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All chemicals and reagents were purchased from commercial suppliers and used without
further purification unless otherwise noted. The following reaction solvents were distilled prior to
use: dichloromethane from calcium hydride, diethyl ether and tetrahydrofuran from
Na/benzophenone, methanol and ethanol from activated magnesium under argon. All reactions
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were carried out under an argon atmosphere in either flame or oven-dried (120 °C) glassware. TLC
analysis was conducted using glass-backed Thin-Layer Silica Gel Chromatography Plates (60 A,
250 pm thickness, F-254 indicator). Column chromatography was performed using 230-400 mesh,
60 A pore diameter silica gel. 'H and '3C NMR spectra were recorded at room temperature on a
Bruker AV800, DRX-500 and ARX-400. Chemical shifts (¢ values) are reported in parts per
million, and are referenced to the deuterated residual solvent peak. NMR data is reported as: J
value (chemical shift, J-value (Hz), integration, where s = singlet, d = doublet, t = triplet, q =
quartet, brs = broad singlet). Optical rotations were recorded on a Perkin Elmer 341 polarimeter.
HRMS and LRMS spectra were recorded at the Purdue University Department of Chemistry Mass
Spectrometry Center. HPLC analysis and purification was done an on Agilent 1100 series
instrument using a YMC Pack ODS-A column of 4.6 mm ID for analysis and either 10 mm ID or
20 mm ID for purification. The purity of all test compounds was determined by HPLC analysis to
be >95% pure.

Expression and purification of protease species

Expression and purification of protease were carried out as previously described [1].
Briefly, Rosetta (DE3) pLysS strain (Novagen) was transformed with an expression vector (pET-
30a), which contained the genes of wild-type HIV-1N4-3-PR (PRWT) using heat-shock. The culture
was grown in a shake flask containing 30 mL of Luria broth plus kanamycin and chloramphenicol
(LBK™*/Cpt) at 37°C overnight. In the expression of PRWT, twenty milliliter of the grown culture
was added to 1 L of ZYM-10052 [1.0% N-Z amine, 0.5% yeast extract, 25 mM disodium
hydrogenphosphate, 25 mM potassium dihydrogenphosphate, 50 mM ammonium chloride, 5 mM
sodium sulfate, 1.0% glycerol, 0.05% glucose, 0.2% a-lactose, 2 mM magnesium sulphate] plus
kanamycin and chloramphenicol (ZYM-10052Km/Cr) The ZYM-10052Km*Cpt culture was
further continued at 37°C for 20~22 hours. Then the culture was spun down for pellet collection,
and thus-obtained pellets were stored at —80 °C until use. For purification of PRWT, the pellet was
resuspended in buffer A [20 mM Tris, ]| mM EDTA, and 1 mM DTT] and lysed with sonication.
The cell lysates were separated into a supernatant fraction and an inclusion body fraction with
centrifugation. PRYT was confirmed to be present in the inclusion body fraction, which was
washed five times with buffer A containing 2 M urea and then with buffer A without urea. The
twice-washed pellet was solubilized and PRs were unfolded with 100 mM formic acid (pH 2.8).
The unfolded PRs were purified using the fast protein liquid chromatography system (AKTA pure
25; GE Healthcare) and separated using the reverse phase chromatography column (RESOURS
RPC 3 mL; GE Healthcare) using the gradient of buffer B [1.0% formic acid, 2.0% acetonitrile]
and buffer C [1% formic acid, 70% acetonitrile]. The flow rate was set to 1.0 mL min-' and the
column was equilibrated with 75% buffer B and 25% buffer C. Then, the amount of buffer C was
increased to 75% over a 30 min period (10-time the column volume). PRYT was eluted with
35~50% buffer C. After the elution, buffer C amount was increased to 100% in 6 min and returned
to the starting condition over the next 6 min. The peak fractions including PRYT were collected
and three-time diluted with buffer B. The diluted PRWT solution was injected into the AKTA pure
25 again and the targeted PRWYT was purified using the same purification step as described above.
The collected fractions containing PRYT were subjected to desalting (HiTrap Desalting; GE
Healthcare) and the eluted solution was equilibrated using 100 mM formic acid and stored at -80
°C until use.
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The unfolded PRWT was refolded with the addition of a neutralizing buffer A [100 mM
ammonium acetate pH 6.0, 0.005% Tween-20], making the final pH 5.0 to 5.2. The PRWI-
containing solution was run through Amicon Ultra-15 10K centrifugal filter units (Millipore),
giving a solution containing PR (5~8 mg/ml) in 10 mM ammonium acetate pH 5.0 and 0.005%
Tween-20. Occasionally, twice greater concentrations of a test compound were used for
crystalization. After centrifugation, the supernatants were collected and subjected to crystallization
using the hanging-drop vapor diffusion method. Nextal Tubes ProComplex Suite (QIAGEN) and
Wizard Crystallization Screen Series (Emerald BioSystems) were used for the first screening to
determine the optimum crystallization condition.

