 8.0 Hz, 2H), 7.41 (d,
J=18.3 Hz, 2H), 7.38 — 7.34 (m, 2H), 7.34 — 7.30 (m, 1H), 7.27 — 7.14
(m, 4H), 6.94 (d, J = 8.4 Hz, 2H), 4.64 (m, 1H), 4.57 (m, 1H), 1.89 —
1.80 (m, 2H), 1.71 (m, 1H), 1.55 (m, 1H).3C NMR (151 MHz, CDCl;3)
0 146.5, 145.5, 143.5, 134.0, 127.5, 127.5, 126.6, 125.8, 125.6, 125.3 (q,
J=271.8 Hz), 125.0 (125.3 (q, J=271.8 Hz), 124.7, 124.7, 120.6 (q, J

=32.5Hz), 111.4, 73.2, 72.6, 33.7, 33.4, 30.2, 29.9. YF NMR (565 MHz, CDCl3) 5 -61.4, -61.4,
-62.9, -63.0. HRMS m/z (ESI) calcd. for C2sHasFsN2O2" [M+H]* 497.1664, found 497.1660.

(E)-1-((5-phenyltetrahydrofuran-2-yl)(4-(trifluoromethyl)phenyl)methylene)-2-(4-
(trifluoromethyl)phenyl)hydrazine (6d)
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CFs 6d was prepared following the General Procedure 3.12 as yellow oil.
Yield: 8%. d.r. = 1:1
p trans-6d: '"H NMR (600 MHz, CDsCN) & 8.16 (s, 1H), 7.87 (d, J =
T 8.0 Hz, 2H), 7.62 (d, J = 8.0 Hz, 2H), 7.51 (d, J = 8.6 Hz, 2H), 7.35
PO N‘NH@CFC" (d,J=5.8 Hz, 4H), 7.28 (dt, J= 5.1, 2.6 Hz, 1H), 7.19 (d, J = 8.5 Hz,
6d-trans 2H), 5.13 (dd, J = 7.7, 6.5 Hz, 1H), 4.80 (dd, J = 8.7, 5.9 Hz, 1H),
2.31 —2.25 (m, 2H). 13C NMR (151 MHz, CD3;CN) & 149.2, 147.9,
144.2,137.6,130.8, 129.2, 128.1, 127.2, 127.0, 126.6, 126.0 (g, J=271.8 Hz ), 125.3 (q,J=271.8
Hz), 121.2 (q,J=32.6 Hz), 118.3, 113.3, 83.7, 81.9, 36.0, 30.4. 1°’F NMR (565 MHz, CD3CN) §
-61.6, -63.1. HRMS m/z (ESI) calcd. for C2sH21F¢N20O2" [M+H]" 479.1558, found 479.1560.
Ph cis-6d: "TH NMR (600 MHz, CD3CN) & 10.62 (s, 1H), 7.94 (d, J=8.2
Cb Hz, 2H), 7.72 (d, J = 8.3 Hz, 2H), 7.51 (dt, J = 22.2, 7.2 Hz, 6H),
. C@NH : 7.44 (d,J="7.3 Hz, 1H), 7.00 (d, J = 8.4 Hz, 2H), 5.43 (dd, /= 9.3,
° N7 6.9 Hz, 1H), 5.08 (t,J=7.4 Hz, 1H), 2.62 —2.52 (m, 2H), 2.28 — 2.15
/\©\CF3 (m, 2H). 3C NMR (151 MHz, CD3CN) 6 148.6, 142.1, 142.1, 142.0,
Cis-6d 129.8, 129.2, 127.6, 127.4, 127.4, 126.1, 126.0 (q, J = 271.8 Hz),
125.4(q,J=271.8 Hz), 121.6 (q, J=32.2 Hz), 113.2, 83.0, 80.1, 33.2, 31.4. ’F NMR (565 MHz,
CD3;CN) 6 -61.7, -63.0.

