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Materials and Methods

Materials—All reagents were obtained from Fisher unless otherwise indicated. All buffers were made
with MilliQ purified water. PAC-1 and derivatives were synthesized as previously described and as described
herein. Ac-DEVD-pNA was synthesized as described. Luria broth (LB) was obtained from EMD. Etoposide
was obtained from Sigma. Caspase Activity Buffer contains 50 mM Hepes (pH 7.4), 300 mM NaCl and is
Chelex® treated. Ni NTA binding buffer contains 50 mM Tris (pH 8.0), 300 mM NaCl, and 10 mM
imidazole. Ni NTA Wash Buffer contains 50 mM Tris (pH 8.0), 300 mM NaCl, and 20 mM imidazole. Ni
NTA Elution Buffer contains 50 mM Tris (pH 8.0), 300 mM NaCl, and 500 mM imidazole. Annexin V
Binding Buffere contains 10 mM HEPES pH 7.4, 140 mM NaCl, 2.5 mM CaCl,, 0.1% BSA. The C-terminal

6xHis-tagged procaspase-3 proteins were expressed as described below.

Cell Culture—U937 human lymphoma cells and SK-Mel-5 human melanoma cells were obtained
from ATCC. Cells were cultured in RPMI 1640 growth media supplemented with 10% FBS and 1% pen-
strep. Cells were incubated at 37 °C and 5 % CO,. Subculture of SK-Mel-5 cells was achieved through
trypsinization of the cell monolayer using 0.05% Trysin-EDTA (Gibco) dilution and further culture in RPMI
1640 growth media supplemented with FBS and pen-strep as above.

Cell Death Assay—U937 human lymphoma cells were plated into the wells of 96 well plate at a
density of 5000 cells per well in 200 puL. of RPMI 1640 growth media with 10% FBS and 1% pen-strep. To
each well was added 2 pL of 100X compound stock solutions in DMSO at varying concentrations so that the
cells were treated with concentrations between O uM and 100 uM compound. Each concentration was tested
in quintuplicate. In each plate 5 wells received 10 uM etoposide as a positive control and 5 wells received 2
uL of DMSO as a negative control. The plates were then incubated at 37 °C and 5% CO, for 72 hours. After
the 72 hour incubation period, the plates were analyzed using a Sulforhodamine B assay as previously
described.' Specifically, to each well of the plate was added 50 pL of an 80% (w/v) solution of TCA in H,O
and the plates were allowed to rest at 4 °C overnight. The plates were then washed gently with a steam of
H,O five times to remove the excess TCA and precipitated serum proteins. The plates were then allowed to
air dry after which 100 pL of a 0.057% (w/v) Sulforhodamine B in a 1% (v/v) acetic acid solution was added
to each well and allowed to stain for 30 minutes at room temperature. After staining, the wells were gently
washed 5 times with 100 puL of 1% (v/v) acetic acid to remove the unbound dye. The plates were then

allowed to air dry. 200 pL of 10 mM Tris base (pH 10.5) was then added to each well and the plates were
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placed on an orbital shaker for five minutes. The OD was then read at 510 nm in a Molecular Dynamics plate
reader and the percent cell death calculated and normalized to the positive control (100% cell death) and the
negative control (0% cell death). The percent cell death was averaged for each compound concentration and
plotted as a function of compound concentration. The data were fit to a logistical dose response curve using
Table curve 2D and the ICsy value was calculated. The experiment was repeated three times and the average
of the calculated ICsy values was reported. The standard error of the mean (SEM) was determined and

reported for the triplicate experiments. The individual dose-response curves are shown in figure S1.

Recombinant expression and purification of procaspase-3/caspase-3—Procaspase-3 and caspase-3
were recombinantly expressed and purified exactly as previously described.” Briefly, procaspase-3 and
caspase-3 were expressed from the pHC332 expression plasmid in the electrocompentent BL21(DE3) strain of
Escherichia coli (Novagen). The C-terminally 6xHis-tagged protein was purified using the Ni NTA resin
(Qiagen). Protein containing fractions were collected and pooled. The purified protein was then further
purified to remove any contaminating zinc by applying the protein to a PD-10 column (GE Healthcare)
charged with Caspase Activity Buffer that had been treated with Chelex ® resin. The resulting zinc free,
protein containing fractions in Caspase Activity Buffer were pooled, the concentration determined, and the

protein solution was flash-frozen in liquid nitrogen and stored at -80 °C.

Caspase-3 Activity Assays—Zinc-free stocks (2X) of caspase-3 (I uM) were prepared in Caspase
Activity Buffer. Compound stock solutions were made (2X) at various concentrations from 200 uM to
200nM in Caspase Activity Buffer. A stock (10X) of ZnSO4 (25 uM) in Caspase Activity Buffer was
prepared. To each well of 384 well plate was added 20 pL of caspase-3 (500 nM final), 20 uL compound
stock, and 5 pLL of ZnSOy4 (2.5 pM final) or buffer. Each plate contained positive control wells (O uM zinc and
no compound) and negative control wells (2.5 uM zinc and no compound). The plates were incubated at
room temperature for 30 minutes. Then, to each well of the plate was added 5 pL of a 2 mM stock of Ac-
DEVD-pNA substrate and the absorbance at 405 nm was immediately monitored every 1 minute for 30
minutes on a spectramax plate reader (Molecular Devices, Sunny Vale, CA). The slope of each well was used
to determine the activity and was normalized to the positive and negative control wells to give a percent
activity. The data for each compound concentration (4 wells) was averaged and the percent activity was
plotted as a function of compound concentration. The data was analyzed using Table Curve 2D and fitted to a

logistical dose-response curve. The majority of compounds achieved a maximal activity at 10 uM. The
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percent activity at 10 pM was determined for each compound and reported as an average of the three replicate

experiments with the corresponding SEM. The individual dose-response curves are shown in Figure S2.

EGTA Fluorescence Titration Assay—This titration assay is based on a published protocol.[ref] Before
titration, cuvette was filled with EDTA (10 mM) for 10 min, followed by sterile deionized water and acetone
washing for removing any residue metal ions. PAC-1 or derivative (60 uM) was added to a cuvette containing
buffer (Hepes: 50 mM, KNOs: 100 mM, pH 7.2) with EGTA (7.3 mM) to achieve a 10-fold dilution (final
PAC-1 concentration: 6 pM). Zn(OTf), (0 - 10 mM) was added incrementally. The formation of Zn-PAC-1
(or derivative) complex was monitored by the increase in fluorescence intensity (ex/em: 410 nm/475nm).
Fluorescence intensity at 475 nm was plotted against free Zn concentration ([Zn]¢#M) calculated using
MaxChelator program [ref]. The data was analyzed using KaleidaGraph and fitted to a formation curve based

on Eq S1 derived by published protocol.[ref]

I = (IminKp + Imax[Zn]s)/(Kp + [Zn]y) Eq S1

where Imin and Imax were defined as the fluorescence intensity of the free probe (PAC-1 or derivative in this

case) and that of the Zn-probe complex respectively.

Immunofluorescent Staining—Round 18 mm no. 1 borosillicate coverglass (VWR) were coated with
poly-lysine by shaking the coverglass in a poly-lysine solution (Sigma) for 1 hour and then washing with
MilliQ. SK-Mel-5 human melanoma cells were grown on the poly-lysine coated coverglass in the bottom of a
12 well plate. When Cells achieved ~80% confluency, the cells were treated with either DMSO or 100 uM
PAC-1 in DMSO (total DMSO <1%) for 1 hour. The cells were then washed two times with 1 mL of PBS
and fixed in 3.7% formaldehyde in PBS for 10-15 minutes at room temperature. The cells were then washed
again two times with PBS and then permeabilized with 0.1% Triton X-100 in PBS for 5 minutes. The cells
were then blocked in 3% BSA in PBS for 10 minutes and incubated with a 1:500 rabbit anti-procaspase-3
antibody for 1 hour. The coverglass was then washed 5 times with PBS and incubated with a 1:1000 dilution
of the secondary anti-rabbit Alexafluor 647 conjugated antibody for 20 minutes protected from light. The
coverglass was again washed 5 times with PBS and once with MilliQ H,O. The coverglass were then
mounted on glass slides using Fluorosave (Calbiochem) and stored in the dark until imaging. Cells were

imaged on a Leica SP2 Multiphoton Confocal microscope.
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Live Cell Imaging—SK-Mel-5 cells were grown on the bottom of no. 1 borosillicate growth chambers
(Nunc) to a confluency of ~80%. Cells were then treated with DMSO, 25 uM FAM-DEVD-fmk in DMSO,
25 uM AF350-PAC-1 in DMSO, or both 25 uM FAM-DEVD-fmk and 25 uM AF350-PAC-1 concurrently
for 1 hour at 37 °C and 5 % CO,. Cells were then washed 5 times with RPMI 1640 growth media lacking
phenol red. The cells were then allowed to further incubate at 37 °C for 2 hours before imaging. For cells
stained with SYBR green for nuclear staining, a 1:100,000 dilution of SYBR green in media was added

immediately prior to imaging. Cells were imaged on a Leica SP2 Multiphoton Confocal microscope.

Image Analysis—Images were adjusted in brightness and contrast to allow for clarity. For all images
in Figure 4, the red channel was adjusted using Image J to reflect a linear intensity gradient between 10 and
28. For the green channel, the images were adjusted to a linear intensity gradient between 0 and 44. To
account for the offset of the microscope optics, the red channel was manually offset by 5 pixels in the x
direction and the green channel was manually offset by 6 pixels in the y direction. The images were filtered
with a gausian blur with a radius of 1 pixel to improve the signal to noise ratio. Using the Image J plugin,

JACoP, the % overlap was determined using the Manders overlap coefficient.

Induction of Apoptosis by PAC-1 derivatives—U937 Cells (1 mL of 1 x 106 cells/mL) were treated with
5 pL ethanol stocks of the various compounds to achieve a final concentration of 50 uM. The cells were incubated
at 37 °C for 12 hours. The cells were centrifuged (200g for 5 min), washed with PBS (2 mL), resuspended in 500
pL Annexin V Binding Buffer. To each sample was added 10 pL of FITC conjugated Annexin V stain (Southern
Biotech) and 10 pL of propidium iodide (Sigma) to a final concentration of of 50 pg/mL. Cell populations were

analyzed on a Benton Dickinson LSR II cell flow cytometer.
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Figure S1. Cytotoxicity of PAC-1 and derivatives. Each graph shows the dose response curves used to

generate the ICsy value for each derivative. The results of these experiments are summarized in Table 1 of the
manuscript.
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Figure S2. Relief of zinc mediated caspase-3 inhibition. Each graph represents three separate dose response
experiments. The error bars represent the standard error of the mean for each data point. The majority of

compounds show a maximal activity at 10 uM. The % activity at 10 uM for each compound was included in
Table 1.
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Figure S3. Formation curves for zinc binding determination. K, values are summarized in Table 1.
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Figure S6. Cellular localization of AF350-PAC-1. Wide field images showing the localization of AF350-
PAC-1 in SK-MEL-5 cells.
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of AF350-PAC-1 and spots of intense caspase-3/-7 activity as visualized by FAM-DEVD-fmk.
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Figure S8. Assessment of apoptotic induction by PAC-1 derivatives. U-937 cells were treated with PAC-1,
2d, 4c¢ (50 uM each) or vehicle control for 12 hours, then stained with Annexin V and PI. All three

compounds induce apoptosis as assessed by the Annexin V positive/PI negative populations. Results shown
are of 3 separate experiments.
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Chemical Information

Materials and Methods
General

All reactions requiring anhydrous conditions were conducted under a positive atmosphere of nitrogen
or argon in oven-dried glassware. Standard syringe techniques were used for anhydrous addition of liquids.
Dry tetrahydrofuran was obtained by passing over activated alumina columns or molecular sieves in a
commercial solvent purification system (Innovative Technologies). Unless otherwise noted, all starting
materials, solvents, and reagents were acquired from commercial suppliers and used without further
purification. Flash chromatography was performed using 230-400 mesh silica gel. Hydrazide 5,° PAC-1 (1),’
1a,’ 1h,’ 3-allylsalicylaldehyde,* 2-mercaptobenzaldehyde,” 23,> 30,0 44° were prepared according to the

literature method with modifications.

Compound Analysis.

All NMR experiments were recorded either in CDCl; (Sigma), CD;OD (sigma) or Acetone-d6 (Sigma)
on a Varian Unity 400 MHz or 500 MHz spectrometer with residual undeuterated solvent as the internal
reference. Chemical shift, 6 (ppm); coupling constants, J (Hz); multiplicity (s = singlet, d = doublet, t = triplet,
g = quartet, m = multiplet); and integration are reported. High-resolution mass spectral data was recorded on a
Micromass Q-Tof Ultima hybrid quadrupole/time-of-flight ESI mass spectrometer at the University of Illinois
Mass Spectrometry Laboratory. All melting points are uncorrected. Analytical HPLC performed on a Altima
C18 column, 2.1x20 mm, mobile phase A is 0.1% TFA in H,O, B is acetonitrile using a gradient system from
0-45% B over 5 min, then 45-55% B from 5-10 min, then 55-100% B over 10-15 min, constant 100% over
15-20 min, and from100-0% over 20-25. LC-MS performed on a C18 column, 2.1x5 mm, mobile phase A is
0.1% TFA in H,O, B is acetonitrile using a gradient system with constant 0% B over 0-2 min, then 0-50% B
from 2-5 min, then 50-100% B over 5-7 min, constant 100% over 7-8 min, and from100-0% over 8-10.
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Scheme S1. Syntheses of PAC-1 derivatives
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General Procedure for 1-Benzylpiperazines 35-36

Anhydrous piperazine (6 equiv.) was added to THF (6 mL), and the mixture was heated to reflux until the
piperazine was fully dissolved. To the solution substituted benzyl chloride (1 equiv.) was added dropwise.
White precipitate was formed immediately. The reaction mixture was refluxed for 2.5-3 hr monitoring by
TLC. The stirring mixture was cooled and then filtered. The solids were washed with THF (3 mL) and then
EtOAc (3 mL). The combined organic layer was concentrated in vacuo, which was then washed with basic

water with 5% brine and KOH (pH >12). The aqueous layer was extracted with CH,Cl, (3 x 10mL) and
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EtOAc (10 mL) at pH > 12. The organic layers were combined, dried over Na,SO, and concentrated in vacuo.

The crude product was purified by flash column chromatography on silica gel (1:4 MeOH/EtOAc).

1-(4-Methoxybenzyl)piperazine (35)

ISR
MeO NH

The general procedure was followed: 4-Methoxybenzyl chloride (0.5 mL, 3.7 mmol, 1 equiv.), piperazine
(1.9 g, 22.2 mmol, 6 equiv.), THF (8 mL). Purification with flash column chromatography on silica gel (1:4
MeOH/EtOAc) afforded 35 (0.67 g, 88%) as light yellow liquid. 'H NMR (400 MHz, CDCl3): 6 7.17 (d, J =
8.6 Hz, 2H), 6.79 (d, J = 8.7 Hz, 2H), 3.73 (s, 3H), 3.37 (s, 2H), 2.81 (t, J = 4.9 Hz, 4H), 2.33 (broad s, 4H),
1.50 (s, 1H). °*C NMR (101 MHz, CDCls): & 158.8, 130.6, 130.2, 113.7, 63.3, 55.4, 54.6, 46.3.

HRMS (ESD): found: 207.1501 (M+1); caled for C1,HoN,0: 207.1497. IR (neat): 3288 cm™.

1-(3-Nitrobenzyl)piperazine (36)

The general procedure was followed: 3-Nitrobenzyl chloride (5 g, 29.1 mmol, 1 equiv.), piperazine (15.1g,
174.6 mmol, 6 equiv.), THF (64 mL). Purification with flash column chromatography on silica gel (1:4
MeOH/EtOAc) afforded 36 (6.07 g, 94%) as yellow liquid. "H NMR (500 MHz, CDCl3): 6 7.61 (d, J =17.6
Hz, 1H), 8.13 (s, 1H), 8.02 (d, J = 8.2 Hz, 1H), 7.41 (t, J = 7.9 Hz, 1H), 3.50 (s, 2H), 2.82 (t, J = 4.8 Hz, 4H),
2.36 (broad s, 4H), 1.54 (s, 1H). °C NMR (126 MHz, CDCls): & 148.5, 141.0, 135.3, 129.3, 123.9, 122.3,
62.8, 54.7, 46.2. HRMS (ESI): found: 222.1238 (M+1); calcd for C;;H¢N3O,: 222.1243. IR (neat): 3389,
1530, 1345 cm™.

