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[1.1] General Experimental Details:

All reactions were conducted at different temperature using the respective solvents.
Distilled water was used during the work-up procedures, and all solvents were dried and
stored over activated molecular sieves (4 A).

Analytical tools: All the industrial reagents used were purchased from Sigma-Aldrich,
Avra, Aldrich, TCI and Otto-chemie chemical. Thin layer chromatography (TLC)
functioned on a pre-coated silica gel 60 F254 plate. Visualization over TLC was
accomplished by UV light (254 nm), and KMnO4 strain. The melting point is determined
via the Optimelt melting apparatus. Column chromatography was done on silica gel of
200-300 mesh using respectable eluents. The UV-visible spectra were obtained using a
Shimadzu Europe UV-2600 Scientific UV-visible spectrophotometer. Infrared spectra
were recorded using KBr pellets with a PerkinElmer FT-IR spectrometer. A Bruker-D
AVANCE (I11)-AV-500 (500 MHz) Spectrometer recorded 'H and *C NMR spectroscopic
data, and the chemical shifts were measured in parts per million (ppm) referenced to the
appropriate solvent peak [CDClz and DMSO-ds]. Chemical shifts (8) exist in ppm and
coupling constants (J) are in Hertz (Hz). The subsequent abbreviations are used to
explain the multiplicities in NMR spectra: s = singlet, d = doublet, t = triplet, g = quartet,
m = multiplet, br = broad. FT-IR spectra were recorded by Perkin—Elmer FT-IR
Spectrometer.

Chemicals: Commercially available chemicals from Sigma-Aldrich, Avra, Aldrich, TCI and

Otto-chemie were purchased and used without further purification.

[1.2] General Procedures

General Procedure for precursor 2-hydrazineylpyridine and ligands synthesis

2-hydrazineylpyridine synthesized from the 2-chloropyridine (1 mmol, 0.113 g) precursor
in the presence of hydrazine hydrate (5 mmol, 0.250 g) in ethanol at reflux condition for
12 h. After TLC (Thin layer chromatography) monitoring, the mixture is dried via vacuum
and extracted via column chromatography with mobile phase EtOAc: Hexane (1:4).

2-hydrazineylpyridine: 87.2 mg, 80% vyield, white solid, melting point = 46 °C - 47 °C, Rs
= 0.21 [EtOAc: Hexane(1:4)]. FT-IR spectra show a sharp band at 1032 cm™" due to v(N—



N) stretch. H NMR (500 MHz, CDCl3): & 8.09 (dd, J = 3.2, 1.9 Hz, 1H), 7.51 — 7.41 (m,
1H), 6.68 — 6.62 (M, 2H), 6.05 — 6.01 (M, 1H), 3.51 (s, 2H). 2*C NMR (126 MHz, CDCls):
5 161.30, 147.71, 137.62, 114.54, 107.12.

Scheme S1. Synthesis of ligand and nickel metal complex

Synthesis of Ni(ll)-PyH complexes
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The Ligands (L1-L3), were synthesized by a condensation reaction between equimolar 2-
hydrazino pyridine (1 mmol, 0.109 g) and salicylaldehyde (1 mmol, 0.122 g) at room
temperature in ethanol. After 2 h, the precipitate formed was collected by vacuum
filtration. All ligands were crystallised in solvent MeOH and DCM at a 3:1 ratio, separated
on cooling, and collected by filtration. Various characterization of ligands such as IR, *H
and 13C NMR, and CHNS studies were performed.

General Procedure for the synthesis of Nickel complexes

Procedure A: In a 50 mL round bottom flask, L; (1 mmol, 0.213 g) and NiCl>.6H20 (1
mmol, 0.237 g) were added, followed by methanol at room temperature for 6 h. The bright
yellow precipitate formed was filtered, washed with methanol and dried. Ni-C1 was
synthesised with 92 % vyield, i.e., 0.294 g, which was further characterized using
spectroscopic techniques such as UV-Vis, IR, XPS, and TGA. Similarly, Ni-C2 and Ni-

C3 were synthesised and characterized.



Procedure B: In a 50 mL round-bottom flask, L; (1 mmol, 0.213 g), and NiCl>.6H20 (1
mmol, 0.237 g) were added, followed by dropwise addition of TEA (1 equiv.) in methanol
at room temperature for 6 h. The bright yellow precipitate formed was filtered, washed
with methanol and dried. Ni-C1 synthesised with 95 % vyield i.e., 0.304 g.

General Procedure for the synthesis of y-hydroxy ketone

In a 50 mL round-bottom flask, add Ni-C3 catalyst (0.5 mol%), 30% aqg. H202 (5 mmol) in
5 mL of toluene and stirred at room temperature for 6 h. Afterwards, add (E)-chalcone/
2’-hydroxychalcone / 2’-aminochalcone (1 mmol) and benzyl or aliphatic alcohol (1 mmol)
to the reaction mixture and stir for a further 6 h at 100 °C. TLC monitoring, the toluene
was evaporated and then reaction mixture diluted using distilled water. The reaction
mixture was separated with EtOAc three times and dried over Na>SOs. The column
chromatography was performed on silica gel (100-200 mesh), eluted with hexane as a
mobile phase. All the products observed are oily in nature, which was further

characterized spectroscopically.

[1.3] Catalyst Characterization

UV-Visible and Infrared studies
The UV-visible data were recorded in ethanol solvent. UV-visible studies of all the ligands

show similar two bands around 341 and 307 nm in the UV region. Depending on their
extinction coefficient, these bands must be of n—-m* and T-1r* transitions (Figure S1).
Titrating the ligand solution with its equimolar nickel salt solution shows the rise of two
new bands at 404 and 258 nm, respectively, resembling the reaction mixture's spectra.
Reduction in the intensity of the 341 nm peak of ligand solution confirms the ligand metal
interaction. A small hump due to a peak at 404 nm is represented visually by its colour
change while adding salt solution dropwise. Concentrations, 1 nM of nickel salt and ligand
solutions in ethanol are used. No peak is observed for a visible reason except the 404 nm
peak. The peak at 341 nm due to ligand n—11* vanishes, and a peak at 404 nm come into
view, showing chelation of metal ion with the ligand (LMCT), i.e., the ligand to metal

charge transfer. Infrared spectra of complexes showed a band in the range of 1600-1625



cm™' resulting to the azomethine (C=N) stretching frequency and the two strong bands
near 365 cm™' and 770 cm™" were observed in all complexes which were attributed to
ligand and metal bond Ni-Cl and Ni-O bonding. In context to the ligand, the azomethine
(C=N) stretching frequency decreases for ~20 cm™ (Figure S2). All the ligands and metal

complexes show similar trends in IR absorption (Figure S2-S4).
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Figure S1. UV-Vis spectra of L3 (1 nM) in EtOH with Ni*? salt (1 nM) in reaction mixture
and reaction without catalyst.
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Figure S2. Infrared spectra for L3 and Ni-C3
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XPS studies
The XPS experiment allows us to measure the kinetic energy of the photoelectrons

extracted or emitted from the sample or solid, within the energy range that allows the X-
ray source. To confirm the structure and metal oxidation state in Ni-C3, XPS
characterization is done with the PHI-5000 VersaProbe Ill ULVAC-PHI instrument. The
survey confirmed C, CI, Ni, O and N atoms in the framework (Figure S5a), the C 1s high-
resolution XPS spectrum of Ni-C3 showed three peaks at 287.03, 284.6, and 283 eV
corresponding to the number of chemical states and therefore the number of peaks C1,
C2 and C3 respectively (Figure S5b inset). High-resolution XPS spectrum for Cl 1s
(Figure S5c inset) showed two peaks at 199.04 eV for the corresponding ClI; the two
distinct peaks of N1, and N2 for N1s are visible at 400 and 402 eV, respectively (Figure
S5d inset).; O 1s atom shows binding energy at 530.7 eV (Figure S5e inset). The
catalyst Ni-C3 was measured, with a sharp peak centred at 861.4 eV for Ni 2p3/2 (Figure
S5f inset). This can be assigned as our catalyst's Ni (II) oxidation state. The Ni 2p1/2

state shows a peak at 878 eV along with a satellite peak at 885 eV.
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Figure S5. X-ray photoelectron spectra of Ni-C3.

Recyclability of catalyst and TGA studies

For the recyclability of the Ni-C3 catalyst from the reaction mixture of catalyst (5 mol%),
we separated using the vacuum filtration technique. First, toluene (5 mL) was evaporated
using a vacuum evaporator and then washed on Whatman qualitative filter paper with
hot hexane and ether. The hexane and ether mixture contains unreacted reactants and
products. The undissolved Ni-C3 catalyst remains on filter paper and reused in the
reaction after drying the solvents. The Ni-C3 catalyst remains efficient up to 4 cycles, but
the catalyst lossed in work-up (i.e., 100% to less than 4 % remains) (Figure S6).

In TGA studies, the Ni-C3 complex was tested under an air atmosphere with a heating
rate of 10 °C per minute. It remained stable up to 290 °C. The complex started
decomposing at 90°C, with 95% of the decomposition attributed to solvent and H>O
evaporation, as shown in the graph. The maximum mass loss occurred exothermically
in two steps between 290 °C and 475 °C. The Ni-C3 complex displayed thermal stability
up to a maximum of 290 °C, with 87.5% remaining. Subsequently, at 770 °C, the
remaining Ni-C3 complex is expected to decrease to 15%, leading to the formation of its
metal oxide NiOz (Figure S6).
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Figure S6. Graphical representation of catalytic re-usage and TGA graph for Ni-
C3.

EPR Studies

The presence of the radical species was then confirmed using EPR analysis for
unfinished reactions. Interestingly, EPR signals were observed with values of g = 2.001

for the standard reaction mixture. When the reaction proceeds without substrates 1a and

10



2a, the g value is 2.004, providing insight into forming carbon-based organic radicals
(Figure S7). In the reaction containing substrates without the Ni-C3 catalyst, no EPR
signal was observed. However, adding Ni-C3 under standard reaction conditions
detected an EPR active signal. Based on controlled EPR studies, it is evident that the

presence of the catalyst is essential for the radical process.

Table S1. Controlled experiment using EPR analysis

O

_N |
T e
OH O

o HN. /\
OH N s

O = O ©) Ni-C3 (0.5 mol%) |
+
OH 30 % aqg. H,0, (5 mmol) HO
Toluene, 12 h, 100 °C
2a

1a

Ni-C,
SI. No. Experiment EPR activity g-value
1. EPR of the reaction mixture (in-situ Active 2.001
generated radical)
2. Reaction mixture without H>0O> Inactive -
3. Reaction mixture without 1a and 2a Active 2.004

EPR of reaction mixture

g =2.001 .
EPR of controlled experiment
g =2.004
T T T T T T T T T
3000 3200 3400 3600 3800 T T T T T
1000 2000 3000 4000 5000
Magnetic Field (G) Magnetic Field (G)
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Figure S7. (a) EPR spectra of the reaction mixture containing standard reactants in
toluene. (b) EPR spectra of the reaction containing Ni-C3 catalyst and 30 % aqg. H20>
without substrate chalcone (1a) and alcohol (2a).

[1.4] Optimization studies:
Table S2. Screening of ligands with NiCl,.6H,0?2

NiCl,.6H,0 (0.5 mol%)

o
> . oH L1-L5 (0.5 mol%) O .
30 % aq. H,0, (5 mmol) HO
OH
1a

Toluene, 12 h, 100 °C

2a 3a 3a’

Ligands (L1 to L5):
| | |
N
X N_N\ ™ N'N\ o~ S NN
H H
L1 L2
A A

I ~-N I N
X .N X,,-N
sanclEssans
OH OH
L4 L5

Entry Metal salt Yield 3a 3a' (%)
(%)

1. (E)-2-((2-(pyridin-2-yl)hydrazineylidene)methyl)phenol L1 31% -

(E)-4-methoxy-2-((2-(pyridin-2- trace -
yhhydrazineylidene)methyl)phenol L2

3. (E)-4-(tert-butyl)-2-((2-(pyridin-2- 52% -
yhhydrazineylidene)methyl)phenol L3

4, (E)-2-((2-phenyl-2-(pyridin-2- - -
yhhydrazineylidene)methyl)phenol L4

5 (E)-4-(tert-butyl)-2-((2-phenyl-2-(pyridin-2- <5% -

yhhydrazineylidene)methyl)phenol L5

aReaction condition: 2-hydroxychalcone l1a (1 mmol), benzyl alcohol 2a (1 mmol), NiCl2.6H20 (0.5 mol%), L (0.5
mol%), 30% aq. H202 (5 mmol), toluene (5 mL), 100 °C oil bath, 12 h reaction time. Yield was determined by column
chromatography.
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Table S3: Screening of metal salts with L32

(o]

OH

OO o™
+

Metal salt (0.5 mol%)
L3 (0.5 mol%)

Toluene, 12 h, 100 °C

30 % aqg. H,O5 (5 mmol)

OH O OH O
HO

1a 2a
Entry Metal salt Yield 3a (%) 3a' (%)
1. FeClz.6H20 trace -
2. Cu(CO2CHz3)2 - -
3. CuCl - -
4, Zn(CO2CHs)2 - -
5. MnCl2.4H20 trace -

aReaction condition: 2-hydroxychalcone 1a (1 mmol), benzyl alcohol 2a (1 mmol), metal salt (0.5 mol%), L3 (0.5
mol%), 30% ag. H202 (5 mmol), toluene (5 mL), 100 °C oil bath, 12 h reaction time. Yield was determined by column
chromatography.

Table S4: Screening of catalyst loading?

o OH O OH O
= 0,
O = O . ©/\OH Ni-C3 (X mol %)
OH 30 % aq. H,O, (5 mmol) HO
Toluene, 12 h, 100 °C

1a 2a

Entry Catalyst loading (mol%) Yield 3a (%) 3a' (%)
1. No catalyst - -
2. 0.025 - -
& 0.05 trace -
4, 0.1 <25 -
5. 0.5 83 <8
6. 0.75 47 trace

aReaction condition: 2-hydroxychalcone 1a (1 mmol), benzyl alcohol 2a (1 mmol), Ni-C3 (X mol%), 30% ag. H202
(5 mmol), toluene (5 mL), 100 °C oil bath, 12 h reaction time. Yield was determined by column chromatography.

Table S5: Screening of H,O, equivalent?

o OH O OH O
i 0,
O G O . ©/\OH Ni-C3 (0.5 mol%)
0,
OH 30 % aq. H,0, (X mmol) HO
Toluene, 12 h, 100 °C

1a 2a

13



Entry 30 % aq. H202 (mmol) Yield 3a (%) 3a' (%)
1. 0.5 - -
2. 1 - -
3. 3 - -
4, 5 83 trace
5. 7 35 -

aReaction condition: 2-hydroxychalcone 1a (1 mmol), benzyl alcohol 2a (1 mmol), Ni-C3 (0.5 mol%), 30% ag. H20:2
(X mmol), toluene (5 mL), 100 °C oil bath, 12 h reaction time. Yield was determined by column chromatography.

Table S6: Screening of reaction temperature?

1a 2a

o OH O l OH O l
i 0,
O = O . ©/\OH Ni-C3 (0.5 mol%) O O |
[+ +
oH 30 % aq. Hy,O5 (5 mmol) HO
Toluene, 12 h, T°C
3a 3a’'

Entry Reaction temperature Yield 3a (%) 3a' (%)
1. 80 -- -
2. 90 32 -
3. 100 83 Trace
4, 110 26 15

aReaction condition: 2-hydroxychalcone 1a (0.5 mmol), benzyl alcohol 2a (0.5 mmol), Ni-C3 (0.25 mol%), 30% aq.
H20:2 (2.5 mmol), toluene (2.5 mL), T °C oil bath, 12 h reaction time. Yield was determined by column chromatography.

Table S7: Screening of temperature in nickel catalyzed aldol reaction of a, B-
unsaturated ketones and aliphatic alcohols?