(E)-4-((4-(trifluoromethyl)phenyl)(2-(4-(trifluoromethyl)phenyl)hydrazineylidene)methyl)-
benzaldehyde (7a)

FsC 7a was prepared following the General Procedure 3.9 as yellow oil.
O Yield: 73%. E/Z ratio > 10:1
TH NMR (600 MHz, CDCl3)  10.02 (s, 1H), 7.92 (d, J = 7.8 Hz, 2H),

7.9 Hz, 4H), 7.18 (d, J = 8.3 Hz, 2H), 3.37 (br, 1H).
B3C NMR (151 MHz, CDCI3) ¢ 191.7, 146.1, 142.8, 135.9, 135.3,
OHC 129.8,129.7,127.2,126.9,126.8, 126.7,126.5 (q,J =271.8 Hz ), 126.0

T2 (q, ] =271.8 Hz ), 124.8, 123.0, 122.7, 122.0 (q, J = 32.4 Hz)113.0.
F NMR (565 MHz, CDCl3) § -61.5, -62.9. HRMS m/z (ESI) calcd. for C2,HisFsN2O* [M+H]*
437.1089, found 437.1087.

—N — = =
- OCFS 7.85 (d, J = 8.0 Hz, 2H), 7.70 (d, J = 7.4 Hz, 3H), 7.52 (dd, J = 12.0,

(Z2)-1-(4-(trifluoromethyl)phenyl)-2-(1-(4-(trifluoromethyl)phenyl)ethylidene)hydrazine
(7b)

7b was prepared following the General Procedure 3.9 as yellow oil.

FsC
Yield: 92%.
- NH@CFS IH NMR (600 MHz, CDCl5) § 7.90 (d, J = 8.2 Hz, 2H), 7.66 — 7.63 (m,
wa 3H), 7.54 (d, J = 8.4 Hz, 2H), 7.24 (d, J = 8.4 Hz, 2H), 2.29 (s, 3H).13C
. NMR (151 MHz, CDCL3) & 147.1, 141.9, 141.1, 126.7, 126.5 (q, J =
271.8 Hz), 126.0 (q,J=271.8 Hz )125.8, 125.3, 122.3 (q, J = 32.4 Hz),
112.8, 11.9.1F NMR (565 MHz, CDCl3) § -61.3, -62.5. HRMS m/z (ESI) calcd. for C16H;3FeN,"
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[M+H]" 497.1664, found 497.1660. HRMS m/z (ESI) calcd. for C1sH13FsN2" [M+H]" 347.0983
found 347.0988.

(Z)-1-methyl-1-(4-(trifluoromethyl)phenyl)-2-(1-(4-(trifluoromethyl)phenyl)-
ethylidene)hydrazine (7b-1)
7b-1 was prepared following the general Procedure 3.13.

FaC
Me TH NMR (600 MHz, Chloroform-d) & 8.03 (d, J = 8.0 Hz, 2H), 7.74 —
A )—cry| 7.65 (m, 2H), 7.52 (d, I = 8.4 Hz, 2H), 7.00 (d. ] = 8.4 Hz, 2H), 3.23
_N/ 3
Me

(s, 3H), 2.40 (s, 3H).

13C NMR (151 MHz, CDCL) § 164.4, 153.0, 141.1, 131.81 (q, J =
7b-1 32.6 Hz) 127.0, 126.1, 126.1, 126.1, 125.4, 125.4, 125.3 (q, J=271.8

Hz), 124.5 (q, J=271.8 Hz), 121.50 (q, J = 32.6 Hz) 114.3,, 42.1, 16.9. F NMR (565 MHz,

CDCL) § -61.3, -62.7.

(Z2)-(4-(2-(1-(4-benzoylphenyl)ethylidene)hydrazineyl)phenyl)(phenyl)methanone (7¢)

PhOC 7¢ was prepared following the General Procedure 3.9 as yellow oil.

