Supporting Information

Diastereoselective Flexible Synthesis of Carbocyclic C-nucleosides

Luk4s Maier, #¥ Prashant Khirsariya, #** Ondfej Hylse, ** Santosh Kumar Adla, * Lenka Cernov4, * Michal Poljak, * Sofia Krajdovicova, * Erik
Weis, * Stanislav Drapela, " Karel Sougek, " and Kamil Paruch *%*

iDepartment of Chemistry, CZ Openscreen, Faculty of Science, Masaryk University, Kamenice 5/A8 625 00 Brno, Czech Republic
YInternational Center for Clinical Research, St. Anne's University Hospital Brno, Pekatska 53, 656 91 Brno, Czech Republic

" Department of Cytokinetics, Institute of Biophysics, Academy of Sciences of the Czech Republic, Kralovopolska 135, 612 00 Brno, Czech Republic
# these authors contributed equally to this work
* e-mail: paruch@chemi.muni.cz

Table of contents

1.'H, ®* C NMR spectra related to the synthesis of key cyclopentanone iNterMETIALES. ............o.vveveeveereeeeeeeeeeeeeseeeeeeeeseseeseeeseeseseeeeseeeeens S-2
2. 'H, ¥ C NMR spectra related to the nUCIeOPhilic addItION PATNWAY............cv.iveveeeeeeeeeeeeeeeeeeee e e eeeeeeee e ese e s eee e see e ees e e eee s eee s e S-48
3. 'H, ¥* C NMR spectra related to the enol triflate PATNWAY............cccccovviverveeieeeeeeeeeeeseese s es s es s s ssensennees S-83
4. *H, ** C NMR spectra related to modifications 0f 57 and 2 POSIIONS...............c.evereereeeeisesseeseeseeeses s ssee s ss s ss s ess s S-176

5. *H, 3 C NMR spectra related to the enantioSeleCtive SYNTNESIS. ... ..........eeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e e e seeesesee s 5198

O G -\ @ I = o] 1 0 [0l 0 1 T S-207
7. Selected IR spectra, HPLC chromatograms and CD SPECLIA..........ccuiiiriiriiiieiii ettt b e b bbb ettt nb bt be s e S-219
S OC] | B o T =T o o Y= YL TP S S R PRSPPI S-237

S-1



19" 1
19" 11
29 1
Z9'1L
29 11
€9 |
€9 1
¥9° 1
9" L
9L
88 14
06"}
04°€n

0/°€A
E.mwv
L2e

L2gd

e

==

€091
0’9+

HO
HO

J1

F
I~
o
[a]

IHT 00e

10.0

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

11.0

12.0

'H NMR (500MHz) spectrum of 5 in CDCl;

S-2



—136.56
69.18

—48.21
42.37

HO
HO

1 00 0 R 800 0 A0 0 T M o D

210 130

190 170 150 110 90 30 70 60 S50 40 30 20 10 O
13C NMR (126 MHz) spectrum of 5 in CDCl;

S-3



€ 1
ze 1
oF I
an
19"
19')
89" I
89'|

69 1-{
96 1
86 |-

9.°¢

9.'Cr
9.2/

8L’y
m_..vv

09—

*- EtOAC

— 00T

—=-£0¢

6a

HaC
Hy,C—-0

00¢

7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
-4

'H NMR (500 MHz) spectrum of 6a in CDCl;

8.0

10.0 9.0

11.0

12.0



8 @ ) w0 o o @
o o ] ® O o)
] = o 9 o © <f
~— ~— [#a] <t = [eY o]
| | | N/ N/
H5C
Hy,C—-0
(@)
6a
I
0 4 A O DA Y A e
210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 O

3¢ NMR (126 MHz) spectrum of 6a in CDCl;

S-5



o] g o — O — 3 g
8 . CNR TR3
w [op) [ B l el — T
| | Yo —
TIPSO,
TIPSO
6b
i .
sr ¢—J S
=] = o o o r‘:
Q Q o o o e
o o o - -— =T
12.0 1.0 10.0 9.0 3.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0

'H NMR (500 MHz) spectrum of 6b in CDCl5

S-6



—136.91
—71.40
—49.84
—43.45

TIPSO
TIPSO

6b

I,

18.51

<

18.44

13.07

210

190

170

150 130 110

3C NMR (126 Mhz) spectrum of compound 6b in CDCls

S-7

9) 80 70 60 S50 40 30



S0'9
mo.wmT
90'9

082y
o€ /|
05 /¢
_‘m.hvﬁ
95/
154

-

=Z0¢

—Z0'¢e

T—r0l

—00g

Ph

Ph (0]
(0]
6¢c

EAd
l@ 902

5207
W7oz

10.5 9.5 85 7.5 6.5 5.5 4.5 3.5 25 1.5 0.5

11.5

'H NMR (500 MHz) spectrum of 6¢ in CDCl;

S-8



N — 0 OO MM~ —
O~ st NO M~ — [l
¢~ I~ 00 W40 O < “ <~
S ONNANNNN— — Lo ¢
—_Trr-TrTrTT T T o u] =t =t
SRR ALNLAS | P

Ph

Ph 0]

O
6c
|
|
210 190 170 150 130 110 9) 80 70 60 S50 40 30 20 10

3C NMR (126 MHz) spectrum of 6c in CDCl;

S-9



o o 8 X 3839
Yo i )i TORRET
O
6d

i
\ M A

T k) T A

o o = jo2 e ]

S =] =] L]

Iy ] Ly ] o~ oo

12.0 11.0 10.0 9.0 3.0 7.0 6.0 3.0 4.0 3.0 2.0 1.0

'H NMR (500 MHz) spectrum of 6d in CDCl;

S-10



e I~
ty] — o o0
@ o o P =
O LD ) w L) ~—
— — I~ <t <t
o) | | | [

@)

wwﬂHHMHM1ﬂﬁWMHﬂhWMMmﬂﬂuﬁﬁhlﬂhhwﬂﬂdhwﬂﬂwhﬂﬁhﬂuﬂdnﬂﬂhmwﬂﬂwhﬂﬂhfh!mhﬁnﬂﬂiﬂﬂhﬂﬂ1Mhnmﬂ#ﬂﬂﬂmuﬂ'uﬂnmmmnnuﬂnmnu

210 130

190 170 150

110 9) 80 70 60 S50 40 30 20 10 O

3C NMR (126 MHz) spectrum of 6d in CDCl;

S-11



Il

_=/5V'6
=156

€9 I~ _ _ .
o —tzl|
61T SR
72 101
TArA
6l Nv_w —86L
6.2
b A e
a1 qv P0Z
S0°9y
90’9 —F00'Z
90'9

Si-

Sle

6e

4.0

10.0

2.0 1.0 0.0

3.0

8.0 7.0 6.0 5.0

9.0

11.0

12.0

'H NMR (500 MHz) spectrum of 6e in CDCl;

S-12



0 P O— OO
I~ L N o @ I~ 0O
@ @ N~ @O~ O
= P 4o NN
Q( | | Y 0o
Si-
% i-0 [
(@)
6e
®
0
w
T
| |
J— L“._._,__JI |-| U L ——
80 79 78 77 f6 75 T4
|
210 190 170 150 130 110 90 80 70 60 50 40 30 20 10

3C NMR (126 MHz) spectrum of 6e in CDCl;

S-13



99" |-,
1oL
BL'C

R.Nv

Sgc—
€qe—
19'v
oY

mm.dﬂ
B9t

09—

ey
AN A

—_— 0oL |

- 0oL |

£6'L

9c 2/

6f

BnO
BnO

95'L

4.0

2.0 1.0 0.0

3.0

11.0 10.0 9.0 8.0 7.0 6.0 5.0

12.0

'H NMR (500MHz) spectrum of 6f in CDCl;

S-14



ONDO D
NOGOm Do w
o) I~ O G [~ N @0 -
GoNgN rf o 0
- — [ <+

Ly Y | N/

BnO ) T
BnO

6f

210 190 170 150 130 110 9) 80 70 60 S50 40 30 20 10 O

3C NMR (126 MHz) spectrum of 6f in CDCl;

S-15



€9'lL

mw.rw = FA'N "
91'¢ I
t_mw pll
8lL'¢C _ L AR
oo/ —=00'C
A .
3% wmmm
08¢’ 3
€57\ |
wm.t\ 1
09'¥

009 — /6
98'9— M L'y
1C 1~ 10y

o

PMBO
PMBO

6g

-0.5

105 95 8.5 7.5 6.5 5.5 4.5 3.5 25 1.5 0.5

11.5

'H NMR (500 MHz) spectrum of 6g in CDCl;

S-16



(9] M~ =D ln]

N o M0 5 ) M~ O W < <
()] O —m oh ~o N O
o oM N -+ ON LW <r
— — — - M~ P~ <t <T
| NN Vool o~

PMBO,
PMBO

6g

A Y A R A O O A O

210200190180170160150140130120110100 90 80 70 60 50 40 30 20 10 0 -10
3¢ NMR (126 MHz) spectrum of 6g in CDCl;

S-17



00|

800
800
16:0

160

Z60

Z6'0
oG L
9G'L
8G'L
8G'L"
€L
rLZ]
ANA
GlL'Z]
91°Z]
917
€G]
XA
Go'¢g’
009
009

——

TBSO
TBSO

6h

Glel

GL°8l

€01
[y

€0'¢

00°¢

3.5 25 1.5 05 -05

4.5

105 95 8.5 7.5 6.5 5.5

11.5

'H NMR (500 MHz) spectrum of 6h in CDCl5

S-18



—-136.95

—-70.99
26-32

-18.61

_49.67
_43.43
-4.00
-4.64

TBSO
TBSO

6h

FRVRUVHVSFUNOFURURRPUD FRVIFURSTRVUPVUITE T ANVUVN PO RFPOUN N RN S

210200190180170 160 150 140 130 120 110100 90 80 70 60 50 40 30 20 10 0 -10

3C NMR (126 MHz) spectrum of 6h in CDCl;

S-19



0L} =
818l
I 3. e
mm;v = 80’
vZ'T .
_‘m.mw = I
cee
98'c— = 0z |
£G' G —= 00'Z
2€ L |
wﬂh# _ o
O.W.Nul IJWNNF_
PL L
9/ /

TBDPSQO
TBDPSO

6i

10.0

12.0

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

11.0

'H NMR (500 MHz) spectrum of 6i in CDCl;

S-20



=10 @O0 — O 0 [~
DON— (N O Q@ Q I~ @ 0 o
QOO DO I i @ & < @
DN NI N o @x o [~ O
T T T T T T - =t =t (] —
e ) b

TBDPSO

TBDPSO

6i
Il |
210 190 170 150 130 110 90 80 70 60 50 40 30 20 10

3C NMR (126 MHz) spectrum of 6i in CDCl;

S-21



¥z I
9z 1\

¢t |

151
202
60"
gz g’/

99,
89'€|
LLe T
2LE
Wy
e,

OH

HO

Hs

WO O

Ry

Hs

10.0

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

11.0

12.0

'H NMR (500 MHz) spectrum of 7a in CDCl;

S-22



11266
8367
64.51
4763
,30.66
_27.75
\25.32

O T UV RPRPURVIVISTRMIN VYRTATFPIII W0 WU TOPSL SVRUTES SIRUFIE FRURTAPRRTIRPN
210 190 170 150 130 110

9) 80 70 60 S50 40 30 20 10 O

3¢ NMR (126 MHz) spectrum of 7a in CDCl;

S-23



60" 1

Gl 17

0o
gzz’

19°€"
o€
v €T
G9'C '
G0t
90 ¥

OH

HO

OTIPS

TIPSO

7b

0gr |

00'¢

10.0

12.0

0.0

3.0 2.0 1.0

5.0 4.0

6.0

7.0

8.0

9.0

11.0

'H NMR (500 MHz) spectrum of 7b in CDCl5

S-24



Lotd = o w0 =0
= = S ~in g 0
I~ [Ted [Te w o om
- (=] =T o — — —
| | I I~

HO/\O/\OH

TIPSO OTIPS
7b

—77.73

T T T T T T

e
130 110 9) 80 70 60 S50 40 30 20 10 O

e
210 190 170 150

3C NMR (126 MHz) spectrum of 7b in CDCl;

S-25



90 L
BC L,,

88 . -
oF L
6t 1/
90z
o

B9C—

ZEP
B ¥

ge’ s — ..

el - =00F

OH
Hs

WO O

>
8a

RS

Hs

TBDPSO

10.0 9.0 3.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
'H NMR (500MHz) spectrum of 8a in CDCls
S-26

11.0

12.0




5Bk
£\
I NTA
167227
18°0¢”

9g" i~
rAN: ol

1S9
mN.mmv.