Ni-C3 (0.5 mol%)

o
= OH
O O ' R2J
OH
1 2

R?= Alkyl group

30 % aq. H,0,
Toluene, 12 h, T°C

Ni-C,

Entry Aliphatic alcohol (substrate)
1. Methanol
2. Ethanol
3. Propan-2-ol
4, Butan-2-ol
5 Pentan-2-ol

aReaction condition: 2-hydroxychalcone 1 (0.5 mmol), aliphatic alcohol 2 (0.5 mmol), Ni-C3 (0.25 mol%), 30% aq.
(2.5 mmol), toluene (2.5 mL), T °C oil bath, 12 h reaction time. Yield was determined by column

H20:2
chromatography.igure S6

B.Pt. (°C) 4(%) @ B.Pt.
60 25
80 51
80 54
100 67
140 62

14

4 (%) @100 °C

28
56
60
67
71




[1.5] Radical quenching experiment:

To trap in-situ generated radicals, the reaction mixtures with 1 equiv. of BHT or TEMPO
with benzyl alcohol in standard reaction conditions were analyzed instantly after the
completion of the reaction in a high-resolution mass spectrometer (Figure S8). In the
case of BHT, HRMS spectra have shown mass (m/z) = 327.1360 which corresponds to
the calculated mass value [M+H*] (m/z) = 327.1360 of BHT adduct of benzyl alcohol

Scheme S2: Radical quenching and radical trapping experiment

o OH O I

Ni-C; (0.5 mol%)
= OH .
O O R EjA TEMPO or BHT (X equiv.) O
OH 30% aq. H,0, (5 mmol) HO
Toluene, 100 °C, 12 h
3a

TEMPO BHT
3a 3a
0.5 equiv. 25% 8%
1.0 equiv. 0% 0%

+ Scan (rt: 0.100 min)
105 [*+ESI Scan (rt: 0.100 min)

- t-Bu N
67 y 1 OHi-Bu
41
) -
327.1360
o lLI“ -Jlll 1 |.l ul.lu A lelLL 2 B g Y

| | | | | | | | | | | I | | | | | | | | | | | |
100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 S50 575 600 625 650 675
Counts vs. Mass-to-Charge (m/z)

Figure S8. BHT adduct formed with benzyl alcohol substrate in reaction after 12 h of
reaction completion.

[1.6] HRMS data, GC-MS spectra of product in the reaction mixture

Scheme S3: Mechanistic validation: HRMS data and GC-MS spectra
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Alternate Reaction Probability

o
Ph Ph
HO Ph
. . . OH
OH (source H;0)  |0OH (source H,0,) |H' (source H,0) L
Ph
O OH O OOH 0O H HO_ pp
o
Ph Ph Ph Ph  Ph Ph
Ph Ph
HO™ “Ph HO” “Ph HO™ “Ph
HO Ph
A B (o] D
m/z = 332.1412 m/z = 348.1362 m/z = 316.1463 m/z = 422.1882

(Major product)

The HRMS data for the reaction between substrate 1 and 2 in the presence of 0.5 mol %
of Ni-C3 and 5 mmol of ag. 30% H.0O. were studied. After the reaction is completed, the
solvent is evaporated, and the catalyst is recovered by washing the mixture with hot
hexane. The synthesised organic product gets dissolved in hexane, which is later dried
and proceeded further for HRMS study. In the HRMS spectra, we observed peaks
corresponding to potential products. The peak at an m/z value of 316.1463 display the
major product formed in the reaction. While, the possible other products represented
accordingly with their m/z values. It validates the trace amount of side product formed by
the radical formed in the system, which produced by the quenching of the phenyl radical
formed (Figure S9).

Sample Spectra

+ Scan (rt: 0.084 min)

x105_|+ESI Scan (it: 0.084 min) Frag=175.0V NA_Rajeev_260424_AS-3P.d

o * 316.1463
5
47| 1081378
.

.
1
a1

224.0837

148.9452  308.0897 348.1362

332.1412361.0492 457 1587
Lol i L
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Counts vs. Mass-to-Charge (m/z)

Figure S9. HRMS spectra of the reaction mixture.

GC-MS of Product ‘C’:
The fragmentation pattern of the mass spectrum of the product ‘C’ is represented here.
The molecular ions for product ‘C’ are energetically unstable, and some of them will break
up into smaller pieces. The simplest scenario occurs when a molecular ion divides into
two parts - one of which becomes another positive ion, and the other becomes an
uncharged free radical.
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HO Ph

o +
)J\ GC-MS o . Ph
Ph ;I\ph fragmentation PhJJr +
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HO Ph m/z =105

(o)

o : Ph)ﬁi + Ph—-
HO Ph
‘71:\
Ph)K/E Phi m/z =225
o
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m/z =91 HO Ph
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o) H Ph)J\+/\Ph * HO"Ph
Ph)J\N(\ Ph| | miz = 209
O~ “Ph . o
'c’ - HO”Ph + Ph)J\./\Ph

m/z = 107

Scheme S4.The fragmentation pattern observed while proceeding with the GC-MS of the
extracted product ‘C’. With a retention time of 11.92 minutes, we observed different base
peaks at m/z values of 105, 225, 91, 209, and 107, respectively. Other peaks with m/z
values 1 or 2 less often result from the loss of one or more hydrogen atoms during the
fragmentation process.
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Figure S10. GC-MS spectra for the synthesised product ‘C’.

[1.7] NMR of reaction containing benzyl alcohol substrate

OH Ni-C3 (0.5 mol%) \/ o
g 30 % aq. Hy0, (5 mmol) £ >
Toluene, 12 h, 100 °C
5 mmol No oxidised product
0.54g obtained

To ensure the reaction mechanism, whether alcohol is oxidizing to the aldehyde and or
the chalcone hydrogenated to the saturated ketone by the nickel catalyst. A reaction
containing 5 mmol of benzyl alcohol is performed which ensure that oxidation of benzyl
alcohol to aldehyde doesn’t take place confirmed by "HNMR (Figure $11). Similarly, using
chalcone and catalyst failed to give saturated ketones after 'HNMR analysis.
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Figure S11. "HNMR analysis of reaction mixture.

[1.8] IR spectra of compound 3a and 3a’

(o} OH O ] OH O l
X 0,
O = O . ©/\OH Ni-C3 (0.5 mol%) O O |
0, +
oH 30 % aqg. Hy,O5 (5 mmol) HO
Toluene, 12 h, 100 °C
3a 3a’'

1a 2a

IR data for the 3a and 3a’ products synthesised explain the formation of a-alkyl alcohol
substituted product. Stretching frequency due to the carbonyl group in 3a is 1743 cm™,
which is decreased by the condensed product formation, i.e., 3a’ to 1638 cm*, which
validates the formation of a conjugated enone system (Figure S12).
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Figure S12. IR spectra for the product 3a and 3a’.

[1.9] Analytical data:

(E)-2-((2-(pyridin-2-yhhydrazineylidene)methyl)phenol (L,):

85% yield (0.181 g), white solid, mp = 114 °C -115 °C, Rf = 0.58 EtOAc:Hexane (1:9). IR
spectra of the ligands show a sharp band at 1601 cm™" due to v(C=N) stretch, and 1090
cm™ due to v(C-O)stretch.

'H NMR (500 MHz, CDCl3) 8 11.79 (s, 1H), 8.73 (s, 1H), 8.25 — 8.23 (dd, J = 4.3, 1.7 Hz,
1H), 8.08 (s, 1H), 7.66 (td, J = 6.9, 1.7 Hz, 1H), 7.48 (dd, J = 7.4, 1.3 Hz, 1H), 7.31 (dd,
J=6.9, 1.5 Hz, 1H), 7.66 (ddd, J =8.5, 7.5, 1.2 Hz, 1H), 6.89 — 6.83 (m, 3H).

13C NMR (126 MHz, CDCls) & 161.88, 152.83, 147.45, 142.95, 134.69, 134.45, 124.24,
123.73, 121.17, 120.37, 110.93. Calcd (%) for C12H11N30O: C 67.59, H 5.20, N 19.71;
Found: C 67.80, H 5.99, N 19.15.

a. 4-methoxy-2-((2-(pyridin-2-yl)hydrazineylidene)methyl)phenol (L>):
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7

NS
Hl\ll N
Nx

EIOH
o)

[

78% vyield (0.189 g), white solid, mp = 142°C -143 °C Rf = 0.65 EtOAc:Hexane (1:9). IR
spectra of the ligands show a sharp band at 1630 cm~' due to v(C=N) stretch, 1098 cm™*
due to v(C-O)stretch.

IH NMR (500 MHz, CDCls) 8 10.31 (s, 1H), 8.16 (ddd, J = 5.0, 1.9, 0.9 Hz, 1H), 7.88 (s,
1H), 7.64 (ddd, J =8.8, 7.2, 1.9 Hz, 1H), 7.07 (dd, J = 8.4, 1.0 Hz, 1H), 6.92 (d, J = 8.9
Hz, 1H), 6.87 — 6.79 (m, 3H), 6.69 (d, J = 3.0 Hz, 1H), 3.77 (s, 3H). 3C NMR (126 MHz,
CDCl3) & 155.84, 152.75, 151.40, 147.56, 142.62, 138.85, 118.35, 117.40, 116.82,
116.43, 114.11, 106.84, 55.99. Calcd (%) for C13H13N3O2: C 64.19, H 5.39, N 17.27,
Found: C 64.86, H 5.90, N 17.05.

b. 4-tert-butyl-2-((2-(pyridin-2-yl)hydrazineylidene)methyl)phenol (L3):
=
o

Hl}l N

N

OH

88% vyield (0.237 g), white solid, mp = 148 °C -149 °C, Rf = 0.62 EtOAc:Hexane (1:9). IR
spectra of the ligands show a sharp band at 1602 cm~' due to v(C=N) stretch, 1088 cm™’
due to v(C-O)stretch.

IH NMR (500 MHz, CDCl3& 10.57 (s, 1H), 9.20 (s, 1H), 8.18 (ddd, J = 5.1, 1.9, 0.9 Hz,
1H), 7.95 (s, 1H), 7.64 (ddd, J = 8.4, 7.2, 1.8 Hz, 1H), 7.29 (dd, J = 8.6, 2.4 Hz, 1H), 7.15
(d, J = 2.4 Hz, 1H), 7.07 (dd, J = 8.4, 1.0 Hz, 1H), 6.94 (d, J = 8.6 Hz, 1H), 6.83 (ddd, J =
7.3, 4.9, 1.0 Hz, 1H), 1.30 (s, 9H). 13C NMR (126 MHz, CDCls) 5 155.91, 155.01, 147.69,
143.54, 142.40, 138.80, 127.91, 126.52, 117.59, 116.32, 106.80, 34.12, 31.55. Calcd (%)
for C16H1oNsO: C 71.35, H 7.11, N 15.60; Found: C 71.85, H 7.93, N 15.23.

Analytical data for Scheme 3:

2-benzyl-3-hydroxy-1-(2-hydroxyphenyl)-3-phenylpropan-1-one (3a):
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OH O I

Je
O Yellow oil, fruity odour, yield 83 %

'H NMR (500 MHz CDCI3) & 11.89 (s, 1H), 7.76 (dd, J = 8.0, 1.5 Hz, 1H), 7.46 (id, J = 8.2,
1.6 Hz, 1H), 7.39 — 7.27 (m, 9H), 7.27 — 7.21 (m, 1H), 6.98 (dd, J = 8.3, 1.4 Hz, 1H), 6.93 (td,
J =8.0, 1.3 Hz, 1H), 5.18 (ddt, J = 8.3, 5.4, 1.0 Hz, 1H), 3.75 — 3.66 (m, 1H), 3.58 (dd, J =
16.5, 8.2 Hz, 1H), 3.49 (dd, J = 16.4, 7.8 Hz, 1H), 3.10 (d, J = 5.4 Hz, 1H). *C NMR (126
MHz, CDCIs) & 205.52, 162.60, 145.60, 140.88, 136.57, 136.48, 129.98, 128.84, 128.76,
128.72, 128.55, 128.40, 126.47, 120.24, 119.41, 119.07, 119.01, 118.77, 118.68, 66.44,
40.15, 30.11. HRMS (ESI-TOF) m/z: [M]* Calcd for [C22H2003] 332.1412; Found 332.1463.

3-hydroxy-1-(2-hydroxyphenyl)-2-(4-methylbenzyl)-3-phenylpropan-1-one (3b):

Me

OH O I

qh o
Yellow oll, fruity odour, yield 90 %

'H NMR (500 MHz CDClz) & 11.89 (s, 1H), 7.76 (dd, J = 8.1, 1.5 Hz, 1H), 7.46 (td, J = 8.2,
1.6 Hz, 1H), 7.36 (ddd, J = 7.7, 2.5, 1.0 Hz, 2H), 7.34 — 7.30 (m, 2H), 7.30 — 7.27 (m, 1H),
7.19 — 7.13 (m, 2H), 7.12 — 7.07 (m, 2H), 6.98 (dd, J = 8.3, 1.4 Hz, 1H), 6.93 (td, J = 8.0, 1.3
Hz, 1H), 5.16 (ddt, J = 8.5, 5.4, 1.1 Hz, 1H), 3.77 — 3.68 (m, 1H), 3.58 (dd, J = 16.4, 8.1 Hz,
1H), 3.47 (dd, J = 16.5, 7.9 Hz, 1H), 3.10 (d, J = 5.4 Hz, 1H), 2.33 (s, 3H). *C NMR (126
MHz, CDCls) & 206.81, 166.80, 148.57, 143.56, 140.83, 140.81, 135.25, 134.66, 133.43,
133.05, 132.75, 132.23, 126.86, 125.51, 121.33, 81.98, 53.31, 46.67, 26.08. HRMS (ESI-
TOF) m/z: [M]* Calcd for [C23H2203] 346.1569; Found 346.1571.

2-(4-bromobenzyl)-3-hydroxy-1-(2-hydroxyphenyl)-3-phenylpropan-1-one (3c):
Br

OH O I

o
YeIIow oil, fruity odour, yield 78 %

'H NMR (500 MHz CDCIs) & 11.84 (s, 1H), 7.72 (dd, J = 8.0, 1.5 Hz, 1H), 7.42 (td, J = 8.2,
1.6 Hz, 1H), 7.38 — 7.33 (m, 2H), 7.33 — 7.24 (m, 6H), 7.24 (t, J = 1.1 Hz, 1H), 6.94 (dd, J =
8.3, 1.4 Hz, 1H), 6.89 (td, J = 8.0, 1.3 Hz, 1H), 5.12 (ddt, J = 8.5, 5.4, 1.1 Hz, 1H), 3.73 - 3.64
(m, 1H), 3.54 (dd, J = 16.4, 8.1 Hz, 1H), 3.45 (dd, J = 16.5, 7.9 Hz, 1H), 3.06 (d, J = 5.4 Hz,
1H). 3C NMR (126 MHz, CDClz) 8 205.68, 162.63, 140.91, 137.81, 136.50, 136.47, 135.97,
130.02, 129.49, 129.46, 128.78, 128.62, 128.58, 128.45, 126.49, 119.43, 119.09, 118.69,
40.33, 30.11, 29.92, 21.20. HRMS (ESI-TOF) m/z: [M]* Calcd for [C22H19BrO3s] 410.0518;
Found 410.0523.
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2-(2,4-dichlorobenzyl)-3-hydroxy-1-(2-hydroxyphenyl)-3-phenylpropan-1-one (3d):
Cl

OH O I Cl

HO O
Yellow oil, fruity odour, yield 63 %

'H NMR (500 MHz CDCI3) & 12.31 (s, 1H), 7.72 (dt, J = 8.1, 1.9 Hz, 1H), 7.45 (td, J = 8.7,
1.6 Hz, 1H), 7.38 (d, J =2.1 Hz, 1H), 7.36 - 7.22 (m, 6H), 7.18 = 7.15 (t, J=1.1 Hz ,1H), 6.97
(dd, 3 =8.4, 1.2 Hz, 1H), 6.86 (td, J = 8.2, 1.2 Hz, 1H), 5.16 (dd, J = 8.5, 1.1 Hz, 1H), 3.31 -
3.13 (dd, J = 8.2, 6.9 Hz, 2H), 3.06 (dd, J = 8.4, 7.0 Hz, 2H). *C NMR (126 MHz, CDCl3) &
196.50, 156.79, 138.07, 131.65, 130.82, 129.78, 128.57, 126.40, 125.24, 125.11, 123.42,
123.04,122.59,122.22,116.84,115.50,111.32, 71.66, 38.43, 36.79. HRMS (ESI-TOF) m/z:
[M]* Calcd for [C22H18Cl203] 400.0633; Found 346.0640.

2-(4-chlorobenzyl)-3-hydroxy-1-(2-hydroxyphenyl)-3-phenylpropan-1-one (3e):
Cl

OH O l

9h o
Yellow oll, fruity odour, yield 72 %

'H NMR (500 MHz CDClz) & 11.84 (s, 1H), 7.72 (dd, J = 8.0, 1.5 Hz, 1H), 7.42 (td, J = 8.2,
1.6 Hz, 1H), 7.38 — 7.33 (m, 2H), 7.33 — 7.24 (m, 6H), 7.23 (t, J = 1.1 Hz, 1H), 6.94 (dd, J =
8.3, 1.4 Hz, 1H), 6.89 (td, J = 8.0, 1.3 Hz, 1H), 5.12 (ddt, J = 8.5, 5.4, 1.1 Hz, 1H), 3.73 — 3.64
(m, 1H), 3.54 (dd, J = 16.4, 8.1 Hz, 1H), 3.45 (dd, J = 16.5, 7.9 Hz, 1H), 3.05 (d, J = 5.4 Hz,
1H). 13C NMR (126 MHz, CDCIs) & 207.80, 167.80, 149.56, 145.14, 141.82, 140.93, 136.24,
135.32,135.03, 134.43, 134.04, 133.22, 127.86, 126.50, 122.32, 53.98, 47.65. HRMS (ESI-
TOF) m/z: [M]" Calcd for [C22H19ClO3] 366.1023; Found 366.1051.

