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1. General information

Most of the reagents and starting materials used were purchased from commercial sources and
used as such. Commercially available dry CH;CN was used without further distillation. Melting
points are uncorrected and recorded using digital Buchi Melting Point Apparatus B-540. 'H, 13C,
DEPT and °F NMR spectra were recorded on Bruker AV 400/500, AV 100/125 & AV 376 MHz
spectrometers, respectively in CDCl; using TMS as internal standard and the chemical shifts are
shown in & scale. Multiplicities of "TH NMR signals are designated as s (singlet), d (doublet), dd
(doublet of doublet), t (triplet), quin (quintet), spt (septet) br.s. (broad signal), m (multiplet) etc.
Thin-layer chromatography was performed on Merck silica gel 60 F254 TLC plates using ethyl
acetate in petroleum ether as eluent. Column chromatography was carried out through silica gel
(100-200 mesh) using ethyl acetate/pet ether as eluent. High-resolution mass spectra (HRMS) data
were recorded on Q Exactive Hybrid™ Quadrupole-Orbitrap™ mass spectrometer (Thermo

Scientific,™ Accela 1250 pump), where the mass analyzer used for analysis is orbitrap.
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2. Experimental section:
2.1 Starting materials used in this study:

1a,R=H
1b, R = Me
1c, R = Pr
1d, R = OBn
1e, R = NMe,
1f, R =Br
19, R=CN
1h, R = NO, |

1i, R = Ph o A

HO

2a2a 2b2b cZa

OMe
HO C  ho g {O HO
kZe

292b 2h2d 2|2b

Y SO I, g g Q

212 2m? 2n29 202a 2ra

The p-quinone methides 1a-1z' and all cyclopropanols 2a -2r? were prepared according to reported

literature procedures.
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2.2 Optimization studies:

Table S1. Optimization of the reaction conditions®
OH

(.

2a

conditions
[EE——

entry catalyst solvent temp time yield?
(mol %) (mL) °C) (h) (%)

1 Mn(acac), CH;CN 80 16 h 60
2 Cu(acac), CH;CN 80 16 h 65
3 Pd(OAc), CH;CN 80 16 h NR
4 InCls CH;CN 80 16 h 20
5 Fe(OAc), CH;CN 80 16 h 69
6 Fe(OTf); CH;CN 80 5h 79
7 FeCls CH;CN 80 5h 94
8 Fe(NO3);.9H,0 CH;CN 80 5h 54
9 Fe(acac); CH;CN 80 5h 97
10 Fe(acac); DCE 80 5h 86
11 Fe(acac); Toluene 80 5h 81
12 Fe(acac); THF 80 5h 76
13 Fe(acac); DMF 80 5h 80
14 Fe(acac); 1,4-dioxane 80 5h 18
15 Fe(acac); CH;CN 80 5h 68¢
16 Fe(acac); CH;CN 60 5h 65
17 Fe(acac), CH;CN RT 24 h NR
18 - CH;CN 80 5h NR

“Unless otherwise noted, all reactions were performed with 1a (0.17 mmol), 2a (0.25 mmol), 10 mol % of catalyst in

a solvent (2 mL). “Isolated yield. 5 mol % of catalyst was used. NR = No reaction.
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2.3 Experimental procedures:

I) General procedure for the preparation of cyclopropanols:

Cyclopropanols 2a-2m, 2q and 2r were prepared according to procedure A and cyclopropanols 20

and 2p were prepared by following procedure B.

a) Procedure A: Kulinkovich reaction: Ethylmagnesium bromide (2.8 equiv, 2M in THF) in
THF was added dropwise over 30 min at 0 °C to a solution of ester (1.0 equiv) and titanium
isopropoxide (1.4 equiv) in THF under argon. The mixture was warmed to room temperature and
stirred overnight. The reaction was quenched with water and the precipitated solid was removed
by filtration. The filtrate was extracted with ethyl acetate (3 x 30 mL), washed with water, dried
over anhydrous Na,SO, and concentrated under reduced pressure. The residue was purified by

flash column chromatography to afford the cyclopropanols 2a-2m, 2q and 2r.
b) Procedure B: Simmons—Smith reaction:

Step 1: An oven-dried round-bottom flask equipped with a stir bar was added sodium iodide (1.4
equiv) and the flask was flame-dried and cooled under vacuum. The flask was backfilled with
argon and MeCN (20 mL) was added, followed by the desired ketone (1.0 equiv). The solution
was cooled to 0 °C, and TMSCI (1.3 equiv) was added, followed by triethylamine (1.5 equiv). The
reaction was stirred at 0 °C for 1 h under argon. The reaction mixture was extracted with hexane
(3 x 30 mL). The combined organic layers were washed washed with water, brine, dried over
anhydrous Na,SO4 and concentrated under reduced pressure to yield the crude silyl enol ether.
Step 2: An oven-dried round-bottom flask equipped with a stir bar was transferred the crude silyl
enol ether (1.0 equiv) under the argon. The flask was charged with anhydrous DCM (20 mL) and
diiodomethane (1.2 equiv). The resulting solution was cooled to 0 °C using an ice bath. Diethylzinc
(1.2 equiv, 1.0 M in heptane) was added dropwise over 10 min. The reaction was stirred at 0 °C
for 1 h, then at room temperature until the complete conversion of the silyl enol ether was achieved
as determined by TLC. The reaction was quenched with sat. NaHCO; and extracted with DCM (3
x 30 mL). The combined organic layers were washed washed with water, brine, dried over
anhydrous Na,SO, and concentrated under reduced pressure to yield the crude trimethylsilyl
cyclopropanol.

Step 3: An oven-dried round-bottom flask equipped with a stir bar was transferred the crude
trimethylsilyl cyclopropanol, and MeOH (20 mL) was added. The solution was cooled to 0 °C and
TMSCI (1 drop from a 1-mL syringe) was added. The reaction was stirred at 0 °C for 5 min. After

completion, the resulting mixture was evaporated under vacuum. The residue was purified by
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column chromatography on silica gel using petroleum ether/ethyl acetate to yield the desired
cyclopropanols 20 and 2p.

Procedure for the synthesis of 2n: Titanium isopropoxide (1.36 g, 1.45 mL, 4.8 mmol, 1.0 equiv)
was added to a flame dried flask at room temperature under argon. Anhydrous THF (20 mL) was
added to the flask, followed by the styrene (0.5 g, 4.8 mmol, 1.0 equiv) and EtOAc (0.69 mL, 7.2
mmol, 1.5 eq). Then freshly prepared cyclohexyl magnesium bromide (19 mL, 19.2 mmol, 4 equiv,
~IM in THF) was added dropwise over the period of 1 h at 25 °C. The reaction was stirred
overnight at room temperature, diluted with EtOAc (50 mL) and poured into NH4CI (50 mL). The
mixture was stirred vigorously for 0.5 h to break up the emulsion and then filtered through celite.
The layers were separated and the aqueous layer was extracted twice with EtOAc (3 x 50 mL).
The combined organic layers were washed with brine, dried over anhydrous Na,SO,, and
concentrated under reduced pressure. The residue was purified by flash column chromatography

to yield the desired cyclopropanols 2n.
IT) General procedure for the synthesis of vy, v -Diaryl Ketones (3/4):

To a 5 mL oven dried screw-capped vial equipped with a magnetic stir bar were added p-Quinone
methide 1 (0.34 mmol), cyclopropanol derivative 2 (0.51 mmol), Fe(acac); (10 mol%) and
anhydrous CH;CN (2.0 mL) under argon atmosphere at room temperature. The resultant reaction
mixture was kept stirring at 80 °C for 8 h. After completion, the resulting mixture was evaporated
under vacuum. The residue was purified by column chromatography on silica gel using petroleum
ether/ethyl acetate to give the products 3/4.

IIT) Procedure for Product Transformations:

a) Procedure for the synthesis of 5: To a solution of 3a (0.100 g, 0.233 mmol) in benzene (3 mL)
was added AICl; (0.155 g, 1.166 mmol) under an argon atmosphere, and the resulting mixture was
stirred at room temperature for 16 h. The reaction mixture was then quenched with 10 mL of ice-
cold water and extracted with ethyl acetate (3 x 10 mL). The combined organic layers were dried
over anhydrous Na,SO, and concentrated under reduced pressure. The residue was subjected to
column chromatography on silica gel using a petroleum ether/ethyl acetate = 20:1 mixture as an

eluent to afford 5 as a yellow solid (0.066 g, 89%).

b) Procedure for the synthesis of 6: To an oven-dried 25 mL round-bottom flask equipped with
a stir bar was added 3a (0.100 g, 0.233 mmol) and 10% palladium on carbon (33.9 mg, 0.32 mmol),
then MeOH (8 mL) and EtOAc (1 mL) was added under an atmosphere of H,. The reaction was

stirred at room temperature for 5 h. The solvent was removed under vacuum and the residue was
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subjected to column chromatography on silica gel using petroleum ether/ethyl acetate = 20:1 as an

eluent to give 6 as a white solid (0.092 g, 95% yield).

¢) Procedure for the synthesis of 7: 0.1 mL of n-BuLi (2.5 M, 0.268 mmol) was added dropwise
to a solution of methyltriphenylphosphonium bromide (0.096 g, 0.268 mmol) in 6.0 mL of THF at
0 °C. The reaction was stirred for about 15 min, and then 3a (0.100 g, 0.233 mmol) in 2.0 mL of
THF was added. After an additional 15 min, the ice bath was removed, and the reaction was
allowed to stir at room temperature for 12 h. The reaction mixture was diluted with water (10 mL)
and extracted with EtOAc (3 x 10 mL). The combined organic layers were washed with brine,
dried over anhydrous Na,SO,, and concentrated under reduced pressure. The crude product was
purified as a pale yellow solid by a silica gel column chromatography (petroleum ether/ethyl

acetate = 100:1) to afford 7 (0.062 g, 63% yield).

d) Procedure for the synthesis of 8: To an oven-dried 25 mL round-bottom flask equipped with
a stir bar was added 3a (0.100g, 0.233 mmol) and MeOH (4 mL), then the mixture was cooled to
0 °C, and sodium borohydride (28.4 mg, 0.75 mmol) was added. The reaction was stirred at room
temperature for 1.5 h. The reaction was then quenched with saturated ammonium chloride (10 mL)
and vigorously stirred and filtered through Celite. The aqueous layer was extracted with EtOAc (2
x 15 mL), and the organic layers were combined and washed with brine (10 mL) then dried with
anhydrous Na,SO,. The solvent was removed under a vacuum. The residue was subjected to flash
chromatography on silica gel using petroleum ether/ethyl acetate (20:1) as an eluent to give 8 as a

sticky solid (0.087 g, 87% yield).

e) Procedure for the synthesis of 9: To a solution of 8 (0.100 g, 0.232 mmol) in CH,Cl, (3 mL)
was added BF;-OEt, (0.029 mL, 0.232 mmol) under an argon atmosphere, and the resulting
mixture was stirred at room temperature for 1 h. The colour of the solution changed from yellow
to orange during the reaction. After completing the reaction, the solvent was removed under a
vacuum. The residue was subjected to flash chromatography on silica gel using petroleum

ether/ethyl acetate (100:1) as an eluent to give 9 as a white solid (0.090 g, 94% yield).

f) Procedure for the synthesis of 10: A mixture of 4b (0.100 g, 0.218 mmol), meta-
chloroperoxybenzoic acid (mCPBA, 0.150 g, 0.872 mmol), TFA (0.033 mL, 0.436 mmol) in
CH,Cl, (10 mL) was stirred at room temperature. Upon completion of the reaction (monitored by
TLC), the mixture was diluted with CH,Cl, (20 mL), washed with saturated aqueous Na,SO5 (1 %
30 mL) and saturated aqueous NaHCO; (1 x 30 mL). After extraction, the resulting organic layer

was dried over anhydrous Na,SO, and concentrated under a vacuum. The residue was purified by
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flash chromatography on silica gel eluting with petroleum ether/ethyl acetate (20:1) to give 10 as
a white solid. (0.076 g, 74%)

g) Procedure for the synthesis of 11: Lithium hydroxide (0.005 g, 0.211 mmol) was added to
the solution of ester 10 (0.050 g, 0.105 mmol) in 10 mL of ethanol/water (4:1) mixture. The
resulting solution was stirred at room temperature for 2 h, then acidified with 2 N HCI to pH 1,
diluted with water (10 mL) and extracted with ethyl acetate (3 x 10 mL). The combined organic
layers were dried over anhydrous Na,SO, and concentrated under a vacuum. The residue was
purified by flash chromatography on silica gel eluting with petroleum ether/ethyl acetate (9:1) to
give 11 as a white solid. (0.020 g, 51%).

IV) Procedure for the Control Reaction:

To 5 mL screw-cap reaction vial was added p-Quinone methide 1a (0.100 g, 0.340 mmol), 1-
phenyl cyclopropanols 2a (0.068 g, 0.509 mmol), Fe(acac); (0.012 g, 0.034 mmol), and 2,2,6,6-
tetramethylpiperidinooxy (TEMPO) (3 equiv) or butylated hydroxytoluene (BHT) (3 equiv) or
1,4-benzoquinone (3 equiv). Then 2.0 mL anhydrous CH3;CN was added under nitrogen. The

reaction mixture was stirred at 80 °C for 5 h, and the reaction was monitored by TLC.

2.4 X-ray crystallography:

Compound 4m:

o - P
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ORTEP view of compound 4m showing the atom-numbering scheme. The displacement ellipsoids
are drawn at the 50% probability level and H atoms are shown as small spheres with arbitrary radii.
X-ray intensity data measurements of compound 4m was carried out on a Bruker DS VENTURE
Kappa Duo PHOTON II CPAD diffractometer equipped with Incoatec multilayer mirrors optics.
The intensity measurements were carried out with Mo micro-focus sealed tube diffraction source
(MoK,= 0.71073 A) at 100(2) K temperature. The X-ray generator was operated at 50 kV and 1.4
mA. A preliminary set of cell constants and an orientation matrix were calculated from three sets
of 36 frames. Data were collected with @ scan width of 0.5° at different settings of ¢ and 26 with
a frame time of 15 secs keeping the sample-to-detector distance fixed at 5.00 cm. The X-ray data
collection was monitored by APEX3 program (Bruker, 2016).> All the data were corrected for
Lorentzian, polarization and absorption effects using SAINT* and SADABS programs (Bruker,
2016). Using APEX3 (Bruker) program suite, the structure was solved with the ShelXS-975
(Sheldrick, 2008) structure solution program, using direct methods. The model was refined with
version of ShelXL-2014% (Sheldrick, 2014) using Least Squares minimisation. All the hydrogen
atoms were placed in a geomerically idalized positions and constrained to ride on its parent atoms
except H-atom attached to the hydroxy group. The H-atom bound to the —OH group has been
located in the difference Fourier and refined isotropically. An ORTEP 1117 view of compound was
drawn with 50% probability displacement ellipsoids and H atoms are shown as small spheres of
arbitrary radii.

Compound 4m having molecular formula C5;H330,, approximate dimensions 0.090 mm
x 0.110 mm x 0.150 mm, was used for the X-ray crystallographic analysis. The X-ray intensity
data were measured (A = 0.71073 A). The integration of the data using a triclinic unit cell yielded
a total of 36099 reflections to a maximum 6 angle of28.70° (0.74 A resolution), of
which 6574 were independent (average redundancy5.491, completeness = 99.7%, R;,, = 5.00%,

Ryie =3.65%) and 6151 (93.57%) were greater than 20(F?). The final cell constants
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of a=5.8692(3) A, b=11.1234(7) A, ¢ =20.1269(13) A, a =97.223(2)°, B =90.009(2)°, y
=101.093(2)°, volume = 1278.81(13) A3, are based upon the refinement of the XYZ-centroids of
reflections above 20 (/). The calculated minimum and maximum transmission coefficients (based
on crystal size) are 0.9900 and 0.9940. The structure was solved and refined using the Bruker
SHELXTL Software Package, using the space group P-1, with Z =2 for the formula
unit, C3;H330,. The final anisotropic full-matrix least-squares refinement on F? with 309 variables
converged at R1 =4.78%, for the observed data and wR2 = 12.65% for all data. The goodness-
of-fit (S) was 1.056. The largest peak in the final difference electron density synthesis was 0.392 ¢
/A3 and the largest hole was -0.254 e/A3 with an RMS deviation of 0.053 e/A3. On the basis of
the final model, the calculated density was 1.149 g/cm? and F(000), 480 ¢.

Table S2. Sample and crystal data for 4m.

Identification code 4m
Chemical formula C31H350,
Formula weight 442.61 g/mol
Temperature 100(2) K
Wavelength 0.71073 A
Crystal size 0.090 x 0.110 x 0.150 mm
Crystal system triclinic
Space group P-1
Unit cell dimensions a=5.8692(3) A a=97.223(2)°
b=11.1234(7) A B =90.009(2)°
¢ =20.1269(13) A v=101.093(2)°
Volume 1278.81(13) A3
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Z 2
Density (calculated) 1.149 g/cm?
Absorption coefficient 0.070 mm'!
F(000) 480

Table S3. Data collection and structure refinement for 4m.

Theta range for data
collection

1.88 to 28.70°

Index ranges

-6<=h<=7, -15<=k<=14, -27<=1<=27

Reflections collected

36099

Independent reflections

6574 [Rip = 0.0500]

Max. and min.
transmission

0.9940 and 0.9900

Structure solution
technique

direct methods

Structure solution
program

SHELXT 2014/5 (Sheldrick, 2014)

Refinement method

Full-matrix least-squares on F?

Refinement program

SHELXL-2018/3 (Sheldrick, 2018)

Function minimized

2 W(F02 - FC2)2

Data / restraints /

6574 /0/309
parameters
Goodness-of-fit on F? 1.056
A/Gmax 0.001
. o 6151 R1=0.0478, wR2 =
Final R indices data; 0.1242
>20(1) '
all data R1 = 0.0505, wR2 =
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0.1265

Weighting scheme

wW=1/[02(F.2)+(0.0575P)*+0.6244P]
where P=(F,>+2F ?)/3

Largest diff. peak and hole

0.392 and -0.254 eA-3

R.M.S. deviation from

mean

0.053 eA-?

Table S4. Bond lengths (A) for 4m.