Determination of X-ray structure of HIV-1 protease-inhibitor complex

The HIV-1 protease was expressed and purified as described previously [2]. The PR/GRL-19-17
(compound 5¢) complex was crystallized by the hanging drop vapor diffusion method with well
solution of 1.25 M NaCl, 0.1 M Sodium Acetate, pH 4.8 while PR/GRL-52-16 (compound 4a)
crystals were grown with a reservoir solution of 0.65 M NaCl, 0.IM Sodium Acetate, pH 6.0.
Diffraction data were collected on a single crystal cooled to 90 K at SER-CAT (22-BM beamline),
Advanced Photon Source, Argonne National Lab (Chicago, USA) with X-ray wavelength of 1.0
A. The two-diffraction data were processed by HKL-2000 [3] to a Rmerge of 5.6% and 7.9%. The
complex structures were solved by PHASER [4] in CCP4i Suite [5, 6,7] using previously
determined isomorphous structure with PDB code 3NU3[8] as start model. The protease and
inhibitors 5S¢ and 4a complexes were refined by SHELX-2014 [9, 10] up to 1.3 A resolution and
by REFMACS [11] to 1.25 A resolution respectively. PRODRG-2 [12] and Jligand [13] were used
to construct inhibitors and the restraints for refinement. COOT [14,15] was used for model
building. Anisotropic atomic displacement parameters (B factors) were applied for all atoms
including solvent molecules. The final refined solvent structure comprised one Na* ion, two CI-
ions, two acetate ion and 200 water molecules for protease/Sc¢ and one Na™ ion, two CI- ions, one
glycerol, one formic acid and 222 water molecules for protease/4a, respectively. The
crystallographic statistics are listed in Table 1. The coordinates and structure factors of protease/4a
and protease/4¢ were deposited in the Protein Data Bank [16] with code 6VOD and 6VOE.
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Table 1: Crystallographic Data Collection and Refinement Statistics

Caomplex PR/GRL-19-17 (5¢) PR/GRL-52-16 (4a)
Space group P2,2,2 P2,2,2
Unit cell dimensions: (A)

a 58.49 58.78

b 86.24 86.21

c 45.96 46.02

Resolution range (A)

50-1.30 (1.35-1.30)

50-1.25 (1.29-1.25)

Unique reflections

54,691 (3,776)

58388 (3202)

Rineree (%) overall (final shell) 5.6 (49.5) 7.9 (51.8)
I/6(I) overall (final shell) 28.1(3.2) 16.9 (2.1)
Completeness (%) overall (final shell) 94.4 (66.4) 89.4 (49.9)
Redundancy overall (final shell) 6.1 (3.8) 6.4 (3.2)
Refinement

R (%) 16.0 15.9
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Ree (%0) 20.2 18.5
No. of solvent atoms 200 234
RMS deviation from ideality

Bonds (A) 0.01 0.01

Angle distance 0.03 (A) 0.03 degree
Average B-factors (A?)

Wilson Plot B factor 13.5 12.5

Main-chain atoms 15.5 12.7

Side-chain atoms 21.7 17.6

Whole chain atoms 18.5 15.2

Inhibitor 14.2 10.1

Solvent 26.1 24.1

Cells, viruses, and antiviral agents. Human CD4" MT-2 cells were grown in RPMI-1640-based
culture medium supplemented with 10% fetal calf serum (FCS: JRH Biosciences, Lenexa, MD),
50 unit/mL penicillin, and 100 [g/mL of kanamycin. The following HIV-1 viruses were employed
for the drug susceptibility assay (see below): a laboratory HIV-1strain (HIV-1y ), a clinical HIV-1
strain isolated from drug-naive patients with AIDS (HIV-1ggsiospre) (1), and six HIV-1 clinical
isolates which were originally isolated from patients with AIDS, who had received 9 to 11 anti-
HIV-1 drugs over the past 32 to 83 months, and were genotypically and phenotypically
characterized as multi-Pl-resistant HIV-1 variants (1, 2). All such primary HIV-1 strains were
passaged once or twice in 3-day old phytohemagglutinin-activated peripheral blood mononuclear
cells (PHA-PBM), and the culture supernatants were stored at —80 °C until use. Amprenavir (APV)
was received as a gift from Glaxo-Wellcome, Research Triangle Park, NC. Darunavir (DRV) was
synthesized as previously described (3).

1. Yoshimura, K., et al. Proc. Natl. Acad. Sci. USA 96, 8675-8680 (1999).

2. Koh, Y., etal. Antimicrob. Agents Chemother. 53, 987-996 (2009).
3. KohY, etal J Mol Biol 282, 28709-28720 (2007)
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((1R,6S5)-6-(Acetoxymethyl)cyclohex-3-en-1-yl)methyl 4-nitrobenzoate (S2):
H 0

5 H
OH  4-NO,PhCOCI, Et;N, DMAP v OJK@
i CHCly, 23 °C,12 h, 74% - NO,
OAc H OAc
11 s2

To a stirred solution of alcohol 11 (15 mg, 0.08 mmol) in CH,Cl, were added Et;N (17 uL,
0.12 mmol), 4-Nitrobenzoyl chloride (16 mg, 0.08 mmol) and DMAP (1 mg, 0.008 mmol) at 0 °C.
The reaction mixture was stirred at 23 °C for 12 h. The reaction mixture was quenched with water
and extracted with EtOAc (2x15 mL). The combined organic layer was washed with brine
solution, dried over Na2SO4, filtered and concentrated under reduced pressure. The crude product
was purified by silica gel column chromatography (10% EtOAc in hexane) to afford S2 (20 mg,
74%) as an oil. R,= 0.7 (30% EtOAc/hexanes). 'H NMR (400 MHz, CDCl;) § 8.31 — 8.27 (m,
2H), 8.23 — 8.18 (m, 2H), 5.72 — 5.64 (m, 2H), 4.46 — 4.31 (m, 2H), 4.20 — 4.06 (m, 2H), 2.46 —
2.38 (m, 1H), 2.35 — 2.19 (m, 3H), 2.10 — 1.95 (m, 5H); 13C NMR (100 MHz, CDCl3) 3 170.9,
164.5, 150.4, 135.5, 130.6, 125.1, 124.9, 123.5, 66.5, 65.0, 33.7, 33.6, 26.5, 26.5, 20.9. LRMS-
ESI (m/z): 334.1 [M+H]".