2-(2-chlorobenzyl)-3-hydroxy-1-(2-hydroxyphenyl)-3-phenylpropan-1-one (3f):

OH O I Cl

9h o
Yellow oll, fruity odour, yield 70 %

IH NMR (500 MHz CDCls) & 11.85 (s, 1H), 7.74 (dd, J = 8.0, 1.5 Hz, 1H), 7.48 (td, J = 8.2,
1.6 Hz, 1H), 7.43 — 7.39 (m, 1H), 7.39 — 7.25 (m, 9H), 6.95 (dd, J = 8.3, 1.4 Hz, 1H), 6.90 (td,
J=8.0, 1.3 Hz, 1H), 5.12 (ddt, J = 8.8, 5.4, 1.1 Hz, 1H), 3.75 — 3.62 (m, 2H), 3.56 (dd, J =
16.3, 7.9 Hz, 1H), 2.83 (d, J = 5.4 Hz, 1H). 3C NMR (126 MHz, CDCls) & 197.73, 158.02,
139.30, 133.77, 132.05, 130.45, 126.47, 126.19, 124.65, 124.56, 124.27, 123.96, 123.45,
118.07, 116.73, 112.55, 72.90, 40.01, 38.04. HRMS (ESI-TOF) m/z: [M]* Calcd for
[C22H19Cl03] 366.1023; Found 366.1051.
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3-hydroxy-2-(4-hydroxybenzyl)-1-(2-hydroxyphenyl)-3-phenylpropan-1-one (39):
OH

OH O l

HO
O Yellow oil, fruity odour, yield 83 %

'H NMR (500 MHz CDCl3) & 12.82 (s, 1H), 7.98 — 7.89 (m, 2H), 7.74 — 7.44 (m, 3H), 7.44 —
7.41 (m, 2H), 7.35 — 7.18 (m, 2 H), 7.06 — 6.91 (m, 2H), 6.87 (ddd, J = 8.3, 7.1, 1.2 Hz, 1H),
3.33 (dd, J = 8.5, 7.0 Hz, 2H), 3.07 (dd, J = 8.5, 7.0 Hz, 2H). 3C NMR (126 MHz, CDCIs) &
201.80, 161.79, 156.24, 143.56, 135.82, 134.98, 130.24, 129.26, 128.42, 128.04, 127.22,
121.85, 120.50, 116.32, 115.55, 48.26, 41.68. HRMS (ESI-TOF) m/z: [M]* Calcd for
[C22H2004] 348.1362; Found 348.1564.

2-(2,5-dimethoxybenzyl)-3-hydroxy-1-(2-hydroxyphenyl)-3-phenylpropan-1-one

O Yellow oll, fruity odour, yield 80 %

'H NMR (500 MHz CDCls) & 11.86 (s, 1H), 7.74 (dd, J = 8.1, 1.5 Hz, 1H), 7.44 (id, J = 8.2,
1.6 Hz, 1H), 7.36 — 7.30 (m, 2H), 7.30 — 7.24 (m, 3H), 6.96 (dd, J = 8.3, 1.4 Hz, 1H), 6.91 (td,
J =8.0, 1.3 Hz, 1H), 6.85 — 6.79 (m, 2H), 6.74 (dd, J = 8.5, 2.2 Hz, 1H), 5.21 (ddt, J = 8.5,
5.1, 1.0 Hz, 1H), 3.79 (s, 3H), 3.77 (s, 3H), 3.74 — 3.61 (m, 2H), 3.57 (dd, J = 16.1, 7.8 Hz,
1H), 2.87 (d, J = 5.4 Hz, 1H). 3C NMR (126 MHz, CDCl3) & 197.85, 158.16, 151.43, 147.85,
139.45, 132.18, 127.30, 126.60, 124.80, 124.40, 123.59, 118.33, 116.86, 112.68, 111.45,
110.37, 109.51, 73.00, 51.98, 37.92, 37.88. HRMS (ESI-TOF) m/z: [M]* Calcd for
[C24H2405] 392.1624; Found 392.1627.

2-(4-(tert-butyl)benzyl)-3-hydroxy-1-(2-hydroxyphenyl)-3-phenylpropan-1-one (3i):

OH O l

o

YeIIow oil, fruity odour, yield 95 %
'H NMR (500 MHz CDCl3) & 11.89 (s, 1H), 7.78 (dd, J = 8.1, 1.5 Hz, 1H), 7.46 - 7.43 (td, J =
8.2, 1.6 Hz, 1H), 7.35 (ddd, J = 7.6, 2.5, 1.0 Hz, 2H), 7.34 — 7.29 (m, 3H), 7.29 — 7.22 (m,
2H), 7.18 (dd, J = 7.7, 1.0 Hz, 2H), 6.93 (td, J = 8.0, 1.3 Hz, 1H), 5.16 (ddt, J = 8.5, 5.4, 1.1
Hz, 1H), 3.77 — 3.68 (m, 1H), 3.58 (dd, J = 16.4, 8.1 Hz, 1H), 3.48 (dd, J = 16.5, 7.9 Hz, 1H),
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3.11 (d, J = 5.4 Hz, 1H). 3C NMR (126 MHz, CDCls) & 201.80, 161.79, 149.81, 143.56,
139.81, 135.82, 130.24, 128.42, 128.37, 128.04, 127.22, 125.56, 121.85, 120.50, 116.32,
76.97, 48.35, 41.67, 34.72, 31.17. HRMS (ESI-TOF) m/z: [M]* Calcd for [C2sH2503]
388.2038; Found 388.2050.

1-(2-aminophenyl)-2-benzyl-3-hydroxy-3-phenylpropan-1-one (3j):

NH, O g

e
O Yellow oil, fruity odour, yield 74 %

'H NMR (500 MHz CDCl3) 8 7.72 (dd, J=7.7, 1.6 Hz, 2H), 7.39 — 7.20 (m, 22H), 6.76 — 6.69
(m, 3H), 6.69 (d, J = 1.3 Hz, 1H), 6.15 (s, 4H), 5.18 (ddt, J = 8.3, 5.4, 1.0 Hz, 2H), 3.75 — 3.67
(m, 2H), 3.66 — 3.57 (m, 2H), 3.51 (dd, J = 16.6, 7.8 Hz, 2H), 3.10 (d, J = 5.4 Hz, 2H). *C
NMR (126 MHz, CDCls) 6 198.32, 146.29, 139.18, 136.04, 130.45, 126.12, 124.66, 124.04,
123.66, 123.30, 122.84, 122.32, 117.23, 113.55, 112.67, 72.60, 43.86, 36.95. HRMS (ESI-
TOF) m/z: [M]* Calcd for [C22H21NO>] 331.1572; Found 331.1601.

1-(2-aminophenyl)-2-(4-chlorobenzyl)-3-hydroxy-3-phenylpropan-1-one (3k):
Cl

NH, O g

HO O
Yellow oll, fruity odour, yield 61 %

'H NMR (500 MHz CDCIl3) & 7.71 (ddd, J = 11.2, 8.2, 1.5 Hz, 2H), 7.34 — 7.14 (m, 9H), 6.67
— 6.61 (m, 3H), 6.27 (s, 1H), 3.31 — 3.19 (m, 3H), 3.02 (ddd, J = 15.5, 8.5, 6.9 Hz, 3H). 3°C
NMR (126 MHz, CDCIs) 6 201.66, 201.18, 150.47, 141.60, 140.05, 134.48, 134.39, 131.87,
131.14, 131.04, 129.90, 128.66, 128.61, 128.52, 126.17, 117.91, 117.82, 117.51, 117.48,
115.92, 41.08, 40.73, 30.67, 29.90. HRMS (ESI-TOF) m/z: [M]* Calcd for [C22H21CINO2]
365.1183; Found 365.1187.

1-(2-aminophenyl)-3-hydroxy-2-(4-methylbenzyl)-3-phenylpropan-1-one (3l):
Me

NH, O g

o

O Yellow oll, fruity odour, yield 79 %
'H NMR (500 MHz CDCI3) & 7.72 (dd, J = 7.7, 1.6 Hz, 1H), 7.39 — 7.28 (m, 5H), 7.25 (td, J =
7.7, 1.5 Hz, 1H), 7.19 — 7.13 (m, 2H), 7.12 — 7.07 (m, 2H), 6.76 — 6.69 (m, 1H), 6.15 (s, 2H),
5.18 (ddt, J = 8.3, 5.4, 1.0 Hz, 1H), 3.74 — 3.65 (m, 1H), 3.62 (dd, J = 16.5, 8.1 Hz, 1H), 3.51
(dd, J = 16.6, 7.8 Hz, 1H), 3.10 (d, J = 5.4 Hz, 1H), 2.33 (s, 3H). 3C NMR (126 MHz, CDCl3)
0 197.62, 145.59, 138.48, 133.41, 130.73, 129.75, 125.42, 124.57, 123.34, 122.96, 122.72,
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122.14, 116.53, 112.85, 111.97, 71.89, 43.16, 36.25, 15.99. HRMS (ESI-TOF) m/z: [M]*
Calcd for [C23H23NO2] 345.1729; Found 345.1738.

1-(2-aminophenyl)-2-(2-bromobenzyl)-3-hydroxy-3-phenylpropan-1-one (3m):

NH, O ‘ Br

HO
O Yellow oil, fruity odour, yield 67 %

'H NMR (500 MHz CDClz) & 7.75 (dd, J = 7.7, 1.6 Hz, 1H), 7.50 (ddd, J = 8.3, 5.7, 2.7 Hz,
1H), 7.45 (dd, J = 7.8, 1.2 Hz, 1H), 7.42 — 7.24 (m, 9H), 6.76 (td, J = 7.6, 1.2 Hz, 1H), 6.72
(dd, J = 7.8, 1.3 Hz, 1H), 6.18 (s, 2H), 5.29 (ddt, J = 8.5, 5.4, 1.0 Hz, 1H), 3.82 (qd, J = 8.2,
1.0 Hz, 1H), 3.69 (dd, J = 16.2, 8.2 Hz, 1H), 3.60 (dd, J = 16.2, 7.9 Hz, 1H), 2.88 (d, J =5.4
Hz, 1H). 3C NMR (126 MHz, CDCls) & 202.45, 150.67, 143.06, 139.22, 134.83, 132.87,
130.50, 130.18, 129.26 (d, J = 7.2 Hz), 128.42, 128.04, 127.22, 124.80, 121.61, 117.93,
117.05, 76.59, 45.99, 41.18. HRMS (ESI-TOF) m/z: [M]* Calcd for [C22H20BrNO3] 409.677;
Found 409.0681.

1-(2-aminophenyl)-2-(4-(tert-butyl)benzyl)-3-hydroxy-3-phenylpropan-1-one (3n):

NH, O g

HO
O Yellow oll, fruity odour, yield 84 %
'H NMR (500 MHz CDCI3) & 7.72 (dd, J = 7.7, 1.6 Hz, 1H), 7.36 (ddd, J = 5.1, 2.7, 0.9 Hz,
1H), 7.35 — 7.28 (m, 4H), 7.28 — 7.21 (m, 3H), 7.21 — 7.16 (m, 2H), 6.76 — 6.69 (m, 1H), 6.15
(s, 2H), 5.18 (ddt, J = 8.3, 5.4, 1.0 Hz, 1H), 3.75 — 3.67 (m, 1H), 3.66 — 3.57 (m, 1H), 3.51
(dd, J = 16.6, 7.8 Hz, 1H), 3.10 (d, J = 5.4 Hz, 1H). 3C NMR (126 MHz, CDCl3) 5 196.63,
156.62, 144.63, 138.38, 134.64, 130.65, 125.07, 123.25, 123.19, 122.86, 122.05, 120.39,
116.68, 115.33, 111.15, 71.80, 43.18, 36.49, 29.54, 26.00. HRMS (ESI-TOF) m/z: [M]*
Calcd for [C2sH20NO2] 387.2198; Found 387.2203.

4-(2-benzyl-1-hydroxy-3-(2-hydroxyphenyl)-3-oxopropyl)benzonitrile (30):

OH O l

98 o
CN Yellow oil, fruity odour, yield 42 %

IH NMR (500 MHz CDCls) & 11.89 (s, 1H), 7.76 (dd, J = 8.0, 1.5 Hz, 1H), 7.65 — 7.59 (m, 2H),
7.46 (td, J = 8.2, 1.6 Hz, 1H), 7.38 — 7.32 (m, 2H), 7.30 (d, J = 4.8 Hz, 4H), 7.27 — 7.20 (m,
1H), 6.98 (dd, J = 8.3, 1.4 Hz, 1H), 6.93 (td, J = 8.0, 1.3 Hz, 1H), 5.21 (ddt, J = 8.5, 5.4, 1.0
Hz, 1H), 3.75 — 3.66 (m, 1H), 3.58 (dd, J = 16.5, 8.2 Hz, 1H), 3.49 (dd, J = 16.4, 7.8 Hz, 1H),
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3.05 (d, J = 5.4 Hz, 1H). **C NMR (126 MHz, CDCI3) & 206.51, 166.51, 149.39, 145.21,
140.54, 137.23, 134.95, 133.75, 132.66, 132.40, 131.42, 126.57, 125.21, 122.82, 121.03,
115.95, 82.34, 53.13, 46.38. HRMS (ESI-TOF) m/z: [M]* Calcd for [C23H19NO3] 357.1365;
Found 357.1373.

2-benzyl-3-(4-bromophenyl)-3-hydroxy-1-(2-hydroxyphenyl)propan-1-one (3p):

OH O I

9 >
BrYellow oil, fruity odour, yield 55 %

'H NMR (500 MHz CDCI3) & 11.89 (s, 1H), 7.76 (dd, J = 8.1, 1.5 Hz, 1H), 7.52 — 7.47 (m,
2H), 7.46 (dd, J = 8.1, 1.5 Hz, 1H), 7.33 — 7.26 (m, 6H), 7.26 — 7.20 (m, 1H), 6.98 (dd, J =
8.3, 1.4 Hz, 1H), 6.93 (td, J = 8.0, 1.3 Hz, 1H), 5.21 (ddt, J = 8.5, 5.4, 1.0 Hz, 1H), 3.75 - 3.66
(m, 1H), 3.58 (dd, J = 16.5, 8.2 Hz, 1H), 3.49 (dd, J = 16.4, 7.8 Hz, 1H), 3.10 (d, J = 5.4 Hz,
1H). C NMR (126 MHz, CDCIs) & 195.74, 155.74, 135.40, 134.44, 129.77, 125.55, 124.19,
122.99, 122.61, 121.63, 120.65, 115.80, 115.36, 114.45, 110.27, 70.99, 42.36, 35.61. HRMS
(ESI-TOF) m/z: [M]* Calcd for [C22H19BrO3] 410.0518; Found 410.0523.

2-benzyl-3-hydroxy-1-(2-hydroxyphenyl)-3-(p-tolyl)propan-1-one (3q):

OH O

J, o
Me Yellow oil, fruity odour, yield 87 %

IH NMR (500 MHz CDCls) & 11.89 (s, 1H), 7.76 (dd, J = 8.1, 1.5 Hz, 1H), 7.46 (td, J = 8.2,
1.6 Hz, 1H), 7.32 — 7.24 (m, 5H), 7.24 — 7.20 (m, 3H), 7.20 — 7.14 (m, 2H), 6.98 (dd, J = 8.3,
1.4 Hz, 1H), 6.93 (td, J = 8.0, 1.3 Hz, 1H), 5.22 (ddt, J = 8.5, 5.4, 1.0 Hz, 1H), 3.75 — 3.66 (m,
1H), 3.58 (dd, J = 16.5, 8.2 Hz, 1H), 3.49 (dd, J = 16.4, 7.8 Hz, 1H), 3.10 (d, J = 5.4 Hz, 1H).
13C NMR (126 MHz, CDCls) & 197.72, 157.72, 136.42, 135.99, 131.75, 126.17, 125.41,
124.97, 123.83, 123.61, 122.63, 117.78, 116.43, 112.25, 73.00, 44.34, 37.60, 17.00. HRMS
(ESI-TOF) m/z: [M]* Calcd for [C23H2203] 346.1569; Found 346.1574.