01-C18 1.3780(12) Ol-HIA 0.82(2)
02-C30 1.2074(16) C1-C2 1.5201(14)
C1-Cl5 1.5305(13) C1-C8 1.5572(14)
CI-HI 1.0 C2-C7 1.3949(15)
C2-C3 1.3970(15) C3-C4 1.3953(15)
C3-H3 0.95 C4-C5 1.3881(16)
C4-H4 0.95 C5-C6 1.3881(17)
C5-H5 0.95 C6-C7 1.3927(15)
C6-16 0.95 C7-H7 0.95
C8-C9 1.5191(14) C8-C29 1.5379(14)
C8-H8 1.0 C9-C10 1.3932(15)
C9-Cl4 1.3967(15) C10-C11 1.3944(15)
C10-H10 0.95 C11-C12 1.3853(17)
C11-HI1 0.95 C12-C13 1.3898(17)
C12-HI2 0.95 C13-Cl4 1.3908(16)
CI13-HI3 0.95 Cl4-H14 0.95
C15-C16 1.3926(14) C15-C20 1.3934(14)
C16-C17 1.3973(14) C16-H16 0.95
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C17-C18 1.4095(14) C17-C21 1.5413(14)
C18-C19 1.4105(14) C19-C20 1.3965(14)
C19-C25 1.5423(14) C20-H20 0.95
C21-C22 1.5356(16) C21-C24 1.5368(15)
C21-C23 1.5408(15) C22-H22A 0.98
C22-H22B 0.98 C22-H22C 0.98
C23-H23A 0.98 C23-H23B 0.98
C23-H23C 0.98 C24-H24A 0.98
C24-H24B 0.98 C24-H24C 0.98
C25-C28 1.5354(15) C25-C26 1.5424(15)
C25-C27 1.5447(15) C26-H26A 0.98
C26-H26B 0.98 C26-H26C 0.98
C27-H27A 0.98 C27-H27B 0.98
C27-H27C 0.98 C28-H28A 0.98
C28-H28B 0.98 C28-H28C 0.98
C29-C30 1.5168(16) C29-H29A 0.99
C29-H29B 0.99 C30-C31 1.5034(18)
C31-H31A 0.98 C31-H31B 0.98
Table SS. Bond angles (°) for 4m.
I(;IISA_OL 108.8(14) C2-C1-C15 111.33(8)
C2-C1-C8 113.31(8) C15-C1-C8 111.21(8)
C2-C1-H1 106.9 C15-C1-H1 106.9
C8-CI1-H1 106.9 C7-C2-C3 118.12(10)
C7-C2-Cl 118.78(9) C3-C2-Cl 123.04(9)
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C4-C3-C2 120.82(10) C4-C3-H3 119.6
C2-C3-H3 119.6 C5-C4-C3 120.28(10)
C5-C4-H4 119.9 C3-C4-H4 119.9
C4-C5-C6 119.49(10) C4-C5-H5 120.3
C6-C5-H5 120.3 C5-C6-C7 120.08(10)
C5-C6-H6 120.0 C7-C6-H6 120.0
C6-C7-C2 121.19(10) C6-C7-H7 119.4
C2-C7-H7 119.4 C9-C8-C29 109.92(8)
C9-C8-Cl 111.17(8) C29-C8-Cl 111.41(8)
C9-C8-HS 108.1 C29-C8-H8 108.1
CI-C8-HS 108.1 C10-C9-C14 118.31(10)
C10-C9-C8 120.16(9) C14-C9-C8 121.52(9)
C9-C10-C11 120.91(10) C9-C10-H10 119.5
CI1-C10- C12-Cl1-
1o 119.5 1o 120.23(10)
C12-Cl1- C10-Cl1-
o 119.9 o 119.9
C11-Cl2- C11-Cl2-
13 119.43(10) i 120.3
CI3-Cl2- C12-CI3-
iy 120.3 s 120.29(11)
C12-CI3- CI4-C13-
ia 119.9 s 119.9
13-Cl4-
C13-C14-C9 120.82(10) C13-Cld 119.6
H14
C16-C15-

_Cl4-H14 119. .
C9-C 9.6 o 118.19(9)
C16-C15-C1 121.94(9) C20-C15-C1 119.85(9)
C15-C16- 122.4809) C15-C16- 118.8
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C17 H16
IC{E‘CM' 118.8 gig-cn- 117.08(9)
g?-cn- 121.05(9) g;?-cn- 121.87(9)
01-CI8-CI7 115.9209) O1-C18-C19 121.510)
g;-cw- 122.57(9) 2?3'019' 116.89(9)
25(5)-019- 120.51(9) g;z-cw- 122.60(9)
g 3'(320' 122.67(9) E;(S)'CZO' 118.7
E;z-czo- 118.7 g;i-CZ I- 107.59(10)
g;i-czl- 106.75(9) g;;"(m' 109.84(9)
gﬁ-czl- 111.4709) g?‘;CZl' 110.31(9)
;3;3(322' 109.5 Ei;g-czz 109.5
;ié'cczz' 109.5 Ei;é_czz_ 109.5
giig-czz- 109.5 Iii;'ACB' 109.5
E;'BCB' 109.5 Ei;g'(m_ 109.5
;3;.523- 1095 Ei;é‘m' 109.5
H23B-C25 109.5 o 109.5
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C21-C24-

H24A-C24-

o 109.5 H24B 109.5
;;:CCZ“' 109.5 Eijé_C% 109.5
252-025- 105.98(9) gz'(m‘ 111.65(9)
g;i-czs- 105.81(9) gz-czs- 111.00(9)
ICéZSC%_ 109.5 E;ZQ_C%_ 109.5
ICéZ‘CC%' 109.5 Eigé_cm 109.5
gigg‘czé' 109.5 I?éif”' 109.5
;2;527' 109.5 Ei;g-cm- 109.5
Icéi'ccm' 109.5 EZ?—C% 109.5
EZE’C% 109.5 Eizfzg' 109.5
Icézigczg' 109.5 Eizg-cz& 109.5
Icégcczg' 109.5 Ezzé-cz& 109.5
Eigg'czg' 109.5 C30-C29-C8 112.52(9)
Icégf”' 109.1 Eg'g(fg_ 109.1
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C30-C29-

C8-C29-

H29B 109.1 298 109.1
E;gg-cw- 107.8 02-C30-C31 122.24(12)
02-C30-C29 121.52(11) gg;-cso- 116.24(11)
gi?fs - 109.5 12?1)}3(:31_ 109.5
g;ig'&l' 109.5 1?12,(1)_(?31_ 109.5
g;i’é{m' 109.5 Eig'&l' 109.5
Table S6. Torsion angles (°) for 4m.
gs-m-cz- -81.21(11) 23-01-02- 152.55(9)
o 95.85(11) e 3039(13)
SZ{C}C} -0.91(15) gi-cz-c3- -177.98(9)
Eﬁ'““’ 1.15(16) 22-04-05- -0.43(17)
g:-cs-%- 051017 22-06-07- 075017
Eé'cz'm' -0.04(16) gé-cz-cm 177.16(10)
e 178.16(8) o 55.54(11)
S;;CI_CS_ -55.19(11) g;;-a-cs- 178.52(8)
E?ﬁ’cg'cg' 132.11(10) g;cg'@' -104.07(11)
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C29-C8-C9-

CI1-C8-C9-

Cl4 -48.45(13) Cl4 75.38(12)
3331 0.62(16) g?-l@-cm- -179.91(10)
Clrcn 025018) Ccrs 0.02018)
Crcis 0.10(18) laco 0.49(18)
2122?3 -0.75(16) g?-SC9-c14- 179.80(10)
Effl'ms' -35.25(13) giCI'CIS' 92.14(11)
g;)CI_CIS_ 146.52(9) ggbcl-ms- -86.09(11)
nggi 1.56(15) 216(:(1:?7 -176.70(9)
gigg 1.67(15) giig? -177.65(9)
328117 176.42(9) gf;g? _4.26(14)
ggg; -3.47(15) gfégg 175.84(9)
1920 177.96(9) Spsieg 1.93(15)
gigccl; 1.76(15) gi;g;i -178.34(9)
g;gg; -3.24(15) g;oc(ljg 175.05(9)
gﬁgi 1.53(15) g;ggg -178.19(9)
géigg 4.55(14) g;?g; -174.74(10)
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1ot 1149210 o1t 65.79(13)
g?gg 123.25(11) g?gg -56.03(13)
g;ggz -1.22(14) 823: 179.06(9)
gggz -119.48(10) gzg;z 60.81(13)
g;gg? 116.39(11) 8233 -63.32(13)
226C8-C29- -60.05(12) g;)cs-cw- 176.26(9)
Eiocéi -38.04(15) ggocéil 142.65(11)
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2.5 Characterization of 3a-3z, 4a-4q and 5-12:

4-(3,5-di-tert-butyl-4-hydroxyphenyl)-1,4-diphenylbutan-1-one (3a):

The product 3a was obtained in 97% yield (141 mg, White solid); mp = 96-
97 °C; Ry = 0.59 (10% EtOAc in petroleum ether);

'H NMR (400 MHz, CDCl;) 6 = 7.84 — 7.82 (m, 2H), 7.51 — 7.47 (m, 1H),
7.37 (dd, J = 10.6, 4.6 Hz, 2H), 7.30 — 7.28 (m, 4H), 7.20 — 7.14 (m, 1H),
7.05 (s, 2H), 5.05 (s, 1H), 3.91 (t, J = 8.0 Hz, 1H), 2.97 — 2.84 (m, 2H), 2.50 — 2.41 (m, 2H), 1.39
(s, 18H); BC{'H} NMR (100 MHz,CDCl3) 6 = 200.3, 152.1, 144.8, 136.9, 135.6, 134.9, 132.8,
128.4,128.4, 128.0, 127.8, 126.1, 124.2, 50.7, 37.1, 34.3, 30.7, 30.3; HRMS (ESI-TOF) m/z: [M
— H] calcd for C590H350,427.2632; found 427.2641.
4-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-phenyl-4-(p-tolyl)butan-1-one (3b):

Vs

The product 3b was obtained in 89% yield (128 mg, White solid); mp
= 116-117 °C; Ry = 0.47 (10% EtOAc in petroleum ether);'H NMR
(400 MHz, CDCl3) 6 = 7.86 — 7.84 (m, 2H), 7.53 (t, J = 7.2 Hz, 1H),
7.41 (t,J=17.6 Hz, 2H), 7.19 (d, J = 7.8 Hz, 2H), 7.11 (d, J = 7.7 Hz,
2H), 7.05 (s, 2H), 5.04 (s, 1H), 3.87 (t, /= 7.8 Hz, 1H), 2.91 (t,J="7.3
Hz, 2H), 2.47 — 2.39 (m, 2H), 2.32 (s, 3H), 1.41 (s, 18H); BC{'H} NMR (100 MHz,CDCl;) 6 =
200.4, 152.0, 141.9, 137.0, 135.6, 135.5, 135.2, 132.9, 129.1, 128.5, 128.0, 127.7, 124.2, 50.4,
37.2,34.3,30.8,30.3,21.0; HRMS (ESI-TOF) m/z: [M — H] calcd for C3;H3,0,441.2788; found
441.28009.

4-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-(4-isopropylphenyl)-1-phenylbutan-1-one (3¢):

The product 3¢ was obtained in 85% yield (119 mg, sticky solid); Ry =
0.62 (10% EtOAc in petroleum ether);

'H NMR (400 MHz, CDCl;) 6 = 7.83 (d, J= 7.7 Hz, 2H), 7.50 (t, J =
7.6 Hz, 1H), 7.39 (t, J= 7.6 Hz, 2H), 7.20 (d, J = 8.0 Hz, 2H), 7.13 (d,
J=8.1Hz, 2H), 7.05 (s, 2H), 5.03 (s, 1H), 3.86 (t, /= 7.9 Hz, 1H), 2.92
—2.81 (m, 3H), 2.49 — 2.37 (m, 2H), 1.39 (s, 18H), 1.21 (d, J = 6.9 Hz, 6H); BC{'H} NMR (100
MHz,CDCl;) o = 200.5, 152.1, 146.5, 142.2, 137.0, 135.6, 135.1, 132.8, 128.4, 128.0, 127.6,
126.4, 124.2, 50.5, 37.3, 34.3, 33.6, 31.0, 30.3, 24.0; HRMS (ESI-TOF) m/z: [M — H]" calcd for
C33H410,469.3101; found 469.3115.
4-(4-(benzyloxy)phenyl)-4-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-phenylbutan-1-one (3d):
The product 3d was obtained in 97% yield (129 mg, White solid); mp
=108-109 °C; Ry = 0.50 (10% EtOAc in petroleum ether);
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'H NMR (400 MHz, CDCl;) 6 = 7.86 (d, J= 7.7 Hz, 2H), 7.53 (t, J = 7.5 Hz, 1H), 7.48 — 7.36
(m, 6H), 7.36 — 7.28 (m, 1H), 7.22 (d, J = 8.6 Hz, 2H), 7.05 (s, 2H), 6.93 (d, J= 8.5 Hz, 2H), 5.05
(s, 3H), 3.88 (t, J = 7.9 Hz, 1H), 2.95 — 2.87 (m, 2H), 2.42 (dd, J = 12.6, 5.0 Hz, 2H), 1.42 (s,
18H); 3C{'H} NMR (100 MHz,CDCl3) 6 = 200.4, 157.1, 152.0, 137.3, 137.1, 137.0, 135.6,
135.3, 132.9, 128.8, 128.5, 128.5, 128.0, 127.9, 127.5, 124.2, 114.8, 70.0, 49.9, 37.2, 34.3, 30.9,
30.3; HRMS (ESI-TOF) m/z: [M — H] calcd for C3;H4,03 533.3050; found 533.3069.
4-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-(4-(dimethylamino)phenyl)-1-phenylbutan-1-one
e):

Vs

The product 3e was obtained in 92% yield (129 mg, White solid); mp
=128-129 °C; Ry = 0.51 (10% EtOAc in petroleum ether);

'H NMR (400 MHz, CDCl;3) 6 =7.87 (d, /= 7.7 Hz, 2H), 7.53 (t, J
Mew,, =7.3 Hz, 1H), 7.42 (t,J=7.6 Hz, 2H), 7.19 (d, J= 8.7 Hz, 2H), 7.08
(__Me J (s,2H), 6.73 (t,J=5.7 Hz, 2H), 5.04 (s, 1H), 3.84 (t,J= 7.9 Hz, 1H),
2.93 (s, 6H), 2.93 (t, 2H), 2.49 — 2.39 (m, 2H), 1.43 (s, 18H); BC{'H} NMR (100 MHz,CDCl;) 6
=200.6, 151.9, 149.1, 137.0, 135.7, 135.5, 133.0, 132.8, 128.4, 128.4, 128.0, 124.1, 112.9, 49.9,
40.7, 37.4, 34.3, 31.0, 30.3; HRMS (ESI-TOF) m/z: [M — H] calcd for C;,H4NO, 470.3054;
found 470.3069.
4-(4-bromophenyl)-4-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-phenylbutan-1-one (3f):

The product 3f was obtained in 84% yield (114 mg, White solid); mp =
126-127 °C; Ry = 0.45 (10% EtOAc in petroleum ether);

'H NMR (400 MHz, CDCl;) 6 =7.85 (d, /= 7.3 Hz, 2H), 7.54 (t, J =
7.3 Hz, 1H), 7.42 (t, J= 7.8 Hz, 4H), 7.16 (d, J = 8.2 Hz, 2H), 7.00 (s,
2H), 5.07 (s, 1H), 3.88 (t, /= 7.8 Hz, 1H), 2.90 (t, /= 7.2 Hz, 2H), 2.43
(g, J = 7.5 Hz, 2H), 1.40 (s, 18H) ; BC{'H} NMR (100 MHz,CDCl;) é = 200.0, 152.3, 144.0,
136.9, 135.8, 134.3, 133.0, 131.5, 129.6, 128.5, 128.0, 124.1, 119.8, 50.1, 36.9, 34.3, 30.4, 30.3 ;
HRMS (ESI-TOF) m/z: [M — H] calcd for C30H3,0,Br 505.1737; found 505.1758.
4-(1-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-oxo-4-phenylbutyl)benzonitrile (3g):

( OH N\ The product 3g was obtained in 83% yield (118 mg, White solid); mp
B O B =106-107 °C; Ry = 0.26 (10% EtOAc in petroleum ether);

O TH NMR (400 MHz, CDCl;) & = 7.85 (d, J = 7.3 Hz, 2H), 7.59 — 7.52

e O 3g O ) (m, 3H), 7.42 (dd, J=13.9, 8.0 Hz, 4H), 6.99 (s, 2H), 5.13 (s, 1H), 4.00

(t,J=7.9 Hz, 1H), 2.94 —2.90 (m, 2H), 2.47 (dd, J= 14.7, 7.2 Hz, 2H),
1.40 (s, 18H) ; 3C{'H} NMR (100 MHz,CDCl;) & = 199.7, 152.5, 150.7, 136.8, 136.1, 133.2,
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133.1, 132.3, 128.6, 128.5, 127.9, 124.2, 119.0, 109.9, 50.5, 36.5, 34.3, 30.2, 29.9 ; HRMS (ESI-
TOF) m/z: [M — H]  calcd for C31H34sNO, 452.2584; found 452.2602.
4-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-(4-nitrophenyl)-1-phenylbutan-1-one (3h):

The product 3h was obtained in 79% yield (110 mg, White solid); mp
=113-114 °C; Ry = 0.27 (10% EtOAc in petroleum ether);

'"H NMR (400 MHz, CDCl;) 6 = 8.27 —8.14 (m, 2H), 7.85 (d, J=17.3
Hz, 2H), 7.57 — 7.52 (m, 1H), 7.46 — 7.41 (m, 4H), 7.00 (s, 2H), 5.12
(d, J=1.0 Hz, 1H), 4.05 (t,J=7.9 Hz, 1H), 2.93 (t,J = 7.2 Hz, 2H),
2.49 (q,J=7.3 Hz, 2H), 1.40 (s, 18H) ; BC{H} NMR (100 MHz,CDCl;) 6 =199.7, 152.9, 152.6,
146.4, 136.8, 136.2, 133.1, 133.0, 128.6, 128.6, 127.9, 124.2, 123.8, 50.4, 36.5, 34.4, 30.2, 30.0 ;
HRMS (ESI-TOF) m/z: [M — H]" calcd for C30H33NO,4472.2482; found 472.2501.
4-([1,1'-biphenyl]-4-yl)-4-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-phenylbutan-1-one (3i) :
The product 3i was obtained in 98% yield (133 mg, White solid); mp
=99-100 °C; Ry = 0.39 (10% EtOAc in petroleum ether); "TH NMR
(400 MHz, CDCl;) 6 =7.83 (d, J="7.3 Hz, 2H), 7.56 — 7.46 (m, 5H),
7.37 (dd, J=14.8, 7.8 Hz, 6H), 7.29 (dd, J = 14.7, 7.3 Hz, 1H), 7.08
(s,2H), 5.05 (s, 1H), 3.95 (t,J="7.9 Hz, 1H), 2.93 (t, /= 7.4 Hz, 2H),
2.55 — 2.42 (m, 2H), 1.40 (s, 18H); BC{'H} NMR (100 MHz,CDCl;) 6 = 200.3, 152.2, 144.0,
140.9, 138.9, 136.9, 135.7, 134.8, 132.9, 128.7, 128.5, 128.2, 128.0, 127.1, 127.0, 126.9, 124.2,
50.4,37.1,34.3,30.7,30.3 ; HRMS (ESI-TOF) m/z: [M — H]" calcd for C3sH390,503.2945; found
503.2962.