HPLC data of racemic (+)-S2:
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Sample Info : CHIRALCEL 0Z-3
10% IPA/HEX
5 ul inj
1.0 mL/min

254 nm
1.0 mg/mL OAc

G

(+)-82

DADT A, Sig=250,4 Ref=off [CICHEMIZIMDATAI0 BKS-07-283-RACEMIC_206.0)

(] £ n [=1] = | ;'
[=] (=] [=] [=] (=] =
P T T T W0 W T W N R ST A N U 0T O O B A

()
(=]

[=]

¥
t_f.’.-.ZZS
X

Sorted By
Multiplier

1.0000
Dilution z
Sampls Amount: H 5.00000 [ng/ull (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs

S5ignal 1: DAD]1 &, 3ig=250,4 Ref=oif

Peak RetTime Type Width

I Lrea Height Lrea
= [min] [min] [mAT*s5] [mAU] %

Rt S sty Pl fr e T oo ol lnotoaty S e et T |

1 3.225 BB 0.4712 117.68350 3.4053 0.6729

2 577 BB 1.5301 8975.32617 78.490 51.3179

3 22.477 BB 2.2486 B8396.65916 43.887 B.0093
Totals 1.74857e4 130.76389

L ) ?qj Sf B

HPLC data of racemic (+) S2:
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Sample Info

Additional Info :

: CHIRAL

CEL QZ-3

10% IPASHEX
5 ul inj

1.0 mL/min

254 nm

1.0 mg/mL

: Peak(s)

manually integrated

DAD1 A, Sig=250,4 Ref=off (213K 3-07-252_200.0)

(+)-82

NO,

35

Sorted By
Multiplier

Dilution

Use Moltiplier & Dilution

Signal 1: DAD1 A,

Peak RetTime Type
£ [min]

3ig=250,4

Width

Ref=off

Area Height

[ng/ul]

{not used in calc.)

1 2.213 MM
2 14.603 MM
3 Z22.574 MM

0.534Z2
633 1.

=3
g
. 3626

[min] [mAT*s] [mALT]
97.27 3.034838
53€438e4 137.43466
9€.55656 1.18103
55586ed 141.65057
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£
0 eaca

PR =

L L el
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S8



66T
007
107
£0°
v0'T
502
90°7
L0T
807 7
607 7
607
e
e
b7
ST'Z
Elaay

. o

Le—
95°€
LS°E
6S°€
09°€ N
69°€
e
we
vLE

89°S
oo.m/
19°S
¢c.m\

9L —

"H NMR (400 MHz, CDCl)

=

~———— TFoot

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

10.0

Lo
z )
(S
o
e
£8'97 —
¥ 1L g
we— = °
L2
E o
F
3 o
F o
96'€9 — =
3 1<)
3 S
099
SEW
a2 LS
o
3 o
~ 3 ~
£ | of
g 2 28
o 3 o
bt ; z
3 o
. LS
o
(©] = L]
a -
4
£v'sz — (@]
N a I
e 2
I
o
o L <
O 3
=
N
o L&
= : |7
pz4 4
O L3
- 2
- 3
o
|
S
- o1
| )
2
- o
I—rS
3 o
Lo
3 o~

S9



S8'T

80°C
80C
80'C
01T
or'e
e
me
e
[4%4
(454
(454

fere

€€

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0

5.0 4.5

f1 (ppm)

5.5

S6'0C—

06'ST ~
96'9C "

10

20

TT€E—

PILE—

40

50

60

bS'E9 ~
88'v9

79°9L
¥6'9L W
9TLL

90 80 70

100
f1 (ppm)

[A%4
9T'T
L1a4
we
jxa4
jx4rd
€T
jxa4
vT'T
sTT
st
bS'E
95°€
LS°E
6S°€
£€9°€
v9'E
S9°€
99°€
AR
T6°€
£€6'€
v6'E
96°€
STy
LTy
8Tt
6Tt
19°6
T9's
19'S
9's
w9's
w9's
9°'S
€9'S
€9°'S

+¥9'S

H NMR (400 MHz, CDCl3)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

10.0

110

DGl,)

m
Ns

0

2

1

66T

zsser

140

15

3¢ NMR (100 MHz,

160

TETLT—

179

18D

190

200

S10



161
86T
86'T
66T
66T
007 1
207
€074
€0°C
+0°C
0
0T
STZ
ST
97T

0.0

0.5

1.0

1.5

T
12T
LT
877
82
622 ﬁ
0£'Z
0£'Z ]
1€
1€
1€
2]
2]
857 ]

85T
09'C ﬁ

€0t ]

L0%
L0t
80t
80'%
60t
60t
60%

60t “
60t
(a4
|14
484
w9's
w9's
€9°6
€9'S
€9°'S
€9°S
¥9'S
v9'S
¥9'S
§9'S
§9°'s
S9°S
§9'S
99°'S
99°'s
99°'S
£L9°S
L9°S
89S
89S
89S
69°'S
69°S
0L's
174
1S
9L
L6
L6