1628~
06'€8”

¢9CL—

68 /Zh
88'6Z )\
BY EC\
S8'SElT
98'sE )

OH

TBDPSO

Hs

WO O

RS

Hs

8a

0

10

9) 80 70 60 S50 40 30 20

190 170 150 130 110

210

3C NMR (126 MHz) spectrum of 8a in CDCl;

S-27



= Aoy
Mmm.o
lo'e

—r00)

TBDPSO

Hs

.:O C

RS

Hs

9a

JLTN_‘@

A

4.0

2.0 1.0 0.0

3.0

11.0 10.0 9.0 3.0 7.0 6.0 5.0

12.0

'H NMR (500 MHz) spectrum of 9a in CDCl;

S-28



E0L—
9561
A
FANTF AN
88227
#6'GE~

269~
- Phal

181+9—

HE8~
9r'G8-

6L CH—

Z6'/Ch
Z6'6Zh\
18 ect,
egect
88'5El

TBDPSO

Hs

.:O C

g nw,o

H

9a

190

0

150 130 110 9) 80 70 60 S50 40 30 20 10

170

210

3¢ NMR (126 MHz) spectrum of 9a in CDCl;

S-29



B0 ]

0c'1

50'Z
107
622
orz/
ve)
95'¢

8G'C
29'¢
€o'g
po ¢
99'¢’
¢5°¢
6 ¢
S6¢]
96°¢]
0"t
PO
S0t
90+
80t
oLt
R
AR

OH

PivO

>
”

TIPSO

OTIPS

11b

”t&’ i
|
(L EDIULS N S

,ﬂLt

14247

626 |

0oL

EOL |

660

660 |

660
Lol
561

0oL |

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

12.0

'H NMR (500MHz) spectrum of 11b in CDCl5

S-30



Ig'z 1 p] oy < (DD(DgE)WCJG)g(D
@ ¢ ~= HT-OIHGD §IN
= @© Lo Lo q:c\lmrmu:coo:mcom
~— - [{a J o} = ONMN T
PivO/\Q/\OH | Se? N D S N i BT
TIPSO OTIPS
11b
|
|
210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 O

3¢ NMR (126 MHz) spectrum of 11b in CDCl;

S-31



801

|z | o — 62V

vl e G616

LT

om.ww 20')

£ -

8€'C

4 22N r 00k

/E'E 17 00'}

wm.mv Ny

68°C L il
~JF c0’)
o

%

90V

elv

€LY

o4

402

PivO

>
2

TIPSO

OTIPS

9b

-0.5

6.5 5.5 4.5 3.5 2.5 1.5 0.5

7.5

105 9.5 8.5

11.5

'H NMR (500 MHz) spectrum of 9b in CDCl;

S-32



(@)
© - D [e0] OT O NP O
R IR B ©3005B¥FC
\ N~ O)p L0 IT— OO ONMNMNODOMN
S - ~Np © TTOON ™ g
TIPSO OTIPS | Ny [ — 1~ -

9b

S N e

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

3C NMR (126 MHz) spectrum of 9b in CDCl;

S-33



OH

BnO

>
2

TIPSO

OTIPS

11c

Lo'L

860
660

m A A

661 |

660 |

00c

10.0

12.0

0.0

3.0 2.0 1.0

5.0 4.0

7.0 6.0

8.0

9.0

11.0

'H NMR (500MHz) spectrum of 11c in CDCl5

S-34



oeN mtgmm o0 SN WO
@ @M - ol 2R o O R Q@
o &dic M~ o3 N 6 LIBPEO
ik b RECEE 3% AEIpgS

BnO/\Q/\OH " -

TIPSO OTIPS

11c
I
210 190 170 150 130 110 90 80 70 60 5H0 40 30 20 10

3C NMR (126 MHz) spectrum of 11c in CDCl;

S-35



9¢' Ly
8 /-
S
c9 2
69 2/

TBDPSO

P56

[lmuw 6CE

Hs

..50 C

“g Pwa

10a

——— 80¢

£0L
ol
ol

.00 L
"00°L

ool
||M_u\ Lol

J‘\

jm_‘.m
——E0F

4.0

10.0

12.0

2.0 1.0 0.0

3.0

8.0 7.0 6.0 5.0

9.0

11.0

'H NMR (500 MHz) spectrum of 10a in CDCls

S-36



9P Bl
69T\
85'92
10742

v1ze’

89—

99—

96° 18~
¥.287

950k~
S9THL
06'22})

06'6Z4

l6'6Ct
G/ ECLT

11 EE) %N
cg'Ge|
g 6Pl —

TBDPSO

Hs

..:O C

e

Hs

10a

0

10

9) 80 70 60 S50 40 30 20

190 170 150 130 110

210

3C NMR (126 MHz) spectrum of 10a in CDCls

S-37



0|

._.L-

bl |

10T
05T,
Po'g~

B6 €\
8l
o't
Ly P
67—
rAN-3

OTIPS

-
7

o)
TIPSO

12b

=

LOEY

BEB [

0oL

Lol
0oL |

£0'¢

0oL
0oL

10.0

12.0

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

11.0

'H NMR (500 MHz) spectrum of 12b in CDCI3

S-38



r'{’-_ % '[-5 sk DOFTNIN PRI
o o @ 0 R B S
~ ~ =] ~kd g oG g~ o o P af I
— — -— [ ow S O~ T —
| | | S | R e e S
O
A
TIPSO  ©OTIPS
12b
| !
210 190 170 150 130 110 90 80 70 60 50 40 30 20 10

3¢ NMR (126 MHz) spectrum of 12b in CDCl;

S-39



90 —_Forvr
=

oL'e

clLe - POl

BEC~ - £0'L

om.NUw =t £0]

FA A ety £0')

eF ¢ T 201

9F'€ i

wel T ol
ol 1o

mw.wh__ ey 717

i I - O
. —_ 3 001

Ra .

A

P o

LSt

eSSt

68’ ¥

80°G ]

AN === g7 |

BnO

.
.

TIPSO

OTIPS

12c

10.0

12.0

0.0

3.0 2.0 1.0

6.0 5.0 4.0

8.0 7.0

9.0

11.0

'H NMR (500 MHz) spectrum of 12¢ in CDCI3

S-40



POy
HHEL
_.._u.m_L\.,

Sr8L

8y'8l
6181
0v'0E—

9e ey —

W2l
ge'es

-88or T
641

€280l

mm.hm_./

|8 22t
6Y 8T
GL'8EL—

Sg 05—

BnO

.
.

TIPSO

OTIPS

12c

0

10

9) 80 70 60 S50 40 30 20

190 170 150 130 110

210

3C NMR (126 MHz) spectrum of 12¢ in CDCl;

S-41



20l

. 606

FE L,
1A
Ji F.N.,_#..
LC
lg'¢’
¢l

65 €

09°¢+
e
z9'¢
g/ ¢
B. ¢
08¢’
18°€]
e 1
9¢
€9 -
v9

—

6E 1
Wi
S¥ 1~
09 2/
192/

MMM hﬂm

= POL
——r L0
= 0L

e T |
IIIIIILMrQr

IIIIWW@QQ
00

H Hs
2a

TBDPSO

’iwr.m
L0F

10.0 9.0 3.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
'H NMR (500 MHz) spectrum of 2a in CDCl;
S-42

11.0

12.0




SEBL
68°¥C
20° /2T .
s0z)
BF L6~
1SBE

€199

CEBL -
6187

87 Lhb—

60'8Z}

6LOSk

AR -

0

10

9) 80 70 60 S50 40 30 20

S-43

110

19°ZE L~
16TEL
zg'set
6'GE L

Hs

.:,O C

g Phuo

H

TBDPSO

IWwele—

130

3C NMR (126 MHz) spectrum of 2a in CDCl;

2a
170 150

190

210




FAV A
801

Ets
rar

961\
66’1
162
cgz
coz/

S0'%
L0714
kvt
}
4
8¢ ¥
ey

.
7,

0]
OTIPS

TIPSO

2b

Z66E |
og'e |
. aes

- 10

Aol

Lol |

£0'L |

POl
660

00} |

10.0

12.0

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

11.0

'H NMR (500 MHz) spectrum of 2b in CDCls

S-44



S ) 0 < @ AIBRNIIZEeG N
o @ ~ oo LON@OO N~ @~
S 2 e¥g  ggskeeasgd
| | N St 2
O |
9 |
Ao r
TIPSO OTIPS
2b
|
] I
|
o MMJW
210 190 170 150 130 110 90 80 70 60 5H0 40 30 20 10

3C NMR (126 MHz) spectrum of 2b in CDCl;

S-45



0 T,,
€0 1~

Y0 L]
50"}
80\
e
T

e

I5°E
09°¢|

L9’

9 ¥
LS

st vt

8t ¥
LG
€5 ¥
09 1
09 ¥

19't|
19!

ac
£e

BnO

.
-

TIPSO

OTIPS

2c

i

co'l
S0'¢

0oL
10

0oL

FA

1.5 10.5 9.5 85 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5

2.5

'H NMR (500 MHz) spectrum of 2c in CDCl5

S-46



Ei. QE%E ~Neloo N3 cnn—r-imco
@ @ @ I~ W P~ ~ @ ) @M QT O~
b 208K S 3 IR
1 NS N R B
0
>t
TIPSO OTIPS
2c
I
' Wi
| | | . | 1l
210 190 170 150 130 110 90 80 70 60 50 40 30 20 10

3C NMR (126 MHz) spectrum of 2c in CDCl;

S-47



850

08 9_,
¢80y _ / 66T
98'0+ 106 |
/80 ~ 3 096
CHT = g |
B4,
L N%
8% 21 HH zZo'L |
> —
9% €
8.9”_ 650
L9 €~ ——r|
al )
860
GE P\ — U asol
BE't - 160
gc'y L ¥O'Z
T
FAS T
1250
GG P
al’ T
LV i
A h__# roL |
9¢ L _ - 20Z |
e T. M Y FO'L
Je h Th 16
05 h - 00e
26 11
A A
(7]
T O
O FE
> ,/O
) ©
®
o
(7))
O P
2
m

10.0

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

11.0

12.0

'H NMR (500 MHz) spectrum of 13a in CDCl5

S-48



€6'CL
B8'EL
19°08~
G187
¥1'287

61921
05°'9C1
€L L2l
86’2l

¥o8cl)

198z}’
82 85[—

B69'S¥rl—

“OH

.
-

BnO

TIPSO

OTIPS

13a

9) 80 70 60 S50 40 30 20

190

0

10

150 130 110

170

210

3C NMR (126 MHz) spectrum of 13a in CDCls

S-49



1, goe

BnO

Y
.

TIPSO

OTIPS

13b

—==== 1 g

T oz

— 00} |

10.0

3.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

11.0

12.0

'H NMR (500 MHz) spectrum of 13b in CDCl,

S-50



6Th
60°C I
867/ 1
1Z281-
Zr'8l
'8l

l26e—
crEr—

8069,
7169
6L
2017
5052 ¢
60°6L
68'6.

Bl
€0'8Z1A|
0z 821
ey 8z}
15821
06'8Z1

/621"

69651~
80'¥9L~
L9991

OBn

\ N
"//OH OBn

BnO

Y
.

TIPSO

OTIPS

13b

9) 80 70 60 S50 40 30 20

190

0

10

110

130

150

170

210

3¢ NMR (126 MHz) spectrum of 13b in CDCl;

S-51



/ “oH
(e

BnO

TIPSO

TIPS

13c

—_— 00 |

10.0

12.0

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

11.0

'H NMR (500 MHz) spectrum of 13c in CDCl;

S-52



€Leh
Pk
62 7h-L
B RL

/5817
11€T
cr'og

0S°8E~,
8r' 6~
so'ey”

€L¢l
gr el

falald« W}

vLBL T
G508

6L ITh
98 /ZL+
158z’
o

“OH

.
7

BnO

TIPSO

OTIPS

13c

0

10

9) 80 70 60 S50 40 30 20

190 170 150 130 110

210

3C NMR (126 MHz) spectrum of 13c in CDCl;

S-53



/ “OH

-
-

BnO

TIPSO

OTIPS

13d

—

6L'CF

0oL
160

660 |

850

160

660 |

860

680 |

860
860

00e

660

ze8 |

10.0

3.0 2.0 1.0 0.0

4.0

8.0 7.0 6.0 5.0

9.0

11.0

12.0

'H NMR (500 MHz) spectrum of 13d in CDCl;

S-54



€k
19°EL

058l

€581
6584

8c8e—~
8LEv~
86°Gr—

eFTi
€56/

[l ]

L= =]

A i
¢5°08”

AN
8 221
€6 221,
Y0'8Z1
58T
95 0E}-
87 8E 1]

86'8E 1

BnO

/ “oH

,
7

TIPSO

OTIPS

13d

9) 80 70 60 S50 40 30 20

0

10

190 170 150 130 110

210

3¢ NMR (126 MHz) spectrum of 13d in CDCl;

S-55



E

W
87 L
8 L
oc /4
gg 2/

.
g

OTIPS

TIPSO

13e

=

05€

AN

£8'6

2 lgelz

660
ce'e

0L
0c'e

Pl N

A"

0oL
6Ll
EEP

4.0

10.0

12.0

2.0 1.0 0.0

3.0

8.0 7.0 6.0 5.0

9.0

11.0

'H NMR (500 MHz) spectrum of 13e in CDCl;

S-56



AR
808l

0€'8L~

m._v.m_.uﬂﬁ
88l

S6 L

8rey”

orel
hm.mhw

oV bo
15617,
06°¢8”

£9'Lbby
AR AN

(WAFrAR\S

E.R_‘w
¥G'8C1
9 8EL—

6C'8L1L—

'/
7

OTIPS

TIPSO

13e

T B P L T —

0

10

9) 80 70 60 S50 40 30 20

190 170 150 130 110

210

3C NMR (126 MHz) spectrum of 13e in CDCl;

S-57



S6°0n
26701

860"
0o’

0Lze

P |

__\Ic.-.n\
881

181,
06°L-F

——

6617

[Fati]

UG

902’

Fat ot ol

oo

A

1P
e Pl
-
99 %
9%/

oc's
AN

82701
E.Ev
S0°LL.

HN—

NH

\

101 ©

2
&

HO

TIPSO

OTIPS

14b

i oL |

&0

nll"”rﬂm,/mm_‘.

|..|I“_LT 60°L [

Lk

- 0oL

1902 |

10.0

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

11.0

12.0

'H NMR (300 MHz) spectrum of 14b in CDCl;

S-58



o 8 & o o~ I~ o —= 0k & o~
2 © 8 ] Mo S| boapgnxs
[{e] L0 [op] -— [saBvp] [vp] L [om I L S S R | S Y I ]
— — — — = I~ ©o =t -4~
| | | || | | | =
o
HN—
\ NH
HO "”OHO
TIPSO OTIPS
14b
|
! |
| ! ,
210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 O

3¢ NMR (126 MHz) spectrum of 14b in CDCl;

S-59



€90,

mm.o_ﬁr

€80 ~ SF'E

og0 == s00.