4-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-(2-methoxyphenyl)-1-phenylbutan-1-one (3j) :

( OH ) The product 3j was obtained in 78% yield (110 mg, White solid); mp =
161-162 °C; Ry = 0.56 (10% EtOAc in petroleum ether);

'H NMR (400 MHz, CDCl3) 6 = 7.85 (d, /= 7.6 Hz, 2H), 7.51 (t, J=7.3
Hz, 1H), 7.40 (t, J=7.6 Hz, 2H), 7.25 (d, J= 7.2 Hz, 1H), 7.17 — 7.13 (m,
1H), 7.12 (s, 2H), 6.92 (t,J = 7.4 Hz, 1H), 6.83 (d, J= 8.1 Hz, 1H), 5.02 (s,
1H), 4.40 (t, J = 7.9 Hz, 1H), 3.76 (s, 3H), 2.99 — 2.84 (m, 2H), 2.44 (dd, J = 15.2, 7.6 Hz, 2H),
1.41 (s, 18H); BC{'H} NMR (100 MHz,CDCl;) 8 = 200.6, 157.0, 151.9, 137.0, 135.3, 134.6,
133.4, 132.7, 128.4, 128.0, 127.6, 126.9, 124.6, 120.6, 110.6, 55.3, 42.7, 37.4, 34.3, 30.4, 29.9;
HRMS (ESI-TOF) m/z: [M — H] calcd for C3;H3,05457.2737; found 457.2760.
4-(2-chlorophenyl)-4-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-phenylbutan-1-one (3k):
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The product 3k was obtained in 79% yield (111 mg, White solid); mp = 131-132 °C; Ry = 0.46
(10% EtOAc in petroleum ether);

'H NMR (400 MHz, CDCl;) 6 = 7.85 (d, J= 7.6 Hz, 2H), 7.51 (t, J = 7.3 Hz, 1H), 7.42 — 7.32
(m, 4H), 7.22 (dd, J = 11.0, 4.3 Hz, 1H), 7.12 — 7.08 (m, 3H), 5.06 (s, 1H), 4.49 (t, /= 7.9 Hz,
1H), 3.02 — 2.85 (m, 2H), 2.52 — 2.37 (m, 2H), 1.40 (s, 18H); 3C{'H} NMR (100 MHz,CDCls) &
=200.0, 152.2, 142.4, 136.9, 135.6, 134.1, 133.4, 132.9, 129.6, 128.5, 128.2, 128.0, 127.2, 127.0,
124.5, 45.9, 37.0, 34.3, 30.3, 30.0 ; HRMS (ESI-TOF) m/z: [M — H] calcd for C;yH3,0,Cl
461.2242; found 461.2269.
4-(2-bromophenyl)-4-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-phenylbutan-1-one (31):

( OH \ The product 31 was obtained in 92% yield (125 mg, White solid); mp = 104-
105 °C; Ry = 0.50 (10% EtOAc in petroleum ether);

'H NMR (400 MHz, CDCl;) 6 = 7.87 — 7.85 (m, 2H), 7.54 — 7.50 (m, 2H),
7.41 (t,J=17.6 Hz, 2H), 7.35 (dd, /= 7.7, 1.4 Hz, 1H), 7.26 (dd, J = 10.7,
3.9 Hz, 1H), 7.13 (s, 2H), 7.04 — 7.00 (m, 1H), 5.07 (s, 1H), 4.49 (t, J=7.9
Hz, 1H), 3.04 — 2.85 (m, 2H), 2.53 — 2.38 (m, 2H), 1.41 (s, 18H) ; BC{'H} NMR (100
MHz,CDCl;) 6 = 200.1, 152.2, 144.1, 136.9, 135.6, 133.4, 132.9, 132.9, 128.5, 128.4, 128.0,
127.7, 127.6, 125.2, 124.5, 48.5, 37.0, 34.3, 30.3, 30.2 ; HRMS (ESI-TOF) m/z: [M — H] calcd
for C5¢H34,0,Br 505.1737; found 505.1761.

o)
\ g 3

4-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-(3-methoxyphenyl)-1-phenylbutan-1-one (3m) :

Vs

The product 3m was obtained in 91% yield (128 mg, sticky solid); Ry
=0.50 (10% EtOAc in petroleum ether);

TH NMR (400 MHz, CDCl;) 6 = 7.90 — 7.88 (m, 2H), 7.56 — 7.52 (m,
1H), 7.45 —7.37 (m, 2H), 7.26 (dd, J = 9.0, 6.7 Hz, 1H), 7.12 (s, 2H),
6.95(d,J=7.6 Hz, 1H), 6.89 (d,J= 1.7 Hz, 1H), 6.77 (dd, J= 8.2, 2.3 Hz, 1H), 5.11 (s, 1H), 3.93
(t,J=7.9 Hz, 1H), 3.80 (s, 3H), 2.98 — 2.94 (m, 2H), 2.53 — 2.47 (m, 2H), 1.45 (s, 18H) ; BC{'H}
NMR (100 MHz,CDCl;) 6 = 200.3, 159.6, 152.1, 146.5, 136.9, 135.6, 134.7, 132.8, 129.3, 128 4,
128.0, 124.1, 120.2, 113.8, 111.2, 55.0, 50.8, 37.1, 34.3, 30.7, 30.3 ; HRMS (ESI-TOF) m/z: [M
— H]calcd for C5,H3,03457.5737; found 457.2750.
4-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-(3-fluorophenyl)-1-phenylbutan-1-one (3n):

Vs

The product 3n was obtained in 90% yield (129 mg, White solid); mp =
80-81 °C; Ry = 0.60 (10% EtOAc in petroleum ether);

'H NMR (400 MHz, CDCl3) 6 = 7.84 (d, J = 7.3 Hz, 2H), 7.50 (t, J =
7.4 Hz, 1H), 7.39 (t, J = 7.6 Hz, 2H), 7.26 — 7.21 (m, 1H), 7.07 (d, J =
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7.7 Hz, 1H), 7.02 (s, 2H), 6.98 (d, J = 10.3 Hz, 1H), 6.86 (td, J = 8.4, 1.9 Hz, 1H), 5.08 (s, 1H),
3.91 (t,J=7.9 Hz, 1H), 2.90 (t,J= 7.1 Hz, 2H), 2.44 (q, J= 7.3 Hz, 2H), 1.39 (s, 18H) ; BC{'H}
NMR (100 MHz,CDCl3) 6 = 200.0, 163.0 (d, Jc—r=245.67 Hz), 152.3, 147.7 (d, Jc—¢r= 6.87 Hz),
136.9, 135.8,134.2,132.9,129.9 (d, Jc—r=7.63 Hz), 128.5, 128.0, 124.2, 123.5(d, Jc—r=3.05 Hz),
14.7 (d, Jc-r=21.36 Hz), 113.0 (d, Jc—r= 20.60 Hz), 50.4, 36.9, 34.3, 30.4, 30.3 ; ’F NMR (376
MHz, CDCl;) 6 =-113.2; HRMS (ESI-TOF) m/z: [M — H]" calcd for C30H34FO,445.2537; found
445.2560.

4-(3-chlorophenyl)-4-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-phenylbutan-1-one (30) :

The product 30 was obtained in 89% yield (126 mg, White solid); mp =
72-73 °C; Ry = 0.60 (10% EtOAc in petroleum ether);

'H NMR (400 MHz, CDCl;) 6 = 7.84 (d, J= 7.6 Hz, 2H), 7.52 (t, J =
7.5 Hz, 1H), 7.41 (t, J= 7.7 Hz, 2H), 7.26— 7.14 (m, 4H), 7.00 (s, 2H),
5.07 (s, 1H), 3.88 (t,J=7.9 Hz, 1H), 2.91 — 2.87 (m, 2H), 2.42 (dt, /= 13.2, 6.6 Hz, 2H), 1.39 (s,
18H); BC{'H} NMR (100 MHz,CDCl3) 8 = 200.0, 152.3, 147.0, 136.9, 135.9, 134.2, 134.0,
133.0, 129.7, 128.5, 128.1, 128.0, 126.3, 126.0, 124.2, 50.4, 36.9, 34.4, 30.4, 30.3; HRMS (ESI-
TOF) m/z: [M — H] calcd for C30H34C10,461.2242; found 461.2260.

4-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-(3-nitrophenyl)-1-phenylbutan-1-one (3p) :

The product 3p was obtained in 76% yield (106 mg, White solid); mp
=79-80 °C; Ry = 0.26 (10% EtOAc in petroleum ether);

'H NMR (400 MHz, CDCl3) 6 = 8.20 — 8.19 (m, 1H), 8.06 (dd, J =
8.5, 1.9 Hz, 1H), 7.86 (d, J = 7.7 Hz, 2H), 7.65 (d, J = 7.7 Hz, 1H),
7.54 (dd, J = 10.5, 4.2 Hz, 1H), 7.49-7.34 (m, 3H), 7.04 (s, 2H), 5.15
(s, IH), 4.07 (t, J = 7.9 Hz, 1H), 2.95 (t, J = 7.2 Hz, 2H), 2.59 — 2.45 (m, 2H), 1.42 (s, 18H) ;
BC{'H} NMR (100 MHz,CDCl;) & = 199.7, 152.5, 148.3, 147.3, 136.8, 136.1, 134.0, 133.2,
133.1, 129.3, 128.5, 127.9, 124.2, 122.7, 121.3, 50.2, 36.5, 34.3, 31.8, 30.2; HRMS (ESI-TOF)
m/z: [M — H]™ calcd for C30H,4NO4472.2482; found 472.2501.
4-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-(2,4-dichlorophenyl)-1-phenylbutan-1-one (3q) :

( OH Y\ The product 3q was obtained in 98% yield (134 mg, White solid); mp =
144-145 °C; Ry = 0.47 (10% EtOAc in petroleum ether);

'H NMR (400 MHz, CDCl3) 6 =7.85 (d, J = 7.7 Hz, 2H), 7.52 (t, J =
7.3 Hz, 1H), 7.41 (t,J = 7.6 Hz, 2H), 7.35 (d, /= 1.4 Hz, 1H), 7.26 (t,J
=6.6 Hz, 1H), 7.19 (dd, J = 8.4, 1.8 Hz, 1H), 7.05 (s, 2H), 5.07 (s, 1H),
443 (t,J=17.8 Hz, 1H), 3.01 —2.84 (m, 2H), 2.50 — 2.33 (m, 2H), 1.39 (s, 18H); 3C{'H} NMR

o
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(100 MHz,CDCl3) 6 = 199.8, 152.4, 141.2, 136.8, 135.8, 134.7, 133.0, 132.8, 132.1, 129.4, 129.1,
128.5, 128.0, 127.3, 124.4, 45.5, 36.8, 34.3, 30.3, 29.8; HRMS (ESI-TOF) m/z: [M — H] calcd
for C59H330,Cl1,495.1852; found 495.1873.
4-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-phenyl-4-(3,4,5-trimethoxyphenyl)butan-1-one
Q3r):

The product 3r was obtained in 87% yield (117 mg, White solid); mp
=109-110 °C; Ry = 0.42 (20% EtOAc in petroleum ether);
'H NMR (400 MHz, CDCl3) 6 = 7.85 (dd, J= 5.2, 3.3 Hz, 2H), 7.55
—7.51 (m, 1H), 7.42 (t,J=7.6 Hz, 2H), 7.09 (s, 2H), 6.52 (s, 2H), 5.08
. OMe J (s, 1H), 3.86 (t,J = 8.0 Hz, 1H), 3.83 (s, 6H), 3.82 (s, 3H), 2.95 - 2.91
(m, 2H), 2.42 (dt, J = 11.6, 5.9 Hz, 2H), 1.42 (s, 18H) ; BC{'H} NMR (100 MHz,CDCl;) 6 =
200.4, 153.0, 152.2, 140.5, 136.9, 136.3, 135.7, 134.6, 132.9, 128.5, 128.0, 124.1, 104.8, 60.8,
56.0,51.0,37.0,34.3,31.2,30.3 ; HRMS (ESI-TOF) m/z: [M — H] calcd for C33H4,05517.2949;
found 517.2958.
4-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-(furan-2-yl)-1-phenylbutan-1-one (3s) :

OH The product 3s was obtained in 75% yield (110 mg, sticky solid); Ry = 0.44

(10% EtOAc in petroleum ether);

'"H NMR (400 MHz, CDCl;) 6 = 7.88 — 7.86 (m, 2H), 7.56 — 7.52 (m, 1H),
\\o 3 0 7.43 (t,J=17.7Hz, 2H), 7.34 (s, 1H), 7.04 (s, 2H), 6.31 — 6.30 (m, 1H), 6.10
(d, J=3.1 Hz, 1H), 5.09 (s, 1H), 3.98 (t, J = 7.9 Hz, 1H), 2.94 (dt, J = 8.2, 6.1 Hz, 2H), 2.55 -
2.46 (m, 1H), 2.33 — 2.24 (m, 1H), 1.41 (s, 18H) ; ¥C{'H} NMR (100 MHz,CDCl3) = 200.1,
157.8,152.4,141.2,136.9, 135.7,132.9, 132.7, 128.5, 128.0, 124.3, 110.0, 105.5, 44.4, 36.6, 34.3,
30.3, 29.9; HRMS (ESI-TOF) m/z: [M — H] calcd for C,sH330; 417.2424; found 417.2440.
4-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-phenyl-4-(pyridin-2-yl)butan-1-one (3t) :

The product 3t was obtained in 79% yield (115 mg, sticky solid); Ry = 0.41
(20% EtOAc in petroleum ether);

'TH NMR (400 MHz, CDCl3) 6 =8.58 (ddd, J=4.9, 1.8, 0.8 Hz, 1H), 7.89
—7.86 (m, 2H), 7.56 (td, J = 7.7, 1.9 Hz, 1H), 7.53 — 7.49 (m, 1H), 7.43 —
7.39 (m, 2H), 7.21 (d, J= 7.9 Hz, 1H), 7.15 (s, 2H), 7.09 (ddd, J=17.5, 4.9, 1.1 Hz, 1H), 5.10 (s,
1H), 4.11 (t, J=7.8 Hz, 1H), 2.95 (dd, J=11.1,4.3 Hz, 2H), 2.72 — 2.63 (m, 1H), 2.53 - 2.44 (m,
1H), 1.41 (s, 18H) ; BC{H} NMR (100 MHz,CDCl;) 6 =200.3, 163.7, 152.3, 149.0, 136.9, 136 .4,
135.7,133.8, 132.8, 128.4, 128.0, 124.5, 122.9, 121.2, 52.7, 37.0, 34.3, 30.3, 30.2; HRMS (ESI-
TOF) m/z: [M — H] calcd for Cy0H34NO, 428.2584; found 428.2599.
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4-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-(naphthalen-1-yl)-1-phenylbutan-1-one (3u):

J

( OH The product 3u was obtained in 86% yield (119 mg, White solid); mp =
124-125 °C; Ry = 0.57 (10% EtOAc in petroleum ether);

'H NMR (400 MHz, CDCl;) 6 = 8.30 (d, J = 8.4 Hz, 1H), 7.88 — 7.85
(m, 3H), 7.76 (d,J=7.9 Hz, 1H), 7.56 — 7.46 (m, 5H), 7.40 (dd, J=10.7,
4.6 Hz, 2H), 7.17 (s, 2H), 5.07 (s, 1H), 4.83 (t, J = 7.7 Hz, 1H), 3.05 (t, J = 7.5 Hz, 2H), 2.73 —
2.54 (m, 2H), 1.42 (s, 18H); BC{'H} NMR (100 MHz,CDCl;) 6 = 200.4, 152.1, 140.6, 136.9,
135.6, 134.4, 134.1, 132.9, 132.0, 128.8, 128.4, 128.0, 126.8, 125.8, 125.4, 125.3, 124.5, 124.0,
123.8,45.3,37.2,34.3,31.0, 30.3; HRMS (ESI-TOF) m/z: [M — H]" calcd for C34,H;3,0,477.2788;
found 477.2798.

4-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-phenyl-4-(pyren-1-yl)butan-1-one (3v):

( \ The product 3v was obtained in 81% yield (107 mg, White solid); mp =
183-184 °C; Ry = 0.34 (10% EtOAc in petroleum ether);

'H NMR (400 MHz, CDCl;) 6 = 8.51 (d, J = 9.5 Hz, 1H), 8.15 — 8.02
(m, 5H), 8.00 — 7.95 (m, 2H), 7.94 — 7.90 (m, 1H), 7.76 — 7.74 (m, 2H),
7.40 (t,J=17.5Hz, 1H), 7.29 (t, J= 5.5 Hz, 2H), 7.19 (s, 2H), 5.12 (t, J =
) 7.8 Hz, 1H), 5.01 (s, 1H), 3.05 —2.92 (m, 2H), 2.78 — 2.69 (m, 2H), 1.35
(s, 18H) ; BC{'H} NMR (100 MHz,CDCl3) 6 = 200.3, 152.1, 138.7, 136.9, 135.7, 134.9, 132.8,
131.4, 130.7, 129.6, 128.9, 128.4, 128.3, 127.9, 127.4, 127.4, 126.8, 125.9, 125.8, 125.1, 124.9,
124.9, 124.7, 124.6, 124.5, 123.2,45.2, 37.1, 34.3, 31.1, 30.3 ; HRMS (ESI-TOF) m/z: [M — H]~
calcd for C4oH390, 551.2945; found 551.2971.
4-(3,5-di-tert-butyl-4-chlorophenyl)-4-(9H-fluoren-2-yl)-1-phenylbutan-1-one (3w) :

The product 3w was obtained in 76% yield (103 mg, White solid);
mp = 114-115 °C; Ry = 0.41 (10% EtOAc in petroleum ether);

'H NMR (400 MHz, CDCl;) 6 =7.84 (d, /= 7.7 Hz, 2H), 7.72 (dd,
J=11.9,7.7Hz, 2H), 7.50 (t,J = 6.4 Hz, 2H), 7.46 (s, 1H), 7.38 (dd,
J=13.2,5.6 Hz, 2H), 7.32 (t, J= 7.9 Hz, 2H), 7.28 — 7.24 (m, 1H),
7.09 (s, 2H), 5.05 (d, J= 1.6 Hz, 1H), 3.99 (t, J = 7.6 Hz, 1H), 3.85 (s, 2H), 2.94 (t, /= 7.2 Hz,
2H), 2.50 (dd, J=14.3, 7.1 Hz, 2H), 1.40 (s, 18H); 3C{'H} NMR (100 MHz,CDCl;) é = 200.4,
152.1, 143.6, 143.2, 141.6, 139.8, 137.0, 135.7, 135.2, 132.9, 128.5, 128.0, 126.6, 126.5, 126.3,
125.0, 124.6, 124.2, 119.8, 119.6, 50.8, 37.2, 36.9, 34.4, 30.9, 30.3; HRMS (ESI-TOF) m/z: [M
— H] calcd for C37H390, 515.2945; found 515.2963.