2-benzyl-3-hydroxy-1,3-diphenylpropan-1-one (3r):

(o) I

98 o
Yellow oll, fruity odour, yield 85 %

IH NMR (500 MHz CDCl3) & 7.88 — 7.82 (m, 2H), 7.51 — 7.45 (m, 1H), 7.45 — 7.38 (m, 2H),
7.31—7.19 (m, 9H), 7.19 — 7.12 (m, 1H), 5.10 (ddt, J = 8.5, 5.4, 1.0 Hz, 1H), 3.67 — 3.58 (m,
2H), 3.55 — 3.47 (m, 1H), 3.02 (d, J = 5.4 Hz, 1H). *C NMR (126 MHz, CDCls) & 194.35,
138.73, 135.48, 132.82, 128.52, 124.43, 124.20, 123.64, 123.59, 123.20, 122.86, 122.38,
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121.87, 72.15, 43.25, 35.64. HRMS (ESI-TOF) m/z: [M]* Calcd for [C22H2002] 316.1462;
Found 316.1468.

3-hydroxy-2-(4-methylbenzyl)-1,3-diphenylpropan-1-one (3s):
Me

(o} l

S

O Yellow oil, fruity odour, yield 92 %
'H NMR (500 MHz CDCI3) & 7.96 — 7.90 (m, 2H), 7.59 — 7.52 (m, 1H), 7.52 — 7.46 (m, 2H),
7.39 — 7.27 (m, 5H), 7.19 — 7.13 (m, 2H), 7.12 — 7.07 (m, 2H), 5.18 (ddt, J = 8.3, 5.1, 1.0 Hz,
1H), 3.79 — 3.68 (m, 2H), 3.54 — 3.45 (m, 1H), 3.10 (d, J = 5.4 Hz, 1H), 2.33 (s, 3H). *C NMR
(126 MHz, CDCI3) 6 204.08, 148.46, 143.35, 142.55, 140.70, 138.25, 134.55, 134.16, 133.37,
133.32, 132.93, 132.72, 132.11, 81.88, 53.03, 45.37, 25.96. HRMS (ESI-TOF) m/z: [M]*
Calcd for [C23H2202] 330.1620; Found 330.1682.

3-hydroxy-2-(4-methoxybenzyl)-1,3-diphenylpropan-1-one (3t):

OMe

(o) l

98 o
Yellow oll, fruity odour, yield 95 %

'H NMR (500 MHz CDCls) & 8.01 — 7.95 (m, 2H), 7.64 — 7.57 (m, 1H), 7.57 — 7.51 (m, 2H),
7.44 —7.31 (m, 5H), 7.24 — 7.19 (m, 2H), 6.93 — 6.87 (m, 2H), 5.20 (ddt, J =8.5,5.4, 1.0
Hz, 1H), 3.84 (s, 3H), 3.79 — 3.70 (m, 2H), 3.68 — 3.60 (m, 1H), 3.15 (d, J = 5.4 Hz, 1H).
13C NMR (126 MHz, CDCls3) & 195.23, 154.76, 139.62, 133.71, 131.84, 129.40, 125.31,
124.72,124.53, 124.48, 124.09, 123.27, 110.28, 73.01, 51.40, 44.40, 36.52. HRMS (ESI-
TOF) m/z: [M]* Calcd for [C23H2203] 346.1569; Found 346.1574.

2-(4-chlorobenzyl)-3-hydroxy-1,3-diphenylpropan-1-one (3u):
Cl

(o} l

HO O

Yellow oll, fruity odour, yield 78 %
'H NMR (500 MHz CDCI3) & 7.90 — 7.84 (m, 2H), 7.53 — 7.46 (m, 1H), 7.46 — 7.40 (m, 2H),
7.30 (td, J = 2.4, 1.0 Hz, 1H), 7.29 — 7.25 (m, 3H), 7.25 — 7.15 (m, 6H), 5.11 (ddt, J = 8.5, 5.4,
1.0 Hz, 1H), 3.68 — 3.57 (m, 2H), 3.57 — 3.49 (m, 1H), 3.04 (d, J = 5.4 Hz, 1H). 3C NMR (126
MHz, CDCl3) & 205.18, 149.56, 145.09, 143.66, 140.92, 139.35, 135.42, 135.26, 135.02,
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134.48, 134.42, 134.04, 133.22, 82.94, 54.07, 46.47. HRMS (ESI-TOF) m/z: [M]* Calcd
for [C22H1sClO2] 350.1074; Found 350.1083.

2-(4-bromobenzyl)-3-hydroxy-1,3-diphenylpropan-1-one (3v):
Br

[0} I

HO O
Yellow oil, fruity odour, yield 71 %
'H NMR (500 MHz CDClI3) & 7.91 — 7.85 (m, 2H), 7.54 — 7.41 (m, 3H), 7.35 (s, 1H), 7.35 —
7.29 (m, 3H), 7.28 — 7.22 (m, 5H), 5.12 (ddt, J = 8.5, 5.4, 1.0 Hz, 1H), 3.69 — 3.58 (m, 2H),
3.58 —3.50 (m, 1H), 3.05 (d, J = 5.4 Hz, 1H). *3C NMR (126 MHz, CDCl3) 5 199.18, 143.56,
139.77, 137.66, 133.35, 131.79, 129.26, 129.14, 128.48, 128.42, 128.04, 127.22, 121.85,
77.30, 48.28, 40.46. . HRMS (ESI-TOF) m/z: [M]* Calcd for [C22H19BrO>] 394.0568; Found
394.0593.

2-benzyl-3-hydroxy-1-phenyl-3-(p-tolyl)propan-1-one (3w):

(o] l

U o
Me Yellow oll, fruity odour, yield 89 %

'H NMR (500 MHz CDClI3) & 7.91 — 7.85 (m, 2H), 7.54 — 7.48 (m, 1H), 7.48 — 7.41 (m, 2H),
7.25 (s, 4H), 7.18 (ddd, J = 9.4, 3.5, 1.7 Hz, 2H), 7.17 — 7.08 (m, 3H), 5.18 (ddt, J = 8.5, 5.3,
1.1 Hz, 1H), 3.69 — 3.60 (m, 2H), 3.58 — 3.50 (m, 1H), 3.05 (d, J = 5.4 Hz, 1H). 13C NMR (126
MHz, CDClz) 6 193.18, 134.32, 134.05, 131.66, 129.82, 127.35, 123.48, 123.26, 123.04,
122.48, 121.91, 121.70, 120.71, 71.09, 42.08, 34.47, 15.07. HRMS (ESI-TOF) m/z: [M]*
Calcd for [C23H2202] 330.1620; Found 330.1682.

(E)-2-benzyl-1-(2-hydroxyphenyl)-3-phenylprop-2-en-1-one (3a’):

OHOl
S

O Yellow oll, fruity odour, yield 63 %
'H NMR (500 MHz CDCIz) & 11.96 (s, 1H), 7.84 (dd, J = 8.1, 1.6 Hz, 1H), 7.70 (t, I = 1.1
Hz, 1H), 7.53 (dd, J = 7.8, 2.4 Hz, 2H), 7.47 — 7.36 (m, 3H), 7.35 - 7.28 (m, 1H), 7.25 -
7.13 (m, 5H), 6.94 (dd, J = 8.4, 1.4 Hz, 1H), 6.90 (td, J = 8.0, 1.3 Hz, 1H), 3.87 (9, J=1.0
Hz, 2H). 3C NMR (126 MHz, CDCls) & 199.38, 161.38, 142.06, 139.30, 136.32, 135.40,
134.97,130.80, 129.70, 129.38, 129.26, 129.16, 128.63, 127.54, 122.34,118.39, 116.22,
35.52. HRMS (ESI-TOF) m/z: [M]* Calcd for [C22H1802] 314.1320; Found 314.5668.

(E)-1-(2-hydroxyphenyl)-2-(4-methylbenzyl)-3-phenylprop-2-en-1-one (3b’):
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Me

OHOl
0

O Pale yellow oil, fruity odour, yield 71 %
'H NMR (500 MHz CDCl3) 8 11.88 (s, 1H), 7.75 (dd, J = 8.1, 1.6 Hz, 1H), 7.61 (t, J = 1.0 Hz,
1H), 7.45 (dd, J = 7.8, 2.4 Hz, 2H), 7.38 — 7.28 (m, 3H), 7.27 — 7.20 (m, 1H), 6.99 — 6.94 (m,
2H), 6.89 —6.83 (m, 3H), 6.83 —6.78 (m, 1H), 3.83 (q, J = 1.1 Hz, 2H), 2.20 (s, 3H). 1*C NMR
(126 MHz, CDCl3) & 199.38, 161.38, 142.06, 139.30, 135.94, 135.40, 134.97, 134.38,
130.80, 129.70, 129.44, 129.26, 129.20, 128.63, 122.34, 118.39, 116.22, 35.38, 21.04.
HRMS (ESI-TOF) m/z: [M]* Calcd for [C23H2002] 328.1463; Found 328.8379.

Analytical data for Scheme 4:

2-benzyl-3-hydroxy-1-phenylbutan-1-one (4a):

0o l

H° Colourless oil, fruity odour, yield 65 %

'H NMR (500 MHz CDCls) & 7.90 — 7.84 (m, 2H), 7.53 — 7.46 (m, 1H), 7.46 — 7.40 (m, 2H),
7.25 —7.12 (m, 5H), 4.03 (pd, J = 6.5, 5.1 Hz, 1H), 3.62 (dd, J = 16.6, 8.1 Hz, 1H), 3.56 —
3.48 (m, 1H), 3.22 —3.13 (m, 1H), 2.84 (d, J = 5.1 Hz, 1H), 1.20 (s, 3H). 13C NMR (126 MHz,
CDCl3) 6 199.37, 140.52, 137.67, 133.35, 129.26, 128.99, 128.48, 127.40, 126.70, 69.80,
49.44, 40.35, 21.12. HRMS (ESI-TOF) m/z: [M]* Calcd for [C17H1802] 254.1307; Found
254.1318.

3-hydroxy-2-(4-methylbenzyl)-1-phenylbutan-1-one (4b):
Me
O

HO Pale yellow oil, fruity odour, yield 67 %

'H NMR (500 MHz CDCI3) & 8.08 — 8.02 (m, 2H), 7.71 — 7.64 (m, 1H), 7.64 — 7.58 (m, 2H),
7.26 —7.19 (m, 4H), 4.27 — 4.17 (m, 1H), 3.80 (dd, J = 16.6, 8.1 Hz, 1H), 3.74 — 3.65 (m, 1H),
3.43 -3.34 (m, 1H), 3.02 (d, J = 5.1 Hz, 1H), 1.38 (d, J = 6.6 Hz, 3H). *C NMR (126 MHz,
CDCls) & 197.37, 136.91, 135.67, 133.81, 131.35, 127.66, 127.26, 126.48, 125.45, 67.81,
47.37, 38.35, 19.12, 19.07.

HRMS (ESI-TOF) m/z: [M]* Calcd for [C1gH2002] 268.1463; Found 268.1472.

3-hydroxy-2-(2-methylbenzyl)-1-phenylbutan-1-one (4c):
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o l Me

Ho Pale yellow oil, fruity odour, yield 73 %

'H NMR (500 MHz CDCI3) & 8.07 — 8.01 (m, 2H), 7.71 — 7.64 (m, 1H), 7.64 — 7.57 (m, 2H),
7.39 (td, J=7.9, 1.3 Hz, 1H), 7.29 — 7.19 (m, 3H), 4.21 — 4.11 (m, 1H), 3.78 (dd, J = 16.5, 7.9
Hz, 1H), 3.72 — 3.64 (m, 1H), 3.51 (tdd, J = 8.0, 7.0, 1.1 Hz, 1H), 3.16 (d, J = 5.1 Hz, 1H),
1.37 (d, J = 6.6 Hz, 3H). *C NMR (126 MHz, CDCl3) & 199.33, 141.62, 137.67, 137.24,
133.35, 129.82, 129.26, 128.48, 127.08, 126.92, 125.81, 69.70, 47.13, 40.36, 21.19,
19.58. HRMS (ESI-TOF) m/z: [M]* Calcd for [C1gH2002] 268.1463; Found 268.1472.

2-(4-chlorobenzyl)-3-hydroxy-1-phenylbutan-1-one (4d):

o
e

HO Pale yellow oil, fruity odour, yield 52 %
'H NMR (500 MHz CDCI3) 8 7.96 — 7.90 (m, 2H), 7.59 — 7.53 (m, 1H), 7.53 — 7.46 (m, 2H),
7.28 —7.22 (m, 2H), 7.22 — 7.17 (m, 2H), 4.15 — 4.05 (m, 1H), 3.68 (dd, J = 16.6, 8.1 Hz, 1H),
3.62 — 3.54 (m, 1H), 3.31 — 3.23 (m, 1H), 2.90 (d, J = 5.1 Hz, 1H), 1.26 (d, J = 6.6 Hz, 3H).
13C NMR (126 MHz, CDCIls) & 201.65, 150.47, 141.60, 138.49, 135.65, 134.38, 131.14,
129.28, 128.38, 126.17, 117.94, 117.48, 115.90, 41.08, 30.69, 30.28, 21.10. HRMS (ESI-
TOF) m/z: [M]* Calcd for [C17H17ClO2] 288.0917; Found 288.0925.

2-(4-(tert-butyl)benzyl)-3-hydroxy-1-phenylbutan-1-one (4e):

(@)

HO Pale yellow oil, fruity odour, yield 69 %

'H NMR (500 MHz CDCI3) & 7.96 — 7.90 (m, 2H), 7.59 — 7.53 (m, 1H), 7.53 — 7.46 (m, 2H),
7.24 —7.19 (m, 2H), 7.14 — 7.08 (m, 2H), 4.15 — 4.05 (m, 1H), 3.68 (dd, J = 16.6, 8.1 Hz, 1H),
3.62 — 3.54 (m, 1H), 3.27 (tdt, J = 8.2, 7.1, 1.0 Hz, 1H), 2.90 (d, J = 5.1 Hz, 1H), 1.33 (s, 9H),
1.26 (d, J = 6.6 Hz, 3H). 13C NMR (126 MHz, CDCls) & 199.37, 149.83, 140.19, 137.67,
133.35, 129.26, 128.48, 128.07, 125.56, 69.81, 49.41, 40.35, 34.72, 31.17, 21.12. HRMS
(ESI-TOF) m/z: [M]* Calcd for [C21H2602] 310.1933; Found 310.1952.

2-benzyl-3-hydroxy-1-phenylpropan-1-one (4f):

o

HO Pale yellow oil, fruity odour, yield 40 %
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'H NMR (500 MHz CDClI3) & 7.96 — 7.90 (m, 2H), 7.59 — 7.53 (m, 1H), 7.53 — 7.46 (m, 2H),
7.32 —7.18 (m, 5H), 3.97 — 3.83 (m, 2H), 3.64 (dd, J = 16.7, 7.9 Hz, 1H), 3.58 — 3.49 (m, 1H),
3.31-3.22 (m, 1H), 2.68 (t, J = 5.7 Hz, 1H). 3C NMR (126 MHz, CDCls) & 198.55, 141.01,
136.26, 132.35, 127.46, 127.43, 127.14, 126.27, 125.77, 65.88, 46.20, 40.81. HRMS (ESI-
TOF) m/z: [M]* Calcd for [C16H1602] 240.1150; Found 240.1182.

2-(4-(tert-butyl)benzyl)-3-hydroxy-1-phenylpropan-1-one (49):

(0} l

HO Pale yellow oil, fruity odour, yield 68 %

'H NMR (500 MHz CDCI3) & 7.94 — 7.88 (m, 2H), 7.58 — 7.52 (m, 1H), 7.52 — 7.44 (m, 2H),
7.25-7.19 (m, 2H), 7.13 - 7.07 (m, 2H), 3.95 - 3.82 (m, 2H), 3.63 (dd, J =16.7, 7.9 Hz, 1H),
3.56 — 3.48 (m, 1H), 3.29 (ttt, J = 7.8, 5.5, 1.0 Hz, 1H), 2.67 (t, J = 5.7 Hz, 1H). *3*C NMR (126
MHz, CDCI3) & 196.55, 146.54, 138.22, 134.25, 130.34, 125.45, 125.42, 124.48, 122.65,
63.87, 44.18, 38.80, 31.71, 28.16. HRMS (ESI-TOF) m/z: [M]* Calcd for [CaoH240;]
296.1776; Found 296.1795.