1607 UN £6'6

mm.og\ \Iﬂ\\ SE'TT

L L -

gL 1! -

YA

9L'¢

LA €

mh.mw oL |

I18'€E FooLL

Nm.J. wﬁ oLl |

SEy ¢ =

o?va 0oL

has

8t '

gL'z

81 2 |
57 llqw 1Ze

8¢ hgﬁ T 7 TZT

vm.hh‘__ I

9g /

“OH

.
.

HO

TIPSO

OTIPS

15

10.0

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

11.0

12.0

'H NMR (300 MHz) spectrum of 15 in CDCl;

S-60



mnumwuwhwmmnuu-uumnnuwwnnmumnunmuLummnunuuwumnﬂuunnMMtunuh-hﬂh-um-nummuﬁ

HO
TIPSO

15

/ “oH
oTIPS

@ = LD
) L0 @ M~ apLIY —~ OO DOo
@ W~ I~ @ P <o o O~ H O
@A NN r~ I ¢3 N IQ LISPPH
—_ o I~ = M~ O - N~ 1+
I ~y &+~ Ne =y
m |
24
-
[
|
M|U|
F U
| N .
T T T
78 77
U kel

" —

210

190

170

150

130 110

3C NMR (126 MHz) spectrum of 15 in CDCl;

S-61

9) 80 70 60 S50 40 30 20 10



€91
G9° |
99|
89 Iy
€6 I
S8 |
26"
vNNf
(T
oz

————

%

81 €|

BFEL
€8¢

4
G -\

15
85/
99’

8l L
Bl L1
0T L
12
\Z'L
8T L
0g 24
1 2
St
S¥ L
¥l
i

/ “oH
OH

HO

HO

1a

_ 860
Wﬂ 66
00¢

4.0

10.0

12.0

2.0 1.0 0.0

3.0

8.0 7.0 6.0 5.0

9.0

11.0

'H NMR (500 MHz) spectrum of 1a in DMSO-ds

S-62



. M|
(Y] R =R7] @M= O )
o [~ O L0 ~@o - @
< oA oo o
i _ae @M~ o <t
I S N/ [ |

HO "’OH
HO  OH

1a

210 190 170 150 130 110

90 30 70 60 50 40 30 20 10 O

3C NMR (126 MHz) spectrum of 1a in DMSO-ds

S-63



580
98'01
8801
9l 1
8L 11
BL L
\Z b
3|
GZ 1
9z 1|
82 L+
0g L
e L
191
191
89'L
89 M-
6911
B9’ L
LA L
L7271

fgLe
STl

LogL
- zl'l

coc)
052
0¢!
ZeC
€e'e
e
9c'c
I8¢
09'¢
09°¢
29°¢
29°¢]
16
16
b
28
€¢
€eb
6¢ b
¢ 1
9¢ |
9¢ b1
rAdd
radd
v b
S
7/
A

/ “OH

HO

HO

1c

|26
PO’
. | o0'L

1 LO'T

"-00'|

!

J

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05

9.0

'H NMR (500 MHz) spectrum of 1c in DMSO-ds

S-64



03g © oy EE oO—0O
M0 M~ =2 ; M~ o
WL o ol w ko W o <t
M~ M~ @ <+ [N NN —
S A | | | F N

HO “OH
HO  OH

1c

210 190 170 150 130 110

90 30 70 60 50 40 30 20 10 O

3C NMR (126 MHz) spectrum of 1c in DMSO-ds

S-65



el
¥Z 1
AR
ST 1
1T
¥ 1
8t 1|
AR -
K-g
o
4
CTAAY — 01
0L
. \w (P60
= 90|
e/ Jg— 1
z9'¢
vl ) w ;00
mm.mh* o)
@@m_ 96’0
NS
mm.i
ac'v
o -
mqi
a4

LV 2 .
mm..ﬁv {0
¥ZL

\__/ “OH
HO
1d

HO

10,0 9.0 £0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
'H NMR (500 MHz) spectrum of 1d in DMSO-dg
S-66

11.0

12.0




o & — LD ﬂ
< W@ NoOom W w «olw©
(o= T nar~ © @ YD
OO oo ol w <o
e RN b N
HO "’OH \ ~ ‘ "
HO  OH
1d
I
| |
[ |
210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 O

3C NMR (126 MHz) spectrum of 1d in DMSO-ds

S-67



5021
10T
80°Z]
0L'Z]
a4
€22

2T
921
7T
#Z]
&4

')
9 ¢

B9'€H
LLE
cl'E
€L
S0Py
90'r
90 12

IILT LE'C

0P
BL'P
A

05 .
_.m..mw..r
LLL
mh.hmﬁ

rL0L
- £0'L
=

—86'0
0oL

4.0

10.0

2.0 1.0 0.0

3.0

8.0 7.0 6.0 5.0

9.0

11.0

12.0

'H NMR (500 MHz) spectrum of 1e in CD;OD

S-68



—180.11
—143.70
—120.90

—83.58
~79.64
—74.73
—64.91
—40.67

210 190 170 150 130 110 90 8 70 60 50 40 30 20 10 O

3C NMR (126 MHz) spectrum of 1e in CD;0D

S-69



) AN
e . BV6
T - —_3" 86
TP &1 — u(._qD.DN |
51T Lq
or'T1
NW”W — 01

A
mv.NW |u.nww S1'Z
8¢'C ) %
N g0y |
e
5y L0z |
9c't — - E6'0
mﬂvu
8 ¥
al 4
8l /1
Bl /A1
Bl 4y
6L 7. ) "
9c hw - .uﬂﬂ 06’1
mN.h___ |/__Hr DDN
mN.hLﬁ I
¥G 2
GG L
95 /]
95 2!

“OH

.
-

H,CO

TIPSO

OTIPS

16

10.0

12.0

3.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

11.0

'H NMR (500 MHz) spectrum of 16 in CDCl;

S-70



2 o L0 1D L
M~ M~ 10+ o833 3 o I~ QMo
Ty [~ (O O w O oo i A
<t NN oo~ a 39 W P o
— —— O @ P~ Ly =t — T
| R 1+ I S e
H3CO "’OH
TIPSO OTIPS
16
|
210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 O

3C NMR (126 MHz) spectrum of 16 in CDCl;

S-71



T I

= 66'0
—= =501

ol

(A0 ]
96°01—

= 8E'L
M FO'L

— 150
muxmm.o
mB.N

Lol

—-660

-=F-v60

—Fool

4.5

12.5

2.5 1.5 0.5

3.5

8.5 7.5 6.5 5.5

9.5

11.0

14.0

'H NMR (500 MHz) spectrum of 1b in DMSO-ds

S-72



[ [=2] 8 ©

3] o~ <t = O~ o < Lo
. N WO L I~ N

w0 Xy o — W N Q0 o

— — — -— I“I-I“-I“-(D =t =t L1y

[ I | | b N |

210 190 170 150 130 110 90 30 70 60 50 40 30 20 10 O

3¢ NMR (126 MHz) spectrum of 1b in DMSO-ds

S-73



Key NOE interactions observed in molecule 1b

S-74



B 1
18 I
Z8' |-
8 1
9z}
82°C
62°C1
Kowd
521
Gr'e
o'
e
8¢
lorel
z9'¢
€9°€1
#9° €
G0
90 |

0]

]

‘80l
YOl
SoLL

——hs0l

6Lt
¥S 17
GG’

mF¢@

9Z /1
R.L
1T 4
1T 4
0€ 4|

e L

ze
ce /-
ce
¥ 4
e 2
e /]
oc /]
1e
iy
g /-

/ “OH

HO

14a

!

Hr vO'L

v LO'L

H00'L

00T

4.5

10.5

2.5 1.5 0.5 0.5

35

8.5 7.5 6.5 5.5

9.5

11.5

'H NMR (500 MHz) spectrum of 14a in CDCl;

S-75



™ @I~ © 4100w

— MW dE ®OW®m© W o

I REENNEG N <L) — o) I~
O NN NN o o I3

- T Lo ol nll b S el [1p]

| = e [

O \_/"oH
HO  OH

14a

A A o A Wt A RN A ANl

210 190 170 150 130 110 9) 80 70 60 S50 40 30 20 10 O

3C NMR (126 MHz) spectrum of 14a in CDCl;

S-76



o

9c’ |

1

L2y

€6’k ]

G5 |

2o

86l 2

le¢ IM ‘zee

8¢ _— L

BEC] 2N

0b €1 {; /L0

Z5'e 1ol

€5¢ ilJi 560
. (060

vaeq R— 1

65 €1 it

o€ ) ud, £0'L

GoC-t - —r

06°€~. IE—— L

6¥F i

sy 3 0

LS

e

o€ i

be'L — _____  —— s i

ec /] — 00%

¥ L

/ “oH

HO

14c

4.5

10.5

12.5

1.5 0.5 -0.5

25

3.5

7.5 6.5 5.5

8.5

9.5

1.5

'H NMR (500 MHz) spectrum of 14c in CDCl;

S-77



A
AN
A TAN

BL°9¢~
¥l
T

SFTLN
TR

Lol 0t

1791’
+8'08-

9) 80 70 60 S50 40 30 20

/ “OH

14c

190

0

10

150 130 110

170

210

3C NMR (126 MHz) spectrum of 14c in CDCl;

S-78



S I
LY b
8t 1
05 H
181
€8’}
8 |
58 |1
8L°C]
18'C
16°C
76
>
€e'e
€E°€
e
17 €
8y €y

6Y'€]
om.m#ﬁ

LLe

L%JJ\AJ'\.L J

L

-

|
v

ﬁ

I

I
R

15!
s
8yt
€T /1
ﬂ.m.i
6T 1
9z’
1T I

|7 a
om.ﬂ\

T
AN
AN
0g 2
A
v 2!

/ “oH

HO

14d

AU

01

9oL |
FO'L |

¢80

i

9Ll
6L0
Lol
Lol

ool |
660 |

00'Z

—__ ——————— —= = W ||}

10.5

8.5 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5 -0.5

9.5

1.5

'"H NMR (126 MHz) spectrum of 14d in CDCl;

S-79



cr9e—
(N
Nm..vvn/]

LTl
161
1951

P ]

XAVNA
90°18’

59/
86°9/ %\

89T
b2 LT
68' /21|

9) 80 70 60 S50 40 30 20

87 8CH7

z9'821 w
mv.oﬂ_ﬁ,ﬁ
€T LEL
or'sel’

/ “oH

HO

14d

190

0

10

150 130 110

170

210

3¢ NMR (126 MHz) spectrum of 14d in CDCl;

S-80



9c' ¢
STARA

E.N
zoz]
€5z

B8e€

L

1.0

=811

=0L°L
ELLL

i

(R
S0 17

!

90 ¥
8.%
.B”t

61+
0z
1T i
1T I
1T i1
82 i1
82 i1
62 11
pe'L|

ce

MKor”w

=801

v 0L

Iy

“-£0')

zeT

9¢ 2
9/
18
6 2
05
0G 2
152
E.t_
1L

o

/ “OH

H,CO

HO

17

J|LJJ |

fz0z
.00z

4.0

10.0

0.0

2.0

3.0

7.0 6.0 5.0

8.0

9.0

11.0

12.0

'H NMR (126 MHz) spectrum of 17 in CDCl,

S-81



[y — = O
= aus Q8L F S B
¥ 3&KY T R S5 o
- —— 0 I~ f~ M~ e} < M
| N ~ - | |
H3CO "’OH
HO  OH
17
I
210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 O

3C NMR (126 MHz) spectrum of 17 in CDCl5

S-82



+0° e 956
€ I B
- =N
e —r g0l
hw.m___

Gl'E Ilnlﬂro.r
mm.mv TS0l
95

FAS I S R
s vO'L
G0'G-L _— 0L
€95 | .
wo.mv =00'L
orF.— m_»hm.m_
it Wi o A

oTf

::O

CH3

>
18a

g\

TBDPSO

Hs

12.0

10.0 9.0 3.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

11.0

'H NMR (500 MHz) spectrum of 18a in CDCls

S-83



GEBL
I8'GT
DD{N./.