4-(4-hydroxy-3,5-diisopropylphenyl)-1,4-diphenylbutan-1-one (3x) :
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The product 3x was obtained in 92% yield (138 mg, White solid); mp =
118-119 °C; Ry = 0.35 (10% EtOAc in petroleum ether);

'"H NMR (400 MHz, CDCl;) 6 = 7.84 —7.82 (m, 2H), 7.51 — 7.47 (m, 1H),
7.38 (t,J=17.6 Hz, 2H), 7.27 (d, J= 4.4 Hz, 4H), 7.16 (dq, J = 8.5, 4.3 Hz,
1H), 6.93 (s, 2H), 4.79 (s, 1H), 3.93 (t, /= 7.9 Hz, 1H), 3.16 — 3.06 (m, 2H), 2.97 — 2.84 (m, 2H),
2.53 — 2.39 (m, 2H), 1.22 (d, J = 2.7 Hz, 6H), 1.20 (d, J = 2.7 Hz, 6H) ; BC{'H} NMR (100
MHz,CDCl;) o = 200.4, 148.4, 145.0, 136.9, 136.1, 133.6, 132.9, 128.4, 128.4, 128.0, 127.7,
126.0, 122.8, 50.5, 37.1, 30.5, 27.3, 22.7; HRMS (ESI-TOF) m/z: [M — H] caled for CygH3,0,
399.2319; found 399.2338.

4-(4-hydroxy-3,5-dimethylphenyl)-1,4-diphenylbutan-1-one (3y) :

The product 3y was obtained in 63% yield (104 mg, sticky solid); R=0.26
(10% EtOACc in petroleum ether);

'TH NMR (400 MHz, CDCl;) 6 = 7.85 —7.83 (m, 2H), 7.52 — 7.48 (m, 1H),
7.38 (dd, J=10.6, 4.7 Hz, 2H), 7.28 — 7.26 (m, 4H), 7.16 (ddd, J = 8.6, 6.1,
2.8 Hz, 1H), 6.86 (s, 2H), 4.69 (s, 1H), 3.86 (t, /= 8.0 Hz, 1H), 2.93 — 2.89 (m, 2H), 2.44 (dd, J =
15.2,7.7 Hz, 2H), 2.18 (s, 6H); BC{'H} NMR (100 MHz,CDCl3) 6 = 200.3, 150.6, 145.0, 136.9,
135.9,132.9,128.5, 128.4, 128.0, 127.9, 127.7, 126.1, 123.0, 49.8, 37.0, 30.0, 16.0; HRMS (ESI-
TOF) m/z: [M — H]calcd for C,4H»30,343.1693; found 343.1710.

4-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-phenylpentan-1-one (3z) :

OH The product 3z was obtained in 89% yield (140 mg, White solid); mp = 93-

B O B 94 °C; Ry = 0.59 (10% EtOAc in petroleum ether);
C] TH NMR (400 MHz, CDCl;) 8 = 7.87 — 7.84 (m, 2H), 7.55 — 7.51 (m, 1H),
e 3z 0o 7.44 —7.40 (m, 2H), 6.98 (s, 2H), 5.05 (s, 1H), 2.92 — 2.77 (m, 2H), 2.78 —

2.67 (m, 1H), 2.07 — 1.89 (m, 2H), 1.43 (s, 18H), 1.29 (d, /= 7.0 Hz, 3H) ; BC{'H} NMR (100
MHz,CDCl;) 6 = 200.8, 151.9, 137.1, 137.0, 135.7, 132.8, 128.5, 128.0, 123.4, 39.3, 36.9, 34.4,
33.2,30.4,22.4 ; HRMS (ESI-TOF) m/z: [M — H] calcd for C,5H330,365.2475; found 365.2493.
1-(4-(tert-butyl)phenyl)-4-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-phenylbutan-1-one (4a) :

The product 4a was obtained in 71% yield (117 mg, White solid); mp =
99-100 °C; Ry = 0.62 (10% EtOAc in petroleum ether);

'H NMR (400 MHz, CDCl;3) 6 = 7.81 (d, /= 8.3 Hz, 2H), 7.45 (d, J =
8.4 Hz, 2H), 7.32 (d, J=4.4 Hz, 4H), 7.23 — 7.18 (m, 1H), 7.07 (s, 2H),
5.07 (s, 1H), 3.94 (t,J= 7.9 Hz, 1H), 2.93 — 2.90 (m, 2H), 2.48 (dd, /= 14.8, 7.0 Hz, 2H), 1.43 (s,
18H), 1.35 (s, 9H); BC{'H} NMR (100 MHz,CDCl;) 6 =200.0, 156.5, 152.1, 144.9, 135.6, 135.0,
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134.4, 128.4, 128.0, 127.9, 126.1, 125.4, 124.3, 50.7, 37.0, 35.0, 34.3, 31.0, 30.8, 30.3; HRMS
(ESI-TOF) m/z: [M — H] calcd for C34H430,483.3258; found 483.3274.
4-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-(4-methoxyphenyl)-4-phenylbutan-1-one (4b) :

The product 4b was obtained in 86% yield (134 mg, White solid); mp
=103-104 °C; Ry = 0.35 (10% EtOAc in petroleum ether);

'"H NMR (400 MHz, CDCl;) 6 =7.84 (d, J= 8.7 Hz, 2H), 7.30 (d, J=
4.3 Hz,4H),7.22—-7.17 (m, 1H), 7.06 (s, 2H), 6.89 (d, /= 8.7 Hz, 2H),
5.06 (s, 1H), 3.92 (t, J = 7.9 Hz, 1H), 3.85 (s, 3H), 2.87 (td, J = 6.8, 2.1 Hz, 2H), 2.46 (dd, J =
15.0, 7.4 Hz, 2H), 1.41 (s, 18H); BC{'H} NMR (100 MHz,CDCl3) 6 = 198.9, 163.3, 152.1, 144.9,
135.6, 135.0, 130.3, 130.1, 128.4, 127.9, 126.1, 124.2, 113.6, 55.4, 50.8, 36.8, 34.3, 30.9, 30.3;
HRMS (ESI-TOF) m/z: [M — H] calcd for C3,H37,05 457.2737; found 457.2750.
4-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-(4-fluorophenyl)-4-phenylbutan-1-one (4c):

The product 4¢ was obtained in 86% yield (134 mg, White solid); mp =
82-83 °C; Ry = 0.69 (10% EtOAc in petroleum ether);

'H NMR (400 MHz, CDCl;) 6 = 7.89 — 7.85 (m, 2H), 7.33 — 7.30 (m,
4H), 7.23 —7.18 (m, 1H), 7.11 — 7.08 (m, 2H), 7.06 (s, 2H), 5.07 (s, 1H),
3.92 (t, J=7.9 Hz, 1H), 2.89 (td, J = 7.0, 2.7 Hz, 2H), 2.46 (q, J = 7.3 Hz, 2H), 1.41 (s, 18H);
BC{TH} NMR (100 MHz,CDCl3) 6 = 198.7, 165.6 (d, Jc.r= 153.99 Hz), 152.1, 144.7, 135.6,
134.8, 133.4, 133.3, 130.6 (d, Jc.r= 8.63 Hz), 128.1 (d, Jor= 62.30 Hz), 126.1, 124.2, 115.5 (d,
Je.r=22.04 Hz), 50.7, 37.0, 34.3, 30.7, 30.3; 1°F NMR (376 MHz, CDCl;) 6 = -105.56; HRMS
(ESI-TOF) m/z: [M — H] caled for C5H3,FO, 445.2537; found 445.2560.
1-(4-chlorophenyl)-4-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-phenylbutan-1-one (4d) :

The product 4d was obtained in 83% yield (131 mg, White solid); mp =
84-85 °C; Ry = 0.53 (10% EtOAc in petroleum ether);

TH NMR (500 MHz, CDCl;) 6 = 7.81 (d, /= 8.3 Hz, 2H), 7.40 (d, J =
8.5 Hz, 2H), 7.33 (d, J= 3.9 Hz, 4H), 7.22 (dt, J= 8.5, 4.1 Hz, 1H), 7.09
(s,2H), 5.11 (s, 1H), 3.95 (t,J=7.6 Hz, 1H), 2.94 —2.91 (m, 2H), 2.50 (dd, J = 14.3, 7.1 Hz, 2H),
1.45 (s, 18H); BC{'H} NMR (125 MHz,CDCl;) 8 = 199.0, 152.1, 144.7, 139.2, 135.7, 135.2,
134.8, 129.4, 128.7, 128.4, 127.8, 126.1, 124.2, 50.7, 37.0, 34.3, 30.6, 30.3; HRMS (ESI-TOF)
m/z: [M —H] caled for C3yH34C10,461.2242; found 461.2258.

1-(3-bromophenyl)-4-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-phenylbutan-1-one (4e):
The product 4e was obtained in 90% yield (155 mg, sticky solid); Ry = 0.73
(10% EtOAC in petroleum ether);
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'"H NMR (400 MHz, CDCl;) 6 =7.88 (t,J= 1.8 Hz, 1H), 7.66 — 7.63 (m, 1H), 7.55 (ddd, J = 8.0,
2.0, 1.0 Hz, 1H), 7.24 - 7.16 (m, 5H), 7.13 — 7.08 (m, 1H), 6.95 (s, 2H), 4.97 (s, 1H), 3.82 (t, J =
8.0 Hz, 1H), 2.80 (dd, J = 10.4, 4.9 Hz, 2H), 2.40 — 2.34 (m, 2H), 1.31 (s, 18H); BC{'H} NMR
(100 MHz,CDCl3) 6 = 198.8, 152.1, 144.6, 138.6, 135.7, 135.6, 134.7, 131.0, 130.0, 128.5, 127.8,
126.5, 126.2, 124.2, 122.8, 50.6, 37.1, 34.3, 30.5, 30.3; HRMS (ESI-TOF) m/z: [M — H] calcd
for C30H34BrO, 505.1737; found 505.1761.
1-(2-chlorophenyl)-4-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-phenylbutan-1-one (4f):

Vs

OH Y\ The product 4f was obtained in 77% yield (121 mg, sticky solid); Ry =
0.44 (10% EtOAc in petroleum ether);

TH NMR (500 MHz, CDCl;) 6 = 7.37 — 7.30 (m, 2H), 7.28 — 7.23 (m, 6H),
7.17 (td, J=5.9, 2.9 Hz, 1H), 7.03 (s, 2H), 5.04 (s, 1H), 3.88 (t, /= 8.0 Hz,
1H),2.92-2.81 (m, 2H), 2.46 —2.41 (m, 2H), 1.39 (s, 18H) ; BC{'H} NMR
(125 MHz,CDCl;) 6 =203.5, 152.1, 144.7, 139.7, 135.7, 134.6, 131.4, 130.7, 130.4, 128.6, 128.4,
127.8, 126.8, 126.1, 124.3, 50.6, 41.6, 34.3, 30.4, 30.3; HRMS (ESI-TOF) m/z: [M — H] calcd
for C59H34C10,461.2243; found 461.2259.
4-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-(3,4-dimethoxyphenyl)-4-phenylbutan-1-one (4g) :

The product 4g was obtained in 85% yield (141 mg, White solid); mp
=151-152 °C; Ry = 0.55 (20% EtOAc in petroleum ether);

'H NMR (400 MHz, CDCl3) 6 = 7.47 (d, J= 1.9 Hz, 1H), 7.40 (dd, J
=8.4, 1.6 Hz, 1H), 7.28 (t, J = 6.5 Hz, 4H), 7.18 (dq, J = 8.6, 4.2 Hz,
1H), 7.04 (s, 2H), 6.80 (d, J = 8.4 Hz, 1H), 5.04 (s, 1H), 3.93 (s, 1H), 3.90 (s, 3H), 3.89 (s, 3H),
2.88 —2.85 (m, 2H), 2.44 (q, J= 7.3 Hz, 2H), 1.39 (s, 18H); 3C{!H} NMR (100 MHz,CDCl;) &
=199.0, 153.0, 152.0, 148.9, 144.8, 135.6, 135.0, 130.2, 128.4, 127.8, 126.0, 124.2, 122.6, 110.0,
109.8,55.9,55.9,50.7,36.5, 34.3,31.0, 30.3; HRMS (ESI-TOF) m/z: [M — H] calcd for C5,H390O4
487.2843; found 487.2857.

4-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-phenyl-1-(3,4,5-trimethoxyphenyl)butan-1-one
(4h):

The product 4h was obtained in 89% yield (157 mg, sticky solid); Ry
=0.54 (20% EtOAc in petroleum ether); 'H NMR (400 MHz, CDCly)
6=731-7.28 (m, 4H), 7.26 (s, 1H), 7.08 (s, 2H), 7.02 (s, 2H), 5.04
(s, 1H), 3.90 (s, 1H), 3.89 (s, 3H), 3.85 (s, 6H), 2.87 (td, J = 7.3, 3.0
Hz, 2H), 2.44 (tdd, J = 10.1, 5.7, 2.8 Hz, 2H), 1.38 (s, 18H) ; BC{'H} NMR (100 MHz,CDCl;) 6
=199.2, 153.0, 152.1, 144.8, 135.6, 135.0, 132.3, 130.1, 128.5, 128.0, 126.1, 124.3, 105.6, 60.9,
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56.2, 50.6, 36.7, 34.3, 31.0, 30.3, 29.4 ; HRMS (ESI-TOF) m/z: [M — H] caled for C33H4,05
517.2949; found 517.2960.
5-(3,5-di-tert-butyl-4-hydroxyphenyl)-1,5-diphenylpentan-2-one (4i):

( OH Y\ The product 4i was obtained in 87% yield (131 mg, sticky solid); Ry =
0.60 (10% EtOAc in petroleum ether);

'H NMR (400 MHz, CDCl;) 6 = 7.30 — 7.22 (m, 5H), 7.21 — 7.14 (m,
3H), 7.14 — 7.09 (m, 2H), 6.98 (s, 2H), 5.04 (s, 1H), 3.76 (t, J = 7.9 Hz,
1H), 3.56 (s, 2H), 2.42 — 2.38 (m, 2H), 2.29 — 2.23 (m, 2H), 1.39 (s, 18H) ; BC{'H} NMR (100
MHz,CDCl;) 6 = 208.2, 152.0, 144.7, 135.6, 134.8, 134.2, 129.3, 128.6, 128.4, 127.8, 126.9,
126.0, 124.2, 50.4, 50.1, 40.5, 34.3, 30.3, 30.0; HRMS (ESI-TOF) m/z: [M — H] calcd for
C;31H37,0, 441.2788; found 441.2798.

5-(3,5-di-tert-butyl-4-hydroxyphenyl)-1,1,5-triphenylpentan-2-one (4j):

( OH \ The product 4j was obtained in 94% yield (165 mg, sticky solid); Ry =
0.56 (10% EtOAc in petroleum ether);

'H NMR (400 MHz, CDCl;) 6 = 7.30 — 7.22 (m, 8H), 7.15 (dd, J = 8.0,
7.0 Hz, 7H), 6.97 (s, 2H), 5.03 (s, 1H), 5.00 (s, 1H), 3.77 (t, J = 7.9 Hz,
1H), 2.88 — 2.74 (m, 1H), 2.53 — 2.49 (m, 2H), 2.29 (dd, J = 14.9, 7.5 Hz, 2H), 1.37 (s, 18H) ;
BC{TH} NMR (100 MHz,CDCl;) & = 208.5, 152.0, 144.6, 138.4, 138.3, 135.5, 134.7, 129.3,
128.9, 128.8, 128.6, 128.4, 127.8, 127.1, 127.0, 126.0, 124.1, 64.1, 50.3, 43.4, 41.4, 34.3, 30.3 ;
HRMS (ESI-TOF) m/z: [M — H] calcd for C37H4,0,517.3101; found 517.3125.
6-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-methyl-2,6-diphenylhexan-3-one (4k):

The product 4k was obtained in 75% yield (120 mg, Semi-solid); Ry =
0.62 (10% EtOAc in petroleum ether);

'H NMR (400 MHz, CDCl;) 6 = 7.30 — 7.25 (m, 2H), 7.23 — 7.14 (m,
5H), 7.12 — 7.07 (m, 3H), 6.90 (s, 2H), 4.99 (s, 1H), 3.64 (t,J = 7.3 Hz,
1H), 2.14 (d, J = 3.8 Hz, 4H), 1.38 (s, 3H), 1.37 (s, 3H), 1.36 (s, 18H) ; 3C{'H} NMR (100
MHz,CDCl;) o = 213.1, 152.0, 144.7, 144.0, 135.5, 135.0, 128.6, 128.3, 127.8, 126.7, 126.0,
125.9,124.2,52.2,50.4,36.1, 34.3, 30.9, 30.3, 25.2, 25.1; HRMS (ESI-TOF) m/z: [M — H] calcd
for C33H410, 469.3101; found 469.3123.