Yield: 79%.
N~ )—-copn| 'H NMR (600 MHz, CDCl5) 8 7.94 — 7.89 (m, 3H), 7.86 (dd, J =
e 8.5, 4.2 Hz, 4H), 7.83 — 7.80 (m, 2H), 7.78 — 7.75 (m, 2H), 7.63 —
7c

7.59 (m, 1H), 7.56 (d, J = 7.2 Hz, 1H), 7.49 (m, 4H), 7.27 (s, 1H),
2.34 (s, 3H). 3C NMR (151 MHz, CDCls) § 196.2, 195.4, 148.2,
142.3, 142.0, 138.6, 137.6, 136.9, 132.7, 132.5, 131.7, 131.0, 130.4, 130.1, 130.0, 129.7, 129.5,
128.5, 128.3, 128.1, 125.4, 112.5, 12.0. HRMS m/z (ESI) caled. for Ci6HsFsN2* [M+H]*
497.1664, found 497.1660.

5-(4-bromophenyl)-1-phenyl-5-(4-(trifluoromethyl)phenyl)-5-(2-(4-(trifluoromethyl)-
phenyl)hydrazineyl)pentane-1,4-dione (7d)

CF3 7d was prepared following the General Procedure 3.10 as yellow oil.
Yield: 92%

'TH NMR (600 MHz, CD3CN) & 7.94 — 7.89 (m, 2H), 7.70 (d, J = 8.3 Hz,
2H), 7.63 — 7.59 (m, 3H), 7.57 (d, J = 8.6 Hz, 2H), 7.51 — 7.44 (m, 4H),
7.37(d,J=8.7Hz, 2H), 7.16 (d, J = 8.5 Hz, 2H), 5.89 (br, 1H), 5.22 (br,
1H), 3.16 (dd, J = 6.9, 5.0 Hz, 2H), 3.09 (dd, J = 7.0, 4.9 Hz, 2H). 13C
NMR (151 MHz, CD3CN) & 208.8, 199.8, 153.5, 145.6, 140.2, 137.7,
134.1, 132.3, 131.9, 130.7, 130.11 (q, J = 32.3 Hz), 129.6, 128.8, 127.0,
126.1 (q,J=271.8 Hz ), 126.0, 125.3 (q, J=271.8 Hz), 122.6, 120.7 (q,
J=32.5Hz),114.2, 79.0, 33.4, 33.3. ’F NMR (565 MHz, CD3CN) § -
61.5, -63.0. HRMS m/z (ESI) calcd. for C31H23BrFsN2O2" [M+H]" 649.0925, found 649.0920.
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VII. NMR Spectra

Compound 1a, "TH NMR (400 MHz, CDCl5)
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'H NMR (400 MHz, CDCls)
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Compound 1b, F-NMR (376 MHz; CDCl3)
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Compound 1d, 'H NMR (400 MHz, CDCls)
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Compound 1e, '"H NMR (400 MHz, CDCls)
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Compound 1f, '"H NMR (400 MHz, CDCl;3)
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Compound 1g, "TH NMR (400 MHz, CDCl5)
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Compound 1h, 'H NMR (400 MHz, CDCls)
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Compound 1i, 'TH NMR (400 MHz, CDCls)
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Compound 1j, '"H NMR (400 MHz, CDCl;3)

6L
mm,rW.
96'L
95T
95T
LST
85T
65T
09C
€Te
mN.mW
e

L6'e—

S56'9
869
869
86'9
00'¢
00°Z
0L
20°L
9L
wq.n./
Sv'L
oL
L
e
8v'L
6vL
eLL
vLL
SLL
oLL

OMe O

4

Feso

Fooz

Feoz

Fuae

Fooz

Fse0

E80

7.5

8.0

8.5

T

T
9.0

9.5

10.0

45 40 35 30 25 20 15 10 05 00 -05

5.0

6.0 5.5
Compound 1j, 3C-NMR (101 MHz;

6.5

7.0

1 (ppm)

DCls)

Q

-~

preL—

L9y —

ov'SS—

v289—
89'9L
oo,RW
[
(88—

LGLLL—
S9°02L—
LW'LzL—

St'ogEL—
SLEEL—

LL8SL—

9G'66L—

by

s

L

T
150

160

T T
190 180

T
200

120 10 100 90
1 (ppm)

T
130

140

T
170

T
210

S-82



mm.o
nw.cW
680
9Tl
@Z
vl
9S'L
(ST
65 T\.