General Procedure for Ethyl 2-(4-Benzylpiperazin-1-yl)acetate 41-42

To a stirred mixture of substituted 1-benzylpiperazine (1 equiv.) and NaHCO; (1.25 equiv.) in acetone (7
mL) was added ethyl chloroacetate (1.1 equiv.). The reaction was refluxed for 20-22 hr monitoring by TLC.
The solution was filtered and the solid was washed with acetone (10 mL). The filtrate was concentrated in

vacuo, and then purified by flash column chromatography on silica gel (1:1 EtOAc/Hexanes).
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Ethyl 2-(4-(4-methoxybenzyl)piperazin-1yl)acetate (41)

Me0/©/\ NK/N\).io/\

The general procedure was followed: 35 (0.67 g, 3.2 mmol, 1 equiv.), ethyl chloroacetate (0.39 mL, 3.6
mmol, 1.1 equiv.), NaHCO; (0.34 g, 4.06 mmol, 1.25 equiv.), acetone (7 mL). Purification with flash column
chromatography on silica gel (1:1 EtOAc/Hexanes) afforded 41 (0.73 g, 77%) as orange oil. '"H NMR (500
MHz, CDCl3): 6 7.18 (d, J = 8.6 Hz, 2H), 6.80 (d, J = 8.6 Hz, 2H), 4.13 (q, J = 7.1 Hz, 2H), 3.74 (s, 3H), 3.41
(s, 2H), 3.15 (s, 2H), 2.51 (broad d, 8H), 1.22 (t, J = 7.1 Hz, 3H). °C NMR (126 MHz, CDCly): § 170.5,
158.9, 130.5, 130.3, 113.7, 62.5, 60.8, 59.8, 55.4, 53.3, 52.9, 14.5. HRMS (ESI): found: 293.1869 (M+1);
calcd for C1gH25N»03: 293.1865. IR (neat): 1742, 1660 cm™

Ethyl 2-(4-(3-nitrobenzyl)piperazin-1-yl)acetate (42)

U0

The general procedure was followed: 36 (6.01 g, 27.2 mmol, 1 equiv.), ethyl chloroacetate (3.2 mL, 29.9
mmol, 1.1 equiv.), NaHCO3 (2.85 g, 34.0 mmol, 1.25 equiv.), acetone (54 mL). Purification with flash column
chromatography on silica gel (1:1 EtOAc/Hexanes) afforded 42 (7.18 g, 86%) as light orange liquid. "H NMR
(500 MHz, CDCls): 6 8.13 (s, 1H), 8.02 (d, J = 8.2 Hz, 1H), 7.60 (d, J = 7.6 Hz, 1H), 7.42 (t, / = 7.9 Hz, 1H),
411 (q, J =7.1 Hz, 2H), 3.54 (s, 2H), 3.15 (s, 2H), 2.52 (d, J = 7.1 Hz, 8H), 1.20 (t, J = 7.1 Hz, 3H). °C
NMR (126 MHz, CDCls): 6 170.4, 148.5, 140.9, 135.2, 129.3, 123.8, 122.3, 62.1, 60.8, 59.6, 53.1, 53.0, 14.4.
HRMS (ESI): found: 294.1559 (M+1); calcd for C;3H20NsO3: 294.1566.

General Procedure for Ethyl 2-(4-Benzylpiperazin-1-yl)acetate 37-40

To a stirred mixture of picolyl halide hydrohalide or substituted benzyl chloride (1.2 equiv.) and K,COs (3
equiv.) in ethanol or acetone (7 mL) was added ethyl 2-(piperazin-1-yl)acetate (1 equiv.). The reaction was
refluxed for 15-19 hr monitoring by TLC. The solution was filtered and the solid was washed with ethanol (10
mL). The filtrate was concentrated in vacuo, and then purified by flash column chromatography on silica gel

(1:1 EtOAc/Hexanes).
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Ethyl 2-(4-(pyridin-2-ylmethyl)piperazin-1-yl)acetate (37)

BRSNS N

The general procedure was followed: 2-picolyl bromide hydrobromide (0.49 g, 1.9 mmol, 1.2 equiv.), ethyl
2-(piperazin-1-yl)acetate (0.28 g, 1.6 mmol, 1 equiv.), K,CO;3 (0.67 g, 4.8 mmol, 3 equiv.), ethanol (7 mL).
Purification with flash column chromatography on silica gel (1:1 EtOAc/Hexanes) afforded 37 (0.28 g, 65%)
as deep yellow oil. '"H NMR (500 MHz, CDCls): 8.49 (d, J = 4.9 Hz, 1H), 7.82 (dt, J = 1.7 Hz, J = 7.7 Hz,
1H), 7.54 (d, J = 7.8 Hz, 1H), 7.32 (dd, J = 5.5 Hz, J = 7.0 Hz, 1H), 4.17 (q, J = 7.1 Hz, 2H), 3.67 (s, 2H),
3.24 (s, 2H), 2.61 (broad d, 8H), 1.26 (t, J = 7.1 Hz, 3H). >C NMR (126 MHz, CDCls): 170.3, 157.9, 148.5,
137.5, 124.0, 122.8, 63.5, 60.5, 58.6, 52.6, 52.5, 13.4. HRMS (ESI): found: 264.1719 (M+1); calcd for
C14H2N30;: 264.1712

Ethyl 2-(4-(pyridin-3-ylmethyl)piperazin-1-yl)acetate (38)

’\@ANK/N\)OLO/\

The general procedure was followed: 3-picolyl chloride hydrochloride (0.32 g, 1.9 mmol, 1.2 equiv.), ethyl
2-(piperazin-1-yl)acetate (0.28 g, 1.6 mmol, 1 equiv.), K,CO;3; (0.67 g, 4.8 mmol, 3 equiv.), ethanol (7 mL).
Purification with flash column chromatography on silica gel (1:1 EtOAc/Hexanes) afforded 38 (0.35 g, 82%)
as deep yellow oil. "H NMR (500 MHz, CD;0D): & 8.50 (d, J = 1.5 Hz, 1H), 8.44 (dd, J = 1.5 Hz, J = 4.8 Hz,
1H), 7.83 (d, J = 7.8 Hz, 1H), 7.41 (dd, J = 4.5 Hz, J = 7.7 Hz, 1H), 4.16 (q, J = 7.1 Hz, 2H), 3.58 (s, 2H),
3.23 (s, 2H), 2.57 (broad d, 8H), 1.25 (t, J = 7.1 Hz, 3H). *C NMR (126 MHz, CDCls): & 170.3, 149.8, 147.8,
138.1, 134.2, 124.0, 60.5, 59.5, 58.5, 52.5, 52.3, 13.4. HRMS (ESI): found: 264.1716 (M+1); calcd for
C14H2oN30,: 264.1712

Ethyl 2-(4-(pyridin-4-ylmethyl)piperazin-1-yl)acetate (39)

@ALN\)%O/\

The general procedure was followed: 4-picolyl chloride hydrochloride (0.32 g, 1.9 mmol, 1.2 equiv.), ethyl
2-(piperazin-1-yl)acetate (0.28 g, 1.6 mmol, 1 equiv.), K,CO;3 (0.67 g, 4.8 mmol, 3 equiv.), ethanol (7 mL).
Purification with flash column chromatography on silica gel (1:1 EtOAc/Hexanes) afforded 39 (0.31 g, 72%)
as deep yellow oil. '"H NMR (400 MHz, CDCl3): 6 8.51 (d, J = 5.8 Hz, 2H), 7.25 (d, J/ = 5.7 Hz, 2H), 4.16 (q,
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J=17.1 Hz, 2H), 3.50 (s, 2H), 3.19 (s, 2H), 2.56 (broad d, 8H), 1.24 (t, J = 7.1 Hz, 3H). >°C NMR (126 MHz,
CDCls): 8 170.4, 150.0, 147.7, 124.0, 61.8, 60.8, 59.6, 53.1, 53.1, 14.4. HRMS (ESI): found: 264.1714 (M+1);
calcd for C4H»pN30,: 264.1712

IR (neat): 1738, 1660 cm™.

Ethyl 2-(4-(2,5-dimethoxybenzyl)piperazin-1-yl)acetate (40)
OMe

BN

OMe

The general procedure was followed: 2,5-dimethoxybenzylchloride (5.0 g, 26.8 mmol, 1.2 equiv.), ethyl 2-
(piperazin-1-yl)acetate (3.8 g, 22.3 mmol, 1 equiv.), K,COs (9.2 g, 66.9 mmol, 3 equiv.), acetone (40 mL).
Purification with flash column chromatography on silica gel (1:1 EtOAc/Hexanes) afforded 40 (5.3 g, 73%) as
deep yellow oil. '"H NMR (500 MHz, CDCl3): 6 6.94 (d, J = 3.0 Hz, 1H), 6.76 (apparent d, J = 8.8 Hz, 1H),
6.71 (dd, J = 3.0 Hz, J = 8.9 Hz, 1H), 4.16 (q, J = 7.1 Hz, 2H), 3.75 (s, 6H), 3.54 (s, 2H), 3.18 (s, 2H), 2.58
(broad s, 8H), 1.25 (t, J = 7.1 Hz, 3H). >C NMR (126 MHz, CDCls): § 170.6, 153.7, 152.3, 127.6, 116.6,
112.3, 111.7, 60.8, 59.8, 56.3, 56.1, 55.9, 53.4, 52.9, 14.5. HRMS (ESI): found: 323.1982 (M+1); calcd for
C17H»N,O4: 323.1971. IR (neat): 1742, 1672 cm™.

General Procedure for 2-(4-benzylpiperazin-1-yl)acetohydrazide 6-8 and 10-12

To a stirred solution of substituted ethyl 2-(4-Benzylpiperazin-1-yl)acetate (1 equiv.) in ethanol (1.9 mL,
0.5 M) was added anhydrous hydrazine (3 equiv.). The reaction was refluxed for 15-18 hr monitoring by TLC.
The reaction mixture was concentrated in vacuo. The residue was dissolved in CH,Cl, and washed with water
(10 mL) and brine (10 mL). The aqueous layer was extracted with CH,Cl, (3 x 10 mL) and EtOAc (10 mL).
The combined organic layer was dried over Na,SQOy, filtered and concentrated in vacuo. The crude product

was purified by flash column chromatography on silica gel (1:4 MeOH/EtOAc).

2-(4-(Pyridin-2-ylmethyl)piperazin-1-yl)acetohydrazide (6)

NS N 0
E)/\ @\)J\N/NHZ
H
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The general procedure was followed: ethyl 2-(4-(pyridin-2-ylmethyl)piperazin-1-yl)acetate (0.25 g, 0.95
mmol, 1 equiv.), anhydrous hydrazine (90 pL, 2.9 mmol, 3 equiv.), ethanol (1.9 mL). Purification with flash
column chromatography on silica gel (1:4 MeOH/EtOAc) afforded 6 (0.17 g, 71%) as yellow oil. "H NMR
(500 MHz, CDs;0OD): 6 8.49 (d, J=4.9 Hz, 1H), 7.83 (dt, /= 1.8 Hz, J = 7.7 Hz, 1H), 7.54 (d, J = 7.8 Hz, 1H),
7.33 (dd, J = 5.0 Hz, J = 7.4 Hz, 1H), 3.68 (s, 2H), 3.06 (s, 2H), 2.58 (broad s, 8H). °C NMR (126 MHz,
CDCls): 6 170.2, 157.8, 148.4, 137.5, 124.1, 122.8, 63.5, 59.9, 53.0, 52.8. HRMS (ESI): found: 250.1670
(M+1); calcd for C1,H,oN505: 250.1668
IR (neat):

2-(4-(Pyridin-3-ylmethyl)piperazin-1-yl)acetohydrazide (7)
NN o

O
H

The general procedure was followed: ethyl 2-(4-(pyridin-3-ylmethyl)piperazin-1-yl)acetate (0.25 g, 0.95
mmol, 1 equiv.), anhydrous hydrazine (90 pL, 2.9 mmol, 3 equiv.), ethanol (1.9 mL). Purification with flash
column chromatography on silica gel (1:4 MeOH/EtOAc) afforded 7 (0.17 g, 72%) as yellow oil. "H NMR
(500 MHz, CD;OD): ¢ 8.51 (d, J = 1.5 Hz, 1H), 8.45 (dd, J = 1.6 Hz, J = 4.9 Hz, 1H), 7.84 (d, J = 7.9 Hz,
1H), 7.43 (dd, J = 4.6 Hz, J = 7.4 Hz, 1H), 3.60 (s, 2H), 3.05 (s, 2H), 2.55 (broad s, 8H). *C NMR (126 MHz,
CDCls): & 170.2, 149.8, 147.8, 138.2, 134.2, 124.0, 59.9, 59.5, 53.0, 52.6. HRMS (ESI): found: 250.1670
(M+1); calcd for C1,H0N50,: 250.1668 IR (neat):

2-(4-(Pyridin-4-ylmethyl)piperazin-1-yl)acetohydrazide (8)

N N 0O
Nl = @\)J\N’NHz
H

The general procedure was followed: ethyl 2-(4-(pyridin-4-ylmethyl)piperazin-1-yl)acetate (0.25 g, 0.95
mmol, 1 equiv.), anhydrous hydrazine (90 pL, 2.9 mmol, 3 equiv.), ethanol (1.9 mL). Purification with flash
column chromatography on silica gel (1:4 MeOH/EtOAc) afforded 8 (0.18 g, 78%) as yellow oil. 'H NMR
(500 MHz, CD;0OD): 6 8.47 (d, J = 6.0 Hz, 2H), 7.42 (d, J = 5.9 Hz, 2H), 3.58 (s, 2H), 3.05 (s, 2H), 2.54
(broad d, 8H). °C NMR (126 MHz, CDCl3): & 170.1, 148.9, 148.9, 124.6, 61.1, 59.9, 53.1, 52.7. HRMS
(ESI): 250.1669 (M+1); calcd for C1,Hy0NsO,: 250.1668. IR (neat): 3347, 1665 cm™.
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2-(4-(2,5-Dimethoxybenzyl)piperazin-1-yl)acetohydrazide (10)
OMe

N/\ 0
k/N\)J\N,NHz
H

OMe

The general procedure was followed: ethyl 2-(4-(2,5-dimethoxybenzyl)piperazin-1-yl)acetate (0.19 g, 0.60
mmol, 1 equiv.), anhydrous hydrazine (58 pL, 1.81 mmol, 3 equiv.), ethanol (1.2 mL). Purification with flash
column chromatography on silica gel (1:4 MeOH/EtOAc) afforded 10 (0.16 g, 88%) as off-white semi-solid.
'H NMR (500 MHz, CDCl3): & 8.16 (s, 1H), 6.93 (d, J = 2.9 Hz, 1H), 6.76 (m, 2H), 3.84 (s, 2H), 3.76 (s, 3H),
3.75 (s, 3H), 3.54 (s, 2H), 3.05 (s, 2H), 2.53 (s, 8H). *C NMR (126 MHz, CDCl): § 170.7, 153.7, 152.3,
127.2, 116.7, 112.5, 111.9, 60.8, 56.4, 56.0, 55.9, 53.9, 53.2. HRMS (ESI): 309.1928 (M+1); calcd for
C1sHasN4O3: 309.1927. IR (neat): 3584, 1670 cm’".

2-(4-(4-Methoxybenzyl)piperazin-1-yl)acetohydrazide (11)

N O
Meo/©/\ k/N\)J\H/NHz

The general procedure was followed: ethyl 2-(4-(4-methoxybenzyl)piperazin-1-yl)acetate (0.70 g, 2.4
mmol, 1 equiv.), anhydrous hydrazine (220 pL, 7.1 mmol, 3 equiv.), ethanol (4.8 mL). Purification with flash
column chromatography on silica gel (1:4 MeOH/EtOAc) afforded 11 (0.54 g, 82%) as off-white solid. 'H
NMR (500 MHz, CDCl5): 6 8.13 (s, 1H), 7.20 (d, J = 8.6 Hz, 2H), 6.84 (d, J = 8.6 Hz, 2H), 3.84 (d, J =3.9
Hz, 2H), 3.79 (s, 3H), 3.44 (s, 2H), 3.06 (s, 2H), 2.46 (s, 8H). >°C NMR (126 MHz, CDCls): & 170.8, 159.0,
130.5, 130.1, 113.8, 62.5, 60.8, 55.5, 53.9, 53.2. HRMS (ESI): 279.1811 (M+1); caled for C;4H»3N4O;:
279.1821. IR (neat): 3584, 17, 1676 cm™. m.p.: 111.5-112.5 °C.

2-(4-(3-Nitrobenzyl)piperazin-1-yl)acetohydrazide (12)

O2N N/\ 0
TR
H

The general procedure was followed: ethyl 2-(4-(3-nitrobenzyl)piperazin-1-yl)acetate (7.0 g, 22.7 mmol, 1
equiv.), anhydrous hydrazine (2.1 mL, 68.2 mmol, 3 equiv.), ethanol (45 mL). Purification with flash column

chromatography on silica gel (1:4 MeOH/EtOAc) afforded 12 (5.4 g, 82%) as light yellow oil. '"H NMR (500
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MHz, CDCl3): 6 8.13 (s, 1H), 8.02 (d, J = 8.2 Hz, 1H), 8.11 (s, 1H), 7.59 (d, J = 7.7 Hz, 1H), 7.42 (t, J = 7.9
Hz, 1H), 3.82 (s, 2H), 3.52 (s, 2H), 3.01 (s, 2H), 2.45 (d, 8H). °C NMR (126 MHz, CDCl;): § 170.5, 148.5,
140.7, 135.2, 1294, 123.8, 1224, 62.0, 60.7, 53.7, 53.2. HRMS (ESI): 294.1559 (M+1); caled for
Ci3H20N503: 294.1566.

General Procedure for N'-(3-allyl-2-hydroxybenzylidene)-2-(4-benzylpiperazin-1-yl)acetohydrazide 1b-g, Ij,
1k, 2a-g, 3

To a stirred solution of substituted benzaldehyde (1 equiv.) in ethanol (6 mL), 2-(4-benzylpiperazin-1-
yl)acetohydrazide (1.8 equiv.) and HCI (10 mol%) were added. The reaction was refluxed for 12-16 hr
monitoring by TLC. The solution was concentrated in vacuo, and then purified by flash column

chromatography on silica gel (1:4 MeOH/EtOAc).