5-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-phenylpentan-2-one (41):
The product 41 was obtained in 93% yield (115 mg, White solid); mp = §9-90
°C; Ry =0.62 (10% EtOAc in petroleum ether);
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'"H NMR (400 MHz, CDCl;) 6 = 7.31 — 7.21 (m, 4H), 7.20 — 7.13 (m, 1H), 7.01 (s, 2H), 5.04 (s,
1H), 3.78 (t, J = 7.9 Hz, 1H), 2.38 (dd, J = 10.9, 5.1 Hz, 2H), 2.32 — 2.24 (m, 2H), 2.04 (s, 3H),
1.40 (s, 18H) ; BC{'H} NMR (100 MHz,CDCl;) 6 = 3C NMR (101 MHz, CDCl;) § 208.8, 152.1,
144.7, 135.6, 134.9, 128.4, 127.8, 126.1, 124.1, 50.6, 42.2, 34.3, 30.3, 30.0, 30.0 ; HRMS (ESI-
TOF) m/z: [M — H] calcd for C,5sH330, 365.2475; found 365.2479.
5-(3,5-di-tert-butyl-4-hydroxyphenyl)-4,5-diphenylpentan-2-one (4m):

The product 4m was obtained in 73% yield (109 mg, White solid); dr =
65:35; mp = 84-85 °C; Ry = 0.44 (10% EtOAc in petroleum ether);

'"H NMR (400 MHz, CDCl;) 6 =7.38 (dd, J=28.1, 1.0 Hz, 1.09Hmajor & minor)>
7.28 (dd, J = 10.6, 4.9 Hz, 1.20Hsjor & minor)> 7-18 — 7.13 (m, 1.01Hpgjor &
minor)> 7-13 = 7.06 (m, 6.93Hmaj0r & minor)> 7.06 — 6.94 (m, 7.18Hmajor & minor)
6.93 — 6.88 (m, 1.13Hmajor & minor)> 6.70 (s, 1.06Hmajor & minor)s 3.03 (S, 1Hmajor), 4.80 (s, 0.51Hpinor),
4.06 — 3.83 (m, 3.14Hmajor & minor)> 2.82 — 2.59 (m, 3.12Hmajor & minor)> 1.77 (S, 1.58Hminer), 1.69 (s,
3.01Hmajor)> 1.39 (8, 18Hmajor), 1.21 (s, 9.79Hminer) ; BC{!H} NMR (100 MHz,CDCl3) § = major
diastereomer: 207.7, 152.3, 143.6, 143.4, 135.8, 133.4, 128.2, 128.0, 128.0, 127.9, 126.0, 125.6,
124.9, 58.4, 49.5, 45.9, 34.3, 30.6, 30.3 ; minor diastereomer: 207.9, 151.5, 143.4, 142.9, 134.9,
133.0, 128.7, 128.3, 128.3, 127.8, 126.4, 126.0, 124.8, 58.2, 48.8, 46.6, 34.1, 30.8, 30.1 ; HRMS
(ESI-TOF) m/z: [M — H] calcd for C;,H370, 441.2788; found 441.2809.
4-(3,5-di-tert-butyl-4-hydroxyphenyl)-1-(naphthalen-1-yl)-4-phenylbutan-1-one (4n):

L 4m, 65:35 dr y

The product 4n was obtained in 92% yield (149 mg, White solid); mp =
100-101 °C; Ry = 0.44 (10% EtOAc in petroleum ether);

'H NMR (400 MHz, CDCl;) 6 = 8.50 — 8.48 (m, 1H), 7.91 (d, J= 8.2
Hz, 1H), 7.83 (dd, J = 8.3, 1.0 Hz, 1H), 7.59 (dd, J = 7.2, 1.1 Hz, 1H),
7.54 (ddd, J=8.5, 6.9, 1.6 Hz, 1H), 7.49 (ddd, /= 8.0, 6.9, 1.3 Hz, 1H), 7.38 (dd, /= 8.1, 7.3 Hz,
1H), 7.28 (dd, J= 8.3, 5.6 Hz, 4H), 7.17 (ddd, /= 8.6, 5.7, 2.8 Hz, 1H), 7.05 (s, 2H), 5.04 (s, 1H),
3.95 (t,J=8.0 Hz, 1H), 3.01 — 2.97 (m, 2H), 2.55 — 2.49 (m, 2H), 1.38 (s, 18H) ; BC{IH} NMR
(100 MHz,CDCl3) 6 =204.7, 152.1, 144.8, 136.3, 135.7,134.8, 133.9, 132.2, 130.0, 128.5, 128.3,
127.9, 127.7,127.1, 126.3, 126.1, 125.7, 124.3, 50.7, 40.8, 34.3, 31.0, 30.3 ; HRMS (ESI-TOF)
m/z: [M — H] caled for C34H3,0, 477.2788; found 477.2814.
4-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-phenyl-1-(thiophen-2-yl)butan-1-one (40):

J

The product 40 was obtained in 89% yield (81 mg, White solid); mp = 97-
98 °C; Ry = 0.41 (10% EtOAc in petroleum ether);

( OH
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'"H NMR (400 MHz, CDCl;) 6 = 7.57 (dd, J = 4.9, 1.1 Hz, 1H), 7.50 (dd, J = 3.8, 1.1 Hz, 1H),
7.29 (s, 2H), 7.28 (s, 2H), 7.21 — 7.16 (m, 1H), 7.06 — 7.04 (m, 1H), 7.04 (s, 2H), 5.05 (s, 1H),
3.90 (t,J=28.0 Hz, 1H), 2.84 (dd, J= 8.6, 6.7 Hz, 2H), 2.49 — 2.43 (m, 2H), 1.39 (s, 18H); BC{'H}
NMR (100 MHz,CDCl;3) 6 =193.2, 152.1, 144.7, 144.4, 135.6, 134.7, 133.4, 131.7, 128.4, 127.9,
127.9, 126.1, 124.3, 50.6, 37.8, 34.3, 31.0, 30.3; HRMS (ESI-TOF) m/z: [M — H] calcd for
CysH330,S 433.2196; found 433.2217.
1-cyclopropyl-4-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-phenylbutan-1-one (4p):

The product 4p was obtained in 71% yield (94 mg, White solid); mp = 114-
115 °C; Ry = 0.47 (10% EtOAc in petroleum ether);

'H NMR (400 MHz, CDCl3) 6 = 7.31 — 7.24 (m, 4H), 7.19 — 7.15 (m, 1H),
7.01 (s, 2H), 5.03 (s, 1H), 3.80 (t, J= 7.9 Hz, 1H), 2.50 (dd, J = 8.3, 6.5 Hz,
2H), 2.31 (q,J="7.1 Hz, 2H), 1.85 - 1.79 (m, 1H), 1.40 (s, 18H), 0.99 — 0.95
(m, 2H), 0.82 — 0.78 (m, 2H); BC{'H} NMR (100 MHz,CDCl3) 8 = 210.8, 152.0, 144.8, 135.6,
135.0,128.4,127.9, 126.0, 124.2, 50.7,41.9, 34.3, 30.3, 30.2, 20.5, 10.6; HRMS (ESI-TOF) m/z:
[M — H] calcd for C,7H350, 391.2632; found 391.2649.
1-cyclohexyl-4-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-phenylbutan-1-one (4q):

J

( OH The product 4q was obtained in 82% yield (121 mg, Semi-solid); Ry = 0.78
(10% EtOAC in petroleum ether);

'TH NMR (400 MHz, CDCl;) 6 = 7.32 — 7.26 (m, 4H), 7.21 — 7.16 (m, 1H),
4q © 7.04 (s, 2H), 5.07 (s, 1H), 3.82 (t,J= 7.8 Hz, 1H), 2.43 — 2.36 (m, 2H), 2.34
—2.22 (m, 3H), 1.75 — 1.73 (m, 5H), 1.43 (s, 18H), 1.29 — 1.19 (m, 5H); 3C{'H} NMR (100
MHz,CDCl;) 6 =214.0, 152.0, 144.9, 135.5, 134.9, 128.3, 127.8, 126.0., 124.2, 50.8, 50.6, 39.0,
34.3,30.3,29.9, 28.4, 25.8, 25.6, 12.6, 7.5; HRMS (ESI-TOF) m/z: [M — H] calcd for C;oH4,0,
433.3101; found 433.3111.

4-(4-hydroxyphenyl)-1,4-diphenylbutan-1-one (5):

The product 5 was obtained in 89% yield (66 mg, Yellow solid); mp = 77-
78 °C; Ry = 0.56 (10% EtOAc in petroleum ether);

'H NMR (400 MHz, CDCl;) 6 =7.84 — 7.82 (m, 2H), 7.51 — 7.47 (m, 1H),
7.40 —7.36 (m, 2H), 7.27 (d, J= 1.3 Hz, 3H), 7.26 (s, 4H), 7.20 — 7.14 (m,
2H), 4.01 (t, J=7.9 Hz, 1H), 2.93 — 2.89 (m, 2H), 2.49 (dd, J=15.0, 7.8 Hz, 2H) ; BC{'H} NMR
(100 MHz,CDCl3) 6 = 199.9, 144.4, 136.9, 132.9, 128.5, 128.5, 127.9, 127.8, 126.3, 50.5, 36.9,
29.8.

2,6-di-tert-butyl-4-(1,4-diphenylbutyl)phenol (6):

\

(o}

u
J
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( OH Y\ The product 6 was obtained in 95% yield (92 mg, sticky solid); Ry = 0.74
B O B (10% EtOAc in petroleum ether);

O TH NMR (400 MHz, CDCl;) 6 = 7.35 —7.29 (m, 6H), 7.24 — 7.18 (m, 4H),
\ 6 ) 7.08 (s, 2H), 5.08 (s, 1H), 3.89 (t, J= 7.8 Hz, 1H), 2.70 (t, J = 7.6 Hz, 2H),

2.16 — 2.07 (m, 2H), 1.70 — 1.62 (m, 2H), 1.47 (s, 18H) ; BC{'H} NMR (100 MHz,CDCl;) 6 =
151.9,145.6, 142.5,135.6, 135.4, 128.4,128.3, 128.2, 127.8, 125.8, 125.6, 124.2, 51.3,35.9, 35.8,
34.3,30.3,29.9 ; HRMS (ESI-TOF) m/z: [M — H] calcd for C3oH37,0 413.2839; found 413.2859.
2,6-di-tert-butyl-4-(1,4-diphenylpent-4-en-1-yl)phenol (7):

( OH Y\ The product 7 was obtained in 63% yield (62 mg, sticky solid); Ry = 0.78

(10% EtOAc in petroleum ether);

'H NMR (400 MHz, CDCl3) 6 = 7.35 — 7.19 (m, 10H), 6.98 (s, 2H), 5.26
(s, 1H), 5.01 (s, 2H), 3.84 (t, /= 7.8 Hz, 1H), 2.46 —2.42 (m, 2H), 2.13 (dd,
J=15.5,7.8 Hz, 2H), 1.38 (s, 18H); 3C{'H} NMR (100 MHz,CDCl;) =
151.9, 148.4, 145.3, 141.1, 135.5, 135.3, 128.3, 128.2, 127.9, 127.3, 126.1, 125.9, 124.3, 112.5,
51.0, 35.1, 34.3, 33.9, 30.3; HRMS (ESI-TOF) m/z: [M — H] calcd for C5,H37,0 425.2839; found
425.2843.

2,6-di-tert-butyl-4-(4-hydroxy-1,4-diphenylbutyl)phenol (8):

The product 8 was obtained in 87% yield (87 mg, sticky solid); Ry = 0.40
(10% EtOAc in petroleum ether);

TH NMR (400 MHz, CDCl;) 6 =7.31—-7.17 (m, 9H), 7.14 — 7.10 (m, 1H),
6.96 (d, J=3.3 Hz, 2H), 5.00 (s, 1H), 4.66 — 4.62 (m, 1H), 3.78 — 3.74 (m,
1H), 2.17 - 2.06 (m, 1H), 2.01 — 1.83 (m, 2H), 1.81 — 1.70 (m, 1H), 1.70 —
1.60 (m, 1H), 1.37 (s, 18H) ; BC{'H} NMR (100 MHz,CDCl3) 6 = 151.9, 145.4, 145.2, 144.5,
135.5, 135.4, 135.2, 128.4, 128.4, 128.3, 127.8, 127.7, 127.5, 127.5, 125.9, 125.9, 124.1, 124.1,
74.6, 74.4,51.3,51.2,37.5,37.4,34.3, 32.4, 32.2, 30.3; HRMS (ESI-TOF) m/z: [M — H] caled
for C30H;37,0,429.2788; found 429.2798.
2,6-di-tert-butyl-4-(4-phenyl-1,2,3,4-tetrahydronaphthalen-1-yl)phenol (9):

( OH \ The product 9 was obtained in 94% yield (90 mg, White solid); dr = 86:14,
B B ] mp = 151-152 °C; Ry = 0.78 (10% EtOAc in petroleum ether):

H '"HNMR (400 MHz, CDCl3) 8 = 7.32 — 7.27 (m, 2.21Hmajor & minor)> 7-23 —=7.17

O‘ (m, 1.66Hmajor & minor), 7.15 (dd, J = 5.2, 3.2 Hz, 2.14Hmajor & minor)> 7-07 (ddd, J

=13.4,7.2, 3.1 Hz, 0.56Hajor & minor)> 7.03 —6.98 (m, 2.18Hmajor & minor)> 6.95 —

. 8 . 6.88 (m, 3.47H pnyjor & minor)s 6.85 — 6.83 (), 1Hugjor & minor)s 5-06 (8, THimgior), 5.03

S33



(s, 0.16Hminor), 4.26 —4.19 (m, 1.16Hmajor & minor)> 4.13 (dd, J=11.0, 7.7 Hz, 1.16Hmajor & minor), 2.28
—2.17 (m, 2.15H major & minor)» 1.95 — 1.84 (m, 2.32H major & minor)> 1.41 (S, 20.88Hymajor & minor) 3 PC{1H}
NMR (100 MHz,CDCl;) 6 = major diastereomer: 151.9, 147.7, 140.8, 139.8, 137.7, 135.5, 135.4,
129.8, 129.7, 128.8, 128.3, 126.0, 125.8, 125.7, 125.3, 46.3, 46.2, 34.3, 32.1, 31.7, 30.4 ; minor
diastereomer: 151.8, 147.5, 140.5, 139.4, 138.0, 135.4, 130.5, 130.0, 128.9, 128.1, 126.1, 126.0,
125.9, 125.4, 45.6, 45.3, 34.4, 30.4, 30.1, 30.0 ; HRMS (ESI-TOF) m/z: [M — H] calcd for
C30H350411.2682; found 411.2694.

4-methoxyphenyl 4-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-phenylbutanoate (10):

( OH N\ The product 10 was obtained in 74% yield (76 mg, White solid); mp
B @ B = 82-83 °C; Ry = 0.44 (10% EtOAc in petroleum ether);
o 'H NMR (400 MHz, CDCl;) 6 = 7.34 (d, J = 4.3 Hz, 4H), 7.26 —
\ 109 \©\0Me, 7.21 (m, 1H), 7.10 (s, 2H), 6.99 — 6.97 (m, 2H), 6.91 — 6.89 (m, 2H),
5.11 (s, 1H), 3.95 (t, J = 7.4 Hz, 1H), 3.81 (s, 3H), 2.57 — 2.46 (m,
4H), 1.45 (s, 18H) ; BC{'H} NMR (100 MHz,CDCl;) 6 =172.4,157.1,152.1, 144.4, 144.1, 135.6,
134.5, 128.5, 127.8, 126.2, 124.2, 122.2, 114.3, 55.5, 50.7, 34.3, 33.0, 31.2, 30.3 ; HRMS (ESI-
TOF) m/z: [M — H] calcd for C3;H3,04 473.2686; found 473.2710.
4-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-phenylbutanoic acid (11):

( OH Y\ The product 11 was obtained in 51% yield (20 mg, White solid); mp = 119-
Bu O B 120 °C; R, = 0.59 (20% EtOAc in petroleum ether);
oH THNMR (500 MHz, CDCl3) 6 = 7.30 — 7.24 (m, 5H), 7.20 — 7.16 (m, 1H),
O 4 O 7.01 (s, 2H), 5.05 (s, 1H), 3.83 (t, J = 7.5 Hz, 1H), 2.38 — 2.29 (m, 4H),
1.40 (s, 18H) ; BC{'H} NMR (125 MHz,CDCl;) 6 = 178.9, 152.2, 144.5,
135.7,134.5,128.5,127.8, 126.2, 124.2, 50.6, 34.3, 32.5, 31.0, 30.3 ; HRMS (ESI-TOF) m/z: [M
— H] caled for Co4H3105 367.2268; found 367.2279.

2-(3-ox0-3-phenylpropyl)cyclohexa-2,5-diene-1,4-dione (12):
o The product 12 was obtained in 20% yield (36 mg, Yellow solid); Ry= 0.59
‘ O (20% EtOAc in petroleum ether);

5 58 '"H NMR (400 MHz, CDCl;) 6 = 7.95 (d, J= 7.6 Hz, 2H), 7.58 (t, J=".5
Hz, 1H), 7.47 (t, J = 7.7 Hz, 2H), 6.79 — 6.71 (m, 2H), 6.65 (d, /= 1.7 Hz,
1H), 3.26 (t, J = 7.1 Hz, 2H), 2.88 (t, J = 7.0 Hz, 2H) ; BC{'H} NMR (100 MHz,CDCl;) 6 =
197.9, 187.5, 187.4, 148.2, 136.8, 136.4, 136.3, 133.4, 133.3, 128.7, 128.0, 36.4, 24.0 ; HRMS
(ESI-TOF) m/z: [M + H]" calcd for CsH;305241.0859; found 241.0855.
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4. Spectral Data

000- —

£v'T
Sv'T
T —F
g2/
88'C
68°C
06'C
16°C
6T
6T
S6'T

68'€
Am.mV
mm.m\

7
STL
91t
91L
e
81,
81
P-wiojoiolyD 97°2
8T,
8T
60
g o
%€ o
9€'L
8EL
ob'L
e
Ly

I

6b°L
16—
;L
8L V.
8L

E0'8T

/

==} 10C

J

== [ 802

~ —== 1007

— - ——= = /(60

_ = 10T
0Tt
T 86€

- == Eo61
- K e60

== Fos1

TH NMR (400 MHz), CDCl,4

3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!