H NMR (400 MHz,CDCl3)

|

—_—

L

LT'E
8'0
Fe0c

Fooz

o

Fooz

11,5 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 2P
f1 (ppm)

12.0

9907 —
[headl
2090~

897 —

8T'Ly —

10

20

30

40

50

8E'H9 —

60

€992
S6'9L W
LTLL

80

90

100

110

f1 (ppm)

120

0L¥TT ~

PESTT

130

140

N

OAc

50

T

H

€9°04T —

C

st
3C NMR (100 MHz,CDCl4

170 160

180

190

200

yC'€0C —

210

S11



0.0]

0.5

1.0

1.5

ad
6v°v

L

10

20

AU

H NMR (400 MHz,CDClj)

ot

L

m\mo.ﬁ

16'C
0€

Aeor
R0t
660

Froe

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f1 (ppm)

10.0

68'TE~\_

40

1978~
8b'€S

9TH9 —

50

60

6579
16°9L W
€TLL

70

80

0

86'+0T —

100

110

f1 (ppm)

2

SLHTT~
eser

130

M

140

12

150

160|

70

iazas

3C NMR| (100 MHz,CDCl3)

180

190

R0O

2110

S12



ST

S9'T
7t

"

p

o

To.m

0.0

0.5

1.0

1.5

R.0

iy

ey

"

Ll

£T°EE

S9'PE ~

668!

(

b

==

3.0 2.5

3.5

4.0
f1 (ppm)

4.5

9%
20°L6
8T’ Ly

V77

TZ 7

€Ty~
9075~
wes

S6'79 —

9€'89 —
€L0L—

1 (ppm)

v,

T
90

58—

6v'S~

13

"H NMR (400 MHz,CD30D)

5.0

5.5

6.0

6.5

7.0

7.5

8.0

T
100

v6'P0T —

18

T
11

T
120

3C NMR (100 MHz,CD30D

T
30

40

T
150

S13



=
¥S'T °
(5T
09T
09T
991 2
9T e
69T
oLt
0Ty
127
17A8 [
(7%
[7a8
as
€011 n J srse~
vty F e €8'87 "
[ZA% 1 =] Mot
AR § H

a\-. .
SCTf —== %\NS E€PE—
STE = 85—
91 )

N

iy

e

ey
w
o Feor 589
8T

|

: =] Feot 8.?/
18] Yaddi
w81 1 v

e~

-1 A i
mmf E.Gu\
16
807 F

|

1]

o [4%:i2
ore mm.z\
o 8925

are ] [ ™
€17 3 0=

MN.N_

s¢e NIH/@ﬁ.o n

9Tk =1 1 )
9 20'T ~™ '89 —
Ze e e

L 0T
e r e

8T E H\MO.H

0eT
Te°e |

f1 (ppm)

€6t |
8h'c |

P—
== .
T4 § —_— m\mf
os°¢ ]

80)
1)(ppr1)

S14

—
1]

G.& in
15 | | v
ese
19°€

90

L

e
€9°¢
§9°€

5.0

D;0D)

I
L

vLE
SLE
9L'e
LLe

OMe
OMe

104

. TTS0T —
8L€

6L°€
88°'¢
88'€
68°€
06'€
T6°€
6Tt

14

14

110

120

1€y

8y

H NMR (400 MHz, CD50D)

6.5

7.0

st t,‘mmu\www M ANAA i MW'WW

3¢ NMR (100 |MHz,

130

7.5

140

150

o




vS'T

L8567
6LTE—
SLYE—

i

e —

6v°L9 —

09°9Z
99,
£8'9L
16,

9L

"H NMR (400 MHz, CDClj)

Fs60

5.0
f1 (ppm)

T
5.5

6.5

7.0

7.5

9.5 9.0 8.5

T
10.0

qo

£9°80T —

f1 (ppm)

110

0 MHz, CDCly)

H
v

3C NMR (1

T
180

T
190

T
200

S15



TET
061
16T
06T
61
6T
v6'T
6T
6T
97 |
%1 1
5021
€121
jawa
b7
ST'Z
ST'ZH
112
8T°T

617~
6177
617
0zz

17
e ]
e
[xad
ezt
sz
szzd

66°€
0%
[4\a4
POy ~&
80t “f
60t
1184

[A%4

w9's
€96 W.
€9°'s

OAc

15
"H NMR (400 MHz, CDCl5)

80T
Bo0z

1.5 1.0

2.0

3.5

4.0

4.5

5.0
f1 (ppm)

T
9.5

T
10.0

10

W

uu °
8807 — —_—= N
9’97 — —
. o
)
See— «
=z .
2 +
3 o
= n
k2
> 3 [=]
= ©
96’49 —
= S
65T =
S.mnV
Syl = o
=
=
£ |
= | 2
= ok
g
= r2§
3 bl
= o
4 =
3 hai
— 3
e
O L | s
o ES hal
10521 — o () =
< N = |
[@) [&) L =
< =
<< = _
59 .3 : M
T T - — 3
~ =
R = m
— s 3 [
3
p4 £
O £ |8
3 ©
%) 3 -
~ 3
=
4 o
. = N
S6°0LT — - 3 —
|M\