2-(4-Benzylpiperazin-1-yl)-N'-(2-(methylthio)benzylidene)acetohydrazide (1b)

N/\ o MeS
g LN NS

The general procedure was followed: hydrazideH S (045 g, 1.8 mmol, 1.8 equiv.), 2-
(methylthio)benzaldehyde (0.14 mL, 1.0 mmol, 1 equiv.), HCI (8 uL, 12M), ethanol (6 mL). Purification with
flash column chromatography on silica gel (1:4 MeOH/EtOAc) afforded 1b (0.34 g, 88%) as light yellow
semi-solid. '"H NMR (500 MHz, CDCl;) indicated a 87:13 ratio of two geometrical isomers: ¢ 10.11 (s, 1H x
0.87 isomer A), 8.67 (s, 1H x 0.13 isomer B), 8.65 (s, 1H x 0.87 isomer A), 8.12 (s, 1H x 0.13 isomer B), 8.05
(d, J = 8.0 Hz, 1H x 0.87 isomer A), 7.74 (d, 1H, J = 7.9 Hz x 0.13 isomer B), 7.36 (m, 2H), 7.33 (m, 1H),
7.28 (m, 1H), 7.21 (m, 1H), 3.70 (s, 2H x 0.13 isomer B), 3.55 (s, 2H x 0.87 isomer A), 3.53 (s, 2H x 0.13
isomer B), 3.20 (s, 2H x 0.87 isomer A), 2.58 (broad d, 8H x 0.87 isomer A), 2.50 (s, 3H), 2.46 (d, 8H x 0.13
isomer B), 1.65 (s, 3H x 0.13 isomer B). *C NMR (126 MHz, CDCls): § 172.3, 166.8, 146.0, 142.7, 138.7,
138.6, 138.1, 132.4, 132.2, 130.9, 130.2, 129.5, 129.3, 128.5, 128.4, 128.1, 128.0, 127.7, 127.4, 127.3, 126.1,
125.5, 63.2, 63.0, 63.0, 61.3, 58.5, 53.8, 53.7, 53.1, 17.4, 17.1. HRMS (ESI): 383.1900 (M+1); calcd for
C,1H27N40S: 383.1906. IR (neat): 1677, 1588 cm™. Purity: 99% (HPLC).
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N'-(2-aminobenzylidene)-2-(4-benzylpiperazin-1-yl)acetohydrazide (1c)

@/\N 0 HoN

K/N\)J\H,N <
The general procedure was followed: hydrazide 5 (0.54 g, 2.2 mmol, 1.8 equiv.), 2-aminobenzaldehyde
(0.15 g, 1.2 mmol, 1 equiv.), HCI (10 pL, 12M), ethanol (6 mL). Purification with flash column
chromatography on silica gel (1:4 MeOH/EtOAc) afforded 1c (0.33 g, 78%) as light yellow solid. "H NMR
(500 MHz, CDCl3): 6 9.96 (s, 1H), 8.13 (s, 1H), 7.33 (m, 2H), 7.28 (m, 1H), 7.14 (dd, J = 8.0 Hz, J = 10.2 Hz,
2H), 6.67 (m, 2H), 6.12 (s, 2H), 3.55 (s, 2H), 3.18 (s, 2H), 2.58 (d, 8H). *C NMR (126 MHz, CDCl3): &
165.8, 151.1, 147.7, 138.0, 132.7, 131.2, 129.4, 128.6, 127.5, 116.3, 116.0, 115.1, 63.1, 61.2, 53.9, 53.3.

HRMS (ESI): 352.2137 (M+1); caled for CaoHagNsO: 352.2137. IR (neat): 3423, 3310, 3208, 1685, 1617 cm’
' m.p.: 168-169 °C. Purity: 99% (LC-MS).

2-((2-(2-(4-benzylpiperazin-1-yl)acetyl)hydrazono)methyl)benzoic acid (1d)
N/\ o HOOC
R
H

The general procedure was followed: hydrazide 5 (0.54 g, 2.2 mmol, 1.8 equiv.), 2-carboxybenzaldehyde
(0.18 g, 1.2 mmol, 1 equiv.), HCI (10 pL, 12M), ethanol (6 mL). Purification with flash column
chromatography on silica gel (1:4 MeOH/EtOAc) afforded 1d (0.36 g, 79%) as white solid. 'H NMR (500
MHz, CD;0D) indicated a 75:25 ratio of two geometrical isomers: o 8.87 (s, 1H x 0.75 isomer A), 8.61 (s, 1H
x 0.25 isomer B), 8.08 (m, 1H x 0.75 isomer A), 7.92 (m, 1H x 0.25 isomer B), 7.69 (m, 1H), 7.34 (m, 7H),
3.75 (s, 2H x isomer B), 3.63 (s, 2H x isomer B), 3.59 (s, 2H x isomer A), 3.14 (s, 2H x isomer A), 2.69
(broad d, 8H). °C NMR (126 MHz, CD;0D): & 179.1, 171.9, 153.4, 145.5, 141.0, 135.4, 135.1, 133.7, 133.5,
133.2, 132.4, 132.3, 132.1 (2 partially resolved peaks), 131.2, 130.0 (2 partially resolved peaks), 129.1, 66.6,

64.0, 56.9, 56.8, 56.4, 56.3. HRMS (ESI): 381.1938 (M+1); caled for C,;H»sN4O3: 381.1927. IR (neat): 3364
(br), 1675 cm™. m.p.: 150-151.5 °C. Purity: 99% (HPLC).

Methyl 2-((2-(2-(4-benzylpiperazin-1-yl)acetyl)hydrazono)methyl)benzoate (1e)
@/\ N OMeOOC
N v N
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The general procedure was followed: hydrazide § (0.54 g, 2.2 mmol, 1.8 equiv.), methyl 2-formylbenzoate
(0.20 g, 1.2 mmol, 1 equiv.), HCI (10 pL, 12M), ethanol (6 mL). Purification with flash column
chromatography on silica gel (1:4 MeOH/EtOAc) afforded 1e (0.37 g, 72%) as white solid. '"H NMR (500
MHz, CDCl3) indicated a 87:13 ratio of two geometrical isomers: 6 10.17 (s, 1H x 0.87 isomer A), 9.11 (s, 1H
x 0.13 isomer B), 9.02 (s, 1H x 0.87 isomer A), 8.63 (s, 1H x isomer B), 8.24 (d, /=7.9 Hz, 1H x 0.87 isomer
A), 8.01 (d, J =7.5 Hz, 1H x 0.13 isomer B), 7.97 (d, J = 7.9 Hz, 1H x 0.87 isomer A; accidentally overlap
with 1H x 0.13 isomer B), 7.54 (t, J = 7.2 Hz, 1H), 7.44 (t, J = 7.8 Hz, 1H), 7.31 (apparent d, 4H), 7.26 (m,
1H), 3.94 (s, 3H x 0.87 isomer A), 3.89 (s, 3H x 0.13 isomer B), 3.68 (s, 2H x 0.13 isomer B), 3.54 (s, 2H),
3.19 (s, 2H x isomer A), 2.58 (d, 8H). >°C NMR (126 MHz, CDCls): & 167.5, 166.8, 146.9, 138.1, 135.0,
132.8, 131.0, 130.8, 130.0, 129.5, 129.4, 129.0, 128.6, 128.6, 128.5, 128.4, 128.4, 127.4, 63.1, 61.4, 53.9,
53.2, 52.6. HRMS (ESI): 395.2037 (M+1); calcd for CyyH>7N403: 395.2083. IR (neat): 1716, 1664 cm’. m.p.:
109.5-111 °C. Purity: 98% (LC-MS).

2-(4-Benzylpiperazin-1-yl)-N'-(2-chlorobenzylidene)acetohydrazide (1f)

@/\N 0 Cl

LN JLHN N
The general procedure was followed: hydrazide § (0.40 g, 1.6 mmol, 1.8 equiv.), 2-chlorobenzaldehyde
(0.10 mL, 0.9 mmol, 1 equiv.), HCl (10 pL, 12M), ethanol (5 mL). Purification with flash column
chromatography on silica gel (1:4 MeOH/EtOAc) afforded 1f (0.31 g, 94%) as yellow oil. '"H NMR (500
MHz, CDCls) indicated a 78:12 ratio of two geometrical isomers: & 10.61 (s, 1H x 0.12 isomer B), 10.40 (s,
1H x 0.78 isomer A), 8.53 (s, 1H x 0.78 isomer A), 8.23 (s, 1H x 0.12 isomer B), 8.09 (m, 1H x 0.78 isomer
A), 7.88 (m, 1H x 0.12 conformer B), 7.27 (m, 5H), 7.21 (m, 3H), 3.65 (s, 2H x 0.12 conformer B), 3.49 (s,
2H), 3.17 (s, 2H x 0.78 conformer A), 2.58 (broad m, 8H). BC NMR (126 MHz, CDCl3): 6 172.1, 166.9,
144.7, 140.6, 138.1, 134.4, 134.3, 131.7, 131.6, 131.3, 131.0, 130.1, 129.9, 129.5, 129.3, 128.5, 128.4, 128.1,

127.4, 127.3, 127.3, 127.2, 127.1, 63.2, 63.1, 61.3, 58.4, 53.9, 53.8, 53.1, 53.1. HRMS (ESI): 371.1624
(M+1); calcd for CyoHouN4OCI: 371.1639. IR (neat): 1682, 1595 cm’. Purity: 98% (LC-MS).
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2-(4-Benzylpiperazin-1-yl)-N'-(2-mercaptobenzylidene)acetohydrazide (1g) and N',N''-(2,2'-
disulfanediylbis(2,1-phenylene)bis(methan-1-yl-1-ylidene))bis(2-(4-benzylpiperazin-1-
ylhacetohydrazide) (1i)

The general procedure was followed: hydrazide 5 (0.37 g, 1.5 mmol, 1.8 equiv.), 2-mercaptobenzaldehyde
(0.11 g, 0.82 mmol, 1 equiv.), HCl (10 pL, 12M), ethanol (14 mL). Purification with flash column
chromatography on silica gel (1:4 MeOH/EtOAc) afforded 1g (0.054 g, 18%) as yellow oil and 1i (0.19 g,
63%) as yellow oil. In order to minimize the oxidation to form 1i via disulfide bond, the product was
dissolved in CHCI3; as a 100 uM stock solution. 1g: '"H NMR (400 MHz, CDCl;) indicated a 84:16 ratio of
two geometrical isomers: 6 10.07 (s, 1H), 8.42 (s, 1H), 7.68 (dd, J = 1.7 Hz, J = 7.4 Hz, 1H), 7.26 (m, 7H),
7.14 (m, 1H), 5.23 (s, 1H x 0.84 isomer A), 4.85 (s, 1H x 0.16 isomer B), 3.67 (s, 2H x 0.16 isomer B), 3.51
(s, 2H x 0.84 isomer A), 3.17 (s, 2H x 0.16 isomer B), 3.15 (s, 2H x isomer A), 2.54 (broad d, 8H). 1i: 'H
NMR (500 MHz, CDCl3): & 9.98 (s, 2H), 8.43 (s, 2H), 7.95 (m, 2H), 7.47 (m, 2H), 7.24 (m, 14H), 3.50 (s,
4H), 3.14 (s, 4H), 2.53 (broad d, 16H). HRMS (ESI): 735.3259 (M+1); calcd for C49H47NgO0,S,: 735.3263. IR
(neat): 1672 cm’™. Purity: 98% (HPLC).

2-(4-Benzylpiperazin-1-yl)-N'-(3,5-diallyl-2-hydroxybenzylidene)acetohydrazide (1j)

|
OO

The general procedure was followed: hydrazide 5 (0.54 g, 2.2 mmol, 1.8 equiv.), 22 (0.24 g, 1.2 mmol, 1
equiv.), HCI (10 pL, 12M), ethanol (6 mL). Purification with flash column chromatography on silica gel (1:4

MeOH/EtOAc) and then recrystallization with EtOAc afforded 1j (0.48 g, 93%) as beige solid. "H NMR (500
MHz, CDCls): 6 11.08 (s, 1H), 10.00 (s, 1H), 8.40 (s, 1H), 7.33 (m, 4H), 7.28 (m, 1H), 7.01 (d, J = 1.9 Hz,
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1H), 6.90 (d, J = 1.9 Hz, 1H), 6.03 (tdd, J = 6.6 Hz, J = 10.0 Hz, J = 16.7 Hz, 1H), 5.93 (tdd, / = 6.7 Hz, J =
9.5 Hz, J = 16.2 Hz, 1H), 5.07 (m, 4H), 3.55 (s, 2H), 3.43 (d, J = 6.6 Hz, 2H), 3.30 (d, J = 6.7 Hz, 2H), 3.18
(s, 2H), 2.58 (d, 8H). °*C NMR (126 MHz, CDCl3): § 166.0, 155.0, 151.6, 145.3, 138.0, 137.8, 136.8, 133.0,
130.6, 129.4, 129.0, 128.5, 127.5, 116.9, 116.0, 115.8, 63.1, 61.2, 53.9, 53.2, 39.4, 34.1. HRMS (ESI):
433.2611 (M+1); caled for CosH33N40,: 433.2604. IR (neat): 3212 (br), 1737, 1680, 1616 cm™. m.p.: 93-93.5
°C. Purity: 95% (LC-MS).

N'-(3-allyl-2-methoxybenzylidene)-2-(4-benzylpiperazin-1-yl)acetohydrazide (1k)

|
N/\ o MeO
E)A LN N
H
The general procedure was followed: hydrazide 5 (0.54 g, 2.2 mmol, 1.8 equiv.), 23 (0.21 g, 1.2 mmol, 1
equiv.), HCI (10 pL, 12M), ethanol (6 mL). Purification with flash column chromatography on silica gel (1:4
MeOH/EtOAc) and then recrystallization with EtOAc afforded 1k (0.41 g, 85%) as white solid. "H NMR (500
MHz, CDCl3) indicated a 85:15 ratio of two geometrical isomers: 6 10.06 (s, 1H x 0.85 isomer A), 9.15 (s, 1H
x 0.15 isomer B), 8.38 (s, 1H x 0.85 isomer A), 7.97 (s, 1H x 0.15 isomer B), 7.90 (dd, /= 1.6 Hz, /= 7.8 Hz,
1H x 0.85 isomer A), 7.68 (dd, J = 1.6 Hz, J = 7.8 Hz, 1H x 0.15 isomer B), 7.27 (s, 2H), 7.26 (s, 2H), 7.20
(m, 2H), 7.04 (t, J = 7.6 Hz, 1H), 5.92 (tdd, J = 6.4 Hz, J = 10.1 Hz, J = 16.6 Hz, 1H), 5.03 (m, 2H), 3.73 (s,
3H x 0.85 isomer A), 3.67 (s, 3H x 0.15 isomer B), 3.63 (s, 2H x 0.15 isomer B), 3.49 (s, 2H), 3.38 (d, /= 6.4
Hz, 2H), 3.14 (s, 2H x 0.85 isomer B), 2.53 (d, 8H). °C NMR (126 MHz, CDCls): § 166.6, 157.9, 144.6,
137.0, 133.4, 133.1, 132.8, 129.4, 128.5, 127.4, 127.0, 125.9, 125.0, 124.9, 124.8, 116.4, 63.3, 63.1, 61.3,
53.9, 53.2, 33.8. HRMS (ESI): 407.2443 (M+1); calcd for Co4H3N4O5: 403.2447. IR (neat): 1662 cm™. m.p.:
111.5-113 °C. Purity: 98% (LC-MS).

N'-(3-allyl-2-hydroxybenzylidene)-2-(4-(pyridin-2-ylmethyl)piperazin-1-yl)acetohydrazide (2a)
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The general procedure was followed: 6 (0.54 g, 2.2 mmol, 1.8 equiv.), 3-allylsalicylaldehyde (0.19 g, 1.2
mmol, 1 equiv.), HCI (10 puL, 12M), ethanol (6 mL). Purification with flash column chromatography on silica
gel (1:4 MeOH/EtOAc) afforded 2a (0.39 g, 83%) as light brown semi-solid. '"H NMR (500 MHz, CDCls): &
11.19 (s, 1H) 10.04 (s, 1H), 8.50 (d, J = 4.5 Hz, 1H), 8.35 (s, 1H), 7.61 (dt, J = 1.7 Hz, J = 7.7 Hz, 1H), 7.36
(d, J=7.8 Hz, 1H), 7.12 (t, J = 7.2 Hz, 2H), 7.02 (d, J = 6.5 Hz, 1H), 6.78 (t, J = 7.6 Hz, 1H), 5.96 (tdd, J =
6.6 Hz, J = 10.0 Hz, J = 16.8 Hz, 1H), 5.00 (m, 2H), 3.67 (s, 2H), 3.38 (d, J = 6.6 Hz, 2H), 3.15 (s, 1H), 2.60
(d, 8H). °C NMR (126 MHz, CDCls): § 165.8, 163.8, 156.6, 151.5, 149.6, 136.8, 136.7, 132.5, 129.4, 128 4,
123.6, 122.6, 119.3, 117.1, 115.9, 64.5, 61.1, 53.7, 53.4, 34.1. HRMS (ESI): 394.2235 (M+1); calcd for
CaoHagN50,: 394.2243. IR (neat): 3209 (br), 1690, 1605 cm™. Purity: 96% (HPLC).

N'-(3-allyl-2-hydroxybenzylidene)-2-(4-(pyridin-3-ylmethyl)piperazin-1-yl) acetohydrazide (2b)

HO
N N O
TR
H

The general procedure was followed: 7 (0.10 g, 0.42 mmol, 1.8 equiv.), 3-allylsalicylaldehyde (0.038 g,
0.23 mmol, 1 equiv.), HCI (10 pL, 12M), ethanol (1.4 mL). Purification with flash column chromatography on
silica gel (1:4 MeOH/EtOAc) afforded 2b (0.080 g, 88%) as light brown semi-solid. '"H NMR (500 MHz,
CDCls): 6 11.18 (s, 1H). 9.98 (s, 1H), 8.46 (m, 2H), 8.36 (s, 1H), 7.61 (d, /= 7.8 Hz, 1H), 7.21 (m, 1H), 7.12
(d, J=7.2Hz, 1H), 7.02 (d, J = 7.7 Hz, 1H), 6.78 (t, J/ = 7.6 Hz, 1H), 5.96 (tdd, J = 6.6 Hz, /= 10.1 Hz, J =
16.8 Hz, 1H), 5.00 (m, 2H), 3.49 (s, 2H), 3.38 (d, J = 6.6 Hz, 2H), 3.13 (s, 2H), 2.52 (d, 8H). °C NMR (126
MHz, CDCls): & 165.9, 156.6, 151.6, 150.6, 149.1, 149.0, 136.9, 136.7, 132.5, 129.4, 128.4, 123.7, 119.3,
117.1, 115.9, 61.1, 60.2, 53.8, 53.2, 34.1. HRMS (ESI): 394.2237 (M+1); calcd for C2pHsNsO,: 394.2243. IR
(neat): 3199 (br), 1684, 1607 cm’ Purity: 95% (HPLC).
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N'-(3-allyl-2-hydroxybenzylidene)-2-(4-(pyridin-4-ylmethyl)piperazin-1-yl) acetohydrazide (2c)

HO
N N 0o

DRSS N

H

The general procedure was followed: 8 (0.075 g, 0.30 mmol, 1.8 equiv.), 3-allylsalicylaldehyde (0.027 g,
0.17 mmol, 1 equiv.), HCI (10 pL, 12M), ethanol (1 mL). Purification with flash column chromatography on
silica gel (1:4 MeOH/EtOAc) afforded 2¢ (0.060 g, 90%) as light brown semi-solid. '"H NMR (500 MHz,
CDCl): 6 11.27 (s, 1H), 10.08 (s, 1H), 8.55 (d, J = 5.8 Hz, 2H), 8.39 (s, 1H), 7.27 (s, 2H), 7.18 (dd, J = 1.5
Hz, J =7.4 Hz, 1H), 7.06 (dd, J = 1.5 Hz, J = 7.7 Hz, 1H), 6.84 (t, J = 7.6 Hz, 1H), 6.02 (tdd, J = 6.6 Hz, J =
10.0 Hz, J = 16.7 Hz, 1H), 5.07 (m, 2H), 3.54 (s, 2H), 3.44 (d, J = 6.6 Hz, 2H), 3.20 (s, 2H), 2.59 (d, 8H). °C
NMR (126 MHz, CDCls): 6 166.0, 156.6, 151.5, 150.0, 147.5, 136.7, 132.5, 129.4, 128.4, 124.0, 119.3, 117.1,
115.9,61.7,61.2, 53.8, 53.3, 34.1. HRMS (ESI): 394.2238 (M+1); calcd for C2pHasN505: 394.2243. IR (neat):
3189 (br), 1685, 1606 cm™. Purity: 97% (HPLC).