3.5

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

8706 ~
69:0£
0£°bE —
or'LE—

0405 —

89'9L
P-WLI0J0I01YD 00°LL W
[

14748

£0'921 /
b8'LTT W
96°LTT

8Tt s/
82T —
16'bET —7

£€9'GET
€6'9€T \
£8'vPT —

L0781 —

6700 —

13C NMR (100 MHz), CDCl,4

200 190 180 170 160 150 140 130 120 11f0( 1())0 90 80 70 60 50 40 30 20 10
1 (ppm

210

S36



00—

[4¥4
mm.m/
ﬁv.NH/
T~
S¥'T
't
68'C
ﬁm.NV
mm.N\

98'€
mm.mV
mw.m\

$0'S —

S0°L
oT'L
L
8T'L
0L
p-wJojololyd 9z°L

ov'L
WL
[ara
1572

€5\
ssr/
v8'L

beLoF

omN\

J

~— _——

~— o

H NMR (400 MHz), CDCl;

F€0'8T

- 00°€
Tt

102

101

F oot

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

45
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

86'0C —

7608 —
180e
€5bE —
€L —

w0s —

89'9L N

P-Wwiojoiolyd 00°LL

[474 /

L19eT
69'2T /
20’821 H/
9b'82T ~X
p1'62T "
S8'ZET —
8T'SET —F
1§'SET \
s.mﬂ\
00T

£8'THT \

¥0'ZST —

€400 —

13C NMR (100 MHz), CDCl,4

200 190 180 170 160 150 140 130 120 11f0 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

S37



00°0-—

1T~
w1

=809

BET
8€'T
or'e
e
we
€T
ST
ST
e
ww.N\
4:¥4
vw.NV
S8'C
18T
68'C
T6'C
T6'C

¥8'E
mw.mw
88'€

£0'S —

S0'L
L
14%4
6T'L
1L
P-Wwi0j0I01yD 92°L

LE'L
6L
WL
8v'L
om.nv
18,
WL~
8L

/

"H NMR (400 MHz), CDCl;

=00'8T

AU

= - 60

=== -v0¢

—==F 00T

—— = 10T

9.5 9.0 8.5 8.0 7.5 7.0 65 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 -0
f1 (ppm)

10.0

66'€C —

2e0E~_
96°08 —
09°'€E —
zeve /.
seie

1508 —

89'9L
P-WH0J01014D 00°£L W
2

mN.wﬁ
mv.wﬂ /
v9'L21 %
20'8er —
viger
£8'76T —
TUSET -7
09'SET

00:€T 7
0c'ert —
6b'9pT —

§0°28T —

L¥'00C —

OH

Bu l Bu

3c

i
\P r

13C NMR (100 MHz), CDCl;

200 190 180 170 160 150 140 130 120 11f0 ( 1())0 90 80 70 60 50 40 30 20 10
1 (ppm

210

S38



00—

=00'8T

ov'e
we
€r'C
Sv'e-T
ow.w\

06'C
16°C
6T
€6'C
¥6'C

98'€
ww.mV
om.m\

P-W0J0101yD 9Z°
€'

TH NMR (400 MHz), CDCl,4

F00C

Foo0c

00T

E€0E

00T
=707
= 10T
00'T
69°'S
Es60

Feet

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

TE0E —
€608
2ere—
81/ —

066t —

00°0L—

899/
P-ULI0JOIOIYD 00°LL W
[

8L YIT —
9T'vTT
Ly'LTT
£L8°LTT
T0°8¢T
Ly'8TT
[4g:14} W
08'8¢T
98°2€T /
8T'SET
79'seT
669€T

PT°LET
0€°LET

°0'eST —

ET°LST —

0v'00C —

13C NMR (100 MHz), CDCl,4

200 190 180 170 160 150 140 130 120 11f0( 1())0 90 80 70 60 50 40 30 20 10
1 (ppm

210

S39



1354
we
£'T
(34
T
Sb'T
ST
9T
yAx4

ﬁm.N
mm.ww
S6'C

Nw.m
vw.mV
ww.m\

$0'S —

L9
vn.o/
9/
k67
wﬁN/
0L~
WL
oL~
€S°L—

98'L~_
88 L~

A

"H NMR (400 MHz), CDCl;

—==

=50'8T

60

F90'8

00T

oot

E00C

B0t
R 0t

98T
Z 060

48T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

€08
w01e/
6Tve "
ogLe—
SL0p—

16'6Y —

89'9L
P-L10J0I01YD 00°LL W
wLL

06211 —
oT'peT
20°8et /
8€°82T W
Tr'8eT
LLeEt
o0eeT >
6v'SET
SLsET
T0'LET \

S0°6¥T —
88761 —

19°00C —

13C NMR (100 MHz), CDCl,4

200 190 180 170 160 150 140 130 120 11f0 ( 1())0 90 80 70 60 50 40 30 20 10
1 (ppm

210

S40



0 10
S41

30

40

50

60

70

100 — _ L2
wn
=]
L2 62°0¢
ge0e
N - YEPE—
o1 - 9g
— L= 88'9€
o
bz F e 50°05 —
NV.N/
pr'T — —=c Fe0z| 1
oz [
887
om.NW ~— iu ot o
444 ”
899/
in P-LOJOI0D 00°LL -
Feo e
98¢
ww.mW ~ = F0T| o
06°€ re
| w
vE
(=%
&
o
L0 — - ———= =oor[ S8'6T1
R4l
| w 16121
b 75821
19°621
) 05'TET
© mm.NmH%
LTHET —
. | n £8'SET \
00, © 06°9€T
ST'L 20bbT —
Ay °
P-WLI0J0I0IYD 92/ — F =
oL — 9C'CST —
L~
oL ¢ e
5L -
vs'L .1 °
S5 \ o Fa
v8L .
98'/ N "
W o
S
* o
14
M wn
M o £0007 —
- o
r9

190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

200

13C NMR (100 MHz), CDCl,4

210



00—

P
¥
4

L4
wv.w/
8T —5
0S¢ S
06'C
[4x4
[4°x4
€6'C
¥6°C

wm.m \
00t 7
[4va4

€S —

6€°L
'L
WL
bbL
[AFANS

YS'L-F
9S°L
LS°L
62 \

66'9
p-uojololyd 9L /

¥8'L
98°L

H NMR (400 MHz), CDCl;

F0'81

F o0z

Fooe

Foot

F 00T

10T

80t
Fore

F ooz

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

£6'67 ~_
17°0€
1€'pE —
£5'9€

1608 —

89'9L \
p-wojololyd 00°£LL W
cELL

68°60T —

86811
6Tvet
68'221 /
£5°871
85°8CT
8TZET
90°€ET W
oT'EET
80°9€T \
8L9ET

€L°08T ~
6v"¢ST —

¢L'66T —

13C NMR (100 MHz), CDCl;

200 190 180 170 160 150 140 130 120 11f0( 1())0 90 80 70 60 50 40 30 20 10
1 (ppm

210

S42



100 —

)

L¥'T
wv.N/
0§~

st/
167~

€6'C-1
S6°C \

€0y
mo.v V

mo.v\

[4%)
Nﬁ.mv.

004+
P-WI0J0I01YD 97"/
LA
R
b/
bl
e
b/ A
9L
(R
€5 T
€51
b5
ogff
95°2 4
(St ;n
824
98]
18
518
91°8
L7184

H NMR (400 MHz), CDCl;

To0'8T

Feor

00T

Fo0c

00t
00'T

F ooz
F ooz

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!

45
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

L6'6C~_
ST0E
9€'pE —
259e

9€0S —

899/ \
p-wiojo10lyd 00°LL 7
eLL

LL°ETT
[xa 74 /
€6°LTT
85'8¢T W
09°8¢T
€0'€eT
reet
8T°9¢€T \
8'9€ET
6£9vT —
65°¢ST
¥6'CST A

£9'66T —

OH
Bu l Bu
3h
13C NMR (100 MHz), CDCl;

2N

200 190 180 170 160 150 140 130 120 11f0( 1())0 90 80 70 60 50 40 30 20 10
1 (ppm

210

543



10°0-—

0FF—

we
(24
SH'e
't
8¥'C
6v'C
0s'C
[4y4
£S'T—7
mm.N\
N
vm.N\

€6'C
mm.mw
L6'€

S0's—

80°L
P-Wi0j0I01YD 97°L
8TL
0€'L
wL
vE'L
9€'L
8€'L
ov'L
WL

S

TH NMR (400 MHz), CDCl,

Ero8r

Fsoe
W b0

F oot

Fs60

9.5 9.0 8.5 8.0 7.5 7.0 65 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
f1 (ppm)

10.0

0£°0€ ~
ozog
£6°vE —
60°L€ —

€005 —

89'9L
P-WH0J01014D 00°£L W
(2

wyer
06921
00°L2T
j4waas

86'LTT
T8t
SH'8CT
99821
98'zeT /.

Nw.wmﬁ\
Nn.mmﬁ\\
«m.mmﬁ\
06'8ET

wm.c:\
W0vbT

ST'ZST—

£2°00C —

13C NMR (100 MHz), CDCl;

200 190 180 170 160 150 140 130 120 11f0( 1())0 90 80 70 60 50 40 30 20 10
1 (ppm

210

S44



00—

°0's—

89

894

069

69

£6'9

Ly

€L

v1L

o1/

Aye

Aye

YL W

P-Wi0J0I0JYD 9Z°L |
8€L

or'L u W

L

[AA\

H NMR (400 MHz), CDCl,4

F€0'8T

= 10€

o001

101

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

06'6C ==

SE°0€
T€vE—
LE'LE—

19Ty —

0€'5s —

89'9L
P-Wwiojoi0lyd 00°LL W
€L

65°0TT —
09°02T
65'¥TT /
Nm.wNﬁ/
§9°TT
£0'8¢T
0v'82T —

SLTET~_
Op'EET —

v9'beT
mm.mﬂN

0 LET

88'1ST —

£6'9ST —

0900 —

13C NMR (100 MHz), CDCl,4

10

200 190 180 170 160 150 140 130 120 11f01( 1())0 %0 80 70 60 50 40 30 20
ppm

210

S45



00°0-—

PRE

)45
e
(A4
344
S¥'C
S¥'C
VA4
6v'C—
98'¢C
£8'C
68°C
06°C
16°C
£€6'C
+6°C
96'C
L6'C
86'C

AN
/
S%

o
:.L

(43
61
122
€2
[
[
ve'L
SE'LA
9€°L
LE'LA
8E°L
0b'L A
'L

6b°L
1872 V

P8L~_
9L

TH NMR (500 MHz), CDCl,4

=181

——== 07

-— =001

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

vo.om
0£°0€ 7
[434% e
66'9€ "

88'Gy —

89°9L \
p-wojoIolyd 00°LL 7
€L

[AR%4!
£0°L2T
0z'Lzt
00821
£2°821
84821
£9°621
16°2€T -F
65°€ET
TTbET
19°'5€T
18'9€T \
Tt
12251 —

60°00C —

13C NMR (125 MHz), CDCl,4

200 190 180 170 160 150 140 130 120 llfO( 1())0 90 80 70 60 50 40 30 20 10
1 (ppm

210

546



00—

[:15K4
bp'C
Sb'C
9T
Elard
VA4
8¥'C
0S'7—
88°C
68°C V
16C
6T
€6'C
96'C
86'C
66'C
00°€
e

AN
/
S

@B
€12
YTLA
P-w0j0I04D 97°L |
87/
e
ve'L
se'
9€°L
6521
[t
€v'L
05°L
R
[
bSL

PSL~¥

S8°L
ww.mw
L8°L

TH NMR (400 MHz), CDCl,

e

—==

=50'8T

Feee
w (394

Foot

= 00T

001
¥ vo
o L0°T
90T
6T
Ngg

FS81

2.5 2.0 1.5 1.0 0.5 0.0

3.0

3.5

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

oe

0€°0€ 7
£E'PE—
96'9€

058y —

89°9L \
P-Wwl040101y3 00°£L 7
€L

0S'vCT
TS
§§°/TT
1L
00°8¢T
b 8CT
LY'8CT
T6°CET
S6°CET >
0P EET
Hw.mQ\
98'9€T
0T'vvT —

TSt —

£0°00C —

13C NMR (100 MHz), CDCl,

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

210

f1 (ppm)

S47



—CaT

A4
JA4
6v°C
0S¢
18°¢C
[4°y4

be
96'C
wm.NHW
86'C

08'¢
16'€ N

€6'€ -7
mm.m\

rs—
929+
9291
8294
8491
6891
689
mm.oy
96'9
Ly
€TL L
seiAE
p-Wi0joI0lYD 92°£ |
Yra A"
LELF
e
8¢c°L
v [
st
Stz
75,
s ]
¥S'L
552
95°2
95°
952
88/
88/
062 )

H NMR (400 MHz), CDCl;

F00'8T

Fooc

00

= 00°€
00T

F oot

3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!

3.5

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

LT0E~.
§9°0£ "
8TvE
L0°LES

9,08 —
0SS —

89'9Z \
p-wi10jo0I014d 00°LL 7
ceLL

111t
08°€TT
oN.ONH/

miﬂ/
mm.&/
Ntmﬁ/
PE'6ZT L
¥8'ZET

YL YET M
€9°GET 1
16°9€T

05°9%T —

0T"¢ST—

85°6ST —

8¢°00C —

MeO.

13C NMR (100 MHz), CDCl,

200 190 180 170 160 150 140 130 120 11f0( 1())0 90 80 70 60 50 40 30 20 10
1 (ppm

210

548



00°0-—

114
344 W
Sb'C
yAd \‘

88'C
06'C W ~
6T

mw.m V
16°€ 7
£6'€

H NMR (400 MHz), CDCl,

Fro8t

F ooz

F ooz

Foo0t

oot

2.5 2.0 1.5 1.0 0.5 0.0

3.0

3.5

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

2°0¢

TH°0€
wEveE—
98'9€ —

SE°08
9€°0S >

89'9L
Pp-wiliojoiolyd 00°LL W
€L

[2:¥a 3
90°ETT
09'bT1
8peet /
61'bTT —
96°£21 ~_
60821 -
L6zt W
b62ET
8THET \
b8'GET \
T6°9€T

mo.nz
ELLYT 7
62°25T —

LTI —
9T'¥9T —

€0°00C —

13C NMR (100 MHz), CDCl;

200 190 180 170 160 150 140 130 120 11f0 ( 1())0 90 80 70 60 50 40 30 20 10
1 (ppm

210

549



STETT-—

19F NMR (376 MHz), CDCl;

-130 -160 -190 -220 -250 -280

-60 -80  -100
f1 (ppm)

-40

-20

80 60 40 20

100

000- —

8€'C
02/
LAY

&1
[
18T

68'C
06°C
16°C
16°C

98°€
ww.mV
om.m\

0§ —

002
'L
PI°L
ST°L
9T’L
8T°L
(A
wL
YL
STL
p-wJojololyd 9z°L

6L
L
&L
ﬁm.m/

S'L—F
?mN\
8L~
s8L"

H NMR (400 MHz), CDCl,4

=<0'8T

F80C

F e

Foot

=560

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0 45
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0

S50



8T°0€

i\omV
SEPE—
88'9¢ —

6£'05 —

89'9L
p-wlojoi0lyd 00°LL A

TELL

[\ a%4
S6'STT
€9t
66'£2T
€1'821
€5'821 ~
eet /.
86'2ET -
L0°bET \
0ZbET
S8'SET
06'9€T
L0°L6T —

ST —

9000 —

13C NMR (100 MHz), CDCl;

200 190 180 170 160 150 140 130 120 11f0( 1())0 90 80 70 60 50 40 30 20 10
1 (ppm

210

(1154
15T
15T
€5
€5°C
vS'T
SS'T

€62~
S6TT
el

S0t
mo.v V

mo.v\

ST'S—

b0'L A
P-WLI0JOI01YD) 97°L
bELA
seL
9g°/ 4
T/
£/ A
St'LA
e |
6L
752
€572
¥S°L ]
952
$9°2
9924
58
L8°L
+0'8
508
908
£0'8
618 |
61°8
0z'g

TN

/

TH NMR (400 MHz), CDCl,

=0'8T

=£ 80

—=== F- 207

—==F 00T

———= 1660

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

S51



12°0E~
9L1E—
zehE—
y59g /"

LT0S —

899/ \
p-wojoiolyd 00°LL 7
eLL

9z’ 1CT
£9'C1
8T'vCT

06°LCT
[AR 14
T€°6CT A\

S0°€ET
oT°geT A
10ve1
€T°9€T \
9L°9€T

TELbT ~
1€°8pT
€551 —

0£'66T —

13C NMR (100 MHz), CDCl;4

200 190 180 170 160 150 140 130 120 11f0( 1())0 90 80 70 60 50 40 30 20 10
1 (ppm

210

10°0-—

433

8€'T

6T

T

T

€T

€T

Sb'T

YT — /
S8'C
98'C
887
68'C
06'C
[{¥4
£€6'C
¥6'C
S6'C
96'C
86'C
66'C

/

1344
mv.vw
S’y

L0S — Y

S0°L
8T°L
6T°L
0T’L
1L
STL
p-wiojoi0lyd 97°L
8TL
YE'L
SE'L
6€°L
WL
'L
ﬁm.w/

SL—~
ver/
P8L~
98'L~"

H NMR (400 MHz), CDCl,

E+0'8T

iy

Fsoz

F ooz

—==F 007

——F 001

10
86'0
¥ 1ot
08'0
06'1
¥6'0

Fest

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

S52



2867 —
6z0e
SEvE —
1896 —

0SSy —

89'9L
P-Wwl0jo101yd 00°LL W
€L

j1 274t
bELTT
66°LTT
[4g:14}
€1°6CT
9€°6¢T >
STCET -7
S8°eET \
00°€€T
89'vET
08'GET
S8'9€T
YTl

8€7ST —

58667 —

13C NMR (100 MHz), CDCl;

200 190 180 170 160 150 140 130 120 11f0 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

100—

6€°C
ov'e
we
-1
9v'C \

16'C
£€6'C
£€6'C
¥6'C
S6'C

[4: 2
mw.mv

80'S —

877

P-W0J0I0IY) 9Z'L.
ov'L
[
bhL

152
Nm.nW
€5
v8'L
S8'L
S8°L
A A

L

==

-

H NMR (400 MHz), CDCl,

=710'8T

FL0C

10t

10°€
*S.w
00°T

= 00T

= €0C

= 10C

= 10C
10T

00T

2.5 2.0 1.5 1.0 0.5 0.0

3.0

3.5

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

S53



62°0€~_
8T'TE"
£eve—
00°2e~"

9015
8655 —
8£09~

89°9L \
p-uwojololyd 00°£LL 7
ELL

S8'v0T —

0T'vCT
£6°LTT /
8v'8CT
€6'CET
9'pvET #
69°GET —

9z°9€T \
S6'9€T
Sb0bT 7

8T°CST~L
Y0'€ST

9€'00C —

13C NMR (100 MHz), CDCl,

200 190 180 170 160 150 140 130 120 11f0( 13)0 90 80 70 60 50 40 30 20 10
1 (ppm

210

1000 —

=<0'8T

8¢C
0€'¢
T€C
8p°C
6v°C
18°C
€57C~¥

16'C
€6'C
€6'C
¥6°C
S6'C
96'C
96°¢
86'€ -
oo.V\

60°'G —

01'9
179

0€'9
om.ww
1€9
0°L

p-wiojololydy mN.m/
vm.n/

L
V'L
St
sL
sL
PS'L
PS°L
SS°L
9§°L
98°L
98°L
88°L

.
~

TH NMR (400 MHz), CDCl,4

= -1
== 1T

==== 10T

—== F- 00T

———= E €07

g

= €07
690
20
Kot

F oo

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

9.5 9.0 8.5 8.0 7.5 7.0

10.0

S54



06'67 ~
sz0e
0€'bE —
29'9g —

vy —

89'9L
P-Ww.0j0101yd 00°LL W
€L

25°50T —
86'60T —

LTHTT —
86°L2T~_
05°821 —
et

s
SLSET -7
seocr/
STTT —

bp'eST —

18'£LST —

8000 —

13C NMR (100 MHz), CDCl;

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

210

f1 (ppm)

8v°C
6v°C
182+
182+
mw.Ng
@@.Ng
89°C 1
89°C 1

00
Wiy
El s

027+
267
¥6'C
967
967
60°F |
13%e
€T%
01°S
102
1021
80/
60
60°Z A
60°ZA
012
T
ST
02LA
2L
P-WWI0J0I01YD 9Z'/
657
65,
T/
T/
'
€v'L
6b°L 1
6t
054
1821
15°2
[y
£6°L 4
R
TR
95 4
95°2
85/
gz ]
9821
(82
(8¢
881
68
158
158
85'8 1
85'8
85'8
65'8
658

"

AT

ﬁ
|

658

S S

'H NMR (400 MHz), CDCl;

Fr081

== 001

——J 01

00’1
W 00T
A 01
10T
00’1
00’7

F ooz

— F o007

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
f1 (ppm)

10.5

S55



S.om
9z°0¢ > -
8T e
969¢ "

€L —

89°9L \
P-uliojololyd 00°£LL 7
ELL

6T°1CT

06'cet /
Lyt /
00’821 ¢
ov'ger -\
BLTET~
S8'€ET —

NEQ\
hm.mﬂ
T6'9€T

66'8vT —
6C°¢ST—

°LE9T —

1€'00C —

13C NMR (100 MHz), CDCl,

200 190 180 170 160 150 140 130 120 1f10 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

18~
8Y-7
m?\
05"

LT
P-WLI0J0I0YD 9Z'L
662
66°L
e
v's
ovz
e
8v'
6v'L
6v°L
05°
05°L
5L
$S°LA
95°£

SLL
L~

S8'L—%
mwN\
88°L

678~
18"

/

H NMR (400 MHz), CDCl,

Frosr

F oot
F ot

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!