€6l
mm._.W.
ve'L
6ET
we
e
EV'e
1444
e
Sv'e
oav'T
€9
v9C
S9T
99T

9T L—

Compound 1k, 'H NMR (400 MHz, CDCls)

nBu

§

1k

|

Fue

Wmm.w

Feun

Feco

Fese
Fooz

7.0

75

3.0 25 20 15 10 0.5 0.0 -0.5

35

4.0
1 (ppm)

Compound 1k, 3C-NMR (101 MHz; CDCls)

4.5

5.0

55

6.0

6.5

6T~
66'€L~"

svzz—
orez”
v8'8z—
vSle—

L2~
veer—

8589—
89°9L
oo.RW
TEeLL
8L'eg—

8L'80C—

T T
190 180

T
200

T
100 80

T
110

120

T
160

170

T
210

1 (ppm)

S-83



Compound 11, 'H NMR (400 MHz, CDCls)
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Compound 1m, 'H NMR (400 MHz, CDCls)
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Compound 1n, 'H NMR (400 MHz, CDCls)
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Compound 1o, "TH NMR (400 MHz, CDCl5)
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Compound 1p, 'H NMR (400 MHz, CDCls)
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Compound 1r, '"H NMR (600 MHz, CDCls
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Compound 1s, "TH NMR (600 MHz, CDCl5)
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Compound 1ab, 'H NMR (600 MHz, CDCls)
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Compound 1ac, 'H NMR (600 MHz, CDCls)
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Compound 1ad, 'H NMR (600 MHz, CDCls)
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Compound 1ae, 'H NMR (400 MHz, CDCls)
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TH NMR (600 MHz, CDCls)
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Compound 1ag, '"H NMR (600 MHz, CDCl3)
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Compound 1ah, "TH NMR (600 MHz, CDCls)
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Compound 1ah, YF NMR (565 MHz, CDCls)
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Compound 1ai, "H NMR (600 MHz, CDCl5)
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Compound 1ak, 'TH NMR (600 MHz, CDCls)
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Compound 1al, "TH NMR (600 MHz, CDCl5)
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Compound 1an, 'TH NMR (600 MHz, CDCls)
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Compound 4a, "TH NMR (600 MHz, CDCl5)
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Compound 4a, YF NMR (565 MHz, CDCls)
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Compound 4b, ’F NMR (565 MHz, CDs;CN)
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Compound 4¢, '"H NMR (400 MHz, CD3;CN)
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Compound 4g, "H NMR (400 MHz, CD3;CN)
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Compound 4h, 'H NMR (400 MHz, CD3;CN)
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Compound 4i, "TH NMR (600 MHz, CD3CN)
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Compound 4j, '"H NMR (600 MHz, CD3;CN)
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Compound 4m, 'H NMR (400 MHz, CD3CN)
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Compound 4m, F NMR (565 MHz, CD3;CN)

©
o
©

0 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 ﬂ—100)-110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
(ppm

S-122



Compound 4n, 'H NMR (400 MHz, CD3;CN)
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Compound 4n, ’F NMR (565 MHz, CD3;CN)
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Compound 40, YF NMR (565 MHz, CD3;CN)
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Compound 4p, 'H NMR (400 MHz, DMSO-dy)
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Compound 4aa, 'H NMR (600 MHz, CDCl3)
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Compound 4aa, ’F NMR (565 MHz, CDCls)
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Compound 4ab, 'H NMR (600 MHz, CDCls)
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Compound 4ab, F NMR (565 MHz, CDCls)

-61.68

10 0 -0 -20 -30 -40 -50 -60 -70 -80 -90 f1-100)-110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
(Ppm