N'-(3-allyl-2-hydroxybenzylidene)-2-(4-(2,5-dimethoxybenzyl)piperazin-1-yl) acetohydrazide (2e)

HO
N O
ON¢LN,N\
H

OMe

OMe

The general procedure was followed: 10 (0.67 g, 2.2 mmol, 1.8 equiv.), 3-allylsalicylaldehyde (0.19 g, 1.2
mmol, 1 equiv.), HCI (10 pL, 12M), ethanol (6 mL). Purification with flash column chromatography on silica
gel (1:4 MeOH/EtOAc) afforded 2e (0.44 g, 80%) as beige solid. '"H NMR (500 MHz, CDCls): & 11.20 (s,
1H), 9.98 (s, 1H), 8.33 (s, 1H), 7.11 (dd, J = 1.5 Hz, J = 7.4 Hz, 1H), 7.01 (dd, J = 1.5 Hz, J = 7.7 Hz, 1H),
6.89 (d, J = 3.0 Hz, 1H), 6.77 (t, J = 7.6 Hz, 1H), 6.71 (m, 2H), 5.96 (tdd, J = 6.6 Hz, J = 10.1 Hz, J = 16.7
Hz, 1H), 5.00 (m, 2H), 3.71 (s, 3H), 3.70 (s, 3H), 3.52 (s, 2H), 3.38 (d, / = 6.6 Hz, 2H), 3.11 (s, 2H), 2.54 (d,
8H). °C NMR (126 MHz, CDCl3): & 164.9, 155.4, 152.5, 151.1, 150.3, 135.5, 131.3, 128.2, 127.2, 126.0,
118.0, 115.9, 115.5, 114.6, 111.3, 110.7, 60.0, 55.2, 54.8, 54.7, 52.7, 51.9, 32.8. HRMS (ESI): 453.2507
(M+1); calcd for CpsH33N404: 453.2502. IR (neat): 3215 (br), 1694, 1608 cm’™l. m.p.: 101.2-103 °C.
Purity: 95% (LC-MS).
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N'-(3-allyl-2-hydroxybenzylidene)-2-(4-(4-methoxybenzyl)piperazin-1-yl)acetohydrazide (2f)

|
HO
Ny o
Meo/©/\ K/N\)]\H’N\

The general procedure was followed: 11 (0.60 g, 2.2 mmol, 1.8 equiv.), 3-allylsalicylaldehyde (0.19 g, 1.2
mmol, 1 equiv.), HCI (10 uL, 12M), ethanol (6 mL). Purification with flash column chromatography on silica
gel (1:4 MeOH/EtOAc) afforded 2f (0.41 g, 81%) as light yellow solid. "H NMR (500 MHz, CDCl3): 6 11.19
(s, 1H), 9.97 (s, 1H), 8.35 (s, 1H), 7.16 (d, J = 8.3 Hz, 2H), 7.12 (d, / = 7.4 Hz, 1H), 7.02 (d, J = 7.6 Hz, 1H),
6.78 (m, 3H), 5.96 (m, 1H), 4.99 (m, 2H), 3.73 (s, 3H), 3.43 (s, 2H), 3.38 (d, J = 6.6 Hz, 2H), 3.11 (s, 2H),
2.50 (d, 8H). °C NMR (126 MHz, CDCls): & 164.8, 157.9, 155.4, 150.4, 135.5, 131.3, 129.4, 128.5, 128.2,
127.2, 118.1, 115.9, 114.7, 112.7, 61.2, 59.9, 54.3, 52.6, 51.8, 32.8. HRMS (ESI): 423.2383 (M+1); calcd for
C2oHpsNsOs: 423.2396. IR (neat): 3211 (br), 1686, 1609 cm™. Purity: 99% (LC-MS).

N'-(3-allyl-2-hydroxybenzylidene)-2-(4-(3-nitrobenzyl)piperazin-1-yl) acetohydrazide (2g)

|
O,N N o Ho
\©/\ @\)J\N’N\
H

The general procedure was followed: 12 (0.63 g, 2.2 mmol, 1.8 equiv.), 3-allylsalicylaldehyde (0.19 g, 1.2
mmol, 1 equiv.), HCI (10 pL, 12M), ethanol (6 mL). Purification with flash column chromatography on silica
gel (1:4 MeOH/EtOACc) afforded 2g (0.39 g, 74%) as beige solid. 'H NMR (500 MHz, CDCl3): 6 11.18 (s,
1H), 9.95 (s, 1H), 8.34 (s, 1H), 8.12 (s, 1H), 8.05 (d, /= 6.6 Hz, 1H), 7.61 (d, /=7.6 Hz, 1H), 7.43 (t, J=7.9
Hz, 1H), 7.11 (d, J = 7.3 Hz, 1H), 7.01 (dd, /= 1.4 Hz, J = 7.7 Hz, 1H), 6.77 (t, J = 7.6 Hz, 1H), 5.95 (tdd, J =
6.6 Hz, J = 10.1 Hz, J = 16.8 Hz, 1H), 4.99 (m, 2H), 3.56 (s, 2H), 3.37 (d, J = 6.6 Hz, 2H), 3.13 (s, 2H), 2.53
(d, 8H). *C NMR (126 MHz, CDCl3): § 165.9, 156.7, 151.8, 148.6, 140.6, 136.7, 135.2, 132.6, 129.5, 129.4,
128.5, 123.9, 122.6, 119.3, 117.1, 115.9, 62.1, 61.2, 53.8, 53.3, 34.1. HRMS (ESI): 438.2142 (M+1); calcd for
Ca3HsN504: 438.2141. IR (neat): 3218 (br), 1682, 1526, 1349 cm™. m.p.: 84-86 °C. Purity: 96% (HPLC).
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2-(4-(2,5-Dimethoxybenzyl)piperazin-1-yl)-N'-(2-hydroxybenzylidene) acetohydrazide (3)

OMe
HO
N (0]
R
H

OMe

The general procedure was followed: 10 (0.67 g, 2.2 mmol, 1.8 equiv.), salicylaldehyde (0.13 g, 1.2 mmol,
1 equiv.), HCI (10 pL, 12M), ethanol (6 mL). Purification with flash column chromatography on silica gel
(1:4 MeOH/EtOACc) afforded 3 (0.41 g, 82%) as light yellow semi-solid. 'H NMR (500 MHz, CDCl3): 6 10.98
(s, 1H), 10.05 (s, 1H), 8.46 (s, 1H), 7.30 (m, 1H), 7.21 (dd, J = 1.6 Hz, J = 7.7 Hz, 1H), 7.00 (m, 1H), 6.96 (d,
J =3.0Hz, 1H), 6.90 (dt, J = 1.0 Hz, J = 7.5 Hz, 1H), 6.78 (m, 2H), 3.78 (s, 3H), 3.78 (s, 3H), 3.59 (s, 2H),
3.18 (s, 2H), 2.62 (d, 8H). >C NMR (126 MHz, CDCls): & 166.2, 158.8, 153.7, 152.3, 151.5, 132.1, 131.2,
127.2, 119.5, 117.6, 117.5, 116.8, 112.5, 111.8, 61.2, 56.4, 56.0, 55.9, 54.0, 53.2. HRMS (ESI): 413.2182
(M+1); calcd for CypHygN4O4: 413.2189. IR (neat): 3214 (br), 1684, 1621 cm’. Purity: 98% (LC-MS).

3,5-Diallylsalicylaldehyde (22)
OH

=0

|

To a stirred mixture of 3-allylsalicylaldehyde (0.097 g, 0.60 mmol, 1 equiv.) and K,CO; (0.10 g, 0.74
mmol, 1.25 equiv.) in DMF (5 mL) was added allyl bromide (0.077 mL, 0.89 mmol, 1.5 equiv.). The reaction
mixture was stirred for 3 hr at room temperature. The solution was filtered, washed with DMF (3 mL) and
then concentrated under high vaccum. The residue (neat) was microwaved at 100 W for 5 min. The crude
product was purified by normal phase Prep TLC (1:4 CH,Cl,/Hexanes) to provide 22 (0.048 g, 40%) as
yellow liquid. "H NMR (500 MHz, CDCls): & 11.17 (s, 1H), 9.85 (s, 1H), 7.23 (apparent dd, J = 2.1 Hz, J =
4.1 Hz, 2H), 5.97 (m, 2H), 5.10 (m, 2H), 5.07 (m, 2H), 3.41 (d, J = 6.6 Hz, 2H), 3.35 (d, J = 6.6 Hz, 2H). "°C
NMR (126 MHz, CDCls): 6 196.9, 158.2, 138.0, 137.2, 136.1, 131.5, 131.3, 129.0, 120.3, 116.6, 116.4, 39.2,
33.4. HRMS (ESI): 203.1066 (M+1); calcd for C13H;505: 203.1072. IR (neat): 2847, 1701 cm™.
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3-Allyl-2-methoxybenzaldehyde (23)

To a stirred mixture of 3-allylsalicylaldehyde (0.11 g, 0.68 mmol, 1 equiv.) and K,COs3 (0.28 g, 2.0 mmol,
3 equiv.) in acetone was added iodomethane (0.050 mL, 0.80 mmol, 1.2 equiv.). The reaction mixture was
stirred for 15 hr. The solution was filtered, washed with acetone and then concentrated in vacuo. The crude
product was purified by flash column chromatography on silica gel (1:9 EtOAc/Hexanes) to afford 23 (0.073
g, 75 %) as light yellow liquid. "H NMR (500 MHz, CDCls): & 10.37 (s, 1H), 7.72 (dd, J = 1.6 Hz, J = 7.7 Hz,
1H), 7.47 (dd, J = 1.5 Hz, J = 7.5 Hz, 1H), 7.19 (t, J/ = 7.6 Hz, 1H), 5.98 (tdd, / = 6.4 Hz, J = 10.1 Hz, J =
16.6 Hz, 1H), 5.11 (m, 2H), 3.89 (s, 3H), 3.47 (d, J = 6.4 Hz, 2H). *C NMR (126 MHz, CDCl5): § 190.3,
161.6, 137.1, 136.6, 134.5, 129.6, 127.5, 124.8, 116.8, 64.5, 33.4. HRMS (ESI): 177.0919 (M+1); calcd for
C11H130,: 177.0916

N'-(3-allyl-2-hydroxybenzyl)-2-(4-benzylpiperazin-1-yl)acetohydrazide (4d)

|
@f@ﬁ

To a solution of PAC-1 (1)(0.10 g, 0.25 mmol, 1 equiv.) in 3:1 THF/AcOH (8 mL in total) was added
sodium cyanoborohydride (0.048 g, 0.76 mmol, 3 equiv.) at 0 °C. The reaction mixture was allowed to warm
slowly to room temperature and stirred for 20 hr. The reaction mixture was then poured into a slurry of ice and
concentrated hydrochloric acid (I mL). The resulting mixture was extracted with CH,Cl, (2 x 10 mL) and
EtOAc (2 x 10 mL). The combined organic layer was washed with saturated sodium bicarbonate, dried over
Na,SOy and concentrated in vacuo. The crude product was purified by flash column chromatography on silica
gel (1:4 MeOH/EtOAc) to afford 4d (0.069 g, 67%) as white solid. "H NMR (400 MHz, CDCl3): & 9.26 (s,
1H), 8.42 (d, J =4.8 Hz, 1H), 7.30 (m, 5H), 7.09 (dd, /= 1.2 Hz, J = 7.4 Hz, 1H), 6.87 (dd, /=13 Hz,J=7.4
Hz, 1H), 6.74 (t, J/ = 7.5 Hz, 1H), 6.05 (tdd, J = 6.6 Hz, J = 10.1 Hz, J = 16.7 Hz, 1H), 5.09 (m, 2H), 4.95 (s,
1H), 4.18 (s, 2H), 3.45 (s, 2H), 3.44 (s, 2H), 3.04 (s, 2H), 2.36 (d, 8H). °C NMR (101 MHz, CDCl5):  170.1,
154.9, 137.3, 130.2, 129.4, 129.3, 128.5, 128.2, 127.8, 127.4, 120.5, 119.8, 115.6, 63.0, 60.7, 54.6, 53.7, 53.1,
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34.3. HRMS (ESI): 395.2428 (M+1); calcd for Cp3H3 N4O,: 395.2447. IR (neat): 3268 (br), 1676 cm™. m.p.:
83-84 °C. Purity: 98% (HPLC).

Scheme S2. Synthesis of 4¢

(0]
©/\G CI\)J\O/\ , NaHCO, ©/\© 0 NHoNH, ©/\O 0
NH acetone, reflux, 20 hr N%O/\ EtOH, reflux, 18 hr N\)J\N/NHZ
H
43 26

O OH [~
HO
o}
, cat. HCI N\)J\N/N\
H
4c

EtOH, reflux, 13 hr

Ethyl 2-(4-benzylpiperidin-1-yl)acetate (43)

SAGY W

To a stirred mixture of 1-benzylpiperidine (0.30 mL, 1.7 mmol, 1 equiv.) and NaHCO3 (0.18 g, 2.1
mmol, 1.25 equiv.) in acetone (3.5 mL) was added ethyl chloroacetate (0.20 mL, 1.9 mmol, 1.1 equiv.). The
reaction was refluxed for 20 hr monitoring by TLC. The solution was filtered and the solid was washed with
acetone (10 mL). The filtrate was concentrated in vacuo, and then purified by flash column chromatography
on silica gel (1:1 EtOAc/Hexanes) to give 43 (0.36 g, 82%) as yellow liquid. 'H NMR (500 MHz, CDCls): &
7.28 (m, 2H), 7.18 (m, 1H), 7.15 (m, 2H), 4.18 (q, J = 7.1 Hz, 2H), 3.18 (s, 2H), 2.92 (d, J = 11.4 Hz, 2H),
2.54 (d, J = 7.0 Hz, 2H), 2.10 (dt, J = 2.1 Hz, J = 11.7 Hz, 2H), 1.63 (dd, J = 1.4 Hz, J = 13.4 Hz, 2H), 1.53
(m, 1H), 1.40 (ddd, J = 3.7 Hz, J = 12.2 Hz, J = 24.1 Hz, 2H), 1.27 (t, J = 7.1 Hz, 3H). °C NMR (126 MHz,
CDCl): 8 170.5, 140.7, 129.3, 128.4, 126.0, 60.8, 59.9, 53.8, 43.3, 37.6, 32.0, 14.5. HRMS (ESI): 262.1819
(M+1); calcd for C16H24NO,: 262.1807. IR (neat): 1741, 1655 cm™.

2-(4-Benzylpiperidin-1-yl)acetohydrazide (26)

O
T
H

To a stirred solution of 43 (0.29 g, 1.1 mmol, 1 equiv.) in ethanol (2.3 mL, 0.5 M) was added anhydrous
hydrazine (0.11 mL, 3.4 mmol, 3 equiv.). The reaction was refluxed for 18 hr monitoring by TLC. The
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reaction mixture was concentrated in vacuo. The residue was dissolved in CH,Cl, and washed with water (10
mL) and brine (10 mL). The aqueous layer was extracted with CH,Cl, (3 x 10 mL) and EtOAc (10 mL). The
combined organic layer was dried over Na,SQOy, filtered and concentrated in vacuo. The crude product was
purified by flash column chromatography on silica gel (1:4 MeOH/EtOAc) to afford 26 (0.18 g, 66%) as
milky oil. "H NMR (500 MHz, CDCl5): & 8.20 (s, 1H), 7.27 (m, 2H), 7.18 (m, 1H), 7.12 (m, 2H), 3.82 (broad
s, 2H), 3.01 (s, 2H), 2.77 (d, J = 11.6 Hz, 2H), 2.52 (d, J = 7.1 Hz, 2H), 2.07 (dt, J = 2.4 Hz, J = 11.9 Hz, 2H),
1.62 (d, J = 13.1 Hz, 2H), 1.50 (m, 1H), 1.26 (ddd, J = 3.8 Hz, J = 12.4 Hz, J = 15.6 Hz, 2H). °*C NMR (126
MHz, CDCl;): & 171.2, 140.6, 129.3, 128.4, 126.1, 61.2, 54.7, 43.3, 37.4, 32.6. HRMS (ESI): 248.1755
(M+1); calcd for C14HxN30: 248.1763. IR (neat): 3322, 1667 cm'™.