4.5
1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

S56



6208 —
201e "
62'vE
81'LE —

9T'Sh —

89'9L
P-W.0joi0|yd 00°LL W
[4y7A

LLETT
T0'¥2T
SS'pTT
bl -T4)
vb'seT
z8'set
6L'921
96421
£b'821
L4821
€0°Z€T \
S8'zeT
90'bET

Op'pET
$9'GET
S69€T
09°0vT

90°2ST —

6£°00C —

13C NMR (100 MHz), CDClI,

I
‘ 1.

m

Al

140

l‘
130

110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

120

200 190 180 170 160 150

210

10°0-—

-

69
1224
€74
SL'T
L2724
8L+
267
€6'71

96'C
16T
86'C

667
00°€
T0°€
€0°e
S0°¢ 4

i

10
ors\
s
138

8T'L #
0£°L {
€'
vl
oL
9'e
262
86°C 1
86°C |
20'8 |

08 1

50°8 1
(08
6081
'8

£r'g ;W

6v'8 -~
w58

/]

sl

H NMR (400 MHz), CDCl;

—

F0'8T

10t
Fsoe

E 00T
101

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!

5.0 45
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0

S57



62°0€ ~_
ETTE~
[ARZ
[Avied

0C'Sy —

899+
P-LLOJOIOID 00°LL
8t
bSHTT
€921
0L21 1
16521
64T
£0°STT A
TR
16'5CT +
84921 +
ke g
bb /2T A
16°£21
bE'8TTE
8€'82T £
T8TET~
€6'bET
TL'S€T
98'9€T N

PL'8ET

S0°¢ST —

1€°00C¢ —

13C NMR (100 MHz), CDCl,4

20 10

30

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)

210

000 —

8v'C
05T
ST
€5°C \
6T
¥6'C W
96'C

A

66t >
a

0%

+0'S
S0'S v.

60°L
vTL
P-Wwi0joI01yD 97°/
87'L
0€°L
€L
bEL A
LA 3
LeL ;W
(AN
Wi
mw.Tw
6v°L )
052
[
ose
[
€01
see
€82
sgcd

/f

H NMR (400 MHz), CDCl,

l

F90'81

Fooz

F ooz

E 107
00T

F oot

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

S58



S
00°0-— -
FR
ZE'0€ o
gg0s = ™
s R — ot
E.RV R L2 MMW
' L g ST
7805 — T3 9T
1 Ly'T
L g 68'C
68°C
06 —
Lo 06'C
16°C
899/ 3 6T N
-LW10J0.0| " —_ £ .
P e 7 Y| g 60°€ —
e
€r'e
& 16°€
€6'€ W — ——===T00T
S6°€
L8
=
29611 OM
8611 L . .
. e — —
P n.m. 6Ly — Foo't
v9'pCT =
S6'vCT o
[433:T4} — [ u
05921
59'921 e
10821 ~& e o
Ly'8er = : L@ .
88°ZET ~_ _ - €691
€7'SET > I 1 €144
L9'SET —— .
86'9€T A I S =) E.m 1
¥8'6€T % [— - ST'LA
£9°THT - o'
vTEpT o LV°LA
T9°EPT L 1 .
. 4 8T,
01°2sT — —
p-wlojololyd 9¢°L )W
° LTLA
4 rs 9E L~
- 8cLf
S o orcf o
o rS Lyl m
) e : a
~ g mv.m; Pv.,
I =] 1872 Py
1 N
s 1WA T
=3 ° 8°L s
= S 281 p
mn\ 3 ¥8L4 <
0+°007 — = B ; =] m\
4 N W
O
e = T
: [~ -

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  -0.!
f1 (ppm)
S59

9.0

9.5

10.0



e —
9T’ Ll ~
6v°0€ ~

01°LE—

905 —

899/ \
p-wuoj0101Yd 00°LL 7
ELL

6,72
b0'9eT
st
1621
Tv°821
bb8eT
82T~
09°€€T
S0'9€T %
16'9€T
L6'bT —
To'8pT —

0¥'00C —

13C NMR (100 MHz), CDCl,4

. ——

200 190 180 170 160 150 140 130 120 11f0 100 90 80 70 60 50 40 30 20 0
1 (ppm)

210

00°0-—

812
-\
Q.N/
szt
we/
687~

16°C—F
mm.N\

¥8'€
98'¢ V

ww.m\

69t —

989
bTL
VLA
ST
9T/
912 4
(1
81/
972
9L
1T
RIR
RYR
657,
'L
8t
8p°L
6v°L
052
052
152
[AE
[
[
€8/
€824
5824

U

—

H NMR (400 MHz), CDCl,

1009

== [10¢

—==="H07¢

—== 0T

—— foot

2.5 2.0 1.5 1.0 0.5 0.0 -0.!

3.0

3.5

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

S60



09T —

€0°0€ —

S0°LE—

8L'6Y —

899~
P-UI0J0L014D 00"LL
€L

€0°€TT
0t1'9zt
£9'LTT

L8°LTT
66°LTT
by 8CT
SH'8¢T
06'CET *
L8'GET \
£8.9€T
c0'SPT —

€9'08T —

€002 —

13C NMR (100 MHz), CDCl,4

200 190 180 170 160 150 140 130 120 11f0 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

€T
167+
€67
v6'T |
v6'T |
S6'T
96T
6T
61

100
67T
0€'T A

002
102
202
207
¥0'C
v0'C
902
69'C
0Lz
1L
e
e
vz
e
8/
182
187
287
87
87
587
98'Z-
987
88'7
061
06°-
so's
86'9
P-WI0J0I0IYD 92/

T

0b'L A
0t A
0t A
'L
LA
R
Ph LA
1§72~
1572
152
2L
€572
€57
R
S5
S5
¥8'L
v8°Z
58
98°2 4
98
98/ 4
(824

e T

S

H NMR (400 MHz), CDCl;

=20'¢
F1o081

Fooe

60T
10T

= 00T

00T

96T
Foot

Fest

9.5 9.0 8.5 8.0 7.5 70 65 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)

10.0

S61



- - © —
] £00— - r
o |-
o
e — -
9€°0¢ e L
TTEE~ _ ]
pEVE — - \ ST~ - — 606
88'9€ _ | o T =61'8T |
se6e ¥
o |-
L2l
T
-8 MN_MW — ==CF 1T [
15T
06
AN _ .
67— -— B X
FR g5/ L
mo.om/
p-wlojoiolyd 00°2L W = °
cELL r o B
433
SN _ "
Yo'E— —==% /0T
F& 95t/ b i [
o
L O~ |
—E
[=9
a
or L
ra 05— — — e 00T
8¢°¢E ] [
. NH -
€0°8¢T ! _
8b'82T L °
T8TET Fa 0t "
69°GET N —_— Pty
S6'9€T — i
. N L 0z'L L
90°LET — 1L
e
° we
L R €L L
mmHmH _ — - p-wuojoi0|yd MMM
>
[4 A
L 8 vl f =
= m«.m\
g 08'L~ =
————\ O WL Q
=] LR a L
o o
N o
o| T L & I F
£
@ = s
£ =) S
I nu m L & < L
— — N—
< £ z
: e |2 L g 2 :
££°00C — 4 =  — 5
2 )& x
L m F

40 35 30 25 20 15 10 05 00 -0
S62

5.0 4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0



0€°0€
78'0€
vc.ﬁmv
e -7
NQhM*
10°L€

€408 —

899/
P-W0JOIOID 00°LL W
230

9Tvel
oy'set
90°921
L8°LTT

86'421
et/
wreT

96'bET
st/

6'vrT —

£0°25T —
€5'9ST —

€0°00C —

13C NMR (100 MHz), CDCl;4

200 190 180 170 160 150 140 130 120 11f0( 1())0 90 80 70 60 50 40 30 20 10
1 (ppm

210

00— -
P =£0'8T
€T
Sb'e
we—r ~ F S0z
el
8T
87 % — F 0T
18T
18T
88'C
68'
s8'e
06'€ ~\- _ - = 10€
[ -~ B901
b6'E
90's — - 00T
88'9
06'9
90,

Lre

8L

61°L —~ oz

www N + €0T
107

we - ¥ wv

P-WLI0JOIOND 9Z'L
0€'L
€L
€84~ .
gy = Feot

H NMR (400 MHz), CDCl,

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!

5.0 4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0

S63



0€°0€ ~
s6:0€ "
zEpE —
609 —

6L0S —
8€'65 —

89'9L
P-W.0j0101yd 00°LL W
€L

85°ETT —
YTyer
50921 V
88LT1 N
w8 —
L0°0€T
LTOET
20'sETF
29'SET 7

€6'PbT —

90°2ST —

67°€9T —

56867 —

-

4b
13C NMR (100 MHz), CDCl,

OH
Bu l ‘Bu

200 190 180 170 160 150 140 130 120 11f0 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

00—

T
Sv'T
y't—F
m¢.~\
18T
88'C
68'C
06'C
16'C
[{x4

06°'€
No.mw
¥6'€

61,
o1
0z
17
2L
e
€2

P-WI0J0I0YD 97'L
0€'L
€L
€L
€€t
€€t
S8
98,
98¢
8¢
88
68'L
68'L

H NMR (400 MHz), CDCl;

E50°8T

F-o00C

F-00C

00T

Fo0z

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!

45
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

S64



77.00 Chloroform-d

5 85 T8 8338R%3TMY 83 2 anga
) O o < WL MOS0 NS o 1 R e ]
< ) B R B Bafa fa g & hai RRR 2 SHR8
| I [ N R N VAN
)
F
J
13C NMR (100 MHz), CDCl;
I
‘\ |
| | I
| | |
L [ I “
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 T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
3
g
N
F
J
19F NMR (376 MHz), CDCl,
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
90 80 70 60 50 40 30 20 10 O -10 -30 -50 f—7(0 ) -90 -110 -130 -150 -170 -190 -210 -230
1 (ppm

S65



8v'C
6v°C
15°C
[4y4

16'C
6T
6T
£€6'C
¥6'C

¥6'€
S6°€ AN

mmAmw

mrs—

60°L
0zL
1L
we
€L
vTL
p-Wi0jo.01y) 97°L
€€
vEL >
6L
'L
08'L~_
8L

/

S—

H NMR (400 MHz), CDCl,

=£0'8T

T v0z

Feoz

101

= 00T

= 20T
= €01
=10
A 00z

00T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0 4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0

8¢°0¢

1906
6THE
€028

590§ —

SL9L \
p-wlojoIo|yd 00°LL 7
STLL

6T'vCT

[ANTA
[& a4 /
Sp'8¢T I/w
€£°8C1

6e6e1/

mm.vmﬁ\
mN.mmﬁ\
mo.mmﬂ\
PC'6ET

TLvPT
TT°¢ST—

86'86T —

13C NMR (100 MHz), CDCl;

200 190 180 170 160 150 140 130 120 f11? )100 90 80 70 60 50 40 30 20 10
1 (ppm

210

S66



vE'T
9€'T
8ET—F
ov.N\
8LC
ow.NV
18°C
18T

ow.mV
ww.m\

81,
6T°L
02'L A
17
[
L
PTLA
P-WI0JOIOIYD 9L

€54~
5L
b5
s
S5z
952
952
952
€9/
v9'2
b9
592
9924
9974
88
881
687

L E—

/

"H NMR (400 MHz), CDCl;

i

b

=

E00'8T

F ooz

F ooz

oot

00T

=007
10T
Fers

2001
oot
o 860

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

9Z°0€
6¥°0€
62%E "
STLE—

65°05 —

899,
P-Wi0j0101YD 00°LL W
€L

¥8'TeT
JAR 741

91°921T
mv.wmﬁ/
182t
8v'8CT %

S00ET ~C
00°'TET
YLPET ~—
$9'SET
69'GET
€9°8ET
T9vbT —

0T'2sT—

58'86T —

OH
Bu l Bu

13C NMR (100 MHz), CDCl,

4e

200 190 180 170 160 150 140 130 120 11f0( 1())0 90 80 70 60 50 40 30 20 10
1 (ppm

210

S67



00'0—

@

T
T
e
vb'T
s
&2
8T W
98'C
88
68'C
16

L8°E
wm.mw
06'¢

$0'S—

€07
9L
Ny
(e
81/
8T/
61
€
€24+
ST
p-W0joI0|YD 9Z'L o
97,
LTL
8T'L—
87, )
0€'L
og'2
1624
162
[
geL
v
veL]
sz
ez
e

==

H NMR (500 MHz), CDCl,

=<0'8T

10T

=00T

- 00T
o €T
ST
Boget

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!

4.5
1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

0€°0€
ov.omv.
£EPE

LS Ty —

09°0S —

SL9L
p-wojololyd 00°£L W
STLL

8CT'vTT
[A%°T4}
8£'9CT
S8°LCT
b 8CT
65°8CT
6€°0ET

_F
ww.oﬂ\
Op'TET
YIPET
mo.mMﬁ\
69'6€ET

€L'YYT
st —

€9°€0C—

-,
_ ““.lﬂl
( N\
5|8
Wadk
N
- O | T
B M
& | ®
T Tl e
o 14
O
>
@ o ]
L J

200 190 180 170 160 150 140 130 120 110 ( 190 %0 80 70 60 50 40 30 20 10
ppm

210

S68



000-—

we
Ev'e
Flaagss
't
AN
ww.N\

68°€
06°€
mm.m\

v0'S —

649
18'9
v0'L
ST'L
9T’L
JAVA
81°L
61°L
0L
P-WI0JOIOIYD 972 ~E
8TL
6T°L
6L
6L
WL
WL
'L
'L

H NMR (400 MHz), CDCl,4

F£0'8T

Fsoz

Fsoc

20'e
*oo.m
00'T

00T

10T
10T
Hm\‘\‘ 00'T
00y
Hm“va.ﬁ

= 00T

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

ST0E~
90 1E~"
8TvE—
€59

6905 —

58'SS
v6'SS v

89'9L
P-ULI0JOI0YD 00°LL W
[

18°60T
€0°0TT >

feaa:
0T HTT
£0'92T ~-
S8°LTT —
8€'871 7
8T0ET

L6'PET —F
osser/

P8PT —
88'8bT ~_
10°2ST

PoEST

56'86T —

( [ o )
= =
Q [
- O
1] =]
= <
I
el
=]
i O

13C NMR (100 MHz), CDCl,

200 190 180 170 160 150 140 130 120 11f0 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

S69



000-—

Bt
€'
344
Le4
SH'C
SH'C
SH'T
9T
S8'C
S8°C
98'C
£L8'C
88'C
68°C

mw.m N
68'¢ 7
06'€

¥0's —

)

p-wiojoliolyd 9L

6C°L
om.mw
0€L

'H NMR (400 MHz), CDCl;

=0'8T

~ = F-S0C

~ =¢ F 00T

o 7 wow

— — €0°€
T 00T

- ———=00T

10T

— 0T
10v

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

9€'62
og0s
€0'T€ w
€6'vE
199c/

(5057
ST'95
0609

89'9/
P-WI0JOI0IYD 00°2L =

€ LL /

95°S0T —

ragas
ReTat /
mm.hﬂ%
ob'gTT
ET0ET
veTET /.
oo.mﬂ\
b9'SET

6L bbT —

80°7ST ~_
86'CST "

€0°66T —

13C NMR (100 MHz), CDCl;

200 190 180 170 160 150 140 130 120 11f01( 1())0 90 80 70 60 50 40 30 20 10
ppm

210

S70



100 —

€T
€C'C
ST'C
Lee
67~k
8€C-F
0¥'c
0v'C
we
[4 4

95°€
¢m.m”
9L'E
wm.m\

{5
60'L #
11
44
€12
ST
9T
LT+
8121
81/
02'LA
0T'L
07'LA
1L
L
L
€L
veL
vl
sz
ses
P-WLI040.I01YD 97°Z
9.
e
Lz
87
87/
67
0g'2
o'z

/I

)

TH NMR (400 MHz), CDCl;

F00°81

F o0
F ooz

F o0z
FT10T

00T

00
o1z
[0¢

Kors

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!

5.0 4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0

No.om§
8¢'0¢ 7
6C'vE /
05°0¥ —

1105~
bb'05 <

899, \
p-wl0j01014d 00°LL 7
eLL

ARl
£0°921
£8°9CT
18°421
1£782T
09'821
ze6et
8T'bET —=
18bET N
T19°SET
L9VPT —

$0"¢ST —

0¢'80C —

13C NMR (100 MHz), CDCl,4

200 190 180 170 160 150 140 130 120 f11? )100 90 80 70 60 50 40 30 20 10
1 (ppm

210

S71



000 —

o1

.

244
87T
0€°C
€T
6v'C
15°C
15°C
£5°C
5T

YLT-F
mh.N\
8L'C

8¢
98¢

SL'E
LL'E V
6L'€ /

00°S ~_
€0'S "

16'94
ST'LA
ST'LA
112
LA
€74
YT L
YT~
P-WI0J0I0ILD 97° ~k
wef
e
87,
8z
672
QM.L
0g'L

vl

Vg

H NMR (400 MHz), CDCl,

F00°81

F e
F ooz

Feet

Foot

00'1
S +6'0

B 00T
0L
T 608

3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!