S-131



Compound 4ac, 'H NMR (600 MHz, CDCls)
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Compound 4ac, ’F NMR (565 MHz, CDCl3)
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Compound 4ad, F NMR (565 MHz, CDCls)
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Compound 4ae, 'H NMR (600 MHz, CD3CN)
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Compound 4ae, ’F NMR (565 MHz, CD3;CN)
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(600 MHz, CDsCN)
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Compound 4af, ’F NMR (565 MHz, CD3;CN)
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Compound 4ag, ’F NMR (565 MHz, CD3;CN)
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Compound 4ah, "TH NMR (600 MHz, CDCls)
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Compound 4ah, ’F NMR (565 MHz, CDCl3)
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Compound 4ai, YF NMR (565 MHz, CD3CN)
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Compound 4aj, 'H NMR (600 MHz, CDCls)
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Compound 4aj, ’F NMR (565 MHz, CDCl3)
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Compound 4ak, "H NMR (600 MHz, CD;CN)
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Compound 4ak ’F NMR (565 MHz, CD3;CN)
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Compound 4al, "TH NMR (600 MHz, CD3CN)
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Compound 4al ’F NMR (565 MHz, CD3;CN)
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Compound 4am F NMR (565 MHz, CD;CN)
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Compound 4an ’F NMR (565 MHz, CD3;CN)
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Compound 420, "H NMR (600 MHz, CD3;CN)
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Compound 420 ’F NMR (565 MHz, CD3;CN)
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(400 MHz, CD;CN)

MR

4

Compound 4ba, '"H

S6°L
S6'L
96L

(N

e/
&t/

or'e
e
e
ere
0s'e
1S€
5
€G'E

£6'€—

oL
L
182
€5°L
8S°L
L9°L
9L
9L
€94
VoL
€08
mo.wV.

mo.w\
L8

oL'8

68—

COOMe

I=
P4

Ph

CF3

4ba

9z
14%4

LTe

prory
622
oze

Foze
Feo0z

Foo

0.0

T
0.5

1.0

T

16

2.0

T

25

T

3.0

T T
40 35

45

T T T
65 60 655

7.0

75

T

8.5

5.0
1 (ppm)

8.0

95 90

10.0

88'LE~
89'€E—

98'C5—

€0'SLL
9z'8LL
8E'EZL
65°€ZL
L8'€ZL
Z0vzLy

L2zl

Compound 4ba, >C NMR (151 MHz, CD3;CN)

95921
ov'zzi~}
[T
sv'LzL
8y LTl
18'82L
55621
LLOEL
¥8'0EL
98'LEL
L6°EEL
S8'GEL
£8'LEL

L8'EvL
EV'LvL

6Z'L9L—

06'L6L~
16'66L—

210 200

180 170 160 150 140 130 120 1‘10f1 100 90 80 70 60 650 40 30 20 10 0 -10
(ppm)

190

S-158



Compound 4ba ’F NMR (565 MHz, CD3;CN)
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Compound 4bb, 'H NMR (400 MHz, CD3;CN)
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Compound 4bb ’F NMR (565 MHz, CD3CN)
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Compound 4bc, "TH NMR (400 MHz, CD3;CN)
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Compound 4bc ’F NMR (565 MHz, CD3;CN)
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Compound 4bd, 'H NMR (400 MHz, CD3CN)
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Compound 4bd ’F NMR (565 MHz, CD3CN)
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Compound 4be ’F NMR (565 MHz, CD3;CN)
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Compound 4bf F NMR (565 MHz, CD3;CN)

-62.07

T T T T T T T T T T T T T T T T T T T T T
10 o -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm)

S-169



96'8—

Compound 4bg, "TH NMR (600 MHz, CD3;CN)
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Compound 4bg °’F NMR (565 MHz, CD3;CN)
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Compound 4bh ’F NMR (565 MHz, CD3CN)
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Compound 4bi F NMR (565 MHz, CD3CN)
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Compound 4bj, "TH NMR (600 MHz, CD3CN)
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Compound 4bj F NMR (565 MHz, CD3;CN)

-61.98

10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 f1—100)-110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
(Ppm