1180

gt

4,

190

(LA

200

S16



vTT
[Zas
69'T 1
69T 1
69'T 1
69'T 1
[7AS
788
(788
€27
6.1
6.7
6.1
28T
281
281 W

e

20T
'z y
507
807 —

0.5

1.0

1.5

1T
01

2.0

907
90 u
xs

0T J
80
80°Z
607
o1z
29T
€9
v9Z
¥9'7
9]
187
18]
Nmi i
[£X4

00T
10T

3.0

10T

4.0

z6°€
€6°€

©
]
L
—

S o
& @
EE
i

=)

NO,

()

6]
H

q
)

PS8T
et~
$OPE —

€ —

"

Al

ALLM B

T
5.5

J

6.5

f1 (ppm)

S6'€L
029 /
6L°9L
v0'LL /
T N

0€'LL

2

NO

f1 (ppm)

50°60T —

11

T
120

S8TCT—

a

6TSCT —

o)
L

6]
H

P

16

T
130

WL
v'8
j74]
S8
9’8
9z'8

X
16
"H NMR (500 MHz,CDCls)

3
B

—— Foe

7.5

8.0

—1 Tooz

8.5

9.5

T
10.0

~«

H
T

T
140

N
N
0

9T’ SPT —

\

0]

3C NMR (125 MHz,CDCl3)

0L°TST —
99°GST —

H

T
150

T
116!

T
170

T
180

T
190

ARy

T
200

S17



€L°L

980 o b
- [ o - e
5 o
La 2
. =
Rsoe | = LT~ L
v0'07 7 =
61T : -
~— vILe
o [lese~
- 6262
\\A 20T 85°6C
. Tesz B.EW
W Ferr L2 |f €0¢
M~
Sty —
in
] L w
| hgo [N
i o1 PSES N
\\\"{! 6T 11°66 —~
e w01 | o || erss
\l\M wﬁo.m [l B9 BS
[ n
L2 | e
o | besi\
] mN.ﬁ/
— | LR
L 2 6'9L o
s N re
—] " .
Fo &
Te60 — E n
o &l of
—] Fss0 g LS9
p = (0] —
s > hel
ST'E 0] ) (@]
e s L@ fsceor— - L m
€€ o —— Feo VH/ 4
vLE ‘\ BT PIT — — —
sce / \ o
. o = <
we o Q (@) re
we =
. = ‘9zl = S
8L€ < - 2] O
6L°€ Jo) O 0e'8et ﬁl N °
08t % A Lo mw.mmﬁv = O N ———= | g
08'€ PaS O 6¢ I i
sg'e = O "~ V66T ) =
98'c u7n_ - muu © o =
8¢ ° — e _ °
80t T s = — Rz | ~ < N b +E
. 0T o A
orv | O s o B B WM.N.V = $
Y S 5 F= < 4 =
o'y ..__/ 0 0 - = 2
e — = ~ N J_”O = (-
MM...H o o ——1 o (@]
- ﬁ > £8'55T — O T =
1744 = ° « Q
wy . - e
105 T / £8'29T — I -
09's @)
09° n sl ~ o
969 F o o) rs
869 =
pocyy T 3
0TL =
0zL L2 L8
1L o -
17e -
€L
sTL n L&
9TL ra &
9z'L E
@ZL =
67t o = |8
L Fs W ]

S18



6L°0
6,0 r
080
180
980
£8°0 =
160

0.0

A

0.5

98'L —

€60 5 -
. —. _ 60T
+6°0 \M\ =0T’¢

o e ————— 5
560 H/wo 8L6T ~

sz1 w 07
s W £002

1.0

20

1.5

8T J— 40T wN.mN\
98'T

89T =50'T §5°9C
oLt 61°LT V
£8°'T W I E06C 7 =

—> 006z,
Ay = To.v bOvE
881

- 0. 09
€61 A A

vty —
6T

S6'T

2.5

6T

60 = . 09'€s —
= 0'v

54 == T p1ss

[as 8 - Tk 69'85 —
B 3 == POT'T
el = 10

we 01

%1 =1 e F
m .

3.0

€07 —
ey
bee ] L 8€'eL
see] VE'SL /
sz — mN.ﬁ/
9L = To.w a9
MMW L2 €69,
3 \'Lu . 8T'LL
6T 0T
k4 3 Feot
182
8T
¥8'T
66 ﬁ
10°€

we

4.0

>
>

-] Fue0

100

S>—N
5‘.0 .
f1 (ppm)
>—N

N
S

oot

N

0°€
L0°€
80°€

I

f1 {ppm)

S19

|

or'e SL°80T —

S
|3

T
5.5

110

e Fue0
ere ﬁ

2N
g
0
T

1457
8T'E
oe

Ty'81T
S8°0CT ”

o

J

2

“§TT

6C°9CT
£821 /

S
O

o)

€Le
bLE

Ghg2r

|

13p

18°€
€8¢
L8°E
L8°E
88'€
68°€

n
S ||svoer —~ T
ooter /- O

TLLET —

/

H

140

80
60t

ey VH
14

€y
f4 %4
69v
0Ly
Uy
80°S ﬁ
oT's
65°'S

H
Ph/
Ph

—— Es11
== WMm.v

80 |

e B [ D
——]  F0T 9bSST ~

58'55T

OH
NSNS
4b
"H NMR (500 MHz, CDCl3)
N._~ULN
\/\/ S
4p
3C NMR (125 MHz, CD
|
»Ml[
|

g

N

150

160

09's o _
612 v6'2L1

170

1L
YL o
STL F o

180

9L
LL
62°L

190

9.5

veL r
bS'L

95°L
69°L
0LL Lo
608

’