3-hydroxy-1-(2-hydroxyphenyl)-2-(4-nitrobenzyl)butan-1-one (4h):

OH O l

HO Pale yellow oil, fruity odour, yield 40 %

'H NMR (500 MHz CDCl3) & 7.93 — 7.87 (m, 2H), 7.77 = 7.71 (m, 2H), 7.41 — 7.34 (m, 1H),
7.34 —7.27 (m, 2H), 7.27 = 7.21 (m, 2H), 3.71 (ddt, J = 17.8, 12.2, 6.0 Hz, 2H), 3.45 (dd, J =
16.8, 7.8 Hz, 1H), 3.39 — 3.30 (m, 1H), 3.21 — 3.11 (m, 1H), 2.50 (d, J = 11.5 Hz, 1H). 3C
NMR (126 MHz, CDCls3) 6 201.78, 161.79, 150.65, 146.24, 135.82, 130.24, 128.18, 123.96,
121.77, 120.53, 116.32, 69.74, 49.21, 41.55, 21.09. HRMS (ESI-TOF) m/z: [M]* Calcd for
[C17H17NOs] 315.1107; Found 315.1112.

3-hydroxy-1-(2-hydroxyphenyl)-2-(4-methoxybenzyl)butan-1-one (4i):

OMe

OH O l

H° Pale yellow oil, fruity odour, yield 60 %

'H NMR (500 MHz CDCIs) & 11.89 (s, 1H), 7.76 (dd, J = 8.1, 1.5 Hz, 1H), 7.46 (td, J = 8.2,
1.6 Hz, 1H), 7.18 — 7.12 (m, 2H), 6.98 (dd, J = 8.3, 1.4 Hz, 1H), 6.93 (td, J = 8.0, 1.3 Hz, 1H),
6.87 —6.81 (m, 2H), 4.15 — 4.05 (m, 1H), 3.80 (s, 3H), 3.65 (dd, J = 16.5, 8.2 Hz, 1H), 3.60 —
3.51 (m, 1H), 3.32 —3.23 (m, 1H), 2.90 (d, J = 5.1 Hz, 1H), 1.26 (s, 3H). 2*C NMR (126 MHz,
CDCls) 6 201.78, 161.79, 158.68, 135.84, 135.82, 130.24, 128.28, 121.77, 120.53, 116.32,
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114.19, 69.75, 55.35, 49.44, 41.54, 21.11. HRMS (ESI-TOF) m/z: [M]" Calcd for [C18H2004]
300.1363; Found 300.1369.

2-benzyl-3-hydroxy-1-(2-hydroxyphenyl)propan-1-one (4j):

OH O I

HO Pale yellow oil, fruity odour, yield 28 %

'H NMR (500 MHz CDCI3) & 11.87 (s, 1H), 7.74 (dd, J = 8.0, 1.5 Hz, 1H), 7.45 (td, J = 8.2,
1.6 Hz, 1H), 7.30 — 7.16 (m, 5H), 6.97 (dd, J = 8.3, 1.4 Hz, 1H), 6.92 (td, J = 8.0, 1.3 Hz, 1H),
3.95-3.82 (m, 2H), 3.60 (dd, J = 16.5, 7.9 Hz, 1H), 3.55 — 3.46 (m, 1H), 3.34 — 3.25 (m, 1H),
2.67 (d, J = 11.5 Hz, 1H). 3C NMR (126 MHz, CDCls) 6 203.45, 161.79, 142.07, 135.82,
130.24, 128.14, 127.24, 126.77, 121.89, 120.53, 116.32, 66.88, 47.14, 43.18. HRMS (ESI-
TOF) m/z: [M]* Calcd for [C16H1603] 256.1099; Found 256.1108.

2-(4-(tert-butyl)benzyl)-3-hydroxy-1-(2-hydroxyphenyl)propan-1-one (4k):

OH O l

HO Pale yellow oil, fruity odour, yield 34 %

'H NMR (500 MHz CDClI3) & 11.78 (s, 1H), 7.66 (dd, J = 8.1, 1.5 Hz, 1H), 7.36 (td, J = 8.2,
1.6 Hz, 1H), 7.16 — 7.10 (m, 2H), 7.04 — 6.98 (m, 2H), 6.88 (dd, J = 8.3, 1.4 Hz, 1H), 6.83 (td,
J =8.0, 1.3 Hz, 1H), 3.86 — 3.73 (m, 2H), 3.51 (dd, J = 16.6, 7.8 Hz, 1H), 3.41 (dd, J = 16.6,
8.1 Hz, 1H), 3.30 — 3.21 (m, 1H), 2.58 (t, J = 5.7 Hz, 1H). 3C NMR (126 MHz, CDCls) &
198.00, 156.35, 144.10, 135.80, 130.38, 124.79, 122.03, 120.22, 116.45, 115.08, 110.88,
61.43, 41.74, 37.73, 29.27, 25.72. HRMS (ESI-TOF) m/z: [M]* Calcd for [C20H2403]
312.1725; Found 312.1729.

2-(4-(tert-butyl)benzyl)-3-hydroxy-1-(2-hydroxyphenyl)heptan-1-one (4l):

OH O I

H° Pale yellow oil, fruity odour, yield 71 %

'H NMR (500 MHz CDClI3) & 11.90 (s, 1H), 7.78 (dd, J = 8.1, 1.5 Hz, 1H), 7.48 (td, J = 8.2,
1.6 Hz, 1H), 7.26 — 7.21 (m, 2H), 7.16 — 7.10 (m, 2H), 7.00 (dd, J = 8.3, 1.4 Hz, 1H), 6.95 (td,
J = 8.0, 1.3 Hz, 1H), 4.05 — 3.96 (m, 1H), 3.65 (dd, J = 16.5, 7.7 Hz, 1H), 3.55 (dd, J = 16.5,
7.9 Hz, 1H), 3.35 (qt, J = 7.8, 1.0 Hz, 1H), 2.87 (d, J = 5.4 Hz, 1H), 1.56 (dddt, J = 13.4, 9.0,
6.3, 4.4 Hz, 2H), 1.48 — 1.32 (m, 13H), 0.96 — 0.87 (m, 3H). 13C NMR (126 MHz, CDCls3) &
200.72, 160.79, 148.80, 139.62, 134.82, 129.24, 127.18, 124.56, 120.69, 119.53, 115.32,
72.39, 46.75, 40.81, 33.72, 33.71, 30.17, 26.94, 21.74, 13.07. HRMS (ESI-TOF) m/z: [M]*
Calcd for [C24H3203] 368.2351; Found 368.2368.
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2-benzyl-3-hydroxy-1-(2-hydroxyphenyl)-3-methylbutan-1-one (4m):

OH O l

OH  Pale yellow oil, fruity odour, yield 60 %

'H NMR (500 MHz CDCI3) & 11.89 (s, 1H), 7.76 (dd, J = 8.1, 1.5 Hz, 1H), 7.46 (td, J = 8.2,
1.6 Hz, 1H), 7.30 — 7.24 (m, 3H), 7.24 — 7.15 (m, 2H), 6.98 (dd, J = 8.3, 1.4 Hz, 1H), 6.93 (id,
J=8.0,1.3Hz, 1H), 3.52 (dd, J =16.6, 8.5 Hz, 1H), 3.48 — 3.39 (m, 1H), 3.15 (tt, J =8.7, 1.0
Hz, 1H), 2.83 (s, 1H), 1.31 (s, 3H), 1.26 (s, 3H). **C NMR (126 MHz, CDCl3) & 203.38,
161.79, 139.69, 135.82, 130.24, 128.74, 128.29, 127.25, 121.38, 120.50, 116.32, 73.65,
55.18, 41.21, 28.09. HRMS (ESI-TOF) m/z: [M]* Calcd for [C1sH2003] 284.1412; Found
284.1431.

2-benzyl-3-hydroxy-1-(2-hydroxyphenyl)-3-methylpentan-1-one (4n):

OH O l

HO Pale yellow oil, fruity odour, yield 67 %

'H NMR (500 MHz CDCl3) 511.89 (s, 1H), 7.76 (dd, J = 8.1, 1.5 Hz, 1H), 7.46 (td, J = 8.2, 1.6
Hz, 1H), 7.25 (dtd, J = 5.4, 4.3, 1.0 Hz, 3H), 7.21 — 7.16 (m, 2H), 6.98 (dd, J = 8.3, 1.4 Hz,
1H), 6.93 (td, J = 8.0, 1.3 Hz, 1H), 3.56 (dd, J = 16.7, 7.9 Hz, 1H), 3.49 — 3.40 (m, 1H), 3.19
(tt, J = 8.0, 1.0 Hz, 1H), 2.83 (s, 1H), 1.58 (q, J = 8.0 Hz, 2H), 0.94 (t, J = 8.0 Hz, 3H). 1°C
NMR (126 MHz, CDCls) 6 198.50, 156.96, 135.17, 130.99, 125.41, 123.92, 123.36, 122.42,
116.58,115.67,111.49, 71.23, 48.92, 36.93, 28.51, 20.06, 3.38. HRMS (ESI-TOF) m/z: [M]*
Calcd for [C190H2203] 298.1569; Found 298.1583.

1-(2-aminophenyl)-2-(4-chlorobenzyl)-3-hydroxybutan-1-one (40):
Cl

NH, O g

HO Pale yellow oil, fruity odour, yield 35 %

'H NMR (500 MHz CDClz) 8 7.74 (dd, J = 7.7, 1.6 Hz, 2H), 7.31 — 7.24 (m, 6H), 7.24 — 7.19
(m, 4H), 6.79 — 6.72 (m, 3H), 6.71 (d, J = 1.3 Hz, 1H), 6.17 (s, 4H), 4.17 — 4.08 (m, 2H), 3.66
(dd, J = 16.4, 8.1 Hz, 2H), 3.60 — 3.51 (m, 2H), 3.35 — 3.26 (m, 2H), 2.93 (d, J = 5.1 Hz, 2H),
1.29 (d, J = 6.6 Hz, 6H). 3C NMR (126 MHz, CDCls) & 202.58, 150.67, 139.46, 134.91,
134.83, 130.50, 129.03, 128.93, 121.28, 117.93, 117.15, 69.75, 49.18, 41.10, 21.05. HRMS
(ESI-TOF) m/z: [M]" Calcd for [C17H1sCINO2] 303.1026; Found 303.1037.

1-(2-aminophenyl)-2-(4-chlorobenzyl)-3-hydroxypropan-1-one (4p):
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Cl

NH, O g

HO Pale yellow oil, fruity odour, yield 33 %

'H NMR (500 MHz CDCI3) & 7.69 (dd, J = 7.7, 1.6 Hz, 1H), 7.25 — 7.19 (m, 3H), 7.18 — 7.12
(m, 2H), 6.74 — 6.67 (M, 2H), 6.66 (d, J = 1.3 Hz, 1H), 6.12 (s, 2H), 3.94 — 3.81 (m, 2H), 3.52
(dd, J = 16.6, 7.8 Hz, 1H), 3.45 — 3.29 (m, 2H), 2.66 (t, J = 5.7 Hz, 1H). 2*C NMR (126 MHz,
CDCls) 8 202.62, 150.67, 140.47, 134.83, 133.24, 130.50, 129.09, 128.99, 121.28, 117.93,
117.15, 66.88, 46.85, 42.72. HRMS (ESI-TOF) m/z: [M]* Calcd for [C16H1603] 256.1099;
Found 256.1108. HRMS (ESI-TOF) m/z: [M]* Calcd for [C16H16CINO>] 289.0870; Found
289.0879.

1-(2-aminophenyl)-3-hydroxy-2-(4-methylbenzyl)propan-1-one (4Q):
Me

NH, O g

H° Pale yellow oil, fruity odour, yield 24 %

'H NMR (500 MHz CDClI3) & 7.71 (dd, J = 7.7, 1.6 Hz, 1H), 7.23 (td, J = 7.7, 1.5 Hz, 1H), 7.15
—7.04 (m, 4H), 6.75 — 6.68 (m, 2H), 6.13 (s, 2H), 3.96 — 3.82 (m, 2H), 3.53 (dd, J = 16.6, 7.8
Hz, 1H), 3.46 — 3.30 (m, 2H), 2.67 (t, J = 5.7 Hz, 1H), 2.32 (s, 3H). *C NMR (126 MHz,
CDCl3) 6 202.62, 150.67, 139.39, 135.55, 134.83, 130.50, 129.73, 127.49, 121.28, 117.93,
117.15, 66.88, 47.16, 42.72, 21.07. HRMS (ESI-TOF) m/z: [M]* Calcd for [C17H1aNO3]
269.1416; Found 269.1424.

1-(2-aminophenyl)-2-(4-(tert-butyl)benzyl)-3-hydroxyheptan-1-one (4r):

NH, O !

HO Pale yellow oil, fruity odour, yield 59 %

'H NMR (500 MHz CDClI3) 8 7.74 (dd, J = 7.7, 1.6 Hz, 1H), 7.30 — 7.23 (m, 2H), 7.23 (s, 1H),
7.16 — 7.10 (m, 2H), 6.78 — 6.71 (m, 1H), 6.16 (s, 2H), 4.01 (dtd, J = 7.8, 6.6, 5.6 Hz, 1H),
3.58 (dd, J = 16.5, 7.7 Hz, 1H), 3.47 (dd, J = 16.5, 7.9 Hz, 1H), 3.36 (qt, J = 7.6, 1.0 Hz, 1H),
2.87 (d, J =5.4 Hz, 1H), 1.56 (dddt, J = 13.4, 9.0, 6.3, 4.4 Hz, 2H), 1.48 — 1.28 (m, 13H), 0.96
— 0.88 (m, 3H). *C NMR (126 MHz, CDCls) & 202.65, 150.67, 149.80, 140.60, 134.83,
130.50, 128.17, 125.56, 121.24, 117.93, 117.15, 73.38, 47.53, 41.48, 34.74, 34.72, 31.17,
27.94, 22.74, 14.07. HRMS (ESI-TOF) m/z: [M]* Calcd for [C24H33NO2] 367.2511; Found
367.2537.

1-(2-aminophenyl)-2-benzyl-3-hydroxy-3-methylbutan-1-one (4s):
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NH, O g

OH  Pale yellow oil, fruity odour, yield 53 %
'H NMR (500 MHz CDClI3) & 7.71 (dd, J = 7.7, 1.6 Hz, 1H), 7.29 — 7.14 (m, 6H), 6.75 — 6.66
(m, 2H), 6.14 (s, 2H), 3.57 — 3.49 (m, 1H), 3.44 (t, J = 8.3 Hz, 1H), 3.14 (tt, J = 8.6, 1.0 Hz,
1H), 2.82 (s, 1H), 1.27 (d, J = 24.9 Hz, 6H). 3*C NMR (126 MHz, CDCls3) & 202.04, 150.67,
139.69, 134.83, 130.50, 128.74,128.28, 127.25,121.17,117.93, 117.05, 73.64, 55.02, 40.98,
28.02. HRMS (ESI-TOF) m/z: [M]* Calcd for [C1sH21NO>] 283.1572; Found 283.1593.

1-(2-aminophenyl)-2-benzyl-3-hydroxy-3-methylpentan-1-one (4t):

NH, O !

HO Pale yellow oil, fruity odour, yield 58 %
'H NMR (500 MHz CDCIl3) & 7.72 (dd, J = 7.7, 1.6 Hz, 1H), 7.30 — 7.17 (m, 6H), 6.76 — 6.67
(m, 2H), 6.15 (s, 2H), 3.55 (dd, J = 16.7, 7.9 Hz, 1H), 3.47 — 3.39 (m, 1H), 3.19 (i, J = 7.9,
1.0 Hz, 1H), 2.83 (s, 1H), 1.58 (t, J = 7.9 Hz, 2H), 1.27 (s, 3H), 0.94 (t, J = 8.0 Hz, 3H). °C
NMR (126 MHz, CDCls) 6 198.01, 146.67, 135.99, 130.83, 126.50, 124.75, 124.14, 123.25,
117.15,113.93, 113.05, 72.06, 49.63, 37.60, 29.50, 20.88, 4.21. HRMS (ESI-TOF) m/z: [M]*
Calcd for [C10H23NO2] 297.1729; Found 297.1732.

(E)-2-benzyl-1-phenylbut-2-en-1-one (4a’):

Colourless oil, fruity odour, yield 46 %

IH NMR (500 MHz CDCl3) & 7.90 (dq, J = 8.2, 1.7 Hz, 2H), 7.56 — 7.49 (m, 1H), 7.46 — 7.39
(m, 2H), 7.30 — 7.18 (m, 5H), 6.74 (qt, J = 5.6, 1.0 Hz, 1H), 3.67 (hept, J = 1.0 Hz, 2H), 1.84
— 1.80 (m, 3H).23C NMR (126 MHz, CDCls) & 195.65, 138.53, 137.45, 137.19, 136.81,
132.72, 129.36, 129.34, 129.16, 127.77, 127.54, 35.28, 15.05. HRMS (ESI-TOF) m/z: [M]*
Calcd for [C17H160] 236.1210; Found 236.9585.