121z’

19°6Y—
cCro—

8964~
66087

b6 LhEy
€52
Z6'8L1!
80°0CI ,i#
#0821

G0'8ZI,
91-0E}—
L0°CEl

Nm.mm%
8/ GEL-

S BFL—

9) 80 70 60 S50 40 30 20

OTf

TBDPSO

Hs

._50 C

5 %

Hs

18a

g6vll—

€Sl

8002t

€9CCl—

Ut o

17

121

190

0

10

150 130 110

170

210

3C NMR (126 MHz) spectrum of 18a in CDCls

S-84



801

U

W

L1}

80°¢
585,
LI
8Lt
E.q%
6Ly

19y

N@.M

0L'G
LL'S

oTf
OTIPS

18b

o)
TIPSO

— ril'S

L8

oL |

S0'L

FO'L |

860

0oL |

- 00°L ¢t

10.0

12.0

3.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

11.0

'H NMR (500 MHz) spectrum of 18b in CDCl,

S-85



80°€hy
AR

0S8~

Nm.m_.k%__"
9c 8l

BE8L-
LC il
80'6c—

STAFA

9L 19—

77N

1S 2bA
9007 b~
16021

16051 —

67’ 8.1 —

1SL1

18b

T

116

119

122

S —————————

0

10

9) 80 70 60 S50 40 30 20

190 170 150 130 110

210

3¢ NMR (126 MHz) spectrum of 18b in CDCl;

S-86



VS

i

=

6E I,

r4"

—_ 7eE

lge

——=r 0l
prm— el
- 1501

e — mo. —‘

Lol

= 00°L

ﬂw 296

F9Z9

Hs

WO O

oRY

Hs

TBDPSO ‘ O
>
19

12.0

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

11.0

'H NMR (500 MHz) spectrum of 19 in CDCl;

S-87



SPBI
£2°9C
Qn- /7

=

csiz’

08'cs—

€99

6818~
ors8—

190k —
95921
88 L1
L6 /Z1A

|19 :7A"
A gz

Z6'6Z1
zoect |
8/°€El-
18 FE L
18GEl
98'GEL-
Z8'Chl

Hs

WO O

RS

Hs

TBDPSO ‘ O

19

0

10

9) 80 70 60 S50 40 30 20

190 170 150 130 110

210

3¢ NMR (126 MHz) spectrum of 19 in CDCl;

S-88



FALN
Bl Lo

0e" ||

mﬂrﬂ
281

€,
09°€,
9.°¢

1r¢/

8S' v
onv
BC'S
oﬂmv

79
oY
8E 41

oy L
09/~
292
o2

TBDPSO

Hs

WO O

R Y

Hs

20

Il
¥

|
H4JLJL

[4A ]
09°¢l
LE'9

o'k |

0oL |

- 00°L

or'o |
Rdl

4.0

10.0

12.0

2.0 1.0 0.0

3.0

3.0 7.0 6.0 5.0

9.0

11.0

'H NMR (500 MHz) spectrum of 20 in CDCl;

S-89



1761
BT\
6092\
€0'/2F
9/ 2/

9195
9rv9—

1E728~
99°c8~
97287

68901
06 22}
om.mﬂ._w
166211
6LEE

0g'scl M.
£6'SEl

L06Yl—

O
/

gl

B\

TBDPSO

Hs

WO O

g Y

Hs

20

9) 80 70 60 S50 40 30 20

190

0

10

150 130 110

170

210

3C NMR (126 MHz) spectrum of 20 in CDCl;

S-90



620
0801
280
€8'0
8 0
98°0
+6:04

—

— m_m.m

Z6°0°
G6 0
96 0
711
Gl |

3

ch'ry
mvvw
el

4N
L9 b7
29/
606G
0L'g

c0'9—

6T L
9z /4
6T L
L&
ze 4
BE 2
Wi

PivO

”
-

TIPSO

OTIPS

21a

—————Thgg|g

——F 00 |

— 01
-zt

—F L0 |

——F 0L |

——= 001

r E6'L

Iﬂﬂ 00z
1L sl

10.0

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

11.0

12.0

'H NMR (500 MHz) spectrum of 21a in CDCls

S-91



rc:'- CPEHIRY gk 9 © O —~DOOWp -
fos) WY O W~ O N = N ;o @ N
£ $BITLE k2 g gRoégedo
| | IS | T D Sy By 2
|
) |
PivO ‘
TIPSO OTIPS
21a
8|l g
RS H |
) \U | JA” \ |
| \
| NN
1 T T T T T T T
77.6 77.2
|

AN A S A

210 190 170 150 130 110 9) 80 70 60 S50 40 30 20 10 O

3C NMR (126 MHz) spectrum of 21a in CDCl;

S-92



6201
1801
1807
280y
vm.ogf.

< U
60"
96°0
90" |-
el
Gl L

0Z €
1Z€+
%5
50"+
A
LV
8L
105
80°'G’

09—

“oTIPS
21b

TIPSO\\\

o~ T

L@ L0€

——_LE9L
me._‘m :

560

Lo'L
980
&0

260

£6°0

560
Lo'L

- 00°L |

9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
'H NMR (500 MHz) spectrum of 21b in CDCl;
S-93

10.0

11.0

12.0



€5Zh
£5ZH
62°SH
62°CH
0£°€hy

0L°€l

b~ 2 A |

e

=

vd -l IR

78l

L0l -

P8l
P8l
1581
1S58
8c 1z
8¢ 1z
6065
6065
9C ¥
9C 6%

—_—

76¢9]
/629"
86°0.
€211
821
90°8. 1
90°8/ 1
60°8.
60°8."
1801
L8701
SLLLL
SLLLE
LS LLL
LS LLL
87" 0C 1
8t 0S4
250S 1
2506 H
09'0€H
09'0SH
v el
R AR
el
e
¢E Op L
e 0vl
89'8.1
89'8/1"

—

Y,
7

OTIPS

TIPSO\\\

21b

€165 —

T

|
162.0

POl —

€SCol—

Um h‘.lJ'u

||.|l “rhlll.l I 'ﬁ'ﬁm h .IJJILILM' | u

.

wa

S —

T

T

T

160.5

163.5

9) 80 70 60 S50 40 30 20

0

10

110

130

150

170

190

210

3¢ NMR (126 MHz) spectrum of 21b in CDCl;

S-94



't

—

BE L~
b L7

_

CH,

0
TIPSO OTIPS
21c

FEL
626

elee |

198

0oL |

AR
501

£0'L |

S0°1

zZo'L |

Lol ¢

00l |
0oL |

10.5

8.5 7.5 6.5 5.5 4.5 35 25 1.5 0.5 0.5

9.5

1.5

12.5

'H NMR (500 MHz) spectrum of 21c in CDCl,

S-95



f~ oS €88 o ) O 08T ILIILA
o) I~ [~ [~ [~ & 1 N N = Qs QWS
F~ O ® NN o ] O O Cil~ MWW
— —r — T = w =+ OO+
| v PY ORIREESS
/CH3
N
O \
N
O
TIPSO OTIPS
21c
210 190 170 150 130 110 90 80 70 60 50 40 30 20 10

3C NMR (126 MHz) spectrum of 21c in CDCl;

S-96



660
NQF#
SR\

ccfau
:é*
gl I

6L~

COOCH;

/ \

PivO

2
Z

TIPSO

OTIPS

21d

Lo'L ¢

F1:y4
501

ze'l |
sl |

0oL

- 660 |

0oL |

- §6°0

11.0 10.0 9.0 3.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

12.0

'H NMR (500 MHz) spectrum of 21d in CDCl;

S-97



oy =) LD 1—3 o2 |

o M N v O © =T O~ @ < Ot ©

=~ w0 Ly <t o) N o =1 M~ ol — O) [~ WM m

— — — — — — [t [ o] o <t N
] [ L, ] .}

| 7T OTT T | VRN S O I

COOCH;
PivO O

TIPSO OTIPS
21d

190 170 150 130 110 9) 80 70 60 S50 40 30 20 10 O

210

3¢ NMR (126 MHz) spectrum of 21d in CDCl;

S-98



960
960
96°0
10°}
€0’
rd

|
cl')
GlL')
0Z'€
A
A
KA
zze
A
zze
/18°€
66'€
00t
{08 %
€0V
LY
rAN %
AR
AR
ge'v
Lyt
Ly'b
65V
09t
19'p
Z9'v]
1611
86 11
86'G
86'G
i /]
A
b/
G6'L |
G6'/’

T R LS P R

COOCH,

I\

PivO

7

TIPSO

OTIPS

21e

)

o lj

—

G6'cl
£.°0})
vSec
ro'¢cl

0Ll
00’

9.5

6.5 5.5 4.5 3.5 2.5 1.5 0.5

7.5

8.5

10.5

1.5

'H NMR (500 MHz) spectrum of 21e in CDCl;

S-99



T N 00O~ LW

o0 ') CRAMNO T 9 ©ow MO I SAN

[~ (o] TOMOMN o NN M~NWWWWWWMm M

-— — —_—— T — ™~ O W) <r N —— — — — —
| —_— N A I /7 N —e b et

COOCH,

I\

PivO S

TIPSO OTIPS
21e

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
3C NMR (126 MHz) spectrum of 21e in CDCl;

S-100



62°€
05
08"+
0 v
ISy

EOL T

501

£0'L |

Lol

Zo'L |

o'k |

gLe |

1680
0oL

10.0

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

11.0

12.0

'H NMR (500 MHz) spectrum of 21f in CDCl;

S-101



BCE9—

rd

or'6L”

66221
vm.mN;
66'€ZH|
Nazd%
@m.qﬂw
1901
1STEL)
gz 8cl
Z5 ovL
66 0¥

€L 81—

21f

9) 80 70 60 S50 40 30 20

190

0

10

150 130 110

170

210

3C NMR (126 MHz) spectrum of 21f in CDCl5

S-102



o =517
¥8'0
S8 0 rSecl
ﬂmov. - — ||.I1Lw“ .___umm
o w08 |
Nr:
i) 9
191
B9
90"
QL rO'L
:‘.j_. - TEY |
AN2 [ m:
ElL'¥ I
9P 7 bO'L
0z's _ .
_‘N.mv —=—+ org|
€i'9
vh.mw " L0l
9/'9 o'l
86'9" I\ o0l
66'9’
A
=
© )
=N
[ =2
—W0 _”
/ O
: o]
. N
‘0
%)
o
o FE

10.5

8.5 7.5 6.5 5.5 4.5 3.5 25 1.5 0.5 -0.5

9.5

11.5

'H NMR (500 MHz) spectrum of 21g in CDCl5

S-103



L1
ZLEl

L€l
LP'8l

c€r8l
6¥'8 _.M.
95’8 _.uk__
M i
B60'6E—

B606%—

L0°€9~
L1999
08'9.
mm.th
1082

15S0L—
B9 L1~
6251~

e LT~
LTEEL~
orscl—
[518°) o

819G —

L98L1—

L
L ’

N—

9) 80 70 60 S50 40 30 20

190

0

10

150 130 110

170

210

3C NMR (126 MHz) spectrum of 21gin CDCls

S-104



x4
LT
mﬁmb

74
S.¢
g€,

18°C
Z8'¢\

95’V

hm.vw

8BSV o
J

65+
hmqg

9z'9
ocs’
2T I
€Z /4
€z'/

00’ L

IiX

w L0 L

vel
- TAY
TN
L L
ec's
vl
¥e'l
e
99, |
95’/

10T

b

PivO

OH

HO

22a

161

4.5

2.5 1.5 0.5

3.5

10.5 9.5 85 7.5 6.5 5.5

1.5

'H NMR (500 MHz) spectrum of 22a in DMSO-d6

S-105



D — 0 — —
$RB25F 32 8 8
ST O NN o —
—rT T P= I ©
~ [~ N
PivO
HO O
22a
| I
|
WA LR VA
210 190 170 150 130 110 90 30 70 60 50 40 30 20 10 O

3C NMR (126 MHz) spectrum of 22a in DMSO-d6

S-106



o2
o o
o+

oL'e
Fr.mv.

G6' v
mm..vv

¥ 9
¥Z'9
¥Z'9
289,
z8'9f
£8'g!