10.0
A

200




' Q
. | =]
: B
o
g ——| «LT'€
. g =]
y e |G
13\ \k =0T
- = =559 | in
f ]
- . SETT
T i T o
- ‘. = Nort A
1
‘w = H/Oo.ﬁ o~
A ot
. ] Es07
01 | ©
=] e [
=7 tv6
JEE—
1
: Gl
.
< =] T
. — o
.} r<
e e B
1oe |
e ——==—— F660
80°€ L M
60
60°€ Iz —— F+60 =
ore L/ .
e o g
. o’ T
e ﬁ z” 0O = E0 | &
ove —_ EE— M
e 0 - Fuo | »
€8°€ O [
bee A ———] 60
68
ory ﬁ \\O C, o
Y ), N re
4% Q/l / //O I
o z S
€Ty
. o n
383 T % S Fo
i o ©
€€
€€y o
ey "IN s L2
at = & Z
= =407
60°S VHO I g0
196 - goT |1
19°6 ] o1 [N
0z'L [ — ==
12 ﬁ
172 o
[ [ ®
L]
NN.L
9Tt n
7L o
8TL
67,
62L o
ogL F o
gL
W
WL 1n
€9 L@
v9'L e
¥9'L
s
. o
we Lo
L -

68'6T ~_
oz
167t —
WN.NN/
€167~

6€°67 W

0£'6C

PR Tyt

TP
e
952 —
SLSy—

€5

szss

85

SPTU~
PP~

m)

Jor°80T ~

S20

f1 (]

98807 <

11p

L6°STT —

[X4 741

xh

’/S\
(0]

>

06921 \_
£6°821 ~_

SS6CT —
SO'0€ET 7

€8°LET —

| on
NI LA~AANS

Ph

L9LbT~
2611

4q¢
13C INMR (125 MHz, CDCl3)

o)
Ho

ﬁ

S6°SST —

TEEIT —

’/Oﬂ

o

i




v6'1 |
s6'1
91

671
257
vz ]
]
we
€t
vz
\7a4
sz
9z
9T
we
8L
60T
€87
ve'e
8
87
667
10°€
20€
vo'e
60°€
or'e
e
e
€r'e

Lroc

=

—

=407
e
Fure

Aert
0
=201
JE0T
pot

Feee
T
i

v0'8 —

ETPT —
68'6T

£L1°0C V
0LTT~
w9t

LE'LT V
ET6C 7
6€'6C \
16T \

e
mm.mm\

i

'

LAk il

L

L

20

vS't —

wes—
20ss

96'85 —

bpTL
£9°°L /
YE'SL

£V'9L

L

o5 or
ﬁD.NN*
LULL

"

l

Z8'T0T

101

>—NH
>

"

T
90

T
100

f1 (ppm)

D

0Z0T

N
S

68'80T ~
SETIT
SP'ZIT v

[74:11 5
67021
£5'STT~

J @

’/S\\
0 ©o
— F

110

ZS0ET ~C

1433
9T'e
8T'E
6L°€
08'€
18°€
fa:23
f4:2
a4
(494
1494
(4% 4
1234
Uy
s
s
09°'s
09°'s
99
99
599
649
189
9L
95°L
85°L
0L

wuL
178

¢
F

"H NMR (500 MHz, CDCl3)

TgoT

£
\t

€0t

il Eoot

7.5

8.5

9.5

T
10.0

671ET

TN
=

OH

forevr —

H

85°SST ~.
b8'5ST

N\/: \/N\
?
R
'3C NMR) (200 MHz, CDCl3)

ST
TE29T

8H'€9T
SS°E9T \

wUT—

T
180

T
190

T
200

S21



180
280
€80
€80
80
680
680
060
1670
2607
2607
€6°0
v60
560
960 1
160
160
8601
660 ]
€7
9e'T
[7a%
se1
88T |
06'7 ]
167 ]
€61 |
61 #
86°

00 |
ST

557
vz ]
sct]
9T
LT
we
8L°C
6LT
6LT
08z
18T
¥4
8T
88T
68
€0E
bo'E
s0€
145
or'e
LT'E
08'e
18°€
bg'e
98'€
06'€
484
VI
ory
YEY
134
3
SLy
€95
€95
16'9 1
26'9 ]
2691
v6'9 |
669 ]
002

002

90,

80°L

VoL

szl

9L

T

85,

092

€L

€L

YL

stL

€18

=TT =T

o

T ———

b1'8

L

F
TH NMR (500 MHz, CDCl3)

4e

oA LJ \Jw

2.0

\

btk

b

|

A

i

A

Lol i

82T
S'€
19

F90'T

1T

WNN.M

Fert
0'c
0T

YT
0
20

H’nn.m
=80T

Fert

Feot

1T
HHW:.H
F90'T
6'0
M/mNé
F90'T
90T

01

1.0 0.5 0.0

1.5

3.5 3.0 2.5

4.0

5.0 4.5

f1 (ppm)

5.5

6.0

\n
©

9.5 9.0 8.5 8.0 7.5 7.0

10.0

08—

0667 ~_
oz~

29z
vE'LT V

€1°6C
LE'6T
0v'6C
6v°6C
TL6C
€6'TE

TTPe
nm.mm\

SS'Ty

TS —
srss
98'85 —

"

e

WL V.

SS°TUL
6E'SL —

6€°9L

1 (ppm)

88'80T
LTETT )/

110

LEETT
LEITT
Lb'ITT
L9°8TT ~_
86°0CT ~

8C'STT
by'STT
18621

| Bl

£9°0€T \

CIET

85°0vT v.