(E)-2-(4-methylbenzyl)-1-phenylbut-2-en-1-one (4b’):
Me

Colourless oil, fruity odour, yield 52 %

'H NMR (500 MHz CDCI3) & 7.71 (dq, J = 8.1, 1.6 Hz, 2H), 7.38 — 7.31 (m, 1H), 7.28 - 7.21
(m, 2H), 6.92 (dd, J = 7.4, 1.2 Hz, 2H), 6.80 (dt, J = 7.9, 1.0 Hz, 2H), 6.59 — 6.52 (m, 1H),
3.51 (hept, J = 0.9 Hz, 2H), 2.15 (s, 3H), 1.64 (dt, J = 5.9, 1.0 Hz, 3H). 13C NMR (126 MHz,
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CDClIs) 6 195.65, 138.53, 137.45, 136.81, 135.94, 134.71, 132.72, 129.44, 129.36, 129.20,
127.77, 35.19, 21.04, 15.05. HRMS (ESI-TOF) m/z: [M]* Calcd for [C17H160] 250.1358;
Found 250.9590.

[2.0] NMR copies:

NA-AS-3-PY HYDR
single_pulse hydrazine coupling 2228885922030 38888333288

B R EER R S D 688600

mEmonn AREEEEE rpr-fepp-gerpeied

L L
I M J “M ‘ /\' IH NMR, CDCl; (500 MHz)
N R WA L

T T T T T T T T T 7 T T T T T T T T T T
82 81 8.0 75 74 73 72 67 66 61 6.0 59 5.8 38 37 38 35 34 33
1 (ppm) 1 (ppm)

!

ng JJ_J\_J\_ 7_)';"\_7 I B

g

T T T T T T T T T T T T T T T T T T T T T T T T T T
125 120 M5 10 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 {ppm)

37



Q-PHOSCUOTHD 7L LL

uianbsﬁxu% EW.
QIVHOIONOTHD 6E LL

Zwton—

vew—

zatEl—

Lp—

szigi—

single pulse decoupled gated NOE hydrazine coupling

NA-AS-3-PY HYDR

s
HN \\N
b

13C NMR, CDCls (126 MHz)

revH—

3

ewm—
%

gpl—

6zioL— -

130

120 ns 10 105 100

125

65 160 155 150 145 140 135
11 (ppm)

170

175

120

140

180

200

220

100 90 80 70

10

1 (ppm)

130

190

210

NA-AS-3-21

W T —

Bl —

L1
!H NMR, CDCls (500 MHz)

ere—

ool

660

Fzoe

001

=660
=00l

=660

=660

13.0 125 120 "8 no 108 0.0 95

138

1 (ppm)

38



QIHEOSOHOTHD BLT8
Q-VRE0IOHOHD PP TR
Q-PRIOIOHOTHO DLTE

NA-AS-3-41 PURE

zEOL—

LU~
ezvaL~"

PIVEL
BaveL >

5T —

bl —

19 TE—

gl —

ZE0L—

080T —
Bzl —

TLETL =~
L=

PR~
gavEL—""

esTpL—

v —

wzs—

98181 —

FR TV

1

L
13C NMR, CDCls (126 MHz)

T T
18 10

T
120

T T
135 130
1 {ppm)

T
140

T
155

T
160

T S A

T
150

T
160

T T T
210 200 190

T
220

T WH040¥0HD ST°¢

NA-AS-3-69

e
c9c 8
$9'L]
¥9¢
ve
s9¢
892

s8¢
s1'8
9’8
91’8
org]
ars
a's
ars

oTH T —

. ,._\
. ‘9
80 hwhwa

19—

-

[,
mw

[

ars

€0 —

WYOJ0¥OMHD ST L —

e
9L
L
¥oL
vo L

59°¢7
so.n%-
88—

e

s
'8
e
ae
e
are

OH

1
CH,

L,
'H NMR, CDCl; (500 MHz)

A

8.1

1 (ppm)

00'E

=sT1

0.0

20 15 10

2.5

3.0

3.5

4.5

6.0

f1 (ppm)

80 75 7.0

8.5

9.0

12r.0 lll.S li.O 16.5 16.0

T
12.5

3.0

39



E _—
! —
o
=
I —
— 5 m L
(=]
al
\ J
4 m ort =006
-
ac -3
I = § -
Olw.. o OTH 06'T o
(=]
: g :
P e
= I o
-5 Z2—2Z a _—
6665 — 4 / "o
&} - 3 -
7 8 &
LR w9 P4
Y] Jusl
Q-HIE0ADECTHD B 9L T £ £ -
AHBOOHOHI €T 2 W. 59
Q-WBOAO O THD BE £L -8 'y
V9
k]
589 £8°9 @
= . Le
LS 59 €8 aW o
59 '3
we £6'3 o
we 56'9 "
-m we B
802 e |m
- 8¢ Wi
P91 — - - - E 8¢ 80°L -
TR FS = 2 T 80°L et
HAHAY - = sie 80°L
Tiart bR 90T — - o S.L s .
it ~e———— o CWE0I0N0THD ST 2T s1e Fe 650
oF LT \. -~ sz 8¢ 60
(2]
seert S stk 8L ™ ot
= oe~% 0E'L Fe 2660
2 [T 0E's "
™ — T L .
S5 2 Aot
et — n v M hode
, = — g e —
e o= — - ooy Y FR -
95 L6T 2}“:“ _ B et e NG
oIS SERT - 1 2 95 ¢ 1 MRE
50251 Y ] -— Lol o s6¢ Fal
AN z — Y _ o
e - e s o _ )
E | 2 ag s =0
= - ag s -
& 818 ar's Mo
BET — = 818 81's
SEEET <= o o e [~
- = - . o
lald - 88 (18]
618 1'%
2y et — o oze el
o
o) L] 50— I
= ~
0rs— - Fe
g
95 b1 — =
= n
2 o o
a = E]
oy 15T — ~ I _ °
50251 — Fe
=] =
@ L3 R 7
o PESST = W
3 I
< B g
=
=

0.0

0.5

10

1.5

2.0

2.5

3.0

3.5

4.0

4.5

T

5.0

5.5

6.0

6.5
11 (ppm)
40

7‘.5 7.0

8.0

8.5

9.0

125 120 1]‘..5 1]‘.,0 16.5 1(‘],0 9‘.5

3.0



NA-AS-3-73 288
TEIE
-
588
88
III
53 Fngs z®oRR% 5tg 4y
e Vo MY MV N ||r\
V! | | Il Il | =
NH
|
/N
1 H on
HsC.
1
| HyC
CH,
| L3
i/ kit 3¢ NMR, CDCl;
(126 MIHz)
155 150 145 140 135 130 125 120 115 110 105
f1 (ppm)
1 H ! ! 1
i‘ “ |
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
MNA-AS-3-39)
ingle_puls
singlo_pulsa CDCls | = HO
e N’N =
H
MA-AS-3-40 ‘\
single_pulse 1
Diminished -OH peak in NMR
DMSO- | . confirms the formation of
P nickel complex
1
HN \
\N/ o]
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T
n6 1.4 1.2 1.0 10.8 106 104 10.2 10.0 9.8 96 94 92 a0 8.8 86 84 8.2 a0 7.8 76 T4 72 70 6.8 66 &4
1 (ppm)

41



OfHEET—

oe—
FOE

80E
80E
BO'E
60E
e
CEE
[£3 3
EEE
EEE
PEE
SEE

iy
2%
689
689
[
06'%
1691
002
[
102
0L
g2 L
520
2L
97 L~
o:Lw
a9z ¢y
e
h:“
i
e

8rL
[
el
23
EEL
EEL
PEL
PEL
FEL
SEL
SEL

L
BE'L

491
491
EEL
EEL
VEL
VEL
YEL
SEL
SEL
564
BEL
BEL
GE L
GEL

R

b5 £ HHEOI0H0 Y B L —

5L
=3
9L
e
wi
i
8y
[
BY L
ELL
¥EL
SEL
SEL

o o
I

I

54

3a
TH NMR, CDCI; (500 MHz)

7.48 7.406 744 742 740 7.38 736 7.34 7.32

f1 (ppm)

oo

Faoe
Faoe

Fuogo

4 .
] Feer

0.0

1.0 0.5

1.5

3.0 2.5

3.5

4.0

5.0

5.5

6.0

6.5

8.0

8.5

9.0

9.5

1 (ppm)

wee—

ST —

99—

O-WE04080THD 00 L2
O-WHOS0H0MHI 5 LL
Q-WE04040THD 15°LL

goart
4081
10611
L0611
6l
T OTL 7
WL
ov Azt
S58L1
(754
94821
v 8zl
86621
8b'9E1
£5°9ET
8y ael .\.
09 skl

0yasr —

2550 —

OH O

el

3a

13C NMR, CDCL (126 MHz)

T T r T T 1 T T T T
200 190 180 170 160 150 140 130 120 110
f1 (ppm)

T
210

T
220

42



O EE'E
£
G0E
are
LFE
GF'E
05E
Z5E
95°E
LS'E
L1
19E
0rE
e
ILE
e
e

ELET

bLE

b

SUET

S
n_.n”_

5

c

i

p-uLinjolsD ZE'L
Fd
EE L
FEL
SE'¢
Xy
SE¢
SE¢
9L
9L
9L
LEE
LEL
LEE
Sk e
L0
WL
e
e
e

sre
ae
P
£

[

Me

OH O

el

3b
IH NMR, CDCl; (500 MHz)

=560

f1 (ppm)

B9z —

{99% —

s =

0 We0d0H0THD

A WBOIOHOND ‘ W

Q-WB0J0H0TH0 L6742
18—

[T S

ETZEL
SETEL
SIEET
£WEET
9L

iy

[ S

159z —

Me
el

OH O

3b

3C NMR, CDCl (126 MHz)

1 (ppm)

43



€03 €7 £
[=s
L
i
T L
e
ST L)
S04
EFE

Br
el

OH O

3c
IH NMR, CDCl; (500 MHz)

A

.

ri
3

0
9

'z
ot

b0

55

T
6.5

f1 (ppm)

o=

e —

B —

Qw000 TE 2L

QWRIDA0H0THI 90 ¢4 W-
O-HE0J0H0THD £5 L4

BB
S&:W
6T
o9zt
SBZT
B BLE
85821
ze szl
BLEZT
%#BLL
6621
Zo0ET
£6SET
&°961
0591
18 261
1600t

£ —

BYS0E —

Br
Jle

OH O

3c

13C NMR, CDCl; (126 MHz)

T T T T T T T T T T
130 180 170 160 150 140 130 120 110 100

T
200

T
210

1 (ppm)

44



o

Cl

0
3d
'H NMR, CDCl;
(500 MHz)

OH O

3.10 3.05

3.15

1 (ppm)

3.30

3.35

-z

-t

(50

i (ppm)

B9 ™
EVBE~

L

QHABOJOHO D 21 L

WHOJOHO I 98 _P_.W
T WHOIOEO ™D L8 4L

PRSI

e
[yaal
POEZD
¥ ELL
TUs1
PTEZI
[ T
£SBEL
2Bl
ZB0EL
SYIED
L0 BET

6951 —

05961 —

Cl

0

Cl

OH O

3d
1BC NMR, CDCl; (126 MHz)

f1 (ppm)

45



7L

ERODET ¢
ETE
7L
vz ey
[

Cl
0

e
IH NMR, CDCl3
(500 MHz)

OH O

0T

0T
Eagr

Foe 0

360

5.5

6.0

6.5

f1 (ppm)

59—

86'E5

Q-HAOHOHO THD T1°EL
CrHOHOH0 - LE°EL
S6°TH—

O-HHOH0E0 THD om.onw

0891 —

08 L0z —

Cl
e

OH O

3e

BCNMR,

CDCl; (126

MHz)

T
190

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

180

200

10

f1 (ppm)

46



y
NN
wnn

——

pruLigyoIon) 82 £

Cl

OH O

0

3f
IH NMR, CDCl; (500 MHz)

ot

208
20l
101
660

=860

Lo 135 13.0

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 O
f1 (ppm)

9.0

10.0 9.5

10.5

110

125 12.0 115

PO BE ~
woe—

WL
C-WH0I0¥0THD 95794
TWAOI0H0THI T
TWAOI0HOTHD L8 4L

sgzi—
ELITE
e —
ShERL
96°EZI
et
I5HTL
S9F2L
61921
9Tt
b OEL
S0°ZEL
LEEEL
0E6EL

oSt —

ELL6l —

4

Cl

0

OH O

3f
¢ NMR, CDCly
(126 MHz)

190 180 170 160 150 140 130 120 110
f1 (ppm)

200

210

T
220

47



OZH 0T
SUE
90t
0E
B80°E
ItE
2AE
£E°E
PEE
w9
989
99
89
89

QWA 04040THI ST L
89TL
L-14
oL
114
|4
1EL
|1
1£L
2L
ZEL
[y
=
e
L
¥l
(L
s
S¥L
Wl
%L
WL
e
L
05¢
9
9L
we
i9¢
L
e
9L
89¢
89
8L
ELL
L
B
S&L
LLY
&L
%'
fLy
Ll Y4
¥4

(U4} .\W

5 O
)

o
O

OH O

3g
I'H NMR, CDC1I; (500 MHz)

3.10 3.05 3.00

1 (ppm}

340 335 330

|

Fooe
Foe

F S ho”NES

ComOmmn=ao

SO IS

f1 (ppm)

i

OH
OH O g
g|-|o

QW B040H0HD 98
T-HY0I0HOHD
TELL

Q-WB040¥0HI LELL

3g
13C NMR, CDCl
(126 MHz)

SSSTI~

e ="
05028 ~
sz ="
TTLTN >

(L 144
¥ ezl
9T 621
T ogl
8E'FET
T8 SEN

95 Ep1 =7

951 —

[TE | S

08102 —

T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120

T
220

1

f1 (ppm)

48



I OMe
el

MeO

OH O

3h

'H NMR, CDCl (500 MHz)

+5E
om»#
BSES
65E~
ESE

SYE

A
m:W
6YE

0iE "

5.23 522 5.21 5.20 519

f1 (ppm}

660

1 a)
mq~
6'S

1
61
1ol
1

¥
LET

Ao

1
FE60

850

0.0

1.0 0.5

1.5

2.0

3.0

6.5

7.0

f1 (ppm)

OMe

MeO
OH O

IHO

B¥LE,

I6'LE

3h
13C NMR,

CDCl: (126

MHz)

8615

7

O WHOI080THD LE L2

L

f1 (ppm)

49



OIHEET
GO0°Eq
01E
ar'E ]
e
&5
15E
S5E
95E
85E

Al

OH O

el

3i
IH NMR, CDCI; (500 MHz)

Tav

1]

ol

Foo1

ol
1l

o Z
e
T0E
81

b1
Fee0

0.0

1.0

1.5

2.0

2.5

3.5

4.0

4.5

6.0 5.5

f1 (ppm)

T
6.5

00'sT
F5EL —

&9 —

ne—

01—

D LE0A0H0WD T EL

Q-0 S0H0 D 9592 W
QRO FOHOWD LE £4

9951 —

£ 961 —

el

OH O

3i

BC NMR, CDChL

(126 MHz)

O

T T
210 200

T
220

f1 {ppm)

50



£303 524
92" £y
92'¢
TL
e
B L]
B¢
82 2]
62 L]
67 L]
g2

EE'LT
EE'LT
EELT
FEL
6L
5EL
SEL
9E2
9€'L
SEL
LEL
LB
LEL
LEL
BE'L
BE'L
BE'L
BE'L
BE'L
E&LT
E&LT
v

—

_—

NH, O g
el

3j
!H NMR, CDCl; (500 MHz)

A

E 8l

firind

L

E bl

= POE

H 66’0

e

bz

gl

f1 {ppm)

5698 —

9Er=—

0FTL—
Q-WHOI0H0THD 989
O-WE0I0H0THD T174L
O-WHOJ0H0THD £E &L

fesel —

NH, O g
el

]

3j
13C NMR, CDCls (126 MHz)

e

1‘10
1 (pom)

T
120

T T T
200 180 180

T
210

T
220

51



EIDQ) 3T L
8¢
L6

LT
8z
8L
8Tt
6TL
el
0E L]
0Ee
1
1£¢
1€47
e
zee ]
s
ey
£E e ]
(38
«ﬂh“
e
e
ELe
vl
vl
vl

ars
LI

cl
NH, O g
el

3k
'H NMR, CDCl: (500 MHz)

774 771

f1 {ppm)

Fuae
Feaz

Fasg

0.0

wn
=]

1.5

3.0

3.5

5.0 4.0

6.0
f1 (ppm)