~———————— 660

_ 160
Jm o'l

89"
891
98'9/
98 9
189
189
189
88'91
68'0]
680
0691
06'0
16°9]
16'9

i~ ST

HO

22b

4.0

10.0

2.0 1.0 0.0

3.0

3.0 7.0 6.0 5.0

9.0

11.0

12.0

'H NMR (500 MHz) spectrum of 22b in CDCl;

S-107



e5ZL’
6L
0v /2

L06E—

8919~

orv9—
€6'EL~

PO,
04 701+
L& 01
PO LA
L9 LA
08 Lk
e8' LA
8881

668l

LZ'0E 1
GZ'0EL-+
mm.om;_ﬁ
G9'ZEL
zi el
05 191
19 191
€129l
05 €91l
BS €L’

T

¢L8LL—

PivO “i Ai’ F

ZL09L~
1209

0519}
19191
€129k~
€2°Z94

0S°€91~
BSE9L"

HO  ©OH'
22b

:

W

stk

i,

160

164

9) 80 70 60 S50 40 30 20

190

0

10

150 130 110

170

210

3¢ NMR (126 MHz) spectrum of 22b in CDCl;

S-108



-
T
-

18°€
1071
80 1
601
Ok ¥
AN
ClL

AR
R
'y
oz 1/
fraty
8z ¥
8/°G
E.mv

|- AN
9L

+=00'L

3

CH

PivO

memo
— 00l

9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
'H NMR (500 MHz) spectrum of 22c in CDCls,
5-109

10.0

11.0

12.0



~ B388g ) — — © —© @D
fed) I~ O @ <t [~ N © @ r~ -0 M
= @ AN A — s - oo N
~ NOoNAd= g o H®
| = /A <N | e
CHs
N
//N
PivO
HO  OH
22c
I
210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 O

3C NMR (126 MHz) spectrum of 22c in CDCl;

S-110



96" L

COOCH;

/ \

PivO

or//

OH

")
(@)

H

22d

|
Jll
i

bl

PEE
Lee
80'L

POl

Lot

S0'L

0oL

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

12.0

'H NMR (500 MHz) spectrum of 22d in CDCl;

S-111



o — oM oo w
~ © < @ S @ < W O =+ O D
o 2 = 38 I~ - 3 o~ ©Q o
= € u¥ odx = If & 5 8
| [ o/ AN I < ~
COOCHS3
/\
PivO (@)
HO  OH
22d
| I
210 190 170 150 130 110 90 80 70 60 S50 40 30 20 10 ©

3¢ NMR (126 MHz) spectrum of 22d in CDCl;

S-112



[« 3 2
L1
A4
80°¢]
60°¢]
98°¢]

o

el
4%
Gl
6111
VAR |
eevl
24
GC'{7

oS 17}
06V

E.&
Z6'y

109
No.mv

65/

mm.mw
6G 'L
86/
86/

COOCH;

/ \

PivO

o

OH

")
(®)

H

22e

=Ge0l

145N
LL

9c't
l2'}

- 6Ll

el
80’}

601

L0}
001

1.5 0.5 -0.5

2.5

3.5

4.5

5.5

6.5

7.5

8.5

10.5 9.5

1.5

'H NMR (500 MHz) spectrum of 22e in CDCl;

S-113



()] 20} O —=1H Q) ~— «—
(o] N QOO M N ON O — O (o] (o]
0 ) DM N WL -~ o Q9 ¥
M~ «© OO MO NN 90 <F = N — <D !
- = T =~ [~ O IpN lp] op] o}
| i N [— S |
COOCH;4
/\
PivO S
HO  OH

22e

210 200 190 180 170 160 150 140 130 120 110100 90 80 70 60 50 40 30 20 10 0 -1
3C NMR (126 MHz) spectrum of 22e in CDCl;

S-114



ozl
ek

it
- 80°L

POL

—EE£0°L

I FE'C

——
—-860

— 1,960

00|

4.0

10.0

12.0

2.0 1.0 0.0

3.0

3.0 7.0 6.0 5.0

9.0

11.0

'H NMR (500 MHz) spectrum of 22f in CDCl;

S-115



A=A
6 il—

Yrid—
Ol'ee—

L6 1S

A ol
LS
~Sa /)

€T'ETh
LEVZL
08 +Z 1}
mm.mﬁv
rrA-AN
BLIEL,
mh.hmﬂ_ﬁ,__
60°6E 1]
92" 0%l

6L 81—

9) 80 70 60 S50 40 30 20

190

0

10

150 130 110

170

210

3C NMR (126 MHz) spectrum of 22f in CDCl5

S-116



Z60 == 118l
16'07
660 Uq. oLy
ot =" S¢6 |
6L L IJ
|
— 8Ll
ﬂ”j, [ﬁ AN
mwww ||..“_Hw bz
) £0'L
154 "
LH- £1'L
m_. A
mv.ﬁ %
mm.mur IH, 1oL
b ZO'L
289 _ SOl
el 4
802" ~
BB L~ \_ —E 00'L
\\S\/\o g
) |
|
|

-0.5

12.5

8.5 7.5 6.5 5.5 4.5 3.5 25 1.5 0.5

9.5

11.0

'H NMR (500 MHz) spectrum of 22g in CD,Cl,

S-117



c9'l-

L

zzeL’

0 17

8,62
7886

6F 1S —

829
80°99—
60°tL
oF Pyl
6217

82901~
Yo L~
(F/=1
19281~
celel—
L2sel—
g8'9rl—

or' 95—

ce8ll-

22g

90 30 70 60 50 40 30 20

0

10

110

130

150

170

190

210

3¢ NMR (126 MHz) spectrum of 22g in CD,Cl,

S-118



x4
LT
ﬂi

74
S.¢
g€,

18°C
Z8'¢\

95’V

hm.vw

8BSV o
J

65+
19 1

9z'9
ocs’
2T I
€Z /4
€z'/

00’ L

IiX

w L0 L

vel
- TAY
TN
L L
ec's
vl
¥e'l
e
99, |
95’/

10T

b

HO

OH

HO

3a

161

4.5

1.5 0.5

2.5

3.5

10.5 9.5 85 7.5 6.5 5.5

1.5

'H NMR (500 MHz) spectrum of 3a in DMSO-ds

S-119



D — 0 — —
$RB25F 32 8 8
ST O NN o -— o
—rT T P= I ©
~ [~ N
o Y .O
HO  OH
3a
| I
|
WA LR VA
210 190 170 150 130 110 90 30 70 60 50 40 30 20 10 O

13C NMR (126 MHz) spectrum of 3a in DMSO-ds

S-120



mNNV

o4

186
z8et

09
19 b
89 v/
zi !

829~
BZ'9

62'9’
104
80 /¢
60 2]
60" L%
VR
AR
0Z 2
0z 21
NN.L
AN

€T
¥z
6z
0921
19/
292
€9 /-

-86'0

660
960
-00'L

10.0

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

11.0

12.0

'H NMR (500 MHz) spectrum of 3b in DMSO-dg

S-121



L0Pe—
€9°19—

867 1L~
B PL

96'C01
t.gi.
8¢ Y01

LV LEL

mm.:_v
6L'6LI

B8 GLL
BZ0CI~
LVYELT
sz e’

GE 651
Gt 6G 1 /_,r
G8'BG1
96'65 ||
GE 191
Gt 191
<8 1917
L& L91-

5E'BS1
St'651

GBS~ -
96651

SE'19ky
Sh 9L ~
28’191/
16° L9}

JWWMWUM

v

161

MW«MMNM

158

164

N

90 30 70 60 50 40 30 20

0

10

110

130

150

170

190

210

3C NMR (126 MHz) spectrum of 3b in DMSO-ds

S-122



A
mmumw
%- m“__

55€Y
8°€

Us &
i
ot ¥
2 Rl
65+
L9 ¥

8's
Nva

99 /[~
€L L

OH

")
©)

HO
H

3c

—————— 00}

\_\ 160

—7-00'L

4.0

10.0

2.0 1.0 0.0

3.0

8.0 7.0 6.0 5.0

9.0

11.0

12.0

'H NMR (500 MHz) spectrum of 3c in DMSO-ds

S-123



mog@m
L <t I~ 10 L O L LD 2l
G 15 e o [ -5 & & i
NN - 0 N [} [1p] [ ]
o P~ P~ o &
= 72 N2 |
3
N
/
Vz,
HO
HO  OH
3c
|
|
I
210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 O

13C NMR (126 MHz) spectrum of 3¢ in DMSO-ds

S-124



AN .
z h.mv Iﬂ¢wo.r
e i.w.w__,m_m
8g e r e
65 bt
05'¢! Ll
lgg! 3 .
mhﬂ J”N_‘ m
z8'c —— 001l
cgc’

cl'g ]
E.mv 20}
ZL9— —-001
g8 . 060

COOCH,

/ \

HO

¢¢//

OH

",
o

H

3d

4.0

10.0

1.0 0.0

2.0

3.0

3.0 7.0 6.0 5.0

9.0

11.0

12.0

'H NMR (500 MHz) spectrum of 3d in DMSO-dg

S-125



o oo 3L 9 o
~ M~ O © @ OO0 Oow©
o ol Ao O Lo ot o A
Ll By I AN - o] ool ==
— — — — -— = I~ © ) Lo
I | Vo | | Ne s
COOCH;
/\
HO (@)
HO  OH
3d
210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 O

3C NMR (126 MHz) spectrum of 3d in DMSO-ds

S-126



WAYA

TANA

FAS % ._
9€ €1

LEE

LEE .
g€’

o | =
om__mg Pl
£€e'c €91
G8'El =i
0g9°'¢c =1 68°€
/98¢ Sl
o e
€6’V

Vet

19 S
_,_‘.mv

8/ L
ww.hv 0Ll
02’8 — i e
om.mv 00°1

COOCH;

/ \

HO

HO

3e

10.5 9.5 8.5 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5

11.5

'H NMR (500 MHz) spectrum of 3e in DMSO-ds

S-127



) CQ Q) ON L) ) O

o ¢ © M MW © R
o CONNDOM o) 0
(0] T OOMO NN = N
-— —— — T — P~ P~

COOCH;

HO s
HO  OH
3e

-61.56

54.09
~51.67

WA

DR A—————

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

13C NMR (126 MHz) spectrum of 3e in DMSO-ds

S-128



L7 1y

L7 1
m¢FW
¥l
80'¢
mQNW
_.N.N

57 ¢,

Nvm#

=V &
e
6 Sl
0g°¢
gL ¢l
9L m_%
16¢]
C6'E
v
et b
G ¥
oG ¥
oG |
St
09t
181
ev sl
B L~

00'¢

160

~Z6'L

4.0

10.0

2.0 1.0 0.0

3.0

8.0 7.0 6.0 5.0

9.0

11.0

12.0

'H NMR (500 MHz) spectrum of 3f in DMSO-ds

S-129



POwoosong
il bl el o LN o o —
OB FTNNND @0 M~ “ D
OOONNNNA oo ol o o
—r—r—r T T T P= P~ o ~ <
L“““JI—-/'J L-___'}h .g_r,___-ﬂ_-—— \ /! | \I I,l

—30.35

UL

210 190 170 150 130 110

13C NMR (126 MHz) spectrum of 3f in DMSO-ds

S-130

90 30 70 60 50 40 30 20 10 O



[ealidn]

383

——
1

1

A

HO

~Fo'8l

P

- 0oL |

LO'L

Lot |

0oL

4.5

10.5

0.5 -0.5

1.5

25

3.5

8.5 7.5 6.5 5.5

9.5

1.5

'H NMR (500 MHz) spectrum of 3g in CD;0D

S-131



2}
P
[a]

6C6l—

0255~
6669
TATL: 0N
95 1.
BE L
€9°6L—

82201
P ELL~
€6 9Ll —

L9821~
IrECl~
e8PElL”
B89 LPl—

Ly iSlL—

90 80 70 60 50 40 30 20

0

10

110

130

150

170

190

210

3C NMR (126 MHz) spectrum of 3g in CD;0D

S-132



ae i
BYE ,_ 90'L
R.mv M&S
BL'E —~G0'L
05t 1 ag

LG P ﬁwmm
09 ¥~ |||“4D¢No._‘
oL v ‘60
ﬁ.J

Gl

G 9

9/ 9

8891 SOl
68'9- 507
689"

06'9"

PO L — |h"||%| Ll
64— E00')

4.0

10.0

1.0 0.0

2.0

3.0

6.0 5.0

7.0

8.0

9.0

11.0

12.0

'H NMR (500 MHz) spectrum of 3h in DMSO-dg

S-133



o LD O O o O @
Ty 0 QLW 0O = - 9 @
w  <r R Ry —— O L N o
— —— —r— = I~ o0
| N/ AN N/ |
T\ NH,
HO N
S N§/N
HO OH
3h
|
| i I
210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 O

3¢ NMR (500 MHz) spectrum of 3h in DMSO-ds

S-134



000
L0 [— ,
——" mm mr
100/ .
160 .
mm.ow. alL'r
00’} M :
99'€ ] .
89°C Loy
69°C
1Z:G = vfw.
G2 9
9/°9-L 860
80,1 0oL
602/
80°8—

.SEM

SEM.

SN
\ N\N/)

Br

~

980

10

13

15

16

'H NMR (500 MHz) spectrum in CDCl;

S-135



—156.09
—147 .52
—115.99
113.96
—106.86
—102.09
rari=
£6-32
18.41

210 190 170 150 130 110 9) 80 70 60 S50 40 30 20 10

13C NMR (126 MHz) spectrum in CDCl;

S-136

10
L




Sigs) . 8517
68 0~ ) I
oo —
—

62°€\ )
ey M
59'C- o = 69 |
L9'¢’ S ||L

— x

L
AL — 12T |
102
Z0'L —_—
BL LT ~— g0l
0z 2/
91’8~ L o001 |
6e' 8~ ~ 061

<. .SEM
N

SEM

SN
\ N\N/)

HO-B.

