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General Information

The '"H NMR and '*C NMR spectra were recorded on a Bruker AC-300 Avance spectrometer or
Bruker ARX-300 spectrometer at 300 and at 75.5 MHz, respectively. The chemical shift values
are on o scale and the coupling constants (J) are in Hz. HRMS (ESI) spectra were recorded using
Orbitrap Q-exactive analyser. Melting points were determined on a MEL-TEMP II apparatus. All
chemicals used were purchased either from Aldrich Chemical Co. or A.K. Scientific, Inc. USA,
Canada and used without further purification, except for toluene and methanol. Toluene was dried
with sodium metal overnight and distilled before reactions. Methanol was dried with molecular
sieves overnight before use. Analytical TLCs were performed on pre-coated Merck silica gel
60F254 plates; the spots were detected under UV light. Silica gel (230-400 mesh) was used for
column chromatography. After column chromatography, fraction-containing products were

evaporated under reduced pressure and dried under high vacuum to give the desired product.

S2



DW-A3 H.001.esp

4.36

0
[sp]
N
Yo}
“
~
N
z
a2
2 8 o)
N~
E -
§04- . NH2
2 3 ?5
0.3—; <5
E iy ©
= <
0.2 o
3 @
E N
0.1 ~
L I
03 pramm— g R
1.000.97 1.01 1.025.90 0.99 1.70 2.03
U u v uJd-aJdu (] 1]
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
Chemical Shift (ppm)
DW-A3 C.001.esp 3
c)'O
IS
T8
] »
0.9 @)
NH,
207
2
2 ¥ o
£ ©8 CHLOROFORM-d
i §8
g gl s
5 8 =]
=z < i Tel
8%
gl 5 Sq
y 8 1 Ing
: $ 2 s
3 S | L
0.1 } =
itk burbatb b ottt A S e e ittt i b s e ik Wittt dshdabesiabicseomautatats
200 180 160 140 120

Chemical Shift (ppm)

'H and "*C NMR spectra of compound 2a

S3




0.5

20

O
1.0

1.5

99'8€~ 0%'86~
1267

2.0
40

DMSO-d6

0§ ¢———=

25
60

o
o) ©
3
o
o a
=
= o
<
@« =4
el
< 9o
5 9eZLl—
s 26'8L1 o
© Lz’ieL o
6ce2l 1ggz1—
© 0582} Py
o srzel—
o
[Ye} <
£6'5— — 87ko g
- ©
a ©
g © g
- [N a
(=2}
S 2Es 8
[} G pis ~ s
£ (4% 2. | S
2 = 2 o
o 0 ]
o) e 2
19} 2 2
= Lo § ®
&) <" Fo e
— 5 N
E= S=af® Q g
N ~ W I
fa) o z
7 SafEw
M - @ o © ~ © 0 < « N <
LA L LAy L a LAy Laaa L LARAY L) LAy LAY L LU LR LN LAY ALY LALL LARL) LA LA 1 o o S S S S S =] S
o 2 © ~ © 0 < © N - o Aysusju| pazijewioN
~— o o o o o o o o o

Aysusju| pazijewsoN

S4

Chemical Shift (ppm)

'H and '3C NMR spectra of compound 2b




NH,

LL'C

DW-C2 1H.001.esp

[

o o <)
Ajisusju| pazijewlon

25 2.0 1.5 1.0 0.5

3.0

4.0

7.5 7.0 6.5 6.0 5.5 50 45
Chemical Shift (ppm)

8.0

8.5

Sevel—

DW-C2 13C.001.esp

§geee

Sy'ech

CHLOROFORM-d

6G°9L

69'8CL

™~ © 0
=} (=} (=}

Ajisusyu| pazijewloN

<
=}

@
=}

0.2

0.1

200 180 160 140 120 100 80 60 40 20
Chemical Shift (ppm)

220

'H and '*C NMR spectra of compound 2¢

S5



G6°0~

N o
16°0 660~ 3u
8N 6L 94T) ©
A |
981 g1~ ]
16 9
66— —re= = <]
-
L
Z
) O . mg
Q.
0
8
N
o
S
I
[
(o2}
2
g
=
[a]
TS T eI
°S o @ N~ © o T o o = g
— o o o o o o o o o