6.5

7.0

8.0

B.5

9.5

0567~
rwoe="

ELOF v

iy

Cl

13C NMR, CDCl; (126 MHz)

a9 HEL
06621
#OIEL

S0°0RT =
[ERTI S

2051 —

AL 10T~
a0z~

T T T T
210 200 130 180

T
220

f1 (ppm)

52



o™

Pruiojoi0pD

€T

EL
2
i)
e
Wi
ELL

Me

NH, O !
el

31

TH NMR, CDCl; (500 MHz)

I

Fieo

0.¢

0.5

1.5 1.0

2.0

3.0

w
L

=
<

w
-

BHST =

STOE—

e —

BHIL—
Q- HEOIOTO D 95 9L
Q HREOI0H0HD TT 4L
D HEOIOHOHD LE 4L

L6111 =
ezt~
ESSIL—
i
TN
96221
PEERT
£SHEL
e
S£621
££0gl
gt .\
B+ 8E1

b5 5T —

9 L61 =

Me
NH, O l
S [

3l

BC NMR, CDCI; (126 MHz)

|

T
90

* .
120 110
f1 (ppm)

T
130

T
140

T T T T T
200 190 180 170 160

T
210

T
220

53



ree)

+roq
seafl
9:9
73E
160
92 ¢ 1
9z ¢
£0002 92 ¢
1z
8¢ 1
62 ]
6 ¢
1624
ey
75
TEL

NH, O ‘ Br

3m
1H NMR, CDCI; (500 MHz)

60

101
({41
Bapt

g6

50
ST

ora
VET
a

00T

f1 (ppm)

sy

665k —

BooL—

NH, O ‘ Br
0

3m

13C NMR, CDCl: (126 MHz)

S0411
:2:&»
19121

2:&/.
@ E./
ESW
Wz

ETHIT
67621
ST0ET
05081

LREIET
ERREL
LTBET
S0rERT
L9051

St'20C —

f1 (ppm)

54



OZH EE'T
BOE
[1] 3
E
0SE
5
5L
6SE
19€
L9E

FIE
Y E
6L
0&E
e
ILE
LE
WE

o
4
~
Ll

—

NH, O I
0

3n
TH NMR, CDClL; (500 MHz)

Eera

60

il
60
60

B

e

f1 (ppm)

009z
veez—

BW9E—

BEp T

40403 uh...\\w
Q- WEDI0I0 D LELE

L9951 —

E996T —

NH, O I
0

3n

3C NMR, CDCl

(126 MHz)

f1 (ppm)

55



SOE
90'E -
e
6F'E
05E El
ISE -
95'E
ISE
B5E
19E
89E
89E
69E
e
00E
0LE
(F4 3
E
(£
ELER
743
£LE

0's
s m

CN
CN

0

3o

13C NMR, CDCl; (126 MHz)

BEW —

OH O
OH O

0

2
550 ” EVES
[ 4 1

m bkl

= = 001
Byt

1Z's

1z’s r

128 Q-WAO0H0THD 98°9 W.

3o
IH NMR, CDCl; (500 MHz)
25

175 Q- WH040! Jzies
1z L Q-RH0I0H0THD FE 8L
MMM PEZR—
€75y
r:T_. B

4.5

5.0

[k
w9
6’9
LUk
569
569
69 IM
8's
66’9
(1] w S6SIT—
we =
Mww P . THELL
¥ LY 0
P
P-ULIIOND L
SEL y
T4
st
Wi
i -
&Ze sl s
e B 6T —
8L w
6'¢ o
0€'¢
£EL
L -
¥EL
¥EL
SEd
SEL
SE'L
9L
Sk =]
Sk L ™
WL
e n
oy =]
L
19¢
194
194
e
£9¢
£y r
S£L
9L

Lt 0 |
2.5\
[ratl

5.5

f1 (ppm)

TEIE

15691 —

T
11.0

159 —

11.5

12.0

56

f1 (ppm)




EIDOI ST L
9L
e
LEL
s

OH O

Br

Sl

3p
IH NMR, CDCI; (500 MHz)

"

T

ot
Eapt

‘. 060

T T
1.5 110

T
12.0

f1 (ppm)

19'5E —

U

BE0L =
Q- WADI080THD 98°9¢ J/

OH O

Br

Sl

Ip
3C NMR, CDCl; (126 MHz)

0'HH000TH) Trrr—e
Q-WAOI0H0THD LE74L

Fr4ia)
SH¥lL ./.
mm.m:w
08’511
59021

EYTZ =k
vz

mu.wm_kﬁ
ET'421
mmmﬁ_.\

LEeEl

#6551 —

BLG61 —

f1 (opm)

57



OH EET
OH EET
6OE
0rE
IFET
6 E
05 ET
75E
95E
{5E
B5E ]
19 9
BYE

p-unegesopy (7 ¢
BT {1
BT L
DE L
Sk £
Sk £
Lo
i
L
B £
SLi
LIS

e
£EL

ARITT

OH O I
Sl
Me

3q
TH NMR, CDCl; (500 MHz)

50

401

ol

ol
Hr..._:

ot
ol

re
mmm
L
ol
501

01

o
[

i
[

f1 (ppm)

[

0riE—

PEEF

0L =
O-WE0H080THD 9979
DHA0IOH0™D 217 8L W
T WRI0IOHOWHD LELL

o=
OIS
scar——
9T

T9ErT
EELT V

£6+TT
L13=a}
£V \

S£TEL

6t'set T

oL s =

46T —

OH O I

3q
13C NMR, CDCl
(126 MHz)

ey

110

T T T T
160 150 140 130

T
170

1 (ppm)

58



STE
S5e
L1
L1y
e
e
e
Bl'Z
0z's
[Ty
e
e
PrULYOIBRD BT
ETL
¥L
vELY
STL
9T'L
LT
LT
2z
e
(T
e

0

[0}

3r

'H NMR, CDCl; (500 MHz)

Il

01
68
0T
01

Fes'l

6.0
f1 (ppm)

T
6.5

7.0

T
B.0 7.5

T
8.5

9.0

FISE—

STEr =

514 —
QHADIOH0W) 989,
QHA0I0H0W) 21 £L W
HH0I0N0THI LE°LL

Lz
gEZzl
SEZTI
orezn
65 EZT
FYELL
0TwIl
EF el

ze 8zl
ThrzEr
B+ SET \

Erser

SEPEl —

HO

Ir
13C NMR, CDCl; (126 MHz)

T T
190 180

T
200

1 (ppm)

59



OEHETE Y
5721
10E |
Z0E Y
BEE Y
o'E Y
WE
1+
I+
£'E
EYE
E£E9EY
ETE
¥IE
*YE Y
STEY
S9E Y
SYEY
S9'€
9E 7
99E

ey
e
BULY
804
BULY
60 £ Y
0re
ITLY

ey
ITLY

Th
£ uﬁ
PALIGIOION) €2 £

e

0

[o}

3s

-

"

g _—

< —
S
o,
—
Q
=]
g

m —
=

06T

oot
HFoz

0z
oz
Feos
0z
oT

55

6.5

965 —

e

EDES —

QHA0I0H0MI 98792 Y

Me

13C NMR, CDCl (126 MHz)

THRI0A0H0THI vy

D PRIOIONOWHD LE L8
BEIg—

f1 (ppm)

BO+0Z —

110

T T T
160

180

T

140 130 120

150

170

130

200

f1 (ppm)

60



#l'E
518
19€
E9E
PIE
POE
»E
9E
ELE
ELE
wiE
wLE
wEE
S0€
S0

9E
WE
90E
e
ey
6l'S
6% _.
6E'S
s
0TS
0zs
rsqp
175
sy
rs
s
s
689
689
069
159
69 _-
189
0L
122
17e
e
e
we
£rs
prusiagoson) €7 L )
vELY
wE L
mn:_.
56 L1
seef

5L
854

95L
65 L
85°¢L
65°L
09e
(£
19
(404
P
e
Iiys
86 L
8L

OMe
0

o]

3t

H NMR, CDC: (500 MHz)

FgE 0

o1

T4

Ea T

EEel
Frevs
'z
101

f1 (ppm)

EF9E—

ey —

wis—

I0EL—
Q-WEOA04DTHD 5892 5,

OMe

13C NMR, CDCl; (126 MHz)

Q- WE0A040TH) ZTere
Q-WH0A040THD LE°£L

GEpsl—

EESE1 —

T
110

190 180 170 160 150 140 130

200

f1 (ppm)

61



Priusegouci £7°L
£
¥l
I
57
SC°¢
szt
az's o
9T’
e
LZL
B8l =
8t
62t
[y
6t
6L
ocs
02
O£
0
1€ ]
e ]
zve
v ]
e
L
b2
Sk'L
GFL
S¢'L
8L
=1
8L
6L
05'¢
05t
15
152
15
9g's
98'L
98's
8L
ee

BEL

Cl
U

(o)

Ju
H NMR, CDCl; (500 MHz)

ul

T

L e

el

[}

1.0 0.5

1.5

2.5

3.0

4.5

5.5

6.0
f1 (onm)

7.0

7.5

8.0

8.5

9.5

Lo

L0pE =

ﬂ.ZGDLDSD._IUnm.eh
T WHOJOEOIHD TT 4L W
T WHOSOHOTHD LE°{L

L R

ETEET
FOBET
THRET
B FET
O SET
9T SET %

T SET
SEBET
ZO 0T
GYERT
B0 SET
957 akT

8IS0 —

Cl

0

Ju
13C NMR, CDCl: (126 MHz)

T T T T T T

150

170 160 150 140 130 120 110
f1 {ppm)

180

200

1o

62



Br

HO
H NMR, CDCl; (500 MHz)

L)

<
re
i
o
a
e
w
-
<
e
0 —
et
[~
88—
| 2
o7 [
'
o1 e
0z
| <
T
QWHOAOHO D 98 9L
| OWHOS0HO I T1 £L
= L
CHAIYO0HO D LE £
e
el
oot
e
[~ w
ok
e 2
o
=
-
[
o
e~
SEIEL=—
L2 T4z
szt
8zt
LS 88c1
b Fl6el
9z 6zl
" GLTED
e SEEEL
95 LEL
LL6EL \\.
| o 95 £l
o
uy
o
<
Lo
u
=]
)
@
b
"
wn
]
-
e
Lei
- BI'6ET —

Br
3v
LC NMR,
CDCls (126
MHz)

HO

100
f1 (ppm)
63

T T
110

120

130

140

T
180 170 160 150

190

T

200



OTH 87T

OTH 82T
POE
SUE
15E
£5€
¥EE
#5E
LE)
95'¢
95E
95€E
v
£9E
E9E
¥IE
¥
9L
S9E
S9E
s9E
99E
99E
95'€
L5E
99¢
s
s
L181
(s
s
s
s
113
L1
b5
BT°%
615~
e
e
(194

pruvajosop) $7 £
ST
3
Ve
(1
L
L
SbL
WL
Lo
L
[T
b L
L L
05¢L
15
15¢
24
23
44
e
(L
(L ¥
W
6L

ﬁ

(39

o l
ey

Me

Iw
!H NMR, CDCl; (500 MHz)

Te.m

00t

Eot
Feoe

oot

193
Mw:
LE
Z0'T
T0'T

60 55

f1 (ppm)

6.5

{orst—

e —

80—

UL Pl
TrWH040H0THD 98°94
TWHOI0WO O TT° 4L W
HNH0I0H0HD LE 4L

arEsT —

[o} l
el
Me

3w
13C NMR, CDClL; (126 MHz)

T T T T T T T T
180 170 160 150 140 130 120 110

T
190

T
200

f1 (ppm)

64



iR 3
LBE
iR 3
4R 3
68’9
LER
06’9
159
69
[N
EB'9
EB'9
56'9
56'9
ETL
sS4
STL
L1
s
fAs
(e _-
i
BT'L
BTL
BU'L
BL'L
BLL
0E'd
174
e
LS
12
[y
(s
[y
pruuogosely) [7L
ECL
ETL
EEL
¥l
DE'L
DE'{
L

9611 —

=]

=]

3a’
'H NMR, CDCl; (500 MHz)

Jl,

FHED

11,0 10,5 10.0 9.5 3.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 {ppm)

558 —

Q-WE0J0H0THI 21 EL

O-WHO4040THD 98 9 W
O-WHOJ040THD LE 24

[ea 13
GEEIT 7
PEZZT ~
¥z
ETBIT A//.
el
9T eIl
9€ 621
04621
08 DET
26%51
0 SET
ZEGET
0 BEL
AWERT

e 191 —

AEBET —

3a’
3C NMR, CDCls (126 MHz)

f1 (ppm)

65



iz —

e
[xaray
ECLN

BEIT —

3’
!H NMR, CDCls (500 MHz)

Bz

=0T

70 &5 &0

7.5

T T T T
11.5 110 10,5 100 9.5 .0 85

T
1z.0

f1 (ppm)

FTZ—

BE'SE—

TWN0J0H0THD ZT7LL

TWY0I0H0THD 98794 W
OHWH040H0THD {8 448

erarr =7
GEBIT T
PETIT ~
£5°821
0z 621
9z 621
¥ BT
00621
08 0ET
SEPET
LEPEL
0 56T
¥ GET
0E GET
9 THT

BET9T —

BEGET T

3
13C NMR, CDCl; (126 MHz)

f1 (ppm)

66



88'd

HO

4a
IH NMR, CDCI; (500 MHz)

f1 (ppm)

[0 T

SEF—

Ll o

HO

08By =

4a
13C NMR, CDCL; (126

O-WHDADH0WHI TT1 48

Q-WEDIONOWD 987 9L W
Q-WADADHOHD L8 L8

LEBEL =

T
30

T
110

T
130

L (ppm)

67



12
1
ey

' ]
£2'r ]
ESs
STy~

Me

HO

4b
H NMR, CDCl; (500 MHz)

FB6'0

Foot

LAY
o1

Foot

Fooe

e
ot

e
n:nV

SE—

LEb—

1969

G.Zu.u._a-«nqruacam
- WAOI0A0THD 174
Q-WE040H0TH) LE 4L

f1 (ppm)

521
81921 V
950611
59'621
SE'EE1 T

eEy ="
T9'SET Y

L9 LET l\

T6'39E1

LE'oB1 —

Me

lHO

4b
13C NMR, CDCI; (126 MHz)

T T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

68



BI'¥
6l%
e
e
1re
|Far
ETE
ETE
(144
ETL
P-ulgodop) ET° L

sos

i S

BE'T—

I Me

(o}

IHO

1H NMR, CDCL (500 MHz)

4c

T T T T T

1.40 1.39 1.38 1.37 1.36 1.35
f1 (ppm)

=047

560
E01
£!

L

Foot

Foe
0l
10°¢
101

Eo61

0.0

0.5

1.5 1.0

2.0

4.0

5.0 4.5

T
5.5

6.5

f1 (ppm)

BE 6L~
oz

SEor —

Uiy —

0Ley—

LR

ALY

I Me

(o}

IHO

13C NMR, CDCI; (126 MHz)

4c

O+PRI0I0N0TH) LELL s

18521
26921 ./.
B LZT

EE 061 —

fL {(pom)

69



5z
ffa |
067
16
¥TE
STE
STE
9TE
STE
9ZE
9TE
ITE
BCE
BTE
BZE
67 E
67 E]
omra—
95E ]
I5E]
UQMJF
19EY
SYET

LTE
BTE
0LE

Figd
BO'Y
80t
BU¥
BOt
e
Iy
fAR
(18

ETv
Bl°L
(193
Bl L
B L
ores
ore
e
e
¥ i
LYy
PruuGRIHD T L
5T¢
othF
LI

Cl

(o)

I HO

4d
H NMR, CDCI; (500 MHz)

Al

ba 1

Foot

(U8
o't

Foot

gz
e
102
0T

=
i

5.0

5.5

6.5

f1 (ppm)

BT OE
69 0E

B¢ —

W 0080 HD £

Cl

4d
BC NMR, CDCl: (126 MHz)

OVD B¢ 7

CHA 0080 ) BE L4

06511~
WL~

o1

U921~

o5 —

S¥I0E—

T T T
130

150

190

140

160

170

180

200

f1 (ppm)

70



Il

1

ETLy
Peuisojoson] £ L~
LAY
84 =3
B L
[
b L]

lHO

4e

'H NMR, CDCl; (500 MHz)

-

i |

0'E
10e

m.._uo.m
Mrﬂm.—
0L
1ot

1 (ppm)

o=
LUIE=
ZrvE=—

S8 —

(L

1869 —

CHWH0J0B0THD 1 L

THWH0I0BOTHD 989 W-
WHOJOBO WD LELL

I S==sl1

ER bRl —

CE 061 —

(o}

IHO

BC NMR, CDCL (126 MHz)

de

T
110

T T T T T T T
190 180 170 160 150 140 130

T
200

f1 (ppm)

71



p-uwojosop)

P

h-‘..\J )

HO

4f
'H NMR, CDCI; (500 MHz)

Foot

HD T
0T

H\E.m

H{_vn 5

T

661

80—

0Ter —

BES9—

-WHOJONOTHD Z1° 48

T-WHOJOYOTHD 98° 9L W
T-WHOJ0HOHD LE'LL

LESTE
L9t W
(a4
mv.miw
W LTl
SE'ZED S
9T9Er =

1IN

55'861 —

HO

41

BC NMR, CDCls (126 MHz)

.