N'-(3-allyl-2-hydroxybenzylidene)-2-(4-benzylpiperidin-1-yl)acetohydrazide (4c)

o HO
SaeUIN
H

To a stirred solution of 3-allylsalicylaldehyde (0.063 g, 0.39 mmol, 1 equiv.) in ethanol (2.2 mL), 26 (0.17
g, 0.70 mmol, 1.8 equiv.) and HCI (10 mol%) were added. The reaction was refluxed for 13 hr monitoring by
TLC. The solution was concentrated in vacuo, and then purified by flash column chromatography on silica gel
(1:4 MeOH/EtOACc) to provide 4¢ (0.12 g, 80%) as white solid. '"H NMR (500 MHz, CDCl3): 6 11.28 (s, 1H),
10.26 (s, 1H), 8.43 (s, 1H), 7.30 (t, J/ = 7.5 Hz, 2H), 7.21 (dd, J = 7.1 Hz, J = 14.2 Hz, 2H), 7.15(d, J =73
Hz, 2H), 7.11 (d, J = 7.7 Hz, 1H), 6.86 (t, J/ = 7.6 Hz, 1H), 6.04 (tdd, J = 6.6 Hz, J = 10.1 Hz, J = 16.8 Hz,
1H), 5.09 (m, 2H), 3.46 (d, J = 6.6 Hz, 2H), 3.21 (s, 2H), 2.93 (d, J = 10.4 Hz, 2H), 2.58 (d, J = 7.1 Hz, 2H),
2.26 (t, J = 10.1 Hz, 2H), 1.72 (d, J = 13.0 Hz, 2H), 1.60 (m, 1H), 1.38 (dd, J = 11.1 Hz, J = 22.1 Hz, 2H). "*C
NMR (126 MHz, CDCls): 6 166.2, 156.7, 151.5, 140.4, 136.8, 132.5, 129.4, 129.3, 128.5, 128.5, 126.3, 119.3,
117.2, 115.9, 61.5, 54.7, 43.2, 37.3, 34.1, 32.4. HRMS (ESI): 392.2321 (M+1); calcd for CpH3oN3Ox:
392.2338. IR (neat): 3208 (br), 1678, 1608 cm™. m.p.: 140.8-141.3 °C. Purity: 96% (HPLC).
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Scheme S3. Syntheses of 4a-b
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Ethyl 2-(1-benzylpiperidin-4-yl)acetate (44)
N O
SRS N

To a stirred mixture of benzyl chloride (0.3 mL, 2.6 mmol, 1 equiv.) and K,CO;3 (1.1 g, 7.8 mmol, 3
equiv.) in acetone (11 mL) was added 2-(piperidin-4-yl)acetic acid ethyl ester (0.54 g, 3.1 mmol, 1.2 equiv.).
The reaction was refluxed for 22 hr monitoring by TLC. The solution was filtered and the solid was washed
with ethanol (10 mL). The filtrate was concentrated in vacuo, and then purified by flash column
chromatography on silica gel (1:1 EtOAc/Hexanes) to give 44 (0.60 g, 88%) as clear liquid. '"H NMR (500
MHz, CDCl3): 6 7.28 (apparent d, J = 4.4 Hz, 4H), 7.22 (m, 1H), 4.09 (q, J = 7.1 Hz, 2H), 3.46 (s, 2H), 2.83
(d, J =11.7 Hz, 2H), 2.19 (d, J = 7.1 Hz, 2H), 1.95 (dt, J = 2.2 Hz, J = 11.8 Hz, 2H), 1.75 (m, 1H), 1.65 (d, J
= 12.9 Hz, 2H), 1.30 (dt, J = 3.6 Hz, J = 12.3 Hz, 2H), 1.21 (t, J = 5.8 Hz, 3H). °C NMR (126 MHz, CDCl;):

6 173.0, 138.7, 129.4, 128.3, 127.1, 63.6, 60.4, 53.7, 41.5, 33.2, 32.3, 14.5. HRMS (ESI): 262.1812 (M+1);
calcd for C1gH24NO»: 262.1807. IR (neat): 1736 cm.

2-(1-Benzylpiperidin-4-yl)acetohydrazide (24)

RO
N/NH2
H
To a stirred solution of 44 (0.58 g, 2.2 mmol, 1 equiv.) in ethanol (4.4 mL, 0.5 M) was added anhydrous

hydrazine (0.21 mL, 6.6 mmol, 3 equiv.). The reaction was refluxed for 19 hr monitoring by TLC. The

reaction mixture was concentrated in vacuo. The residue was dissolved in CH,Cl, and washed with water (10
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mL) and brine (10 mL). The aqueous layer was extracted with CH,Cl, (3 x 10 mL) and EtOAc (10 mL). The
combined organic layer was dried over Na,SQOy, filtered and concentrated in vacuo. The crude product was
purified by flash column chromatography on silica gel (1:4 MeOH/EtOAc) to afford 24 (0.39 g, 72%) as
milky oil. "H NMR (400 MHz, CDCls): & 7.29 (m, 3H), 7.24 (m, 2H), 7.15 (broad s, 1H), 3.82 (broad s, 2H),
3.47 (s, 2H), 2.86 (d, J = 11.7 Hz, 2H), 2.04 (d, J = 7.1 Hz, 2H), 1.96 (m, 2H), 1.83 (m, 1H), 1.65 (d, J = 12.8
Hz, 2H), 1.28 (ddd, J = 3.8 Hz, J = 12.1 Hz, J = 24.8 Hz, 2H). °C NMR (126 MHz, CDCl5): & 172.7, 136.9,
129.7, 128.1, 127.4, 63.0, 53.3, 40.6, 33.2, 31.3. HRMS (ESI): 248.1767 (M+1); calcd for CyHysNs0;:
248.1763. IR (neat): 1738 cm™.

N'-(3-allyl-2-hydroxybenzylidene)-2-(1-benzylpiperidin-4-yl)acetohydrazide (4a)

|
|I:{,N N

To a stirred solution of 3-allylsalicylaldehyde (0.093 g, 0.57 mmol, 1 equiv.) in ethanol (3.3 mL), 24 (0.25
g, 1.0 mmol, 1.8 equiv.) and HCI (10 mol%) were added. The reaction was refluxed for 16 hr monitoring by
TLC. The solution was concentrated in vacuo, and then purified by flash column chromatography on silica gel
(1:4 MeOH/EtOACc) to provide 4a (0.16 g, 71%) as white solid. "H NMR (500 MHz, CDCl3) indicated a 81:19
ratio of two conformers: 6 11.25 (s, 1H x 0.19 conformer B), 10.47 (s, 1H x 0.81 conformer A), 10.43 (s, 1H x
0.81 conformer A), 9.07 (s, 1H x 0.19 conformer B), 8.29 (s, 1H x 0.19 conformer B), 7.97 (s, 1H x
conformer A), 7.31 (apparent d, J = 4.6 Hz, 4H), 7.24 (m, 1H), 7.20 (d, J = 7.5 Hz, 1H x 0.81 conformer A),
7.16 (d, J =7.4 Hz, 1H x 0.19 conformer B), 7.12 (dd, J = 1.4 Hz, J = 7.7 Hz, 1H x 0.81 conformer A), 7.04
(dd, J=1.2 Hz, J=7.7 Hz, 1H x 0.19 conformer B), 6.89 (t, /= 7.6 Hz, 1H x 0.81 conformer A), 6.82 (t, J =
7.6 Hz, 1H x 0.19 conformer B), 6.02 (m, 1H), 5.11 (m, 2H x conformer A), 5.04 (m, 2H x conformer B), 3.49
(s,2H), 3.46 (d, J = 6.5 Hz, 2H x 0.81 conformer A), 3.42 (d, J = 6.6 Hz, 2H x 0.19 conformer B), 2.89 (d, J =
11.6 Hz, 2H), 2.60 (d, J = 6.9 Hz, 2H x 0.81 conformer A), 2.19 (d, J = 7.1 Hz, 2H x 0.19 conformer B), 2.01
(t, J=11.6 Hz, 2H), 1.94 (m, 1H), 1.78 (d, J = 12.5 Hz, 2H x 0.81 conformer A), 1.74 (d, J = 12.7 Hz, 2H x
0.19 conformer B), 1.43 (m, 2H x 0.81 conformer A), 1.31 (m, 2H x 0.19 conformer B). °C NMR (126 MHz,
CDClz): ¢ 193.1, 174.7, 155.7, 147.9, 138.6, 136.6, 132.5, 129.6, 129.6, 129.5, 128.5, 128.4, 128.1, 127.2,
119.8, 117.1, 116.1, 63.6, 53.8, 39.6, 33.8, 32.9, 32.5. HRMS (ESI): 392.2338 (M+1); calcd for Cp4H30N30,:
392.2338. IR (neat): 3204 (br), 1660, 1605 cm™. m.p.: 109.5-110.3. Purity: 97% (HPLC).
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Tert-butyl 4-(2-hydrazinyl-2-oxoethyl)piperidine-1-carboxylate (25)

O
7N 3
H/NH2

To a stirred solution of 45 (0.31 g, 1.1 mmol, 1 equiv.) in ethanol (2.3 mL, 0.5 M) was added anhydrous
hydrazine (0.11 mL, 3.4 mmol, 3 equiv.). The reaction was refluxed for 19 hr monitoring by TLC. The
reaction mixture was concentrated in vacuo. The residue was dissolved in CH,Cl, and washed with water (10
mL) and brine (10 mL). The aqueous layer was extracted with CH,Cl, (3 x 10 mL) and EtOAc (10 mL). The
combined organic layer was dried over Na,SQOy, filtered and concentrated in vacuo. The crude product was
purified by flash column chromatography on silica gel (1:4 MeOH/EtOAc) to afford 25 (0.18 g, 62%) as clear
oil. '"H NMR (500 MHz, CDCls): & 4.05 (d, J = 12.2 Hz, 2H), 2.76 (s, 2H), 2.09 (d, J = 7.2 Hz, 1H), 1.95 (m,
2H), 1.68 (d, J = 13.3 Hz, 2H), 1.45 (s, 9H), 1.13 (m, 2H). *C NMR (126 MHz, CDCl3): & 155.3, 79.8, 40.9,
40.5, 33.6, 31.7, 27.5, 17.2. HRMS (ESI): 258.1698 (M+1); calcd for C;;H2oN4O35: 258.1690. IR (neat): 3301,
1670 cm™.

Tert-butyl 4-(2-(2-(3-allyl-2-hydroxybenzylidene)hydrazinyl)-2-oxoethyl)piperidine-1-carboxylate (4b)

5 |

O,

|I:{,N N
To a stirred solution of 3-allylsalicylaldehyde (0.056 g, 0.35 mmol, 1 equiv.) in ethanol (2.0 mL), 25 (0.16
g, 0.62 mmol, 1.8 equiv.) and HCI (10 mol%) were added. The reaction was refluxed for 16 hr monitoring by
TLC. The solution was concentrated in vacuo, and then purified by flash column chromatography on silica gel
(1:4 MeOH/EtOAc) to provide 4b (0.14 g, 71%) as beige solid. '"H NMR (500 MHz, CDCls) indicated a 76:24
ratio of two conformers: 6 11.43 (s, 1H x 0.24 conformer B), 10.80 (s, 1H x 0.76 conformer A), 10.49 (s, 1H x
0.76 conformer A), 10.10 (s, 1H x 0.24 conformer B), 8.29 (s, 1H x 0.24 conformer B), 8.04 (s, 1H x 0.76
conformer A), 7.19 (d, J = 7.4 Hz, 1H x 0.76 conformer A), 7.13 (m, 1H), 7.02 (d, J = 7.7 Hz, 1H x 0.24
conformer B), 6.88 (t, J = 7.6 Hz, 1H x 0.76 conformer A), 6.80 (t, J = 7.6 Hz, 1H x 0.24 conformer B), 6.01
(m, 1H), 5.08 (m, 2H x 0.76 conformer A), 5.02 (m, 2H x 0.24 conformer B), 4.10 (s, 2H), 3.45 (d, J = 6.5 Hz,
2H x 0.76 conformer A), 3.40 (d, J = 6.6 Hz, 2H x 0.24 conformer B), 2.74 (s, 2H), 2.60 (d, J = 6.9 Hz, 2H x
0.76 conformer A), 2.21 (d, J=7.1 Hz, 2H x 0.24 conformer B), 2.09 (m, 1H), 1.79 (d, J=12.2 Hz, 2H x 0.76
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conformer A), 1.74 (d, J = 13.0 Hz, 2H x 0.24 conformer B), 1.45 (s, 9H x 0.76 conformer A), 1.44 (s, 9H x
0.24 conformer B), 1.27 (dq, J/ =4.3 Hz, J = 12.6 Hz, 2H x 0.76 conformer A), 1.13 (dq, /=4.0 Hz, /=124
Hz, 2H x 0.24 conformer B). *C NMR (126 MHz, CDCl3): & 174.3, 168.1, 156.6, 155.7, 155.1, 150.6, 148.3,
136.7, 136.5, 132.6, 132.4, 129.7, 129.3, 128.4, 128.1, 119.8, 119.2, 117.2, 116.1, 115.9, 79.9, 79.7, 39.5,
33.8, 32.9, 32.3, 28.7. HRMS (ESI): 402.2409 (M+1); calcd for C,H3,N304: 402.2393. IR (neat): 3216 (br),
1688, 1663, 1608 cm™. m.p.: 76-78 °C. Purity: 95% (HPLC).

Scheme S4. Syntheses of 4f — g
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General Procedure for haloacetamides 29 and 30

To a stirred solution of 2-(2-aminoalkyl)phenol (1 equiv.) in 1:1 CH,Cl,/sat. Na,COs3 (40 mL in total) was
added chloroacetyl chloride (1.1 — 2.0 equiv.) at room temperature. The reaction mixture was stirred for 4
hours. The organic layer was separated and the aqueous layer was extracted with DCM (3 x 10 mL). The
combined organic solution was dried over Na,SO,, and concentrated in vacuo. The crude product was purified

with flash column chromatography on silica gel (1:4 EtOAc/Hexanes).

2-Chloro-N-(2-hydroxyphenethyl)acetamide (29)

o HO
o
H

The general procedure was followed: 2-(2-aminoethyl)phenol (0.05 g, 0.36 mmol, 1 equiv.), chloroacetyl
chloride (0.03 mL, 0.38 mmol, 1.04 equiv.), 1:1 CH,Cl,/sat. Na,CO;3; (6 mL in total). Purification with flash
column chromatography on silica gel (1:4 EtOAc/Hexanes) afforded 29 (0.036 g, 46%) as light yellow oil. 'H
NMR (500 MHz, CDCls): 6 7.13 (dt, J = 1.4 Hz, J =7.9 Hz, 2H), 7.09 (d, J = 7.7 Hz, 1H), 6.85 (m, 3H), 4.05
(s, 2H), 3.53 (dd, J = 6.9 Hz, J = 12.7 Hz, 2H), 2.89 (t, J = 7.1 Hz, 2H). °’C NMR (126 MHz, CDCls): & 167.3,
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154.7, 130.9, 128.5, 124.8, 120.8, 116.0, 42.8, 41.0, 30.2. HRMS (ESID): 214.0629 (M+1); calcd for
C1oH13NO,Cl: 214.0635. IR (neat): 3291 (br), 1650, 1608 cm™.

2-Chloro-N-(2-hydroxybenzyl)acetamide (30)

O OH
H

The general procedure was followed: 2-(2-aminomethyl)phenol (0.30 g, 2.4 mmol, 1 equiv.), chloroacetyl
chloride (0.39 mL, 4.9 mmol, 2 equiv.), 1:1 CH,Cly/sat. Na,CO3; (40 mL in total). Purification with flash
column chromatography on silica gel (1:4 EtOAc/Hexanes) afforded 30 (0.43 g, 88%) as light yellow oil. 'H
NMR (500 MHz, CDCl5) indicated a 55:45 ratio of two conformers: 6 7.64 (broad s, 1H x 0.55 conformer A),
7.34 (m, 1H), 7.24 (m, 1H x 0.55 conformer A), 7.19 (m, 1H x 0.55 conformer A), 7.12 (dt, J = 1.5 Hz, J =
8.3 Hz, 1H), 7.08 (broad s, 1H x 0.45 conformer B), 6.91 (dd, /= 1.0 Hz, J = 8.1 Hz, 1H x 0.45 conformer B),
6.83 (dt, J= 1.1 Hz, J = 7.4 Hz, 1H), 4.43 (d, J = 6.0 Hz, 1H x 0.45 conformer B), 4.41 (d, J = 6.4 Hz, 1H x
0.55 conformer), 4.34 (s, 1H), 4.01 (overlap of two singlets of conformers A and B, 2H). BC NMR (126 MHz,
CDCls): o 168.3, 166.9, 166.5, 155.6, 148.9, 131.0, 130.7, 130.2, 129.8, 127.3, 123.7, 122.6, 120.4, 117.4,
42.6,41.1,40.7, 39.3. HRMS (ESI): 200.0473 (M+1); calcd for CoH;;NO,CI: 200.0478

General Procedure for 4f — g

To a stirred mixture of 27" (1.3 equiv.) and K,COs3 (2 equiv.) in 2:3 acetone/chloroform (25 mL in total)
was added haloacetamide (1 equiv.). The reaction was refluxed for 18 hr monitoring by TLC. The solution
was filtered and the solid was washed with chloroform (10 mL). The filtrate was concentrated in vacuo, and

then purified by flash column chromatography on silica gel (1:4 MeOH/EtOAc)

2-(4-Benzylpiperazin-1-yl)-N-(2-hydroxyphenethyl)acetamide (4f)
N o HO
H
The general procedure was followed: 27 (0.15 g, 0.84 mmol, 1.3 equiv.), 29 (0.14 g, 0.64 mmol, 1 equiv.),
K,CO3 (0.18 g, 1.3 mmol, 2 equiv.) in 2:3 acetone/chloroform (5 mL in total). Purification with flash column

chromatography on silica gel (1:4 EtOAc/Hexanes) afforded 4f (0.21 g, 91%) as white semi-solid. 'H NMR
(500 MHz, CDCl3): 6 8.69 (s, 1H), 7.50 (t, J = 5.6 Hz, 1H), 7.30 (m, 5H), 7.08 (m, 2H), 6.83 (d, J = 7.9 Hz,
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1H), 6.78 (t, J = 7.4 Hz, 1H), 3.57 (td, J = 6.7 Hz, J = 13.0 Hz, 2H), 3.52 (s, 2H), 3.00 (s, 2H), 2.88 (t, /= 6.9
Hz, 2H), 2.46 (d, 8H). °C NMR (126 MHz, CDCl3): § 171.6, 155.5, 137.8, 130.8, 129.5, 128.5, 128.2, 127.5,
125.2, 119.9, 116.1, 63.1, 61.4, 53.5, 53.1, 39.4, 30.7. HRMS (ESI): 354.2173 (M+1); calcd for C,;HpgN30O,:
354.2182. IR (neat): 3585, 3319 (br), 1650, 1607 cm™". Purity: 95% (LC-MS).