S-177



Compound 4bk, '"H NMR (600 MHz, CD3;CN)
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Compound 4bk ’F NMR (565 MHz, CD3CN)
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Compound 4bl F NMR (565 MHz, CD3CN)
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Compound 5a, "H NMR (400 MHz, CD3;CN)
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Compound 5a F NMR (565 MHz, CD3;CN)
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Compound 5b, 'H NMR (600 MHz, CD3CN)
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Compound 5b PF NMR (565 MHz, CD3CN)
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Compound 5d, 'H NMR (400 MHz, CD3;CN)
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Compound 5f, '"H NMR (400 MHz, CDs;CN)
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Compound 5h, 'H NMR (600 MHz, CD3CN)
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Compound 5k, ’F NMR (565MHz, CD3CN)
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Compound 51, "TH NMR (400 MHz, CD3CN)
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Compound 5m, 'H NMR (600 MHz, CD3;CN)
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Compound 5n, 'H NMR (600 MHz, CD3CN)
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Compound 50, YF NMR (565 MHz, CD3;CN)
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Compound 5p, ’F NMR (565 MHz, CDs;CN)
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Compound 5q, ’F NMR (565 MHz, CDs;CN)
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Compound 5aa, ’F NMR (565 MHz, CD3;CN)
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Compound 5ab, F NMR (565 MHz, CD3CN)
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Compound Sac, ’F NMR (565 MHz, CD3;CN)
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Compound 5ad, "H NMR (400 MHz, CD3;CN)
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Compound 5ad, YF NMR (565 MHz, CD3CN)
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(400 MHz, CD3CN)
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Compound Sae, ’F NMR (565 MHz, CDs;CN)
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Compound 5af, ’F NMR (565 MHz, CD3;CN)
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Compound 5ah, YF NMR (565 MHz, CD3CN)
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600 MHz, CD3CN)
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Compound 5ai, YF NMR (565 MHz, CD3CN)
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Compound 5aj, ’F NMR (565 MHz, CD3;CN)
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Compound 5ak, F NMR (565 MHz, CD3CN)
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Compound 5al, YF NMR (565 MHz, CD3CN)

62.08
-63.20

-66.5 -67.0 -67.56 -68.0 -568.5 -569.0 -569.5 -60.0 -60.5 -61.0 -61.5 -f612,0 -()52.5 -63.0 -63.5 -64.0 -64.5 -65.0 -65.5 -66.0 -66.5 -67.0 -67.5 -68.!
(Ppm

S-229



600 MHz, CDsCN)

)
«
~

Compound 5am, 'H NM

S6'L
961
961
96'L
61 \

6L

VEE
SEE
9g'e
9Ee
72
0S'E
LSE
AR

e
iz
2z L

L]
L

Ly
8L

L9°Ly
€9/
8L L

A
6L'L]
6,17

—_—rr—

18

o
(&
~

062

0 = =
255
St

CF3
.NH

E€2C
vz

vo'L
M\.oo,N
Sz
OLT
/660
wMo_. (4
el

00l

T T
05 0.0

1.0

15

2.0

25

T T T
40 35 3.0

45

5.0

8‘5 7;0 6.‘5 6:0 5 ﬁ)j;?m)
Compound 5am, 3C NMR (101 MHz, CDs;CN)

T
7.5

8.0

T
9.0

10.0 95

T
10.5

1.0

€02~
STveE—

8LSLL
8Z'8lL
vZeL
Lzl
sr'ezL
LgTL
ve'ETL
60721
ov'vzL
99zl
269211
96'92L
05221
vLeL
L7621
8v0EL
LL0gL
v8'0EL
8801+
LO'LELY

LU

SO'LELN
seLeL—
LSeeEL—
n\.,va\
8E'SEL

SEEVL~
86'7vL—
Livt—

8L'e6L—
89'/6L—

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

210

1 (ppm)