Ll o

APV e

T T T T T T
190 180 170 160 150 140

T
200

1 (ppm)

72



OCTHZE'T
S9E
9
892
97E
LTE
e
BIE
87
ared

I

8%

BE
15°€
ESE
¥SE y
2
59 ]
S9°E
R
S8'E
90'E 1
98'E
{RET
e ]
68'E
ov'e 1
T6'E
16 1

TEE
EHE
60
L
ors
e
e
s
e

e
14
12y

e
£2¢ ]
E[IAI ETL ]
€04
£
Wi
9L ]
Wi
i
s/ ]
86 ]
o]
62 ]
6]
0527
754
£5¢
£52
8501
B5L]
554
554
95 1
954
06
06
164 ]
16°¢ ]
26
6L
641

11 A

lHO

4g
H NMR, CDCl3 (500 MHz)

| .|ll_

-

Tmn [

ﬁ._u:_

0l
01

H\.Sh

EueT

LES
01

ool

5.5 5.0 4.5

6.0
f1 (ppm)

arss —
e —
08'8g —

L

LHEI—

T-WHOZ0HO D TT°LL

T-WHOIOHO O 58 mnw.
A WEOIOBO WD LE°EL

g9'zzt
8FFIT #
zp'szt

Gh'sz1 7
bE0LT <
ST'PET —

ZEEET N

LTl

55961 —

o]

lHO

4g
13C NMR, CDCls

(126 MHz)

T T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

73



ET¢
ET L
€002 ET L
ETL
ETL
vy
570
57
ST
[Taa
62 ¢
DE' £
DE L~
16¢
160
TE L]
1S
EE £
mfu
9E L
cmNL
iy
LBl
BEL
BEL
BEL
GEL
ECL
voL
viL
LTAy
5C¢
9L
(1.4
BB ¢
06 L
16¢
6L

i
*

16

NO,

OH O

lHO

4h
IH NMR, CDCI; (500 MHz)

Fe'0

By
o
H\S r4

0z
02
{4
661
E66°1

f1 (ppm)

Bz —

S5 Te —

1Z6k —

LA

D.ZuOmCSOA_Iqu.:
CHAHOI0B0THD S.E_W
CHAHOJ0H0THD £8°8L

e ="
£5°071 ~
e —
LT
91821 =~
PEOEL

I@'SET —

b Sl —

59051 —

19l —

o —

NO,

OH O

lHO

4h
13C NMR, CDCL; (126 MHz)

Y

T T T T T T T
160 140 120 110

180

150

130

150

170

200

f1 (ppm)

74



PrutogoIopid 51" ¢

[:1:3 8 Sl

OMe

OH O

lHO

1H NMR, CDCl; (500 MHz)

w

|

Ii“l

H/Aa“
101
101

> EBHL

ot

66'0

T
5.5

6.0
1 (ppm)

T
6.5

m
mie— ")
$ g
w2
o o
BEIP— T M
I
Lo N
¥
SE'SS— -
S£69=—

T WEOA0UOHD T LL

QWH0H0U0THD 98°9L W
THNH0JOHOHD LE° 2L

61RIT— -
(<311 S
ES 071~
LR —

87871 — -
+LOEL

[4:3-12 §
bEGEL >

a%asr —
64181 —

aroe —

il

f1 (ppm)

75



99z
OTH 92
89z
8EE
BCE
8r'e
8TE
GEE
BEE
BEE
183
0EE
0E'E
0EE
0E'E

-
nT
i

WA ——

065
76'5 1
269
£6'9
£6'59
965
96'9
2697
169
6l¢
61
e
[N
0z ¢
07y
07 ¢
0z'¢ ]
174
17 ¢
124
(L4
wi
(44
£ L
£ £T £
£T ¢
[
¥eL
574
52 ¢
SE4
Frars
7
s
87 L
8T ¢
8z ¢
£ i
b7
56
b
9@ L
Wi
bidL

v
S
S&d

1

A

OH O

IHO

4
'H NMR, CDCl; (500 MHz)

F660

0°1
01

Hﬁ—e.N

Ruro
01

Fos
001

F66'0

=560

0.0

0.5

1.0

3.5 3.0 2.5 2.0 1.5

4.0

4.5

f1 (ppm)

sUer—

LU

8899 —

Q-WA0I0H0WHI T L8

O-WH0I0N0THD 99792 v
O-WHOI0NOHD LE° 4L

oot —
£5021
6ETZE ~—

Q@E V.
FTLTT -

vr8zL
T 0EL <
CHSEL =

e =

6191 —

SE0T —

OH O

IHO

4
3C NMR, CDCl; (126 MHz)

T T T T T T T T T
180 170 160 150 140 130 120 110 100
1 (ppm)

T
190

T
200

76



OZHECT
52
85T
657
£TE
e
ETE
*ZTE
wTE

PSRN ) £0F L
e
£&ns
£
L'
L
L
L
vEL
oL
L
LEL
BEL
5L
e
9L
9L

L7 4 B

OH O

4k
1H NMR, CDCl; (500 MEHz)

Fos

ot
o1
Jm._u-._

'z

001

560

[£3-4
L6t =

L LE—
b=

19—

|-&ﬂ_._z=0m0m0.-._u.ww2wm
- a.zsuomoiu:gnw

T WH0H4080THD (€ 4L

g8011 ="
0511~
ST —
2021 ~_
07T~
GOV~

8081 —

08'sE1 —

el —

SE9ST —

00861 —

OH O

lHO

4K

13C NMR, CDCL

(126 MHz)

.
W

"

)

T T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

1 (ppm)

77



o

EPAD €T £
(T
v
¥
LT
9% L
LS
L
8%
0527
052
e
[fya
6£29

OH O

lHO

oause L —

ﬁ.n”\‘
ety

1.55 1.50

f1 (ppm)

1.60

1.30

1.35

f1 (ppm)

1.40

41

IH NMR, CDCl;3 (500 MHz)

i“l|

11“]

Eioe

Wﬁm_
507

660

a0t
00l
00t

E oot

S
J.eo.m

01

=001

* 660

0.0

0.5

1.0

wa—

voIz—

¥ 92—
aroe

1£EE
23 :V.
e

SO —

SETL—
T-WHOJON0THI cm.ﬂmv
Q-WNOJ080THI 2128
T-WHOJONO WD LE &L

ZESIT
£5611
69071
Sl
81471
PT6TT

AT

el —

Y 6E1 —

g eyt —

6L 081 —

o —

il

OH O

IHO

41
13C NMR, CDCI; (126 MHz)

i

T T T T T T T T T
180 170 160 150 140 130 120 110 100
1 (ppm)

T
190

T
200

78



971

[

PwoyaIn)y) +Z £
SCLT
ST
SCE
9L
9T
9
gy
£TL
LT
8L
¥/
S¥ L
L
&L
W'
L
SL4
UL
LEe
hh.nu\

6ATT

OH O

TH NMR, CDCI; (500 MHz)

{rs
IE

6.0 5.5 5.0

f1 (ppm)

6.5

B BE =

Wik

8155 —

OH O I
OH

4m
13C NMR, CDCl;
(126 MHz)

SYEL—
QWI0S0UOTHD 98°9L N

TN T I

T WHOS0H0HD LE 4L

Ze el —
05021 ~_
BETZI —

5L A\

62821
¥LBET W
PTOET
egser —

BYBEl —

6L191 —

BEE0Z —

o

T
110

T T T T T T T T
200 190 180 170 160 150 140 130

0

=

f1 (ppm)

79



O2H €21~

[z 3
we
&L
L
YL
PALRIIOR ) b7
YL
STL
STL
sTL

OH O

HO

4n
IH NMR, CDCI; (500 MHz)

]

1.5

l

11“

Fuez
Feez

Euon

60
Udv._u

6’0
60

01
6'0
61
0E

Fuoo

E800

=60

1.0

f1 (ppm)

8

wWor=

1582 —

e O

68y —

HO

4n
B¢ NMR, CDCh (126 MHz)

OH O

[ T4 Vi

AWA040H0THD 989/ |(

QA0 J0H0THD 21 7
O-N0J0N0THD LE L2

[0 2 S
£YSIT
asar =

azel \

QEETT
=

ZG'ETT L\

sl
66 0ET —

UsEL =

96951 —

05861 —

20

T T T T T T T T
180 170 160 150 140 130 120 110

T
190

T
200

f1 (ppm)

80



BTT
[} “__
[4 ¥4
E6T

BTE
BTE
8TE 7(
BTE

0fE
0E'E
oEE
1€
e
1€
e
£e€
TR
EE Ly
£5€ ]
S5€
95°€ 7
85y
£9°6
e
Z.Muv
89s

ETL
€L
sTL
[ T4
L
we
&
241
&Z
8TL
BTL
8TL
6T L
L{¥3
vOL
S&L
sEL

£
€07 €7 ¢ ]

cl
NH, O g
g HO

J .l |

40
IH NMR, CDCI; (500 MHz)

m

Ea 4

960

thm 0
160
{60

Fugo

=261

T
i

460

0.5

1.5 10

2.0

2.5

4.0

4.5

8.0

8.5

9.0

1 (ppm)

S0z

oE—

81 bk =

SL69—

T-WYOH0H0THD 21" 4L

C-WYO0HOTHI 98 EW.
TWI040 U0 HD £E L

SN =—=
s
Bz1Zi—

EB'BZIT
EDELT W

05 DET
EBFED
T6PET M1

¥ BET =

L9051 —

BSZ0Z—

Cl

NH, O g
g|-|o

13C NMR, CDCI; (126 MHz)

40

T T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 {ppm)

81



EDAD

a7 e

£

(o]

NH, O g
g|-|o

4p
1H NMR, CDCl;s (500 MHz)

"||.|ﬂ |

0Le

661

Hmmn
Sl
{4

0t

001

f1 (ppm)

Wir—

S —

g9 —

CrWHOI0W0HD E1° 4L

THABOS0¥0THD 98794 W
CHAYOS0 30D LE L

L9081 —

wwr—

cl
NH, O g
g HO

4p
B3C NMR, CDCl;: (126 MHz)

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

82



DHEET
ZET
99

9EE

[ty
EROD ETE
x4
ECE
ST¢
S2 ¢
0ee
e
we
(143

SEE
SEE
SEE
GEE~
SEE=
BEES

WE-

A

Me

(o]

NH,
! HO

IH NMR, CDCl; (500 MHz)

f

T

3.55 3.5B.45 340 3.35 3.30

f1 (ppm)

T
3.95 3.90 3.85

i

g6

F66'0

Froe
Foot

Foe

=60

ﬁmo
sl
Foow
oot

660

e —

e —

Gl =

g —

CHWERIONOTID 9802

Me

NH, O ‘

MHz)

, CDCl3 (126

BC NMR.

OHWNBE0H0H0TO 217 7
CHNEDHOHBOWD (£ 4L

2H0ST =

e =

100
f1 (ppm)
83

110




519

zia

999
1

v:u
L]
ez i

]

€1700 £2 £
71
vTe
vZe
sz e
sze
sz e
9z s
874
sTe
0L
Y
ves

S&d

(33 B -

151
51
51
£5°1
ES1
P51
ST~

951

NH, O l
gHo

4r
IH NMR, CDCl; (500 MHz)

1“1‘ ,

1.328
f1 (ppm)

1.336

1.55 1.50 1.45

1.60

f1 (ppm)

E ez

WM~2
e

E Ba0

= 06T

E 660

0.5 0.0

1.0

f1 (ppm)

L0 —

L2
¥oLL—
LTTE~C

(443 V

PE
-

Sy —

BEEL—
CrHY0S0H0THD 9894

CHANO030¥0HD 21 =y
CHAHOS0HO ™D £ 42

sUén w
E6' LI

P2 121

95621 =
[4% T4 S
05 0E1 =
ESPEL N

0% 0p1 =

08 6k =~
3051~

ez —

NH, O l
iHo

B3C NMR, CDCI; (126 MHz)

4r

T T T T T T T
190 180 170 160 150 140 130

T
200

f1 (ppm)

84



IO ET L
ET'L
vl
YL
vid

v'e
EE~
PE =
WES

15e
oe—
PEE

om,n./-

3.45 3.40
f1 (ppm)

3.50

3.55

1H NMR, CDCl; (500 MHz)

MVS 9

L6 0

3:41]
w1

861

Fuoz

Boe

001

T
5.5

6.5

1 (ppm)

209 —
BE0F —

2055 —

FIEL =
O WHOIOBO T 95 9
A-WHOIOHO D 21742 W
U WHOSOMO D LELL

sorent
ettt
£t

VN

sz
BZBLL
beBEL
0s'0LT
REET

NS

a9'6E1 —

L9051 =

VOZOT =

NH, O !

OH

4s

13C NMR, CDCl;

(126 MHz)

T T T T T T
190 180 170 180 150 140

T
200

f1 (ppm)

85



60
,,ZW
560

LTI~

QIHSS T
i
umﬁv
(LA

wi—

A

LUE~
[

L i)
W00 ST £
STt
STe
8¢
ae
9
(e
iz
a@il
8¢
we
0L
i

£t

o=

o

560

OH 551 —

P13 S

BS 1=

0¥ —

NH, O g

096 0,94 0,92

T

T T T

1.62 1.60 1.58 1.56 1.54

HO

f1 (ppm)

f1 (ppm)

4t

IH NMR, CDCIl; (500 MHz)

hauid3
>t

Tl

660

B0t
piot
Frton

HET

Froe

ol

we=

8RO =
056 —

0eiE —

96k —

GEL =

?5.0.9,0::3%
Q-WHOSOBOTHD T17EL W-
Q- WHOSOUOHD LEEL

SOENT =~
e ="
STEI =

STEII N,

b2l =F
SENZL “-
os9Ll

cwoer ="

[0 8 d

LTl —

1ogen =

NH, O !

HO

4t
BC NMR, CDCI; (126 MHz)

f1 {(ppm)

86



11 {ppm)

LR TR

T
s

[xars
L

bT'E
5T
oL
wes |
oe =
52 ]
e
e
e
BE'E
BT'L
BT'L
[l
e
e
faar
faars
VL
(=33
b
s
s¥'E
15
15
Eo
Eor
50

R g - gl —

2]
quufn
O
EL9

ij./r
Lea =
b9 =
ke

Q..g.,_w

séa-
uhm_”ﬁ
Ll

oH,

4a’
'H NMR, CDCl; (500 MHz)

676 674 671 B70 GG

6,78

f1 {ppm)

Eos
3
w1

il

1.0

1.5

o
[Fen

o
-

[
-

o &5 60 55 50

7.0

Ts

f1 (ppm)

SUST —

ATSE—

a.zmcuczo._xumm.e.__
T WH0A080THD T4 W
Q- WH0A080THD L8 &8

PELTT
nm.hﬁur.
el

FEBIT W.

AEGIT
creer

189En
GITLET
Gb LET
ESALL

G951 —

|
cH,

4a’
BC NMR, CDCls (126
MHz)

L

f1 (ppm)

87



£9°7T
91
LER Y
9T
s9°T
EERY
STE—

05'E
05'E
15E
ISE
15
15E
15E
b5
+5'5 1
+581
5599
559
559
959
955
352
2599
4599
259
629
[EER
[EEh
0g'e
189
159 1
189
189
169
16'8
z6'e ~k
2659~
EELNy
T
£1200 £2°£
T
S
IS
9z
9z ]
9z ]
£
£ ]
8¢
vEe
+Ee ]
SE°¢

4’
!H NMR, CDCls (500 MHz)

l

TR

FOoE

B
Floe
FO0T
bl
B0t

Fooz

0.0

0.5

1.0

1.5

2
i

L
i

1 {ppm)

SIS

rrie—

BI'SE~

Q-WE0080THI ZT°LL

O-WHOJ0H0THD 99°9¢ v
Q-WHO0H0THD £ 1L

L8LET
DEBLT
em.mNMW
LT

CTLTED ™
TIREL ™

YESED 7
18°9EL
Sb'ZET

ES'3EL

59'561 =

CH,

4
13C NMR, CDCl; (126 MHz)

Ll

T
190

T
200

f1 (ppm)

88