Ajsusiu| pazijewionN

0.5

20 1.5 1.0

25

3.0

4.5
Chemical Shift (ppm)

6.0 55 5.0

6.5

7.5 7.0

8.0

z8el—
0e'6l S
o
<
3
e
[i'4
(o]
w o
O ©
14
(o]
-
5 95°9/
V'Ll o
@
o
o
) LrolLL— °
16°€2h 152zl seen— S
T 121
Lsel 88'ZEL
o
3
v8'rrL—
o
©O
N @
7]
8
N
o
3
8 2
- @
&)
[a]
o
R
3 S
A_n ~
=
(=]

S
S}

@ ~ © © < @
<} S} [S) S} [S) [}

Ayisusju| pazijewsoN

Chemical Shift (ppm)

'H and "*C NMR spectra of compound 2d
Sé



20

40

60

80

100
Chemical Shift (ppm)
S7

120

N
I
pz4
) O
[a\]
H i O
N 4
O 1o}
o
—
O - )
= .
O < . 3 0105
- [
2
m o
i}
2 5 95°9L
o~ . A\
00°L.: L
o
=
0
5~
€
g
J .
9TY- SAE 5
b\ 0 L
<E 88'GHL—
5 LeocL—
o -0y _0L'SZ)
o 169ZL— 18'9¢L
« .
9y's— mH_ o cereel sTsel—
M 70 9pL—
0
©
o e a
8 )
© Q
% o ;knm
5 ° o
H 2
o o © ~ © [2] < ] N b o P1u
= S S S S o o S IS} S m L2'€0C—
Aysusju) peziewioN z
o
@ @© ~ © 0 < « N -
o o o o o o o o o
Ayisuaju| pazijewloN

160 140
'H and '*C NMR spectra of compound 2e

180

200

R kit ki i |




20 15 1.0 0.5

25

DW-E2 DMSO 1H.001.esp

" Chemical Shift (ppm)

1.90
=)

6.0

6.5

U 4 4u J u ud
8.0 7.5 7.0

U

0.920.99 2.92 2.030.97 1.03 1.00

© wn <

o o o
Aysuaju| pazijewloN

©
°
o
(]
3 SZ6E 56'8¢E
RO N\ —\
roee 08'6e~” L0007
N
T
Z
) )
| —
m
eeTli—
. eeLLs
9€°0Z4~.
16621
. A
J— 88'8Z1L 2viel
g8'0eL~
vLLEL .\.\.
gz'eel
gcop)— SS 8EL
Q.
(7]
)
S
o
N
Q
®
o)
)
=
[a]
o
) 1G'161—
=
[a]
2 @ o N~ © v ¥ ©o o =
~ o o o o o o o o o

Ajisusju| pazijewloN

80 60 40 20

100

S8

160 140 120
Chemical Shift (ppm)
'H and '3C NMR spectra of compound 2f

180

200




99°C:

o
Br

DW-F1 1H.001.esp

CHLOROFORM-d

L L L Ly LR LA LA LLAR L) LLLLy Ly Ly L LaLRN LARR) LALA RAAL) RLLLY ALy Laad paa s
< < ] ™~ © © st «@ N b

- o o

o

o o o
Aysusju| pazijewloN

=}

o

<]

o

4.0 3.5 3.0 25 2.0 15 1.0 0.5

45
Chemical Shift (ppm)

7.5 7.0 6.5 6.0 55 5.0

8.0

8.5

DW-F1 13C.001.esp

Geee—
9G6'9/
WLl \
19°0¢1—

9808 — veseh G.'8Cl~
mm.om_‘n\. —
0L¢eL

T
16'9vL—
P4
—
m
€€'¢0c—
e < @© ™~ © w© =~ « N -
- [S] [} o S [} [S] S <} [S]

Ajisusju| pazijewoN

20

40

60

80

100

120

140

160

180

200

Chemical Shift (ppm)