2-(4-Benzylpiperazin-1-yl)-N-(2-hydroxybenzyl)acetamide (4g)
N O OH
QNJN«©
H

The general procedure was followed: 27 (0.48 g, 2.7 mmol, 1.3 equiv.), 30 (0.43 g, 2.1 mmol, 1 equiv.),
K,CO3 (0.58 g, 4.2 mmol, 2 equiv.) in 2:3 acetone/chloroform (25 mL in total). Purification with flash column
chromatography on silica gel (1:4 EtOAc/Hexanes) afforded 4g (0.62 g, 86%) as white solid. "H NMR (500
MHz, CDCls): 6 9.41 (s, 1H), 7.91 (s, 1H), 7.25 (m, 5H), 7.17 (t, J = 7.6 Hz, 1H), 7.09 (d, J = 7.3 Hz, 1H),
6.89 (d, J = 8.0 Hz, 1H), 6.79 (t, J = 7.3 Hz, 1H), 4.33 (d, J = 6.7 Hz, 2H), 3.47 (s, 2H), 3.00 (s, 2H), 2.45
(broad d, 8H). °C NMR (126 MHz, CDCls): & 173.2, 156.2, 138.0, 130.9, 130.2, 129.4, 128.5, 127.4, 124.5,
120.0, 118.2, 63.1, 61.0, 53.8, 53.2, 40.2. HRMS (ESI): 340.2020 (M+1); calcd for CooHa6N307: 340.2025. IR
(neat): 3584, 3368 (br), 1653, 1600 cm™. m.p.: 119-119.8 °C. Purity: 97% (HPLC).
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Scheme S5. Syntheses of 2d and 4e
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2-Allyl-6-((2-methylhydrazono)methyl)phenol (47)

HO

HITI’N\
Me
To a stirred solution of 3-allylsalicylaldehyde (0.50g, 3.1 mmol, 1 equiv.) in EtOH (47 mL) was added
methylhydrazine (0.32 mL, 6.1 mmol, 2 equiv.) at room temperature. The reaction mixture was refluxed for
17 hr. The solvent was evaporated. The residue was purified by flash column chromatography on silica gel
(1:9 EtOAc/Hexanes) to give 47 (0.58g, 99%) as yellow liquid. '"H NMR (500 MHz, CDCls): & 11.65 (broad
s, 1H), 7.66 (s, 1H), 7.10 (d, J = 7.4 Hz, 1H), 7.03 (d, J = 7.6Hz, 1H), 6.85 (t, / = 7.5 Hz, 1H), 6.09 (tdd, J =
6.5 Hz, J=10.0 Hz, J = 16.8 Hz, 1H), 5.30 (broad s, 1H), 5.12 (m, 2H), 3.49 (d, J = 6.5 Hz, 2H), 2.95 (s, 3H).
BC NMR (126 MHz, CDCls): § 155.3, 140.2, 137.2, 129.9, 127.6, 127.5, 119.1, 119.1, 115.6, 35.0, 34.2.

HRMS (ESI): 191.1177 (M+1); caled for C;;H;sN,0: 191.1184. IR (neat): 3401, 1639, 1617 cm.
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General Procedure for 48 and 28

To a stirred solution of 48 or 28 (1 equiv.) in 1:1 CH,Cly/sat. Na,CO3; (40 mL in total) was added
chloroacetyl chloride (1.1 — 2.0 equiv.) at room temperature. The reaction mixture was stirred for 4 hours. The
organic layer was separated and the aqueous layer was extracted with DCM (3 x 10 mL). The combined
organic solution was dried over Na,SQOy4, and concentrated in vacuo. The crude product was purified with flash

column chromatography on silica gel (1:4 EtOAc/Hexanes).

N'-(3-Allyl-2-hydroxybenzylidene)-2-chloroacetohydrazide (48)
|

HO

0
CI\)J\N,N\
H

The general procedure was followed: 46 (0.34 g, 1.9 mmol, 1 equiv.), chloroacetyl chloride (0.17 mL, 2.1
mmol, 1.1 equiv.), 1:1 CH,Cl,/sat. Na,CO3 (31 mL in total). Purification with flash column chromatography
on silica gel (1:4 EtOAc/Hexanes) afforded 48 (0.19 g, 39%) as light yellow solid. '"H NMR (500 MHz,
CDCl) indicated a 55:45 ratio of two conformers: & 11.05 (s, 1H x 0.45 conformer B), 10.04 (s, 1H x 0.55
conformer A), 9.42 (s, 1H x 0.55 conformer A), 8.37 (s, 2H x 0.45 conformer B), 8.05 (s, 1H x 0.45
conformer B), 7.13 (m, 2H x 0.55 conformer A), 6.89 (m, 1H), 6.04 (m, 1H), 5.09 (m, 2H x 0.55 conformer
A), 4.47 (s, 2H x 0.45 conformer B), 4.23 (s, 2H x 0.55 conformer A), 3.47 (d, J = 6.4 Hz, 2H), 2.67 (m, 2H x
0.45 conformer B). HRMS (ESI): 253.0748 (M+1); calcd for C;1H;5N,0: 253.0744.

N'-(3-Allyl-2-hydroxybenzylidene)-2-chloro-N-methylacetohydrazide (28)

|
o Ho
ol\)LN,N\
|

The general procedure was followed: 47 (0.30 g, 2.4 mmol, 1 equiv.), chloroacetyl chloride (0.39 mL, 4.9
mmol, 2 equiv.), 1:1 CH,Cly/sat. Na,CO3 (40 mL in total). Purification with flash column chromatography on
silica gel (1:4 EtOAc/Hexanes) afforded 28 (0.43 g, 88%) as light yellow oil. "H NMR (500 MHz, CDCls)
indicated a 82:18 ratio of two conformers: 6 10.20 (s, 1H x 0.82 conformer A), 7.91 (s, 1H x 0.82 conformer
B), 7.84 (dd, J = 1.9 Hz, J = 7.4 Hz, 1H x 0.18 conformer B), 7.74 (s, 1H x 0.18 conformer B), 7.31 (m,
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overlap of 1H x 0.18 conformer B and 1H of 0.18 conformer B), 7.23 (d, / = 7.4 Hz, 1H x 0.82 conformer A),
7.18 (dd, J = 1.3 Hz, J = 7.7 Hz, 1H x 0.82 conformer A), 6.93 (t, J = 7.6 Hz, 1H x 0.82 conformer A), 6.04
(m, 1H x 0.82 conformer A), 5.89 (m, 1H x 0.18 conformer B), 5.12 (m, 2H), 4.71 (s, 1H x 0.18 conformer
B), 4.54 (s, 2H x 0.82 conformer A), 4.31 (s, 2H x 0.18 conformer B), 3.47 ( overlap of two peaks of
conformer A, a doublet of 2H and a singlet of 3H), 3.37 (s, 3H x 0.18 conformer A), 3.32 (d, / = 6.5 Hz, 2H x
0.18 conformer B). °C NMR (126 MHz, CDCls): & 166.4, 155.3, 145.1, 136.4, 135.4, 134.5, 133.0, 132.7,
132.5, 130.1, 128.3, 127.4, 125.1, 120.0, 117.3, 117.2, 116.2, 43.1, 42.5, 40.5, 34.9, 33.8, 28.6. HRMS (ESI):
267.0896 (M+1); caled for C3H;sN,0,Cl: 267.0900. IR (neat): 3330, 2107, 1645 cm™.

General Procedure for 2d and 4e

To a stirred mixture of 27 or 49 (1.3 equiv.) and K,COj3 (2 equiv.) in acetone (25 mL in total) was added
28 or 48 (1 equiv.). The reaction was refluxed for 18 hr monitoring by TLC. The solution was filtered and the
solid was washed with chloroform (10 mL). The filtrate was concentrated in vacuo, and then purified by flash

column chromatography on silica gel (1:4 MeOH/EtOAc).

N'-(3-allyl-2-hydroxybenzylidene)-2-(4-(4-fluorobenzyl)piperazin-1-yl)acetohydrazide (2d)

|
@ﬁNﬁ o M
- K/N\)LN,N \
H
The general procedure was followed: 49 (0.61 g, 3.2 mmol, 1.5 equiv.), 48 (0.43 g, 2.1 mmol, 1 equiv.),
K,CO; (0.87 g, 6.3 mmol, 3 equiv.) in acetone (25 mL in total). Purification with flash column
chromatography on silica gel (1:4 MeOH/EtOAc) afforded 2d (0.62 g, 86%) as white solid. "H NMR (500
MHz, CDCl3): & 11.26 (s, 1H), 10.10 (s, 1H), 8.46 (s, 1H), 7.31 (m, 2H), 7.20 (d, J = 7.3 Hz, 1H), 7.10 (d, J =
7.6 Hz, 1H), 7.03 (t, J = 8.6 Hz, 2H), 6.86 (t, J = 7.6 Hz, 1H), 6.04 (tdd, J = 6.6 Hz, J = 10.1 Hz, J = 16.7 Hz,
1H), 5.08 (m, 2H), 3.56 (s, 2H), 3.46 (d, J = 6.5 Hz, 2H), 3.22 (s, 2H), 2.62 (d, 8H). >C NMR (126 MHz,
CDCl): & 216.9, 165.8, 156.7, 151.8, 136.7, 132.6, 130.9, 129.4, 128.5, 119.3, 117.1, 115.9, 115.5, 115.3,
62.1, 61.1, 53.7, 53.0, 34.1. ""F NMR (400 MHz, CDCl5):  115.8. HRMS (ESI): 411.2196 (M+1); calcd for
Ca3HsN4O5F: 411.2196. IR (neat): 3210, 1686, 1607 cm™. m.p.: 113.8-114.5 °C. Purity: 96% (HPLC).
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N'-(3-allyl-2-hydroxybenzylidene)-2-(4-benzylpiperazin-1-yl)-N-methylacetohydrazide (4e)

|
Ny o Ho
EjA LN NS
Me

The general procedure was followed: 27 (0.15 g, 0.76 mmol, 1.5 equiv.), 28 (0.14 g, 0.51 mmol, 1 equiv.),
K,CO; (0.21 g, 1.5 mmol, 3 equiv.) in acetone (2.4 mL in total). Purification with flash column
chromatography on silica gel (1:4 MeOH/EtOAc) afforded 4e (0.17 g, 81%) as white solid. '"H NMR (500
MHz, CDCl5): 6 10.74 (s, 1H), 7.84 (s, 1H), 7.32 (m, 4H), 7.25 (m, 1H), 7.20 (dd, /= 0.9 Hz, J = 7.4 Hz, 1H),
7.15(dd, J=1.5Hz,J=7.7 Hz, 1H), 6.89 (t, J = 7.6 Hz, 1H), 6.06 (tdd, J = 6.7 Hz, J = 10.0 Hz, J = 16.8 Hz,
1H), 5.12 (m, 1H), 3.59 (s, 2H), 3.53 (s, 2H), 3.47 (d, J = 6.7 Hz, 2H), 3.41 (s, 2H), 2.63 (broad d, 8H). °C
NMR (101 MHz, CDCls): 6 169.8, 155.3, 142.9, 138.4, 136.8, 131.9, 129.6, 129.4, 128.4, 128.3, 127.2, 119.5,

117.8, 115.9, 63.2, 61.0, 53.6, 52.9, 34.2, 27.9. HRMS (ESI): 407.2441 (M+1); calcd for C,4H3;N4O;:
407.2447. IR (neat): 3062 (br), 1681, 1612 cm’. m.p.: 120-121 °C. Purity: 96% (HPLC).
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Scheme S6. Synthesis of AF350-PAC-1 (2h).
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1-(3-(azidomethyl)benzyl)piperazine (51)

To a stirred solution of a,a’-dibromo-m-xylene (5.0 g, 18.9 mmol, 1 equiv.) in 6:1 acetone/H,O (35 mL in
total) was added sodium azide (1.8 g, 28.4 mmol, 1.5 equiv.). The reaction mixture was stirred for 10 hr at
room temperature. The mixture was diluted with DCM (30 mL), washed with H;O (20 mL) and brine (20
mL), dried over Na,SQ,, filtered, concentrated in vacuo. After column chromatography on silica gel (9:1

Hexanes/ EtOAc), a mixture of 50 and minor diazido-m-xylene was obtained as light yellow liquid.
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Anhydrous piperazine (4.0 g, 46.5 mmol, 6 equiv.) was added to THF (17 mL), and the mixture was heated
to reflux until the piperazine was fully dissolved. To the solution the mixture of 50 and minor diazido-m-
xylene (1.75g, 7.7 mmol, 1 equiv.) was added dropwise. White precipitate was formed immediately. The
reaction mixture was refluxed for 3 hr. The stirring mixture was cooled and then filtered. The solids were
washed with THF (15 mL) and then EtOAc (15 mL). The combined organic layer was concentrated in vacuo,
which was then washed with basic water with 5% brine and KOH (pH >12). The aqueous layer was extracted
with CH,Cl, (3 x 15 mL) and EtOAc (15 mL) at pH > 12. The organic layers were combined, dried over
Na,SO, and concentrated in vacuo. The crude product was purified by flash column chromatography on silica
gel (1:4 MeOH/EtOAc) to afford 51 (0.66 g, 30% over 2 steps) as light yellow liquid. "H NMR (500 MHz,
CDCls): 6 7.29 (m, 3H), 7.18 (d, J = 7.2 Hz, 1H), 4.30 (s, 2H), 3.47 (s, 2H), 2.85 (t, J = 4.9 Hz, 4H), 2.38 (s,
4H), 1.75 (s, 1H). >C NMR (126 MHz, CDCls): 6 139.2, 135.5, 129.4, 129.2, 128.9, 127.2, 63.7, 54.9, 54.8,
46.3. HRMS (ESI): 232.1552 (M+1); caled for CjoH;gNs: 232.1562

Ethyl 2-(4-(3-(azidomethyl)benzyl)piperazin-1-yl)acetate (52)

N; N o)
A0 §'S N

To a stirred mixture of 51 (0.6 g, 2.6 mmol, 1 equiv.) and NaHCO3 (0.27 g, 3.3 mmol, 1.25 equiv.) in
acetone (5 mL) was added ethyl chloroacetate (0.31 mL, 2.9 mmol, 1 equiv.). The reaction was refluxed for
22 hr monitoring by TLC. The solution was filtered and the solid was washed with acetone (5 mL). The
filtrate was concentrated in vacuo, and then purified by flash column chromatography on silica gel (1:1
EtOAc/Hexanes) to give 52 (0.75 g, 91%) as yellow liquid. "H NMR (500 MHz, CDCl3): 6 7.28 (m, 3H), 7.17
(d, J=7.3 Hz, 1H), 4.29 (s, 2H), 4.15 (q, J = 7.1 Hz, 2H), 3.50 (s, 2H), 3.17 (s, 2H), 2.54 (broad d, 8H), 1.23
(t, J = 7.1 Hz, 3H). >C NMR (126 MHz, CDCls): & 170.5, 139.1, 135.5, 129.3, 129.1, 128.9, 127.2, 62.9, 60.8,
59.7, 54.9, 53.2, 53.0, 14.5. HRMS (ESI): 318.1923 (M+1); calcd for C;6H24N50,: 318.1930. IR (neat): 2098,
1739 cm™.