~

OH

23

4.5

12.5

25 1.5 0.5 -0.5

3.5

8.5 7.5 6.5 5.5

9.5

11.0

'H NMR (500 MHz) spectrum of 23 in DMSO-dg

S-137



—155.74
—146.08
—~120.16
~116.92
—106.21

—77.62
—B65.07

AE

—17.52

—

R N -

150 130

170

13C NMR (126 MHz) spectrum of 23 in DMSO-ds

S-138

110 90 30 70 60 50 40 30 20 10 O



O | ZT6
4 FW =N
.meif, -
LEC\ )
mm.m/ = £8°0
\ ol
Sl g ‘88’0
al'e ———— 0]
LIS
00, _ lysoz
. 90|
10y — 20
ST 1
9c i .
A =007
mm.hw
Ge'/

PivO

or//

OH

)
o

H

24a

4.0

10.0

2.0 1.0 0.0

3.0

8.0 7.0 6.0 5.0

9.0

11.0

12.0

'H NMR (500 MHz) spectrum of 24a in CDCl5

S-139



—178.86

m-l—-—m bt b o

- EI;N'!—

— 0 O ' L I~ NN O
o I~ [~ P @~ NN = O
I Lot I o B ot | @ < LD ngn—h
- - M} M~ O LD [op B op I ot
|~ I ZANAN BN

210 190 170

150

130 110 90 80 70 60 50 40 30 20 1
3C NMR (126 MHz) spectrum of 24a in CDCl;

S-140

0



NN b

¥ ]

05y,

A
BE'C—

1 m

£e e

oy mv
00"+
TRal
154
AR
aRd
IR
9l ¥
JAN
0z ¥
Ty

089
28'9-
Bl L

- 160
) 960

R — Y
Zo'l

AT

PivO

B r//

OH

",
(®)

H

24b

-JH. 16')
00|

4.0

10.0

12.0

0.0

2.0 1.0

3.0

5.0

8.0 7.0 6.0

9.0

11.0

'H NMR (500 MHz) spectrum of 24b in CDCl;

S-141



ST

0

10

08'0E—
ZL6E,
LEFp

e

Al
9Z ¥/,
Imn.. it

Pl

9L 0k
9E P01
1S P01
€F bbby
mq.:fv %

OH

09 LLL-
stk
09'6Z4\

69621
L96Z1
N4

o

H
24b

PivO

67091 v 091y
85 091 85091
L
26291 Mw.% w
z0€ol’ cozo| X
262917
0681 20€g L/

9) 80 70 60 S50 40 30 20

S-142

110

159
130
3¢ NMR (126 MHz) spectrum of 24b in CDCl;

150

In

161

1

163

[

170

165
190

210




N

W

o = 056
ce 1 181
122

£ i
Wm”m IlfiJ?mo._‘
o0°¢c HNMT 60°L
B84 € B FOL
08-c—+ S
P s o SL'e
cg¢

16°¢

X%

c6'c

Rz

AR a

CL'¥

N

1 AVEN 2 €60
6¢ 1~ 00}

PivO

4.0

10.0

2.0 1.0 0.0

3.0

8.0 7.0 6.0 5.0

9.0

11.0

12.0

'H NMR (500 MHz) spectrum of 24c in CDCls

S-143



[= 4 ¢ ) = [
o o w0n—0 =¥ O O — W0
@ O o [~ g0 ¢ To@ N-oow
O O I~ N QP < LD goc‘:mn—r--
— — —_— M M-~ © < 2 N
P >N IS S o
/CH3
/N
PivO
HO  ©H
24c
I|
|
210 190 170 150 130 110 9) 80 70 60 S50 40 30 20 10

3C NMR (126 MHz) spectrum of 24c in CDCl;

S-144



121
1Z 1
ZT
B |1
LG 1
29 1

R
PG 15
%5/
mNN/
7
122
€26
62 '€
Z8'¢
mmmw
mmmﬂ
80’
Lt
AN
¢l
¥l ¥
L
gLt

Gy 9—

l6'L
PQNV

COOCHS,

/ \

PivO

or//

OH

",
o

H

24d

FO'L

80e ¢

521

gge ¢

o'l

00’ |

10.0

12.0

3.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

11.0

'H NMR (500 MHz) spectrum of 24d in CDCl;

S-145



I~ n o I~ P~ o I;
@ O~ o oy [y o o OON~— OO
fes) o~ © o5 o) » @0 <F QN - O
M~ o o = - ] 5 < LD — W T @~
— — — — — P~ M~ O W=t o NN
| [ | [ I ~ N VoSN
COOCH,
I\
PivO (@]
HO  OH
24d
1
I
210 190 170 150 130 110 90 80 70 60 50 40 30 20 1

3¢ NMR (126 MHz) spectrum of 24d in CDCl;

S-146



=v90l
= 8Ll

_AJ

I

A
I

o

[~

™

COOCH,

PivO

OH
24e

",
o

H

JAON

00’1

0.5 -0.8

1.5

2.5

105 9.5 8.5 7.5 6.5 5.5

11.5

'H NMR (500 MHz) spectrum of 24e in CDCl;

S-147



o L - o — L)
') ~ » <o~ od L) O QOO NQI
o 1) 0 < S A CMN—— O
P~ (o] = N o < L N < O NI~
-— -— -— — — M~ M~ © WO < <r MM
| | | NS AN NS A
COOCH;
I\
PivO S
HO  OH
24e

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
3¢ NMR (500 MHz) spectrum of 24e in CDCl;

S-148



uiw £0L
r66'0
- |I|||-|I||..HEH 161
=Z0l

—~£6'0

24f

- =1 J0Z

mwﬁ S6°0

960

4.0

10.0

12.0

2.0 1.0 0.0

3.0

7.0 6.0 5.0

8.0

9.0

11.0

'H NMR (500 MHz) spectrum of 24f in CDCl,

S-149



B9°Ll—

Q7 17

leoe—
CSEr
Nm.m.vv

96'69”
2GFLA

0L0ZH
ITTTh|
16°ZZht
90T T
e RcAN

TV IS
1685}
9. 0|

69'8.1—

24f

0

90 80 70 60 S50 40 30 20 10

190 170 150 130 110

210

3C NMR (126 MHz) spectrum of 24f in CDCl5

S-150



4

ZE” _w,r »6E'8
€e'l - Bep'l
0c¢

NN.N% .
A = FLLC
PG e

mm.mu&

Ly Sl
0% /S
1OV v0°1
ceov 901
90V 60°1
oLV 00¢
[

19 AN 7

8S'v —
oY

Gr'9 |
& mla
189 Y
289

€S /L~ . FZ0'C
8L L 00}

OH
249

HO

PivO

1.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

12.0

'H NMR (500 MHz) spectrum of 24g in DMSO-dg

S-151



QQ o W o G N =

o < ™ O () I (o] P~ M o) I~ NOD M
~ Tog o N~ O o= O —mpRpYNg o
M~ w =r o — 0O O O MW [sP®D) @ Cp ©
— —_ -— — — M~ M~ = ™M oY AN
| | | | AN I~ ——4— A

PivO N

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
'H NMR (500 MHz) spectrum of 24g in DMSO-dg

S-152



STl
8Z'1
62’1

P Eq

£FE

.

i €
Sie
mw.m;.
LLe
zre

SEF
9E'F
orv 1
¥y
4] o
£SF
1423

FAY]
m:‘..;ﬁ
S¢'L
mw.hw
FXAY

6z 21

HO

OH

HO

4a

|LALJL_~JLM_A

I

I

EEEL|

FoLg

mrmo.v

720Z|
r90°Z|

roo°lt

001

e60!

=860

10|

10.0

12.0

3.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

11.0

'H NMR (500 MHz) spectrum of 4a in DMSO-dg

S-153



14399
128.00
127.41

12570

7812

—7347

— 6305

_-49.03

~46.73

—3174

-L

HO OH
4a

4

190 170 150 130

110 90 30 70 60 50 40 30 20 10 O

13C NMR (126 MHz) spectrum of 4a in DMSO-ds

S-154



.\\\©

HO

HO

96°0
= 00r |

10

11

12

'H NMR (500 MHz) spectrum in DMSO-dg

S-155



[1e] o2l L B
w 0 w0 ey ] el P Y 1]
2 e a8 T & g
= o N N W W e [ s o
— — [ — P~ P~ w = =r ™
| ~f S | ~ |
o~
HO  OH
B e e S S e T e e L 0 0
210 190 170 150 130 110 90 30 70 60 50 40 30 20 10 O

3C NMR (126 MHz) spectrum in DMSO-dg

S-156



HO  ©OH
HO \ ; \//\
HO  OH
4a
I
_JJL\_JUUI\ } LL. mh'\_)‘ L____ A ,\V_J L_,_,m ;.JW"“\ ﬂ."ll-h-JL
II4:4II4:1II3:8II3:5II312II2:9II216II2:3II2:0II11?II1:4II

Comparison of *H NMR resonances for 4a and corresponding epimer

S-157




HOAQ@

HO  ©OH

HO  OH
4a

1 O N N

A
- )

T T D SRR B S Sy B S S S S R

80 76 72 68

Comparison of *C NMR resonances for 5a and corresponding epimer




61 I
0T 1
'z ;_
T\

vz 1!
00'Z

No.mw

e

L

wlm:‘

o

6£'¢
v ey

el ﬂ.@—r

I/

—— 1 80'L

N
pLgt
vy

or v

' ¥
lid 2
SS'r
95"t

102
10" 21
€0 L1
€0' /1
._u_D N)-
S0' 2
oL 24
oLL
AN
rAWE
AN
Pl 4]
- L
BE L
oy L
A A
e 1

HO

¢¢//

OH

",
O

H

4b

EL0E

w@hmo

= —FZ0'L
60
-

— 1680
meo

mﬂ S6°0

£60
Mmroo_‘

4.0

10.0

1.0 0.0

2.0

3.0

8.0 7.0 6.0 5.0

9.0

11.0

12.0

'H NMR (500 MHz) spectrum of 4b in DMSO-dg

S-159



96°0c—

09° Ly —

€99t

96°C9—

oD
= -
w N
P~ I~
4

AN
5 €01
95°c0L-L
S0 Lhkn
80" LLL-+
A
bg'9Z 1
9.9z~
95 6T}
v9'6Z1
69'6ZL-
CFBS I
€565
mo.mm%
9/ '8}
8¢ 191
8% 191
29 1911

L2191

HO

OH

HO

€P65L
€GBS
996G+
or651”
8E° 191
Sl
Z9'19L
L2719

90 30 70 60 50 40 30 20

i

158

161

164

0

10

110

130

150

170

190

210

13C NMR (126 MHz) spectrum of 4b in DMSO-ds

S-160



=660

Lfoo.r

11.0 10.0 9.0 g0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
'H NMR (500 MHz) spectrum of 4¢ in DMSO-dg + CDCls
S-161

12.0




—79.11
—73.80
—63.72
\47.20
S =Fa—
/31.66

210 190 170 150 130 110 g0 80 70 60 S50 40 30 20 10 O

13C NMR (126 MHz) spectrum of 4c in DMSO-ds

S-162



mmw._,l ———1 |||
€02

¥0'C - = [52¢C
90'c

€ -
90'€\ LQS
goe — :
60°c/ I A
8eC-r = —— =60t
19°¢ .w

6L ¢ -

g8l¢ ———= 0Tt
P 9— — 960
cc'8 .
mm.mv —F180

COOCH;
|\
HO
HO  OH
ad

4.0 3.0 2.0 1.0 0.0

5.0

6.0
S-163

7.0

9.0 8.0
'H NMR (500 MHz) spectrum of 4d in DMSO-dg

10.0

11.0

12.0



55 & 5 & r~ ) I~ O
N; < g NPV =1 &
o 1D ~ — 3 W o — O o w
— — -— — P~ P~ [Le] ) =f = o]
Yo/ | | | N/ | | [
COOCH;
I\
HO O
HO  OH
4d
! |
I
ko
210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 O

13C NMR (126 MHz) spectrum of 4d in DMSO-ds

S-164



vt b

19 90

145995

GE' |1

GE 1

9€" 1| - M |
mm._./ = 3071
o2 i
6lL€

L2’ 3
wm.mdl i:
Dﬁ..ﬁ,/ &%WN.N
C_C._C T ||I|”.N%Mvw
6S '€ /e
09°¢’ 1216
0L €] ] (S0')
_;m.m [ S—— ]
LL'E €0}
mw.i

m.v.f

8G'v -
VL'V

¢l

A

mN_.\.W |
A —+00'}
cl'8 )
mvmv 260

COOCH;
]\
“OH
4e

HO
H

1.0 0.0

2.0

5.0 4.0 3.0

S-165

9.0 8.0 7.0 6.0
'H NMR (500 MHz) spectrum of 4e in DMSO-ds

10.0

1.0

12.0



=T O QMmN

o 0 — = QNG wooy ¥

© < M 0 0 — QO = —

- - — MM~ O <r <r ™
[ Nt/ A SN NN |

COOCH;

/ \
HO s

HO  OH
4e

R

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
3C NMR (126 MHz) spectrum of 4e in DMSO-dg

S-166



L7 1y

L7 1
m¢FW
¥l
80'¢
mQNW
_.N.N

57 ¢,

Nvm#

=V &
e
6 Sl
0g°¢
gL ¢l
9L m_%
16¢]
C6'E
v
et b
G ¥
oG ¥
oG |
St
09t
181
ev sl
B L~

00'¢

160

~Z6'L

4.0

10.0

2.0 1.0 0.0

3.0

8.0 7.0 6.0 5.0

9.0

11.0

12.0

'H NMR (500 MHz) spectrum of 4f in DMSO-dg

S-167



POwoosong
il bl el o LN o o —
OB FTNNND @0 M~ “ D
OOONNNNA oo ol o o
—r—r—r T T T P= P~ o ~ <
L“““JI—-/'J L-___'}h .g_r,___-ﬂ_-—— \ /! | \I I,l

—30.35

UL

210 190 170 150 130 110

13C NMR (126 MHz) spectrum of 4f in DMSO-ds

S-168

90 30 70 60 50 40 30 20 10 O



HO

ErOlL

Ol
b0l

VEO
101
zo'L
heorL

=00
=00

=00'L

4.0

10.0

12.0

2.0 1.0 0.0

3.0

8.0 7.0 6.0 5.0

9.0

11.0

'H NMR (500 MHz) spectrum of 4g in CD;0D

S-169



M~ =T IO NN
0 o~ o O~ CND « 9
w =r (3] — 00O [(o o p oY (o) (#)]
-— - -~ — - - M~ I~ D =T o
| | | AolN d— N | |
[\ NH;
HO N
R 3 N>~
HO OH
49 |

200 190 180 170 160 150 140 130 120 110 100 90 80 70 ©0 50 40 30 20 10 O
3C NMR (126 MHz) spectrum of 4g in DMSO-ds