19°0rF

150

TS'GST~

1°CINMR (200 MHE, CDCl5)

U6 G5t
1291

20291 L
0v'€9T
bb'€9T 7

160

T T
190 180

T
200

S22



840
6L°0
640
640
080
080
180
L8°0
880
€6'0
¥6°0
60

69'T
7T J
¥8°T -]
98'T -]
81
88'T
681
6T
S6'T
161
£5°T
e
2wt
€]
vz
scT
sz

e

560
960
LT
0e'T

=

T

ot
iz
F90'T

oot
67
T

T
10T
20'T

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

w8 —

T6'6T
oz
09z
PE/T

Y67~
6€'62 \
1262
oz'be %
0z'se

95Ty —

TLES —

6755~

98'85 —

8b'TL

[N
A

kil

9T
LLe
Lt
8LC
18T
[4:x4
8T
s8'C
66'C
00°€
10€
€0e
60°€
e
€Te
9T'€E
8T'E
€Le
YLE
SLE
SLe
6L°€
8€
18°€
f4:2
€8¢
68°€
0Ty
1954

[184
1€y
24
vEY
0Ly
10°S
€0°'S
6S°S
09's
569
L6'9
86'9
0z'L
L
we
€L
9L
95°L
85°L
69°L
69°L
T7LL
7L
01’8

—

018

4f

F

H NMR (500 MHz, CDCl3)

8'0
1%4

80z

4.0

5.5 5.0 4.5
f1 (ppm)

6.0

6.5

7.0

(34

8E€°9L

88'80T —

ET'STT
£2'GIT N.

110

f1 (ppm)

69°8TT

Bl

60CT

fesa—~

99'0€T

z0TEr
—

O
F

F66'0
460

9.5 9.0 8.5 8.0 7.5

10.0

fsessT—

€0°T9T ~
ST'TOT

3¢ NMR (200 MHz| cD(

1y0

88°7LT —

T
18p

T
190

T
200

S23



180
88°0
1601
16°0 1
62T
0E'T
€T
5T
€57 4
€LT
A%
9T
87
8T
£€8'T
¥8°T |
S8'T
98T~
98'T 7
81
88'1

M T

—n

29T€
Aepe

=06'0
F680

0.0

0.5

1.0

1.5

2.0

2.5

B.0

ETPT —

06'6T ~,
sroz
vele

frez"
7562 W.
L6t

[
vese

wew—

£G'ES

€L
€L
wie

e

€L°L

OMe
|
A

5a
"H NMR (800 MHz, CDCl3)

Fe0

Borz
H\mﬁ.a

Fg4ad

3.5

4.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

10.0

SbsS
2955
6585~

vIeL
€97 /
L9'SL

85°9L %

o8
S0°LL *

L

T
100

1 (ppm)

'90T —

j/CMe
|

0

N
N

1

6CPTT —

(

Sb'9TT

Lb'8TT ”
6v°6CT v
gl

/,S\\
O ¢

QH

T
120

T
13

T8LET —

..__//

N\/\/N\

H
Ph

5a

T
140

13C NMR (200 MHg, CDCls)

T
150

T
160

T
70

T
180

T
190

T
200

S24



080
180
180
80
80
L8°0
880
60
€60

96'0
960
L6°0

8T
€51 W
[V
9UT

98T
L8'T W
88T
10T
0T
€0C

€0
¥0'C
SST
95T

vLT

b2
st
9]
we
e
8,7 ]

20T
M\\ﬂ.m
RTe

154

0.0

2.5 2.0 1.5 1.0 0.5

3.0

3.5

L6'L—

T6'6T
810z~
8997~
1€ —
05627
E.mN\
zevE—
YT'SE

wir—

Lt

e

€95 —
8v°'55
TL85—

sczff
x4 i
¥8'T

st
98T
16T
86°C
66T
00°€
T0°€
€0°€
€0°€
v0'E
S0'€
90°e
L0
80°€
a3
443
€8'€
€8¢
v8'E
s8'€
s8'€
68'€
68'€
06'€
S6°€
(44
€Ty
vEY
by
SE
8Lh
8Lt
6L
srs
6T'S
59's
99's
we
€L
€L
8TL
6L
6L
0€°L
€L
95°L
s
69°L
oL
80'8

——n

H NMR (800 MHz, CDCl5)

)

Foot

8T
Boe's

66'0

Fsso

Fos0

4.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

10.0

no.Nn/
L9'SL

65°9L %

80

6T

o

T
9P|

I

"
100
(ppm

f:

88807 —

SS°8TT L

£6:0271

J—NH

N
S

110

1149 /

g

T
120

69T\
6v'8ZT

962t V
09°0ET —F
0T'TET 7

T8LET —

7, /S\
(O o]

T
130

T
40

09'SST~
61951~

..__//

OH
NN

H
Ph

5b

3C NMR (200 MHz, CDCls

160

0

86°7LT —

T T
190 180 bl

T
200

S25



A7'C

Mee

=99
980
=06

80
9T
LT

Fotr
TN.N
Tm;\ r

Feee
Forz
ot

06'6T ~.
oz
67t
62°LZ~
15'62

E.mNV
TEVE~
9z'se "