N'-(3-allyl-2-hydroxybenzylidene)-2-(4-(3-(azidomethyl)benzyl)piperazin-1-yl)acetohydrazide (53)

N3/\©/\N 0
LN N,
H

To a stirred solution of 52 (0.7 g, 2.2 mmol, 1 equiv.) in ethanol (4.4 mL, 0.5 M) was added anhydrous
hydrazine (0.21 mL, 6.6 mmol, 3 equiv.). The reaction was refluxed for 16 hr monitoring by TLC. The
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reaction mixture was concentrated in vacuo. The residue was dissolved in CH,Cl, (10 mL) and washed with
water (10 mL) and brine (10 mL). The aqueous layer was extracted with CH,Cl, (3 x 10 mL) and EtOAc (10
mL). The combined organic layer was dried over Na,SO, filtered and concentrated in vacuo. The crude
product was purified by flash column chromatography on silica gel (1:4 MeOH/EtOAc) to yield 53 (0.52 g,
77%) as yellow oil. "H NMR (500 MHz, CDCls): § 8.15 (s, 1H), 7.31 (t, J = 7.8 Hz, 1H), 7.26 (d, J = 6.1 Hz,
2H), 7.19 (d, J = 7.4 Hz, 1H), 4.31 (s, 2H), 3.85 (s, 2H), 3.50 (s, 2H), 3.05 (s, 2H), 2.48 (d, J = 7.4 Hz, 8H).
C NMR (126 MHz, CDCl3): & 170.7, 138.9, 135.6, 129.3, 129.1, 129.0, 127.3, 62.8, 60.8, 54.9, 53.8, 53.3.
HRMS (ESI): 304.1877 (M+1); calced for C;4H»N;0: 304.1886

N'-(3-allyl-2-hydroxybenzylidene)-2-(4-(3-(azidomethyl)benzyl)piperazin-1-yl)acetohydrazide (34)

|
N; Ny o Ho
T
H
To a stirred solution of 3-allylsalicylaldehyde (0.16 g, 0.99 mmol, 1 equiv.) in ethanol (6 mL), 53 (0.51
g1.7 mmol, 1.7 equiv.) and HCI (10 mol%) were added. The reaction was refluxed for 15 hr. The solution was
concentrated in vacuo, and then purified by flash column chromatography on silica gel (1:4 MeOH/EtOAc) to
afford 34 (0.37 g, 84%) as yellow oil. '"H NMR (500 MHz, CDCls): & 11.28 (s, 1H), 10.04 (s, 1H), 8.38 (s,
1H), 7.35 (t, J = 7.7 Hz, 1H), 7.29 (d, J = 7.5 Hz, 2H), 7.22 (d, J = 7.4 Hz, 1H), 7.18 (dd, /=14 Hz, J=7.4
Hz, 1H), 7.08 (dd, J = 1.5 Hz, J=7.7 Hz, 1H), 6.84 (t, J = 7.6 Hz, 1H), 6.03 (tdd, /= 6.6 Hz, J = 10.1 Hz, J =
16.7 Hz, 1H), 5.07 (m, 2H), 4.34 (s, 2H), 3.56 (s, 2H), 3.45 (d, J = 6.6 Hz, 2H), 3.19 (s, 2H), 2.58 (broad d,
8H). *C NMR (126 MHz, CDCls): & 166.1, 156.6, 151.5, 138.8, 136.8, 135.6, 132.5, 129.4, 129.3, 129.1,
128.4, 127.4, 119.7, 119.3, 117.1, 115.9, 62.8, 61.2, 54.9, 53.9, 53.2, 34.1. HRMS (ESI): 448.2460 (M+1);
caled for Co4sH3oN7O,: 448.2461. IR (neat): 3221 (br), 2099, 1686, 1608 cm’".
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3-(2-((1-(3-((4-(2-(2-(3-allyl-2-hydroxybenzylidene)hydrazinyl)-2-oxoethyl)piperazin-1-
yDmethyl)benzyl)-1H-1,2,3-triazol-4-yl)methylamino)-2-oxoethyl)-7-amino-4-methyl-2-oxo-2H-
chromene-6-sulfonic acid (AF350-PAC-1, 2h)

Non N o
FCRCR S W
HN

HO,S
H,N

To a solution of propargyl amine-HCI (2.0 mg, 0.022 mmol, 1.8 equiv.) and triethylamine (5.1 pL, 0.037
mmol, 3 equiv.) in DMF (150 pL) was added Alexa Fluor 350 NHS-ester 31 (5.0 mg, 0.012 mmol, 1 equiv.)
in DMF (150 pL) at minimal amount of light. The reaction was stirred for 20 hr at room temperature. The
crude product was purified by flash column chromatography on silica gel (10% MeOH in EtOAc to 100%
MeOH) to give 33 with a small amount of silica gel as light yellow-green solid.

To a solution of [Cu(CH3CN)4]PFs (5.0 mg, 0.013 mmol, 1.1 equiv.), tris-(benzyltriazolylmethyl)amine
(TBTA, 7.1 mg, 0.013 mmol, 1.1 equiv.) and 33 (4.3 mg, 0.012 mmol, 1 equiv.) with a small amount of silica
gel in 4:3:3 t-BuOH/MeOH/H20 (1 mL in total) was added 34 (37 mg, 0.082 mmol, 6.7 equiv.) at minimal
amount of light. The reaction mixture was stirred for 24 hr at room temperature. Twice purification by flash
column chromatography on silica gel (1:4 MeOH/EtOAc) afforded AF350-PAC-1 (2h) (2.4 mg, 25% over 2
steps) as light green solid. "H NMR (500 MHz, CD;0D): & 8.33 (s, 1H), 8.03 (s, 1H), 7.78 (s, 1H), 7.35 (m,
3H), 7.27 (m, 2H), 7.16 (m, 2H), 6.83 (m, 1H), 6.57 (s, 1H), 6.01 (m, 1H), 5.56 (s, 2H), 5.01 (m, 2H), 4.41 (s,
1H), 4.36 (s, 1H), 3.57 (m, 4H), 3.41 (m, 2H), 3.20 (m, 2H), 2.58 (broad d, 8H), 2.26 (s, 2H). HRMS (ESI):
798.3032 (M+1); caled for C39H44NoO3S: 789.3034

Purity of PAC-1 (1): 100%

Purity of 1a: 95%
Purity of 1h: 99%

S54



References

1. Vichai, V.; Kirtikara, K., Sulforhodamine B colorimetric assay for cytotoxicity screening. Nat Protoc
2006, 1, (3), 1112-6.

2. Peterson, Q. P.; Goode, D. R.; West, D. C.; Ramsey, K. N.; Lee, J.; Hergenrother, P. J., PAC-1
activates procaspase-3 through relief of zinc-mediated inhibition. J. Mol. Biol. 2009, 144-158.

3. Putt, K. S.; Chen, G. W.; Pearson, J. M.; Sandhorst, J. S.; Hoagland, M. S.; Kwon, J.-T.; Hwang, S.-
K.; Jin, H.; Churchwell, M. 1.; Cho, M.-H.; Doerge, D. R.; Helferich, W. G.; Hergenrother, P. J., Small
molecule activation of procaspase-3 to caspase-3 as a personalized anticancer strategy. Nature Chem Biol
2006, 2, 543-550.

4. Dauzonne, D.; Folléas, B.; Martinez, L.; Chabot, G. G., Synthesis and in vitro cytotoxicity of a series
of 3-aminoflavones. European Journal of Medicinal Chemistry 1997, 32, (1), 71-82.

5. Kasmai, H. S.; Mischke, S. G., An Efficient and Convenient Synthesis of 2-Mercaptobenzaldehyde.
Synthesis 1989, 1989, (10), 763-765.

6. Mehanna, A. S.; Kim, J. Y., Design, synthesis, and biological testing of thiosalicylamides as a novel
class of calcium channel blockers. Bioorganic & Medicinal Chemistry 2005, 13, (13), 4323-4331.

S55



S S o
S S S
o S S
— — T} o
|
v0' L
—_—
1.500
9 T
2.331 i
oLy
2.798
~
2.810— M -
2.822
6c'¢c
;J|j MV
3.369
AN
S
3.730
T
»
(]
(2]
O
o)
=
|3
@)
()
@)
o €02
Z 6.805
—_ 002
L 7163 >~ rJﬁM s
7185

S56

ppm (t1)



18C NMR, CDClI,

8¢8'8G1

$9G°0€ 1
~_8¢€c0tl

L69°ELL

MeOJ@/\

35

£92°€9

00%°SS

€29'vS

cLe9Y

ppm (f1)

150

100

LGS



3
0 o
AN
e — +
1.537
mmﬂ
2.356
ey
2813 . o
2.822 )
2.832
. &%.N
i
1
3.501
I
A‘N
./
©
™
<
o
) }
— - .
m Mﬁ T ._NVMT__“
- 7.618 960
OC go13 L
= 8.030— ) - P
- 8.129
I
b e

S58

1.C

2.0

3.0

4.0

5.0

6.0

7.0

|
8.0

ppm (f1)



0

18C NMR, CDClI,

46.238

54.655

62.806

O,N

l/
122.293
123.888

129.300
135.268

140.972

148.480

Y e

Al Hinstl M L
f UL Ll

it anth il

Ihl

4NN

4CnN




— 1000(

500C

1H NMR, CD,0D

Ny
1.261—
1.276

Y

2.57

2.646

3.238

)

3.672

2

4.190

O~

s

37

ppm (f1)



1000(

500C

18C NMR, CD,OD

13.410

52551

52.579

60.515
63.538

122.769 >

124.024

137.474

148.476

157.903

170.317

S61

|
100

|
150

ppm (f1)



1H NMR, CD,0OD

i i

FUT ©

LLVY

Ve

N™ N (@)
PRSP N
38

6cc’€

c¢co’c
—¥es8¢

€92
__8vTl
N

|
” M I
s - ]
® 2.9 S e .9 0 3
< L = L e LHN LHN S \—VJCON! L o
I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I I I I I I I ‘
9.0 8.0 7.0 6.0 5.0 4.0 3.0 1.0

c9S



18C NMR, CD,OD

13.381

59.475 —
60.530

170.337

S63

100

150

ppm (1)



1H NMR, CDCl, — 700
o NIENEN A A W W N N - = o [
& NN » ; w9 D e |
= a o © | © S o L
o > X At a o
/ % %/ — 600C
XN 0 L
| ™
N Kon -
— 500C
39 L
— 400C
— 300C
— 200C
‘JJ L
I,.—A Ir— L
[ J‘ — 100C
\ A “ - :
3 N s 8.8 8 5 |-
HJN Y o LHN LHNLHN LHOO- Lva- .
— -1000C
Lo I e R [ A A I A I I | I
8.0 7.0 6.0 50 4.0 3.0 2.0 1.C 1)



3G NMR, CDCI,

- - —_ o OO OO O; -
~ B N - O |© W B
© © A ®w o o |= - IN
B (o] o o = = N B
N (o)) B [¢9) - /A ©
—_ w (6]
Ny o
39
\
\
\
| | |
150 100 50

ppm (f1)



1H NMR, CDCI,

o ¢ D P« A W w N s
(o] -t ~| 1 - (6)] N
3{%%% 8%@353 i i 8%)
OMe
N/\ o)
K/ \)J\O/\
OMe
40
s
[ -
Il
|
\
| J‘
I
o Ut (ep] Lo — <t N~ (e 0]
1 8B & wEF ny B -8
T - - T | | ]
7.0 6.0 5.0 4.0 3.0 2.0 1.0

99S



18C NMR, CDClI,

G9G'0L1
899°€G1
69¢'¢Sl

L09°Lc)

18G°9LL

~ 08ccllt

I

OMe

OMe

40

G6.°09

28’65

0LY V1

150
ppm (f1)

10C



2 o o o o o o
5 o o o o o o
< © o < ™ N - o
, , 7 [ | 7 , , , [ O I O I O [ |
€e’e
1207 ) . =
1224 — !
1.236
— B €6'L
2.466 /
2.548
¥a'¢e
_ b - uv
3.151 N 0c'e
- T +
3.411 lc'e
— - - ; I
M.!EM/ | -
4127 > Mﬁ uv
4.155 &
O
OH_w
pz4
() =
pd <

1H NMR, CDCl,

MeO

96°}

00¢c

S68

ppm (f1)



3G NMR, CDCI,

€8¥°0L1

868'8G}

P¥S0E}

< 99¢0¢€1

8V.LELL

8¥G°¢9

Me0©/\ I\()\'\jio/\

a1

S
S

GOE'ES

I

VA4t

ppm (f1)

150

100

69S



1H NMR, CDCl, — 600
O NNNNN BA RN O w NN - oo B
—_ — ()] — (@) ] N N —

N w @w A o | =

© )] (e} (00] o Q [\] [

/g %ﬁ}} E) %) 500
\ i
0O, \©/\N/\ 0 |
LN~ -

— 400
42 =

— 300

( — 200
‘ I i

| ‘ 100
| B

I
—und BEPI —C
Q & > N & -
oi N N e v i
[ ‘ [ [ [ [ ‘ [ [ [ [ ‘ [ [ ‘ [ [ ‘ [ ‘ [ [ ‘ [ [ [ [ ‘ [ U)
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 S

ppm (f1)



100C

50C

18C NMR, CDCl,

14.429

mwnbos =

UJT

59.562

60.776 —
62.058

122.335 ™~

123.840
129.324

135.213
140.858

148.500

170.392

T———

S71

|
100

|
150

ppm (1)



1H NMR, CD,0OD

9v8'L

$89°€
9G0°€
08G'¢c

¢S



18C NMR, CD,OD

LITLT

BLFTLE O
LT

nEg “a%

ST Eae

= LA S
gpgrgw <
TTE"ES 7
ET0°ES
BEGTES
CLY EE
LoNTTET
PUL-PEE -
0TS LET
EPF-zwL

FEO-LET

LFE AT

By W
%

160 154 140 130 izo 110 100 a0 EQ TO a0

170



1H NMR, CD,0OD

t © ™ NN N NNNN w w N
8y N oo A 9] o o
o o NS (&) % £ © a N
o © © F)\l ﬁ) o N ~
_NH,
I )
[y [ H JL |
\
M M 1 L‘ LJtﬁ RAA_NL
2] L0 N~ 0 N~

1y PR pe e e L ——a

| T T | | | T
8.0 7.0 6.0 5.0 4.0 3.0

ppm (f1)

V.S



18C NMR, CD,OD

123.951

134.157
138.180

\\\)///
147845
149.793

170.177

|
100

|
150

ppm (f1)



— 500

1H NMR, CD,0OD

2.558

3.050

3.579

o)
K/N\)J\N,NHZ

/N

—Z

7.428

8474

8

00°¢

S76

ppm (f1)



13C NMR, CD,OD |
= N N 2 2.4
o o .y - o o — 1000
NN o i
NS LN N2
H
8 n
I
— 500
\
\ L
T ——————— TS —————————— b — W it |—
| | | wn
150 100 50 N

ppm (t1)



1H NMR, CDCl,

o
o o
o o
~— Te) o
7
Fw.w
2534
0£2
+
3.054
Sl
=~ i
L 00°9
. mﬂ
3.893

6.936

8.162

h

(XA

501

ppm (f1)



18C NMR, CDClI,

53.154
53.895
55945—
56.353—
60.805
o~
I
=
ZT
@)
A‘N
./
[ [
= =
(@) (@)

112.541
116.689

127.204

l/
1862:279—
153.703

170.748

10

|
100

|
150

ppm (f1)



100G

50C

1H NMR, CDCI,

2.517

MeO

6.850
7190~

7.207

8.132

11

€0¢

L0°¢

3.C

ppm (f1)



3G NMR, CDCI,

130.525

158.984

170.779

|
100

|
150

ppm (f1)



1H NMR, CDCl,

OO,

— 100C

818°¢€
AR
V10°€

/8¥'¢
—6iv¢

— 500

¢8S

8.0 7.0 6.0 5.0 4.0 3.C



— 100C

50C

18C NMR, CDCl,

O,N

l/
122:443—
123.804

129.426
135.184

140.712

148.508

170.537

|
100

|
150

ppm (f1)



S84

— 100C
50C

1.654

2.467
2.497 _

|
‘ ‘ J
MJJ 0
=N T
(W) (@]
I I ‘ I I
2.C

2.635 611 — o
H_‘ —
3.199 6%'0 L
T 920 B
3.551 -
3.698 i

4.0

o MeS
N
1b

]

5.0

6.0

\
|
oo
W
o
7.0

1H NMR, CDCI,

8.0

9.0

¢80 o

J{

Lrl

I

1
ppm (f1)




13C NMR, CDCI, -
oA 1)) o o1 o - — 300
~ 2 o a ~
N - w ©w I~
N (o] w |00 (o] L
8_‘ ESN - /N = D B
250
MeS :
N LN — 200
H [
1b B
150
| | i
A | 10
o — 50
| i || B
| | -
LI
- -5C
| | | o
150 100 50 o

ppm (f1)



HPLC

* RUN # 452 JAN 8, 2808 23:1449:54
START
\ 6.439
MeS
N
/\j i N
N N
H |
1b
} 19.2506

I TIMETABLE STOP

RUN# 452 JAN 8, 208868 23:499:54
REERX
RT AREA TYPE WIDTH AREAX
. 939 45859 BB AL .286649
11.812 159380888 BB .281 99.14718
13 .258 92588 BB 4 99 57628

TOTHL HEER=1 .EHESE+AY
MUL FHCTOR=1 BUBUEL+00H

98S



o () o o
o o o o
o o o o
< (4p] (aV] ~— o
| 7 | 7 | | | | | 7 |
v0'8
— B
2:542 - T+
2,625
002
— +
3.181 u 1z
3.552 J
Z \W
T =z
=T
o (3)
-
A‘N
)
) r_|.|_|_|,£.|_|.lrf‘ k uv
7 822
7- == s
7.
7139\ vz
7456 e g
7.260— 7 = == =
7.
7.
N o
. 580
7.333 ’ -
8.128
|3
@)
o
@)
oC
=
< 08°0
I e T}
— 9.958




18C NMR, CDClI,

(0]
PN
1c

115.123\

115,982

116308
127.46
128.555"\

£8.999

129.405

131233
132.683

138.020

147.733
151.126

165.835

S88

|
100

|
150

ppm (f1)



LC-MS
Purity: 99%

C-vStudent LCMS\Danmy Hsuwilcg 8055
Canmy Hsu, DH-Nh2

2212009 1:55:22 PM

RT-0.0-10.00 SM: 11G
RT: 28
Ad: 40311440

Relative Absarbance )
D'?IIllr-iﬂlIII'?IIIIH“IIII'?IIIILi"IIII'?IIIIr-iﬂlIII'?IIIILi"IIII%IIIIH“IIII?IIII%IIII%‘IIIII?IIII$IIII$IIII$IIII$IIII$

(=]

o

BB 4

(=]

(5]

[ %)

=]

0z

RT:5.3

RT:-4.8 MA: 252712
Ma: 171148

4 5
Time {min}

NN

I=

1c

ML=
2 2TES

Channel B

v
Leg 8055

HoN

N&

68S



1H NMR, CD,0OD :

TR N NN N N N o gl N N N N N N N W W W W PPN N — 30C

Q q N O - N NN On I

O ®© @ @ o) a N N © 0 © |©

%ﬁ A O© O b O Qo @ 0] (@] @f) A or wn N L
— 250

HOOC B

N B

NS NPIN -
H — 20C

1d i
— 15C
— 10C

| -

f | B
Y J -

| u -

©

o

o

o

~

o

o))

o

o

o

»

o

w

(@]
06S

ppm (f1)



LA AV RS VY 4

18C NMR, CD,OD

YG8'LLL

€29'99

9.6°€9

150
ppm (f1)

100

— 1500

16S



N 0 HOOC
I
H

1d

* RUM # 485 JAN 15, 2@B8 149:44:83
STRET
= 2w e
13 .8&8
16 _BBe
H TIMETRBLE STOP
RUNS 485 JAN 15, Z8@8 14:44:83
AREARX
R AREA TYPE WIDTH AREAX
7.976 95377688 SBE - 99 @484z
13 .868 182115 BU e 148911
16 .886 74383 BuU o B .77048

TOTAL ARER=9.63BZE+DBY
MUL FACTOR=1 GO0GE+GH

7T.59745

c6S



1H NMR, CDCI, n

GE6'E
L19¢

N
86G°'S

MeOOC -
Ny 0 400
LN N B
N
H B
1e L
300
200
i 100
| | .
E ; ) I | f B
| B
o A [
- .