S-170



Important NOE interactions observed in compound 4g

S-171



(2N
€E 1
86 |
00 ¢
G0'¢;
No.mq;
€0'€
40R%
seey
oc'e

=gc’)

— F09Z

ov.m;
e

.@@ﬁ
@&..mM

eV
vm.ww
AN 4

LV 9~
GO’/
Nm.hf
¢q'.
008
Do.ww

1
et e
$S9=ONTS

O «~— 0O~ «— «— «— —

1
M
w_‘_"rd_‘_ﬁ
D WO ~— OO DD

Mfmo.r

) =$8'0
_ 70}
Roo |

CONH,

/ \

HO

HO

4h

1.6 105 9.5 8.5 7.5 6.5 6.5 4.5 3.5 2.5 1.5 0.5

12.5

'H NMR (126 MHz) spectrum of 4h in DMSO-dg

S-172



—163.58
~158.38
—143.59
-123.20
-104.14
—28.98

~76.31
\73.26
_62.82
_46.09
~42.48

CONH,

[\
HO o

s Y,
N 7

HO OH
4h

o Ao i

210200190180170160 150 140130120110 100 90 80 70 60 50 40 30 20 10 0 -10

13C NMR (126 MHz) spectrum of 4h in DMSO-ds

S-173



CONH,

/ \

HO

OH

B r//

",
(®)

H

A

4i

——£¢60

90|

——3160

007}

0.5 -0.5

1.5

5.5 4.5 3.5 2.5
5-174

6.5

7.5
'H NMR (126 MHz) spectrum of 4i in DMSO-dg

10.5 9.5 8.5

11.5

2.5



— VM=
o0 D~ MM 0 <t I~ o w
™ MMM OAND © N ™~
© TONAN 0 ™M N O < —
— -—r— r— M~ M~ O < < ™M
| ~ N =3 A AN N |
CONH,

/\

HO S

HO  ©OH

4i

AN A T P A S A A AN VNN A

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

3¢ NMR (126 MHz) spectrum of 4i in DMSO-ds

S-175



SL 0
9,701
82701
6401
L8107

50
€60’
SR
90" |
L0}
T

6l'E
om.mvf

€0's
._uo.mv

€6°G—

6C° L
(RN
4>
¥e'L

mm.t\
101
6. 1

TsO

-
.

TIPSO

OTIPS

25

S0'L

SOt

S0'L

e —
m
__
———— 90}
]
—_—r
|

3
uﬂ oL’

|
—== 90l |
1

80°L

10.0

12.0

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

11.0

'H NMR (500 MHz) spectrum of 25 in CDCl;

S-176



LS
69|

\
8E -
gl

6v8L/
5581
58'1Z’

B606%—

A TAN
199/

U L

SC'9TH
91’821
A TAR
€5 8211
BL'BZLA
#0'0E -t
€T eEL—
Zreel’
Z0'Gh
Lz 9Pl

TsO

”
.

TIPSO

OTIPS

25

0

10

9) 80 70 60 S50 40 30 20

190 170 150 130 110

210

3C NMR (126 MHz) spectrum of 25 in CDCl;

S-177



08¢y
Nm.Ns

O

s O _H-
r ey
vﬂm&

See]
12€
8/°¢
6L '¢C’
19
89 L
e v
vl

69—
T i
vZ L

zes
ce 2
Gg /]
G 2]
95/

HsCO_\——HN ‘ O

OH

HO

— Y
~MITE
sheLE

26

4.0

10.0

12.0

2.0 1.0 0.0

3.0

8.0 7.0 6.0 5.0

9.0

11.0

'H NMR (500 MHz) spectrum of 26 in DMSO-dg

S-178



[or e MU R Wop Mapl
L ~— <t O — [~ [on o) an] M~ OO
oD O @ I 1 —~® GO®HoWm
T NN Lo oyl on] = — O
hLNC I M~ W
| SO P N =P
HsCO O
(Y
HO  OH
26
]
|
210 190 170 150 130 10 90 80 70 60 50 40 30 20 10 O

13C NMR (126 MHz) spectrum of 26 in DMSO-ds

S-179



82°01

6/ 0

150, ey o]
886 =5 1611
607 —=he0z |
€60/

e

mm.NJ___

SQ .
el Nt
80 €N Y
60°€ 5 480
96 7

IBE — 160
hm.m\

86'¢

20'S L e
sp'a” 960 |
0¥ 9— - 060 |
mN.T__

£e i zZo'l
mN.h - — =
el 1" ooz
Gel i
Fio

N

Gy /-

H,N

’
.

TIPSO

OTIPS

27

4.0

10.0

2.0 1.0 0.0

3.0

8.0 7.0 6.0 5.0

9.0

11.0

12.0

'H NMR (500 MHz) spectrum of 27 in DMSO-dg

S-180



— QO LD ¢ O O
G NO N WO o I= =t = O — LD — N
00— @~ L0 M~ -« Rl i Bt
S OO NMNAN [~ O — — WP
— T T = I~ L -t —r— T
NESSP N I —J3=-
(Y J
TIPSO OTIPS
27 X
L
|
|
210 190 170 150 130 110 90 30 70 60 50 40 30 20 10 O

13C NMR (126 MHz) spectrum of 27 in DMSO-ds

S-181



]
)
=]

=00 L

r6L'0
+-00'L

%, 96'L
‘00z

4.0

10.0

12.0

2.0 1.0 0.0

3.0

7.0 6.0 5.0

8.0

9.0

11.0

'H NMR (500 MHz) spectrum of 28a in acetone-ds

S-182



r~ LOW® T O
(o] ST N—ND oo © ) [ o]
o I8ET 8K o~ r~ @ o
r~ O ONNN o o — o
— — o T T | R Kp] <t [
| ey = e | | |
|
j
s C
H R
HO  ©OH
28a
I
I
|
210 190 170 150 130 110 90 80 70 60 5H0 40 30 20 10

13C NMR (126 MHz) spectrum of 28a in acetone-ds

S-183



I8¢
Nm.Nv.

Ig'e—

WSS
Gy

¢C'9
6,

[FAVR

o L
GG 2
95 /-

|
8c /-
7

09'8—

ZT

o=

~X

PhHN

=E00°L

28b

4.0

10.0

12.0

2.0 1.0 0.0

3.0

7.0 6.0 5.0

8.0

9.0

11.0

'H NMR (500 MHz) spectrum of 28b in DMSO-ds

S-184



t8Ur—

G0'LS—

€6 'CL
LevL

R-gANN
08°0Z 1
08'SZH!
02 L2144
€Z'8Z-¢
€5'8Z1

1062
0LSEL'r
65°0r1)
e chl

¥EGG L —

ZT

o=

90 30 70 60 50 40 30 20

~X

PhHN

28b

0

10

110

130

150

170

190

210

13C NMR (126 MHz) spectrum of 28b in DMSO-dg

S-185



£8'¢q
LO€1
<0'€q
e0'Eq ]
L1'E
6l €
bzt 819

. B
AR =t )]
mm.mw B A
(A2 = 00|
hm”.w;r _ 480
v, -£0'L
6t

860

8C L1
2

. ) zel
e L —_ .
mm.hw = e
18
e5 2]

e L

OH
28c

HO

(H3C)N

1.0 0.0

2.0

6.0 5.0 4.0 3.0
S-186

7.0

9.0 8.0
'H NMR (500 MHz) spectrum of 28c in CDCl;

10.0

11.0

12.0



O DO O LW LW
NOGHAG 13 = 9
33 % 8 ﬁ 8 8 « o — wm
— T T T T -y r~ Ly o
e < |
P
e
HCN"
HO  ©OH
28c
I
|I |
|
| . | - |
210 190 170 150 130 110 9) 80 70 60 50 40 30

3C NMR (126 MHz) spectrum of 28c in CDCl;

S-187



96" 1

161
161
86 |-

00
R
62'¢
E.A
LIE

8. ¢4
6L €
08¢

88°¢
68°C
06°¢
15¢]
0+
mo.i
0%
80t
6T ¥

Ph

0oL

|
L""uu i

oL'e
—F L0}

M , 180
- ¥L0

ﬂhﬁ We |
£e'e

10.0

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

11.0

12.0

'H NMR (500 MHz) spectrum of 29 in DMSO-ds

S-188



6C°Cl
€6°Cl1
16911
96°911
00°L 1+
€041
(FAFRR
IZ¥A%
L

i

—

9c'0c—

6 9P
€86

PIco—

ClELl—
B9 LL—

06'GZ}
No.hﬂw
1z 8z

LOTPL—

90 30 70 60 50 40 30 20

0

10

110

130

150

170

190

210

3C NMR (126 MHz) spectrum of 29 in DMSO-ds

S-189



o€ 1
€1

8EL
6¢ |

€22
A

0Z€
0z
A Y

zzel
cocf
vored
9g°¢
69°¢
12¢
zi el
€l ¢
6.6
08°¢c-
I8¢
8¢
80t
€2 Ly
oL
Z¢ -

i

Ph
OCH,

30

‘0,

HO

HO

|l

LOE
00z

10.0

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

11.0

12.0

'H NMR (500 MHz) spectrum of 30 in CDCl;

S-190



—B88.00
—/5.01
—B65.39
—b8.13
~48.55
~-46.99
—32.36

—143.61
128.84
%{127.44
+126.68

Ph
HO

HO  OCH,
30

— L

210 130 110 9) 80 70 60 S50 40 30 20 10 O

190 170 150

3C NMR (126 MHz) spectrum of 30 in CDCl;

S-191



1B'E
a.m/
P
AN
E.Q,
L'
ce ¥

Ph

- zol |
M z01 |
E——— )

o 002

~ Foecoe

L =%
= FO'L

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

12.0

'H NMR (500 MHz) spectrum of 31 in CDCl;

S-192



e ISy EL'
] y & &0 — NI ONRNDONWOD OO —
o @ @ I~ [~ ) N@ Q=0 QLN = O LW o~
~— N L4} O = PP P00 06 0
o] —_ o — ) o gt
| /< e T e e
(0]
\fsii \Q,Ph
O S
\ESF'O\ (@] ‘I
W
il
WW"J I\JI blll\‘mw—“
78.5 77.5 76.5
|
I I
| | Il
210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 O

3C NMR (126 MHz) spectrum of 31 in CDCl;

S-193



90|

J
10 1+

8 L_F
10'Z-
20
€0’z
T
1461
11 €
E.%
€0t
0P
S0t
90"t
Gl
9l 't
JANZ
Bl ]
A

€

TAFR
8c’s
oc L

ze 2
PR

OH

FO'L |

A"

Lol |

r 2oL |

; 860

r 860

- 180

r9gL

180 |

FLN
- 00¢C

12.0

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

11.0

'H NMR (500 MHz) spectrum of 32 in CDCl;

S-194



B6C°El
BLCl
9e° /11
il
AFAS
B L1
0L 21
SL LN
6L

-

=

0coe—

I LP-
89'6Y

8959—

“ZC 18
e Ev

mo.hNF/
08'821-
88'8CL-

SeBel—

190

0

150 130 110 9) 80 70 60 S50 40 30 20 10

170

210

3C NMR (126 MHz) spectrum of 32 in CDCl;

S-195



J‘

0T 41
xa
8T L\
6CL

1€ L]
1§ L]
6EL

HO

Ph

OH

HO

33

4.0

10.0

12.0

2.0 1.0 0.0

3.0

3.0 7.0 6.0 5.0

9.0

11.0

'H NMR (500 MHz) spectrum of 33 in acetone-ds

S-196



o omib~— 3
-— M~ 0 P~ L O (o] L
o oo @ L ™ N o
=t W N o LD o m
i Re & 23
HO |
\Q,Ph
HO  ‘OH
33
| I
| I
210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 O

3C NMR (126 MHz) spectrum of 33 in acetone-dg

S-197



(0]
‘“\\O /[Q
o

OTIPS

“Q‘

1
HO/
TIPSO

(+)-37b

5601

80 I

oN”:#__  €0€

HH - = ILF

26 by I.%r 8L

mm.r@ —— 0l

80°Z\ ] i 661

g = 1oL

-y - 00’}

Nv.im 86’

Gy’

85°¢€

65 €

o5 e
- ————

90 ¥ —— 160 |

Sl ._J

gL'y

8zt

6 ' —

10.0

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

11.0

12.0

'H NMR (500 MHz) spectrum of (+)-37b in CDCl;

S-198



g 5 Lo (CNgI‘-- [~ NOQWUOD OO0 C—
I~ « oY oY HOO- NG RO O =
SR 5 HEbd IZYISJERLLETD
I - N NS egm——
o)
Ho' Q “o
TIPSO OTIPS o
o)
(+)-37b
|
|
II |
|
210 190 170 150 130 110 90 380 70 60 S50 40 30 20 10 O

13C NMR (126 MHz) spectrum of (+)-37b in CDCl,

S-199



(-)-37a

.

950 — . ZLE
. oLl
0z o
LL'g—~ = wwm 01
9T - Loso |
mv.N\ \ a0z

15°€

65€ .
09°€-/ b_v 00z |
c9'g .