YLy —
6L'Sh —

99°€5 <
bS5 ~
6655~
sees

MH”NN/

0

69°SL /f
09°9

S5z

ik
072

T
80

8TZL

96'C

08¢
4:23

1€y
[ 4
x4
SLYy
E/a4
Uy
L0°S
80°S
STS
€9'S
€9°'S
6T°L
0L
1L
STL
9L
9L
&L
8TL
62°L
8€L
6€°L
6S°L
092

99°L

5c

"H NMR (800

960

Fs80
Feoo

9.5

10.0

T
9p

T
190

SP'80T ~_
88807 <

T
110

f1 [ppm)

00°9TT —

TTver v

Cl3)

T
12

0592

05821 ~O
19621 —
oot

VLLET —

16461 —

DC

T
130

T
140

9T°9ST —

LTEIT —

3C NMR (200 MHz, CD

T T T T
180 170 160 150

90

T
200

S26



080
180
180
80
80
060
160
€60
v6°0

96°0 —F
960 \
L6°0

8T

m.ﬁ/
€1

YT
ST
NNA\W
98T 7
nf%
881
68'T
06'T
1wzl
0T
ozt
coz{f
ke
95°7 1
(5T
SLT]
9T
902
wutf
LU
szl
(s d
8L°C
88z 4
68'C
68°C
06T
9%'T
162
66T
66T
00°€
90°€
e
e
€T'E
ore
e
€8'€
ve'E
¥8'E
T6°€
[ W
80y
4% (i
[an4
(434
by
STy
SEV
%€t
9y
6L
08
vT's
grs 4
s9's
99's
99'9
199
199
199
899
89
v8'9
s8'9
6L
65°L
09¢
e
wuL
118

B ﬂmmé

5d

H NMR (800 MHz, CDCl5)

|

M\‘NO.N
TT'e
14

H(.mw.c

Foze

F Bt

14
pov

[oe

Feet

]

Feso
Tmo

Foco

Be01
BT

Tm.o

008 —

£6'6T ~,
910z
[R74

8€'T AS
9’62 7
ovee’
TEVE—
mes

9req—

6255~

685

€8T
st

SS°9L

88'T0T

10207
21°20T

68'80T

9E°CTT V.

9 TIT

29811~
26021

LE'STT ~C

EPOET ~C
62'TET

Foor

Feso
Feso

LTTPT —

§9'SST~
1967

561291

9ECIT &
bS'E9T
65°€9T N

96°2LT —

9.5

10.0

S27

130 120

140

3C NMR (2010 MHz, CPC
190 180 170 50

200




840
620
600
620
60
98°0
280
80
88°0
880~
06'0 7}
160 7]
260 ]
€60
£6°0 ]
€6°0 1
60

psodl

L

=

01T
Fors

0.0

0.5

1.0

1.5

66'L—

|

60
560
wun 9
b1
81
987 |
002

==

2.0

2.5

40

1o
€L
vz

3.0

vLT
v
SLT
scz
sce]
5.z
9T
v8' |
87 ]
567 ]

3.5

4.0

Akl

%7
80°€
60°€
60°€
ore
e
we
we
8LE
18°€
18°€
£33
ory
[Un4
a4
439
[4n4
€€
€95
€954
889~
88'9 )
88'9 7
68'9

i

5e

F

"H NMR (800 MHz, CPCls)

oot
87
2201

6.5 6.0 5.5 5.0 4.5
f1 (ppm)

7.0

88'80T
STETT A
PEETT
PP ETT
u.u.w:J

T
100
f1 (ppm)

T59FF

19'8TT |
£6'021 L
6021 |

110

6€'52T |
Prarai

T
120

08'6CT
¥8'6CT
£L8'6TT

5e

30

3
06'9
269
169 ]

Feot

7.5

69
86'9 ]
86'9 1
669 |
€0 ]
¥0°L
s0°¢
90°,
€TL
€L
veL
YL
9z'L
S5,
SS°L
95,
95°,
191
80'
or'g

—

018

<
To60

9.5 9.0 8.5 8.0

10.0

66CT
£5°0ET
T9°0€T
ETTET

09°0vT —

65°SST ~
81°951

Y
T
ow

F

3C NMR (200 MHz, QDCl5)

T T
150 140

D

22791 ~

1

by €T~

96°CLT —

T
170

T
180

T
190

T
200

S28



S8'C

98'C

JARS
L0°€

v8'E
8'€

<24
SEY
9Ly
744
8L
s
s
99°'S
99°'G
869
66'9
002
STL
STL
9L
9L
85°L
6S°L
69°L
69°L
018

T

—

5f

H NMR (800 MHz, CDCls)

""O.__N
hig
o}
F

8ot
Z8s'e
2oz

154

=60'T
gt
Fse1

0'T
H\mN.N
oot
780

6'T

7

80

=80

Ezso

Feso

e

1T
Fort

Feot

08—
ETPT —

0661~
810z~

[
et V
€v'6e
Ly'67 W
1262

el

YT

bLES—
1655~
78'85 —

YT
wm.Nn/
€5°SL

LS79L

5.0

26
8T°LL J

f1 (ppm)

5.5

68'80T —

6.0

0Z'STT
0E'STT N.
L9°8TT “
26°0CT
8E'STT ~
8S°0€T

6.5

OFFET
T'TET

7.0

€TTET
6E°EET \

7.5

£5'SST~
60'95T =

8.0

80°'T9T ~
0€29T

8.5

68°CLT —

9.0

9.5

10.0

AT

100
f1 (ppm)

S29

120

DCly)

~
o

5f
3C NMR (200 MHz,
180 170 160 50 140

190

200