© 25 L8 LS uSEH 2338 5 |
o LHHgo o L'Jg%%@ u <t Wﬁ%‘_ LH,_ o B

T T | 1 1 T ] v v T 1 [ T T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T 0
10.0 9.0 8.0 7.0 6.C 5.0 4.C 3.0 8



18C NMR, CDClI, :
o o oo |
~ > N OO ©©¢ ®®®® | 3 e e -
~ ) 8 : E\&E&lg\g\y%% MeOOC 15 ~ /

& o e L
(6)] N o~ N/\ O -
N NPIN B

H — 2500
1e L

| -~ 2000
| -
‘ [

| — 1500

| — 1000
| | | B
‘ —

— 500
\ | | -
| \ | L

Mwwwwwwwwwwwmww .

— -50C

| | %)

‘ (Co)

150 100 ©

ppm (f1)



LC-MS
Purity: 98%

CoStudent LOMS\Danmy Hswllog_8080
Danmy Hsu, OH-COOMea

B/22/2009 2:48:52 PM

RT-0.0-10.00 SM: 113G

Realative Abundance )
D'?IIllr-iﬂlIII'?IIIITIIII‘?IIIll:inlllI'?IIIIr-iﬂlIII“?IIIITIIII%IIlltrllII?IIII$IIII$IIII$IIII$IIII$IIII$IIII$IIII$

(=]

on

— =] I L %) A 4=

03 RT:08
MaA: 524157577

RT: 3.5

MA: BE204026140

RT:-3.1
KA 1510456118

RT:4.0
MA: Ba0421388

4 5
Time {min}

MeOOC

Na

MLz

4 45E0
Base Peak
F: M3
Leg 8080

G6S



1H NMR, CDCl,
@ N (42 B¢ OO DO WO @ @ O 0 N o ©
a; o2} A © N N O b N o | © N » o
NS NPIN
H
1f
\
\
\
- vl i
| 1
L A
=S S AR & = 301 3
LHgc:i OLH%EC; LrL'Jl.ﬂN LHgC\iLHv— N
| | | | ‘ ‘ | | ‘ | | | ‘ | | | | ‘ | | | | ‘ | | ‘ | | | | ‘ |
10.0 9.0 8.0 7.0 6.0 5.0 4.C 3.C

96S



S = S97
~— Yo} o
|
" o
mmk_u// e
53771 ; -
53.864 o
58.371 _ B
63.191 L
o w -
=
ZI
e
oUw -
A‘N
N\V o
— o
o
™ [ 4_.m
O
)]
O i
R -
pa 166.939 3 B
O 172.132
(ap]

ppm (f1)




LC-MS
Purity: 98%

DoSwdent LCMS\Danny Heulleg_8053a B22/2008 3:31:38 PM
Danmy Hsuw, DH-C1

RT-0.0-10.00 SM: 113

RT: 3.6 ML
. Ma: 2018837 1 2 36ES
o Channel B
Uy
e Lea_A053a

[ =]

o

N/\ o ©

= m
Iz

-]

1f

(=] (=]

o

Relative Absarbance
D?IllltiﬂlIII?IIIlr-'i-‘llll?llII%IIII$IIII$IIII$IIII$IIII$IIIIH‘IIII?IIIlr-rllll?llllr-rllll?lIlltr‘llll?llllr-r‘llll?

Fud

—

-

RT: 3.5

RT: 1.5 . 5
MA- 102812 MA: 24322

RT: 4.8 52
MA: 244153 you' 2i7an

1 2 3 4 5 5] 7 8 o]
Time {rmin}

86S




S99

1H NMR, CDCI,

o o o o o o

o o o o o o o

Yo} o Yo} o Yo} o o

™ ™ (aV] Al -~ -~ Yo} o

7 o 7 [ L [ [ L [ 7 [ 7
2.498 PIX: -
2501 — F L
2.586 T
T ¢'0 — o
3.147 — = i
3.172 12°e i

~ JJI_”{.J MNWO

w w
> |on
o O
o |
HS

/NJQ
‘ I I

4.0

4.854

5.233

SRS
;%uk
T

6.0

I
8
|
7.0

= — = I
260 i
== F
o
T
00°} B
Jﬂm HT L
' o
8.419 o
060 o
10.066 B

ppm (t1)




o (] (] (] (e»]
o o o o o
o o o (@) o
0 <t o [qV] — o
| 7 | | | | | | | | | | | |
2.492 291
2494 — H%
2575
00'¥
s
3.142 6.°€
=
+
3.501 3
R4
——= Mwm%F
r_r_|_|rrrH H_\
122
~— =<}
¥8'l
~ — HT
|3
@)
(M)
@)
oC
= 00z
prd e e T
9.978
I
h el

S100

3.C

ppm (t1)



HPLC

Rog. Operakor f
Acg. Inskbrument
Injection Date

Inj ¥olume : 1¢ 1l
Acg. Method
Last changed

fmslysis Method : O:\HECHEMY1\METHODE\DH.
Last changsd : E/24/2009 7:55:02 PM by

STWDT A, Sig=280,8 Ref=off [DHDH_S5.0)
Al |

1400
1200 -
1000 “
800

E00 | |

400 ! l

noan
Mo

=
Qa

port

Dilution

Uge Multiplier I8TDs
Signal 1: MWDl A&, Sig=280,8 Rel-oif
Feak Estlime Typs Width Area Height Area

‘mAU*s] [mAl] E

13, 6%0 MM

21 Chupacabra 5/25/200% 12:27:42 AM DH Fage

I0LS



1TH NMR, CDCl, — 3000

NN NN NNNNN NN
L ¢ d o

O O O O

O OO O OO OO O e, O O
N N
O QO

— 2000
HO [
ORSW: | i
LN NS B
H L
y — 1500
l L
— 1000

2 =z = IR QRAE T3 AN i
I I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I C_IL)
11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 Q



100C

50C

18C NMR, CDCl,

34.134

39.360

i

53.905

]

63.105

116.01

85

127.4

128.54
129.04
129.372

HO
N/N\

@

130.566
133.020

136.808

3
137.974
145.310

)

/s

151.629
154.994

166.020

S103

|
100

|
150

ppm (f1)



LC-MS
Purity: 95%
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18C NMR, CDCl,

—_ —_ B e e e e ) —_ (e)) (¢ 6] w
[e2] [$,] H N w w w
o N Sl N w o) ~
[é)} [0} (&)} N g ~ <
(o] (o] ~ o N - N
—_ N O N
N 0O
K/N Ny
\
|
I
\ |
‘ \
\ ‘
Lt J s e o Lw% P A At T i it e

150 100
ppm (f1)

Q01S



LC-MS

Purity: 98%

DrAStudent LOCMS\Danny Hsulleg G050a
Dianny Hsu, DH-Omea

R/22/2008 1:01:52 FM

Ralative Absorbanca

RT: 0.0-10.0 SM: 11G

RT:4.2
Ad: JE150180

RT: 2.4
Ma: 30855

RT:5.1
MA: 17ERET

E

Time {min)

ML:

2 DBES
Channel B
L

Leg 6050a

L01S



1H NMR, CDCl,
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3G NMR, CDCI,
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HPLC

# RUN # 438 JAN 7, Z@es
START
— T 6.358
f
12 245
[ 1% 751
k TIMETABLE STOP
RUNH 430 JAM 7, Z2B@@s
AREA
RT AREA TYPE WIDTH
1 156343 BB 167
9 .94@ 9@278 BP 166
1@ . 858 41843424 PE .281
12 .24¢ 264354 PP 209
13.7561 1842968 BU .388

TOTRL AREA+4 _349497E+87
MUL FACTOR=1 .0BB0E+BO

Zav3lnis

ZZe3lel5

AREAR%
A4S
.28755

96 .197b3
.B3765
2.39% s

P g =

OIS



1H NMR, CDCl,
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18C NMR, CDClI,
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HPLC

* RUN # 429 JAR 7, 2888 21:53:39
STHRT
T @.48¢
;— 'Q.. "'5".1:"'? TR 1@_4?1
£-13_?El
i TIMETRBLE S5TOP
RUMS L P JAN 7, 2888 21:58:39
HRERX
RT ARER TYPE UWIDTH HEERZ
4806 155@5R EB A .936%86
B2 171825 Bl .194a 1 _B31786
9 .9@5 196472 BU % b 1.14366
18 _ 471 15849544 Lg .2B6 95 .16627
13 .761 Z87R8E5 BU 0 1.72736

TOTAL ARER=1 .6655E+87
MUL FACTOR=1 _8@084E+0B4Q

€HS



1H NMR, CDCI,
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HPLC

2088 21:26:17

# RUM # 428 JHAN
START

Lga oco

=

b 132 .6082

TIMETRBEE STOP

RUNS 428 JHH
ARERE

RT AREA TYPE

9.859 192383 BP

18 .779 11429848 FB

13 682 183675 Bu

TOTAL RRER=1 .1BB6E+B7
MUL FACTOR=1 . B8B@BE+&80

18 .70

fa 28BE 21:26:17

WIDTH ARERY
312 1.62955
261 96 81466
.299 1 .55579

911S
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18C NMR, CDClI,
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LC-MS
Purity: 95%

Danmy Hsu, DH-DiMea! | Hsullcg_ 8054

RT: 0.0- 10.0 SM: 111G

RT-4.5 ML
) MA: 45442054 2 51E8
o Channel B
uv
o Lea 8054
o
: |
. OMe
HO
] N 0
N _N
OMe
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o

B

™

o

] %)

Relative Absarbance
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1H NMR, CDCI,
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100C

50C

3G NMR, CDCI,
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LC-MS
Purity: 99%

C-vStudent LCMS\Danmy Hswilcg 8081
Danny Hsu, DH-MeD

B22/2008 2:50:33 PM

RT-0.0-10.0°0 SM: 111G
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1H NMR, CDC,

2.481
2.575
3.134

2’8

v€'¢
€+
ce¢C

0c¢e
(RANE

12}
Wl
A
eyt
A
637}

5.0

10.0

ppm (f1)




100C

50C

34.073

)

53.838
61.187
62.100

}

3G NMR, CDCI,
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HPLC

.

Data File O:%\EPCHEW\DATA
Sample Name: DE-NOZa

DEDH_NCZR. D

Operator

ipacsbra Locaktion : PL-F-38
5/25/200% 12:87:01 AM

H
]
r+
H
=
3
o
=]
.

Inj Yelume : 10 ul
Acg. Methed : C:3HPCHEMY 1YMETEIDSYDH. M
Laaz changed ! 14:17 PK zy DH
er loading]

snalysis HMethed )
Last changsd sfied 3 L
| MADT A, BD, 8 Refeoff (OHDH_MGC2A.1)
Al 8 =
]

000 - no

1780 -

1500 | |

1250 - |

1003 |

Scrced By : Signal
liex : l.o0G00

o
1023.48881 40.69632
4.4@85%942d4 211429527
534 .21513 Y6 _05640

Totals 4,6A171ad  Z2Z31.05187

Bl Caupacabra 5/23/200% 1:21:3% AN DE Page 1iof 2

STAR)



1H NMR, CDCI,
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LC-MS
Purity: 98%

DoStwdent LCMS\Danny Heulleg_8058
Danmy Hsu, DH-DiMeODe

R22/2008 2:38:11 PM

RT-0.0-10.00 SM: 113
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1H NMR, CDCl,
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3G NMR, CDCI,
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1H NMR, CDCl,
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18C NMR, CDClI,
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HPLC

LE

21 Chupacakra

Injection Dake : 5/25/2009 13:38:23 aM

Method :
shanged F

Method :

ed atter loadi
#MY 14 METHCCE D

L L4 METHODS W DK b
11:34:17 PM by DH

qad :
WO A, Sig=28

Sorted By :
Multiplier !
Dilutica p
Use Multiplier & Diluticn

5ignal

MWDl A,

Sig=280,

Hignal
1.0000
1.0000
Factor with ISTDs

& Ref-off

FPeax

2l Chupzeabra 572572009 12:585:

Area Heizht
[RT*e] [mal,
1.02952e8 TBD. 93475
145.57528 14.802848
§1.62722 F.867TT08
1l.c54d42e4 TE%_ 214

Pags

ik

of

GEILS
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18C NMR, CDCl,
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1H NMR, CDCI,
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3G NMR, CDCI,
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HPLC

* PRUN # 439 JAH B, ZBHW8 14:59:14
STHET
B.369
o HO
N\)J\N,N ~
H
T_THET
14,859 4c
14 . 488
- 0.0 %
r 19 _648
L TIMETAELE STOFP
RUMNYS 439 JANM 8, ZBB8 14:59:14
HREER
BT HEEH TYPE WIOTH HREA%
.369 17224 BH e o 15915
7_78BY BEE97RY BE 228 1._24396
1@ _B59 B61@9 BB _1E8& SS9 3
14 _488 8z2B835 FB 197 1 . 52676
1R _7HS5 GS1BH1448 BB . 388 96 .3593=
19 648 275874 U _32W .51889

TOTRL RREA=5.3842ZL+87
MUL FRACTOR=1 .88068E+80

A4 5



1H NMR, CDCI,
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3G NMR, CDCI,
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1H NMR, CDCl, -
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3G NMR, CDCI,
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1H NMR, CDCI,
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HPLC

# RUN # 447 JAN B, Z@88
START
“‘*T H_468
I
= td 1i0
r....-l—"'
= 17 856
L TIMETRBLE STOP
RUNH 447 JAN B, zB@8
AREARY
RT AREA TYPE WIDTH
.468 2532766 BE 241
14.118 656174 BP .319
14 9684 413766864 PE .293
17 .856 239703 BE _IBE

TOTAL ARER=9 2725L+87
MUL FRACTOR=1 B0UBE+BG

ARERZ
.B2683
1.53588
9B . B1cEr
. 72509

a1 b
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1H NMR, CDCl,
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3G NMR, CDCI,
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1H NMR, CDCI,
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HPLC

Lata File D
Samzle Ham

LHPCHEMY DATAL20094ZHADE RT1.D
H-RATL

Cperakor : DH
rnatrument : El Chupacabra
tion Date 572472009 11:37:49 FM

acg. Metheod 3
Last changed

Analysis Method -

Last ch

Lacation

Inj Velume

ed =
L= LA £
MWD A Sig=2808
mAl
2000

1750 -

-5001

Fl-F-035
10 ul

=

b L
i

Tse multiplier & Diluklon Factsr wikh ISTOs

Signal 1: MWDl B, #ig=32C.8 Ref=cff

Peak RatTime Type Widta nrsa
# [min] [min] ImAl=e]

1. 11.7%6 MM
2 12.324 MM
3= 13220 MM
4 12,955 [

Totals : 3,6376Hed  Z157.B5325

I=
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1H NMR, CDCI,
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1H NMR, CDCI,
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LC-MS
Purity: 95%

D:Student LCMS\Danny Hsullcq_ 6052
Danny Hsu, DH-dM4al

RI2272008 1:23:16 PM

RT: 0.0-10.0 3SM: 11G

BOTTE1

ks

B3

Relative Absaorbanca

AT 4.4
MA: 20606

Time {min}

ML:
1.13E5
Channel B

v
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1H NMR, CDCl,
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HPLC

* RUN # 443 JAN B, 26068
START
T 6.370
prammm— 938
TIMETABLE STOP
RUMS 443 JAN B, ZBHB
ARER%
RT AREA TYPE WIDTH
L3786 183465 BB .128
o S£25319 BE -3B89

TOTHL HREA=5988%7Y6
MUL FACTOR=1 .00BBE+WDb

17115155

bR AR

ARERZ
3. 39997
96 .61555
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1H NMR, CDCI,
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3C NMR, CDCI,
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1H NMR, CDCI,
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18C NMR, CDClI,
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1H NMR, CDCl, - 80C
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13C NMR, CDCI,
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19F NMR, CDCl,
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HPLC

* RUN # 436 JAN 8, 2868 13:19146
START
2d
B 1+ 83 1
i2 ol
§4.972 SRS
16.766
TIMETRELE STOP
RUNE 436 JAN B, 2688 13:19:46
ARERX
RT AREA TYPE WIDTH AREAZ
18.483 238865  BU 217 31261
11.131 1223276 by  .289 1 .66094
12.861 118514 PP ° .236 14463
1z 886 73565312 SEB 213 96.27734
14 .972 197511 BB 383 258449
16 766 1@74339 BB .27 1.486082

TOTAL AREA=7 .641BE+8B7Y
MUL FRACTOR=1 .GCB0E+G6
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1H NMR, CDCI,
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HPLC

* RUN # 444 JAM
STRRET
|
I 15 .E588
lB.6BY

235462

TIMETABLE &70

RUNH 444 J
AREAX
RT HEER TY
15 ‘586 E6E374
18 .6867 171570
28 . B7Z 218436
21 . dl 7PHBIS
21 .BBe 46916688
2% .465 1564%1
25 .4829 461187

TOTAL AREA=4.B754E+@7
MUL FRCTOR=1.6G@BBE+G58
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18C NMR, CDClI,
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1H NMR, CDCI,
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1H NMR, CDCI,
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18C NMR, CDClI,
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HPLC

RO % 412 JAM &, 26888 18:51:21

STRHRET

]
{F= 14 .122

' TIMETREBLE STOP

RUMN# 51 2 JAN 6, 2888 18:51:21
RT AREA TYPE WIDTH AREAX
14 .12 58367064 BB .l8g 108 .80bBe

TOTAL RRER=EB367084
MUL FACTOR=1 .80BGL+08
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