S-230



Compound 5am, ’F NMR (565 MHz, CD3;CN)
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Compound 5an, YF NMR (565 MHz, CD3CN)
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Compound 5ba, YF NMR (565 MHz, CD3CN)
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Compound 5bb, F NMR (565 MHz, CD3;CN)
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Compound 5be, 'TH NMR (600 MHz, CD3;CN)
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Compound 5bc, ’F NMR (565 MHz, CD3;CN)
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Compound 5bd, 'H NMR (600 MHz, CD3;CN)
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Compound 5bd, F NMR (565 MHz, CD3;CN)
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Compound 5be, 'TH NMR (600 MHz, CD3;CN)
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Compound 5be, ’F NMR (565 MHz, CD3;CN)
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Compound 5bf, "TH NMR (600 MHz, CD3CN)
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Compound 5bf, F NMR (565 MHz, CD3CN)
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Compound 5bg, "TH NMR (600 MHz, CD3;CN)
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Compound 5bg, F NMR (565 MHz, CD3CN)
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Compound 5bh, "H NMR (600 MHz, CD3CN)
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Compound 5bh, F NMR (565 MHz, CD3;CN)
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Compound 5bi, 'H NMR (600 MHz, CD3CN)
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Compound 5bi, ’F NMR (565 MHz, CD3;CN)
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Compound 5bj, "TH NMR (600 MHz, CD3CN)
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Compound 5bj, F NMR (565 MHz, CD3CN)
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Compound 5bk, "H NMR (600 MHz, CD3CN)
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Compound 5bk, PF NMR (565 MHz, CD3;CN)
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Compound 5bl, F NMR (565 MHz, CD3;CN)
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Compound 5bm, 'H NMR (600 MHz, CDsCN)
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Compound 5bm, ’F NMR (565 MHz, CD3;CN)
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Compound 5bn, PF NMR (565 MHz, CD3;CN)
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Compound 5bo, 'TH NMR (600 MHz, CD3;CN)
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Compound 5bo, YF NMR (565 MHz, CD3CN)
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Compound 5bp, F NMR (565 MHz, CD3;CN)
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Compound 5bq, 'H NMR (600 MHz, CD3;CN)
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Compound 5bq, 'F NMR (565 MHz, CD3;CN)
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Compound 5br, "TH NMR (600 MHz, CD3;CN)
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Compound 6a, "H NMR (600 MHz, CD3;CN)
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Compound 6a, ’F NMR (565 MHz, CD3;CN)
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600 MHz, CDsCN)

(

&
4

M

Compound 6b, 'H

96'L
96'L
96'L
S0T
90
L0T
0T
80
80T

60T
60T
144

oLe
oLe
e
fA%
e
eLe

Uy
R,QW.
8LV

87
oL
0g¢
LEL
LEL
et
€€
e

8€L
8€LA
6L
6L~
wie
Wi

L
L
4
£V
vl
L9,
9L
8L
98°L
68—

CF3

OH

Ph

Fsaz

Faz
Fse0

Foot

Tow.m

Feze
m\vmm.p

F ot

0.0

0.5

40 35 30 25 20 15 1.0

4.5

5.0

1 (ppm)

Compound 6b, 3C NMR (151 MHz, CDs;CN)

5.5

100 95 90 85 80 75 70 65 60

10.5

€8°0
960
oLt

8¢e’L
LS'L
SOl

98'EE~
£e'6e"

oLeL—

6Ll
9z'8LL
8E'ETL
09'€ZL
A:Rord %
€0'vZL
zeveL
SLvTL

G592l
08'9ZL
vieL—
6 5%
LL'6ZL
vZIEL
oseat
e~
e~
v

6L'66L—

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

210 200

S-271



Compound 6b F NMR (565 MHz, CD;CN)
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600 MHz, CDsCN)
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Compound 6¢ YF NMR (565 MHz, CD3CN)
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Compound 6d-trans, "H NMR (600 MHz, CD3CN)
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Compound 6d-trans ’F NMR (565 MHz, CDs;CN)
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Compound 6d-cis, 'H NMR (600 MHz, CD3CN)
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Compound 9-cis F NMR (565 MHz, CD3;CN)
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Compound 7a, "TH NMR (600 MHz, CDCl5)
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Compound 7a F NMR (565 MHz, CDCl3)
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Compound 7b, 'H NMR (600 MHz, CDCls)
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Compound 7b ¥F NMR (565 MHz, CDCls)
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Compound 7¢, '"H NMR (600 MHz, CDCls)
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600 MHz, CD3CN)
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Compound 7d PF NMR (565 MHz, CD3CN)
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Compound 7b-1, "TH NMR (600 MHz, CDCl3)
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Compound 7b-1, °C NMR (151 MHz, CDCl)
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Compound 7b-1, ’F NMR (545 MHz, CDCl5)
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