3.5

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

97°0€ —
8CvE—

Wy~
ey —

€605 —

019 —

899, \
p-wlojoliolyd 00°£LL w
eLL

£TvCT
c09ct
80°LCT
e
8L'LTT
8€°8CT
95°8¢T
$9°8¢T
G8'8¢T
98'8¢T
SE'6CT —
YLPET
bS'GET V
CE'8ET
8E'8ET
9P —

20°¢eT —

05°80C —

13C NMR (100 MHz), CDCl,

200 190 180 170 160 150 140 130 120 11f0( 1())0 90 80 70 60 50 40 30 20 10
1 (ppm

210

S72



10°0-—

9E'T

T

8€'T

144
ST'C V

€9°¢
¢w.mv
99'€

66" —
0691
L0
mc.mg
mo.mé
01/
01+
[A9R
LA
[4V8
PTL Ao
YT
ST'LA
9L
912/
(e
812
612
12
[
R
€L
xR
sz

p-wojoioly) 972 |
97
87’
8z 4
67
0g'2
og'z4

e

L

"H NMR (400 MHz), CDCl,

=

0'8T
90°€
¥0'E

90

T80T

= 00T

- 80C

TTe
W 9€'S
=617

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

oo.mN
orse >
62°0€ ~_
18°05
8TE
900c /-

€°05 ~
PCes—

89'9L \
p-wiiojololyd 00°LL 7
e LL

9T'bTl
68'SZT
86'SZT
474
(LTt
62821 T
vorger /.
00°SET -7
T§'SET
66°EPT ~_
SLYPT

S6°'TIST —

ETETC—

13C NMR (100 MHz), CDCl;

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

210

f1 (ppm)

S73



20 10
S74

30

o
000 — _ L2
0
o
96'67
L2 2006 > -
62°0€
1eve
or'T— F08T | 1o
S0C F o Tty —
sze
sze
Lee L2 850§ —
622 — N Booe [
T€7—= = = MWM
134 | =
-4 o~
652
o'z o
Mo 89°9L
P-ULOJOIOND 00°LL
i [
[ ™
9LE
8L'¢€ w N —== 007
08'c 4 L2
| =
vE
[=9
a
o
v0's — - ———J g0 [ B
STHT
ooz
ezt
| o 88'HET ~_
0L © £9'5€T "
vTL
STL | @ SLbbT —
STL ©
(1L .
oy - 90°ZST —
8T, — 007 F
61, N 0T
€Tl — Feov
€L F 2
sTL
sTL
p-WiojoiolYD 9Z'L - =)
8T'L Q [
€L (" m ) w
o| % <
[~ oo
32 T
& - = -
T S Mo
o g
wn
= F o £8'807 —
4 =
m P4
= J T o
- o
=1

I
110 100 90 80 70 60 50 40

f1 (ppm)

120

200 190 180 170 160 150 140 130

210

13C NMR (100 MHz), CDCl,4

220



69T
LLT 1
65°C 1
€9'C+
€9°CH
mm.Ng
99'C 1
9

—gQic

v0'0-
1274
66T

—

PO S

£6°¢
96°€
00%
10t
204
€0t
08t
£0°S
81'S
0£'9
68'9
06'9 1
06'9
16'9-
26'9
26'9
26'91
56'9
56'9
969
16'9
16'9
ha.og
86'9 1
66'9
66'9 1
T0'Z A
20°L+
€0°L
$0°L A
S0'L A
S0°ZA
902
1072
L0°L
80°Z
80°2
80
012
[AVE
[AVE
$T°2
stz
(1
81
P-WI0J0I0|YD 97"
87
0g'
1€
€724
65

G

T

1,

ob'L-

major

J moAM)

LT —

/
mlnor\f

minor
e

.

515 5.10 5.05 5.00 4.95 4.90 4.85 4.80 4.75

08’y —

/ major

€0'S— —

OH

Me
y,

%1

Bu
H Ph O

4m, 65:35 dr
"H NMR (400 MHz), CDCl,

Bu
H
o

\.

175 170 165  1.60
1 (ppm)

1.80

1.85

f1 (ppm)

6.6
F00°8T

= 10°¢
85T

Wﬁ.m

W Pr'E

=150

= 00T

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05
f1 (ppm)

10.0

P1°0€
0€°0€
€9°0¢
LL°0€
80'vE
TEvE
¥6°St
SS9 V
088y -7
8v'6t /
¥C'8S
mv.wm V

899

PAIOIOIOND 00'LL
ebet]
8821 |
T9'521 |
L6571
6651 1
9g'971 |
€821 ]
v6°21 |
00'871 |
$0'871 1
61°821
62871 |
26871
99'821 )W
poreeT
£6'bET %
£8'GET =
LEEwT
ToepT

€6 TST ~
pETST

wm.mom
£8°L0C V

OH

Bu

Bu

H
o

Me
J

.

H Ph O

4m, 65:35 dr
13C NMR (100 MHz), CDCl,4

\\

200 190 180 170 160 150 140 130 120 f111? )100 90 80 70 60 50 40 30 20 10
ppm

210

S75



00°0-—

L.

©

n

~N
_
e

o
N
~N

_

8v'8
8v'8 A%

H NMR (400 MHz), CDCl,

J

o8t

F ooz

ooz

F o001

00T

8.5

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

7.0

7.5

8.0

9.0

9.5

10.0

6C'0€ —~
mm.om“
TEvE

18'0F —

0408 —

89°9L
P-LLOJOIOD 00"LL
[

82T
69'S71 {
2rozt |
bE'9TT -
PTLTT
YL LTT 1
(8071
££'871 1
9'871
£0°0€T ,W
STTETF
og'€eT

SLVET
89'SET \
£E'9€T

18'vrT —

CTesST —

69'¥0C —

13C NMR (100 MHz), CDClI,

200 190 180 170 160 150 140 130 120 1f10( )100 90 80 70 60 50 40 30 20 10
1 (ppm

210

S76



00'0—

(<)
P
&

€'
ST
T
6v'C
6v°C
8T~

£€8°C
¥8'¢C
98¢

88'¢€
om.mV

Nm.m\

S0°'S—

v0'Lq
v0°L A
50°/+
90°Z
9T/ 4
AYS
AVE
8T/
6T°LA
07'L

17,

9z,
8L
672 %
6v°L
6v'L 4
054
05°2
95°/ 4
95°/ 1
15
85,4

TH NMR (400 MHz), CDCl,

To0'81

Fooc

F o0

F 001

Feot

00C
280
001
00
€91
2001

H/ S6'0

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

62°0€ ~_
0 1€~
1€pE"
v8'LE

¥9'08 —

89'9L \
p-wi0jololyd 00°LL W
cELL

9Tl
ot

§8°/T1
€6°LCT
Pp'8CT

ELTET~
Ob'€ET —
YLYET T
§9'SET \
LEPPT~_
L P17

0T"¢ST—

YT E6T —

13C NMR (100 MHz), CDCl,

200 190 180 170 160 150 140 130 120 1f10( 1)00 90 80 70 60 50 40 30 20 10
1 (ppm

210

S77



804
080
180
80

96'0
mm.ov
86'0

FaYRE

v

Feoc
Fo0c

187
@ W
€8'T
8C'C
0€'C V
Nm.N\
€€
8¥°C
6v'C
0S¢
18°¢

8/'¢
ow.mW
[4:53

€0°'S —

1072
ST'L
9T’L
9T’L
JAYA
6T°L
6T°L
6T°L
YL
SC'L
p-wii0joI01Yd 9¢°L
L
6C°L
1€L

v

/s

H NMR (400 MHz), CDCl,

=60'8T

—== [- 00T

=== 907
—— 50T

——== 50T

- F 0071

=0T
00T
80

2.5 2.0 1.5 1.0 0.5 0.0 -0.!

3.0

3.5

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

95°0T —
50—

wﬁ.om
T€°0€ 7
€EvE

6’1y —

§9°0§ —

89'9L \
p-wi0j01014D 00°LL 7
ELL

TTven

S0'9¢T M
68°LCT —F
0b'8¢T /
00°GET —
09°GET v

£8'vbT —

0¢ST —

¥8°0TC —

13C NMR (100 MHz), CDCl,4

200 190 180 170 160 150 140 130 120 f111(() )100 9 8 70 60 50 40 30 20 10
ppm

210

S78



61T
m.ﬂ/
Zas\Y

&1
LT~

%1y

vee
ste
LTT~=

67T
0T
€T
PET
6€°C
ov'e
we
we
€T

08'€
Nw.mw
¥8'E

0§ —

v0'L
9IT’L
LrL
LrL
8T'L
oL
oTL
1L
P-Ww0j0I01YD 97°L
8TL
8TL
0€'L
wL

i/

H NMR (400 MHz), CDCl,

—==

JR—

Fozs
2081

vo's

F90¢

Fvo

o001

=160

F€0C
96'0
00'%

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

8L —

85°CT —

85'5C
sz
8687 /-
18'62 \
1208

8T'E

£0'6€ "

95°0S
8£°0S >

89°9L
P-Lu10J0101YD 00°LL W
eLL

ozve
TEEIN
60121 —
veger

98'VET ~_
SS'SET "

68°bPT —

00251 —

13C NMR (100 MHz), CDCl,

200 190 180 170 160 150 140 130 120 llfO( 1)00 90 80 70 60 50 40 30 20 10
1 (ppm

210

S79



00°0-—

Ly'T
8¢

0S'C—F
Nm.N\

68'C
167

P-W10j001YD 9T°L
L1

9€'L
mm.L
66
ov'L
1y
1v'
Ly
8y
60,
6L

TSL

[4: 9
[4: 94
£8°L
v8'L
v8'L

—_— —==== 007
—_ —== 00T
— ——== F00'T
154
R — 0t
R 0°€
— == ot
0T
el
( — N\ O = Fee't
[=]
o
N
O | T
=
n o
I s
-
=
-4
I
. J

2.5 2.0 1.5 1.0 0.5 0.0 -0.!

3.0

3.5

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

8L°6C—

98°9€ —

8b°05 —

899, \
p-wlojoliolyd 00°£LL w
weLL

6C°9¢T
vm.mNHW
£€6'LCT
@v.mmﬁ\,
05°8¢T
06°CET \
£8'9€ET

9EPPT —

88'66T —

13C NMR (100 MHz), CDCl;

200 190 180 170 160 150 140 130 120 11f0 ( 1())0 90 80 70 60 50 40 30 20 10
1 (ppm

210

S80



T
9’1
£€9'T
+¥9'T
99']

9T

89T
17
11z
Nﬂ.NV
€1°C

ww.N V
0L¢ 7
we

mw.m V
68°€ 7
16°€

80'S —

80°L
8T°L
(A
wL
€L
€L
YL
p-wiojoI0ly) 9z', /F
6T°L
0L
T€L
€€°L
SEL

TH NMR (400 MHz), CDCl,4

I

=/1'81
Foee

e

50T

FE0T

= 00T

=50
v
209

2.5 2.0 1.5 1.0 0.5 0.0 -0.t

3.0

3.5

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

5867
te0E
TEVE~_
78'sE
06'SE

6C'1S —

89'9L N
P-wilojoiolyd 00°LL 7
€L

9T'¥TT
09521
18°S¢T
+8LTT /

om.wNH
mN.mNﬁ W
6£°8CT
PP SET
T9°SET

T —
§S°SPT —

£8'TST —

13C NMR (100 MHz), CDCl;

200 190 180 170 160 150 140 130 120 11f0( 1())0 90 80 70 60 50 40 30 20 10
1 (ppm

210

S81



00'0-—

@D
T
£

E.N\

Wt—F
vv.w\
Elard

e
Nﬁ.N/
144

[4: 23
8¢ V

mw.m\

106 —
9¢'s —

86'9
61°L
07
124
7T
7T
€L
vT'LA
v
P-WI0JOIOIYD 9T'L
9L )W
1Tl
87,
8z’ L
67,
0e'2
1€
[AR
ve'L
peLd

H NMR (400 MHz), CDCl,

—50'8T

FS1e

FETe

00T

=10C

10T

=10C

Froor

2.5 2.0 1.5 1.0 0.5 0.0 -0.t

3.0

3.5

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

€€0€
Nm.mmW
£€bE -
zrse/

00 7S —

899, \
p-wlojoioyd 00°£L w
w€LL

LY'CIT —
9T'veT
06°SCT
T1°9¢tT
6C°LTT
06°2CT V
T8¢t
TE'8CT
0€'SET
€5°SET
0T’ TPT
8C'SHT —
0b'8vT —
P6'TST ~

13C NMR (100 MHz), CDCl,

200 190 180 170 160 150 140 130 120 11f0( 1())0 90 80 70 60 50 40 30 20 10
1 (ppm

210

S82



ST

——

AYE
81°s
CIR
61, ]
0z’
0z,
12
s
bTL
vT'L
P-WLI0JOIOIYD 9L
8z
87
62'

~Noo
388
66w

L]

TeL-

oS s

H NMR (400 MHz), CDCl,

80T

40T

= 00T

=80C
= 0T'T

Fore

2.5 2.0 1.5 1.0 0.5 0.0

3.0

3.5

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

T —

€97 —
62°0€
mm.ﬁm%
Tece i
ov'Ze \
6C'bE
mv.an\‘
[4-WAS

ST1S
Nm.ﬁmv

bbvL
S9'vL
89°9L ~
p-wiiojoIolyd 00°LL
w€eLL

[ 741
ST'HCT
L8'SCT
06'SCT
Ly LTT
1821
TAVk4)
18'LCT
TE°8CT
6€'8CT

g

LY'SET

bSvrT
NN.mEW
8E'SHT
06°'TST —

13C NMR (100 MHz), CDCl,

200 190 180 170 160 150 140 130 120 11f0 ( 1())0 90 80 70 60 50 40 30 20 10
1 (ppm

210

S83



Z4%
ST
9T
£0°6 1
905
£€8'9
891
489
58'9
58'9
88'9 1
68'9 1
06'9 |
16'9
26'9
56'9
86'9 1
66'9 1
002 1
10

2. ]
€0°2
€0
v0'L o
50
902+
£0°¢
80°L |
60'

L4 WAN

n
-
~

L

stz
o1
AVE
1L
812
612
61,
612
0z’ ]
1L
172
2L
€72
€L
€72
P-Ww.0401014D 92°Z
822
0€°L
€L A
1€ A

el

T AT,

L

s/

Jt),

€0'S —

90 — —

major\

OH

‘Bu

Bu

Ph

114 dr
TH NMR (400 MHz), CDCl,4

9, 86

minor

9T’y

00"

5.07 5.05 5.03 5.01

5.09

=88'0C

—== et
= [s17

f1 (ppm)
(.

<

9T°0
00°T

2.5 2.0 1.5 1.0 0.5 0.0

3.0

3.5

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

20°0€
$1°0€
8€°0€
TH'0€

YLTE—
/.

80°2€
€€'bE \
9€'bE
Lrsy
95'Sk ~\.
2oy
9z'9%

89'9L N
Pp-wlojoiolyd 00°LL 7
€L

0€'sz1
g5t
st
s
68'S71
96'S21
66'521 1
90'927 |
S1'877 |
1€°821
€8'877 |
88821 1
SL°6TT
78621 1
T00€T
8b70€T
ceserqk
05°ET 4

TLLET

£0°8€T
TH'6ET
£8'6€T -\
oport =

S

€6'TST

OH

Bu

Bu

Ph

J

114 dr

9, 86

\

13C NMR (100 MHz), CDCl;

200 190 180 170 160 150 140 130 120 11f0 ( 1())0 90 80 70 60 50 40 30 20 10
1 (ppm

210

S84



9’
JA 4
8v'C
8v'C
0S'C
15°C
[AN4
£9°C
ST
95°C
15T

\
S5
16€

s —

689
689
069
169
169
169
869
669
(UvA
HNN/
wL
wL
€L
YL
vT'L
S¢L
Pp-wiiojoiolyd 9z°L
€€L
vE'L

OH

Bu l ‘Bu

Me)

A

L
100 (o]

H NMR (400 MHz), CDCl;

C

=90°8T

F sty

= S0°¢
= 00T

00T

= S0
= 06T
=507
B €07
B 00v

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

(roe

S
L62E—
1epE

9905 —

6v'SS —

89'9L
P-wlojoiolyd 00°LL W
€L

EEPIT—

vzeer
e M
61°971 ~C
v8TT—
giaer
TSPET~
S9'SET—

OT'bHT ~_
Ob'bbT

b1CST—

0T°L5T—

wUT—

OH

‘Bu i Bu

OMe)

10°
13C NMR (100 MHz), CDCl,

200 190 180 170 160 150 140 130 120 11f0( 1())0 90 80 70 60 50 40 30 20 10
1 (ppm

210

S85



000 —

oP'T—
6C'¢C
6C'¢C
0€C
T€C
T€C
[a4
€€'¢
€€'¢C
Pe'T
S€'¢
9€'¢C
9€'C
LE7T
8€'C
AN
8¢ /

S0°S—

102
9T’L
9T’L
LT°L
8T°L
6T°L
6T°L
0L
YL
p-wlojoiolys 9z°L
LZ'L
8L
6C°L
0g’L

=£0'8T
— == T vy
~ ==E €01
- - = 00T
—_ ——= 707
~ = €0°T
— jﬁ 6%
e o
T (8]
o
Q o
5 °ls
a T
-|=
I L o m
°© 2
g
=]
[ 4
r e

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

0€°0¢

96'0€ V
€5ce 7
bEPE s

95°0S —

SL9L V
p-wlojololyd 00°£LL 7
STLL

8TbeT
61071
€871 —
gvge1
S PET ~
0L'sET—

W HHT —

9T°ZST —

98'8LT —

OH

Bu l Bu

OH

1

13C NMR (125 MHz), CDCl,

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S86



10°0-—

18T
P
062/
bTES
9z
8z'e

599
99
9
19
€9
be'o
)
89

p-wiojosoid 8277
'L
RE/
S
85, —

Y6'L~_
9%,

12 O

580

Faet

F00C
0T

10T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

96°€C —

0b'9€ —

899,

———

ol

eLL

00°82T
0,81 /
grEel "
Ob'EET

Hm.wmﬂ
mm.wmﬂw
8L°9€T

81'8vT —

:\hf
€57/8T v.

G8°L6T —

12
13C NMR (100 MHz), CDCl,

iy

il

(ad

L

200 190 180 170 160 150 140 130 120 11f0 ( 1())0 90 80 70 60 50 40 30 20 10
1 (ppm

210

S87