. ——m [ Zl't
mm.w 5.IILT 0oL |
60 ¥
oLt
L't
A
1%

G
mm.J
LEF

10.0

12.0

0.0

4.0 3.0 2.0 1.0

5.0

6.0

7.0

3.0

9.0

11.0

'H NMR (500 MHz) spectrum of (-)-37a in CDCl5

S-200



2661
€2EH
6Z'EH
B.E.#r

Fatadd st

UL I
(el -Mell ,ﬁr

1581/
6292
E.mﬂ_ﬁ
16708

66 L~
0Z'Sh—
62751
0065~
0L P9~
€619
999/

LG LL

GE 16—

98'/91—

LC 8L

HO

.
7

TIPSO

OTIPS

0]

(-)-37a

9) 80 70 60 S50 40 30 20

190

0

10

150 130 110

170

210

3C NMR (126 MHz) spectrum of (-)-37a in CDCl;

S-201



0]
Iy, o
oo
O.
TIPSO OTIPS
o}
(+)-37b JV‘

J»UM M@__}M o Jw‘aMJ'UMJ»%MML

—

4.5 4.3 4.1 3.9 3.7 3.5 3.3 3.1 29 2.7 25 2.3 2.1 1.9

Portion of *H NMR spectrum of diastereomers (+)-37b and (-)-37a in CDCls

S-202



n\\\
O

OTIPS

I,Q‘

BnO/
TIPSO

(+)-36b

——F I |

oLe

PR

FO'L |

660 |
00Z |

il AN

10.5

8.5 7.5 6.5 5.5 4.5 3.5 25 1.5 0.5 -0.5

9.5

1.5

'H NMR (500 MHz) spectrum of (+)-36b in CDCl;

S-203



G661
elely
PEEL
c6'91
66911
12413
L8l

6781

[X=}:]
(A TA
980~

8" L~
1SS
1S #G~
BB 757
GP 9

22T,
JE'CL”

gc9l

GE 16—

€942} \
08'LcL-
L 8L

€L 8el—

S8 /91—

6C'8L1—

9) 80 70 60 S50 40 30 20

O
SN}
°

OTIPS

I

Iy,
BnO/
TIPSO

(+)-36b

190

0

10

150 130 110

170

210

3¢ NMR (126 MHz) spectrum (+)-36b in CDCl;

S-204



BnO

TIPSO

oTIPS

(-)-36a

i

PR

161 |

FO'L |

oLe

660 |
00Z |

Fes |

10.5

8.5 7.5 6.5 5.5 4.5 3.5 25 1.5 0.5 -0.5

9.5

1.5

'H NMR (500 MHz) spectrum of (-)-36a in CDCl;

S-205



€661
PLEL"
CEEl
691
66911
12413
L8l
6781

[X=}:]!
(A TA
060~

6 L~
B CH
T ¥G
IB¥G"
19°29
A AR
8L~

—299r
8L

AN

89/l
E.R@
A
19°8EL—

82°/91—

G8il—

e}
c
m

(-)-36a

9) 80 70 60 S50 40 30 20

190

0

10

150 130 110

170

210

3C NMR (126 MHz) spectrum of (-)-36a in CDCl;

S-206



X-ray crystallographic analysis

The diffraction data were collected at 120 K with a partial y geometry diffractometer equipped with a CCD detector. Cu Ko radiation (A=

1.54184 A, rotating anode source, multilayer optic) was used. Data reduction and final cell refinement were carried out using the CrysAlisPro

software (CrysAlisPRO, Agilent Technologies UK Ltd).

Table S1. Sample and crystal data for compound 3b.

CCDC NO.

1452238

Empirical formula

CioHiz F205

Formula weight 242.22

Crystal system Triclinic

Space group P1

a[A] 5.2120(4) o = 80.834(6)
b [A] 7.4380(5) B = 85.227(6)
c[A] 14.3549(9) y = 74.865(6)
Volume [A?] 529.826

z 2

Crystal size [mm]

0.30 x 0.25 x 0.15

2 range [°] 6.036 to 50.696
Reflections collected/unique 4567 /1931
Rint 0.0207
Data/restraints/parameters 1931/11/173

S-207




Final R indices [I1>20(1)] R; =0.0503

WR, =0.1343
. - R. = 0.0534
Final R indices [all data] WR, = 0.1389

Apmax /Apmin [e A 0.30/-0.39

ORTEP Figure of 3b. The ellipsoid contour probability level is 50%.
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Table S2. Sample and crystal data for compound 4a.

CCDC NO. 1452773
Empirical formula CioHi6 O3
Formula weight 208.25

Crystal system

Orthorombic

Space group Pbca

a[A] 9.8445(4) o =90
b [A] 6.9522(3) B =90
c[A] 30.4659(12) y =90
Volume [A] 2085.11

z 8

Crystal size [mm]

0.20 x 0.20 x 0.15

20 range []

6.764 to 50.696

Reflections collected/unique

10308 / 1892

Rint

0.0164

Data/restraints/parameters

1892 /3/145

Final R indices [I>20(1)] \Izi; 900035%5
2 -V,

Final R indices [all data] \T/i; 98%‘:'334
2 =U.

Apmax /Apmin [e A 0.31/-0.20

S-209




ORTEP Figure of 4a. The ellipsoid contour probability level is 50%.
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Table S3. Sample and crystal data for compound 4c.

CCDC NO. 1452237

Empirical formula C10H16N203

Formula weight 212.24

Crystal system Triclinic

Space group P-1

alAl 7.2069(4) o = 80.466(4)
b [A] 7.7420(3) B = 79.403(4)
c [A] 9.5826(4) Yy =77.127(4)
Volume [A] 507.987

z 2

Crystal size [mm]

0.15x 0.06 x 0.06

20 range []

4.362 to 51.36

Reflections collected/unique

4995 /1929

Rint

0.0178

Data/restraints/parameters

1929/3/146

Final R indices [I>20(1)] \Izi; 9003835
2 =U.

Final R indices [all data] \T/i; 981%527
2 - .

Apmax /Apmin [e A 0.38/-0.21
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ORTEP Figure of 4c. The ellipsoid contour probability level is 50%.

S-212



Table S4. Sample and crystal data for compound 30.

CCDC NO. 1452235

Empirical formula C13H1503

Formula weight 222.28

Crystal system Monoclinic

Space group P2:/n

a[A] 12.5947(2) o =90

b [A] 6.74830(10) B =105.382(2)
c[A] 14.1169(3) y =90

Volume [A] 1156.86

z 4

Crystal size [mm]

0.25 x 0.20 x 0.20

20 range []

5.986 to 50.698

Reflections collected/unique

9291 /2102

Rint

0.0197

Data/restraints/parameters

2102/2 /152

Final R indices [I>20(1)] \Izi; 90003323
2 -V,

Final R indices [all data] \T/i; 98%?3%8
2 - .

Apmax /Apmin [e A 0.26 /-0.17

S-213




ORTEP Figure of 30. The ellipsoid contour probability level is 50%.
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Table S5. Sample and crystal data for compound 32.

CCDC NO. 1452236

Empirical formula C,4H420,4Si,

Formula weight 450.76

Crystal system Monoclinic

Space group P2:/n

a[A] 9.6577(2) o =90

b [A] 26.6774(5) B =109.914(2)
c[A] 10.5938(2) y =90

Volume [A] 2566.21

z 4

Crystal size [mm]

0.25x 0.25 x0.15

20 range []

6.108 to 50.698

Reflections collected/unique 23480/ 4677
Rint 0.0399
Data/restraints/parameters 467711 /274
Final R indices [I>20(1)] \ikz 200f25§3
Final R indices [all data] \T/Ej 28192;1
Apmax /Apmin [e A 0.47 /-0.44

S-215




ORTEP Figure of 32. The ellipsoid contour probability level is 50%.
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Table S6. Sample and crystal data for compound (-)37a.

CCDC NO. 1452234
Empirical formula C35HesO4Sis
Formula weight 655.06

Crystal system

Orthorombic

Space group P2,2,2

a[A] 11.0527(3) o =90
b [A] 44.5049(19) B =90
c[A] 7.8273(3) y =90
Volume [A] 3850.24

z 4

Crystal size [mm]

0.22 x 0.22 x 0.08

20 range []

3.66 to 51.362

Reflections collected/unique 41693/ 7346
Rint 0.0449
Data/restraints/parameters 7346 /110/ 433
Final R indices [I>20(1)] \ikz SOOISSE?G
Final R indices [all data] \T/Ej 2871?3%6
Apmax /Apmin [e A 0.40/-0.35

S-217




ORTEP Figure of (-)37a. The ellipsoid contour probability level is 50%.
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Table S7. Gradient elution profile for RP-HPLC (Nucleodur® C18 HTec, 5um, 250 mm x 50 mm) purification of 1b and 1e (solvent A
— MeOH, solvent B — H,0).

Time [min] Solvent B [%0] Flow [ml/min]
0.00 90.0 10.00
2.00 60.0 10.00
4.00 55.0 10.00
6.00 50.0 10.00
8.00 45.0 10.00
10.00 40.0 10.00
12.00 30.0 10.00
14.00 15.0 10.00

25.00 90.0 10.00

mAU -
500—2
400
3003
200—2

1003

04

DAD1 C, Sig=210.8 Ref=360,100 (MU\MPO_FINALOCOD14.D)

TBAF impurity

HPLC Chromatogram of compound 1b (UV detection at 210 nm).

S-228




N
N

50 | ——LM1588 O F
16 —LM1589 | pio ‘
12 - Ho onF
é‘ﬁ g - (+)-22b
E 4
g 0 N F
£0 Wy
g PvO”
© 8- Ho! YonF
-12 (1)-22b
16 -
'20 T T T T

195 210 225 240 255 270

wavelength (nm)

CD spectra of enantiomers of compound 22b (EtOH, 10°° M).

S-229



4auu
mAU 11-6017
12-6.600
3000
o™~
2004 [
\\ ,/ F
HO OH
10,0
(rac)-22b
004 —__«—)\,———\_/L
(/] min
5 == 7 2 - LM #6 [manually integrated] LM_1589 UV_VIS_4 WVL-280 nm
21l g00q
= mAU 11-6013
2
]
D | 60.0 O
S
z
40.04 PivO ‘
s 2 F
‘ HO OH
20,0
(+)-22b
- 6680
004
min
R EVTEY lly integrated] LM_1588 UV_VIS_4 WVL:280 nm
90
ol |2- 6547
=3 6o I,
i e O
=N PivO ‘
] g
flez
Y| 204
g ( )-22b
m 0 A
_bl o] min
L W T T b 10 200 30 400 50 2.0 10.0 110 12.0 13.0 14.0 150 15
gauzyadmin

3.2 min; 20.1 mAU - Zoom

HPLC chromatogram of racemic compound 22b and corresponding HPLC analysis of enantiomers (+)-22b and (-)22b. (Daicel-CHIRALPAK
AS 4.6 mm x 250 mm; hexane/EtOH = 96.5/ 3.5; 2 mL/min; rt; tg = 6.02 min for (+)-22b, 6.60 min for (-)-22b.
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CD spectra of enantiomers of compound 4g (CH,Cl,:CH3;OH 1:1, 10 M).
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S-235



60.0 = 7 3 - PK-01-02 #225 [manually integrated] PK-07-31-A + PK-07-32 -A 05,95 EtOH toluene-A
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HPLC chromatogram of 2:1 mixture of individual enantiomers of compound 24g and corresponding HPLC analysis of enantiomers 24g® and

24g° (Daicel-CHIRALPAK IA 4.6 mm x 250 mm; toluene/EtOH = 95/ 5; 1 mL/min.
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Cell cultures

MCF7 breast cancer cells was cultivated in Minimum Essential Media (MEM) with L-Glutamine, Proline and Pyruvate (Gibco) supplemented
with penicillin (100 U/mL), streptomycin (0.1 mg/mL) and 10% fetal bovine serum (Gibco).

Human foreskin fibroblasts HFF1 were maintained in Dulbecco’s Modified Eagle's Medium (DMEM) supplemented with 15% fetal bovine
serum (Gibco).

All cells were harvested after a brief incubation in 0.05% ethylenediaminetetraacetic acid (EDTA) in phosphate-buffered saline (PBS), followed
by trypsinization (0.25% w/v trypsin/0.53 mM EDTA in PBS). They were then counted by using a CASY TT automatic cell counter (Roche
Diagnostics, Prague, Czech Republic), diluted in the appropriate volume and seeded for experimental procedure.

MCF7 and HFF1 cell lines were obtained from American Type Culture Collection (LGC Standards, Warsaw, Poland).
Cell proliferation assays

For cytotoxicity screening the cells were seeded at the density of 20 000 cells/cm? on black Corning 96 well plates with clear flat bottom. After
24 hrs, cells were treated with tubercidine or compound 4g (3 wells per concentration, range 0,0015 uM to 100 uM using 9 points). Vehicle
(DMSO) was added at the same time as the control. The cells were grown during next 24 hrs. The medium was then gently removed, the cells
were refurbished with fresh medium and allowed to proliferate for 48 hrs. Finally, the cells were harvested and analysed using the CyQuant
assay. The CyQuant cell proliferation assay (Invitrogen) was performed according to the manufacturer’s recommendations and the results were
analysed using a Fluostar Galaxy reader (BMG Labtech, Ortenberg, Germany).

Data analysis

The data were evaluated as % of viable cell normalized to the control (DMSO). For calculation of ICs values, a four-parameter logistic dose-
response model with a sigmoidal shape was used: Y=Bottom + (Top-Bottom)/1+(x/1Cso)"HillSlope where ICs, denoted the concentration of the
inhibitor that gave a response that was halfway between Bottom and Top. HillSlope described the steepness of the curve, and the Top and Bottom
denoted plateaus in the units of the Y-axis. Lower and upper bound of a 95% confidence interval for ICsy was calculated.
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