'H and '*C NMR spectra of compound 2g

S9



100
Chemical Shift (ppm)

DW-A-099 CDCI3 1H.001.esp &
o
1.05 O
0.9 NH,
0.8 Br
[{e}
0. et
N~
2z
b E o
c 0.63 5|
[} = N (221 s
E J Y’
o e CHLOROFORM-d
Q 0.5
s 1 8 o
go. 3 N N &3 ols g~
z N3 Peo I < |
b 5 N i
0. —— 0
2l
0.2 ‘_\H
0.1 S :
0
1.73 2.08 2.06 3.24
S| [} (] ]
80 75 70 65 60 55 50 45 40 35 30 25 20 1.0 05 0
Chemical Shift (ppm)
DW-A-099 CDCI3 13C 2.001.esp Q
3
0 P
28
0.9 P g
NH, 5
0.8
&
0.7 Br 8 e
>0 = CHLOROFORM-d o~
2 < = @
£ 06 S T
= &
Q
N
T 05
£
(s}
b4
0.4
0.3
0.2
0.1

'H and '*C NMR spectra of compound 2h

S10




N
=

T 3 E
) O -
{ n
60°€ C
o_.mé. C
el'e o_F
vie -2y
GEe~ O
seel [ 1.u_u
or'e Tk
lg'e N
€8'G o b
¥8'S o I
9z | ° r
18°G r
o [
18 af
om.WI/ o b
" < L
Lol ST pal |3
- 62/ N
652 RS
2oL 2318ag
a 2Ll ol
2 vLL 8af
3 18°2 g
S £gL Sat
p C
2 C
8 C
< o
= C
[a] L

TP TP P PP P T P T T e

o (o)} e} N~ [{e} o] < [se} N -~
- 8 6 &8 © © & 6 o & ©°

Ajsusju| pazijewloN

Chemical Shift (ppm)

CHLOROFORM-d

DW-A-089 13C.001.esp3

©
N

NH,

OH

69°0r—
9612
. 95°9/:
00" Ll——pr
Y6'GLL—
8202} A AT A=
SS9z —
8.'8Z145'6C1 08 1El—
65°8EL—
80°€rL—
2 @ o 9~ 9 ® ¥ o o =
~ o o o o o o o o o

Ayisusyu| pazijewloN

140 130 120 110 100 90 80 70 60 50 40 30 20 10
Chemical Shift (ppm)

150

'H and '*C NMR spectra of compound 3a

S11



OH

NH,

DMSO-d6

om_mll

-

[{
19'6— o
~N
_ S
=3
9L’ Ig
D=
:0.
w0
299 °=
00°Z W%m
€0 L~ — - .\zu
0z — €2/ == mu
a 1871 mmN.Mms o
[0 — = |
9 ows.\..\. ‘%\/ o
S 69/ S=
I w@s% -
~ G6'L e
< 86'L o
< ea
2
[a]
ARl L Al R Al
o (o] [eo] N~ «© Te) < [32) N —
< 86 6 6 &6 ©o o o o o ©°

Ayisusju| pazijewioN

0.5

25 2.0 1.5 1.0

3.0

7.0 6.5 6.0 55

7.5

8.0

8.5

Chemical Shift (ppm)

DMSO-d6

86'GCl—

DW-A-117 13C.003.esp

NH,

OH

Lo'6e SZ6E 56°8¢ 6986~
0868~ L0°0v 9¢'0
6V'89
209LL—
6611
esoeid  ~
Il it— =
ooz srzel—
Wbl
L\
® ® 9~ © o 9+ o o =
o o o o o o o o o

Aysusju| pazijew.ioN

140 120 100 80 60 40 20
Chemical Shift (opom)

160

180

'H and '*C NMR spectra of compound 3b

S12



o m
© ©
o
~

€€ €—

28—

NH,

OH

212
—

3.5

LA LALS Laby VL) LA AL L LAY L) LS UL DALY LA LAY ML) LA LAY LY M) LA Lt
= @ @ ™~ © 0 < « N b
- IS S IS IS S S o o [S)

Ajisuaju| pazijewioN

o

1.5

2.0

25

3.0

6.0

6.5

7.5

8.0

Chemical Shift (ppm)

81'0c—

NH,

OH

96'99—

CHLOROFORM-d

LASEALAARALRARA! L) W
©® N © v
o ©o o o

Ajisusju| pazijewioN

136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16
Chemical Shift (ppm)

144

'H and '*C NMR spectra of compound 3¢

S13



180~

80'vl

10

26°0

1.0

16l

1.5

2.0
DMSO-d6

2T 66 G6'8€ 9L 9¢—
L1687 100V

DMSO-d6

1G°6¢:

25

3.0

35

20

30

40

50

60

4.0

X 4.5
Chemical Shift (ppm)

NH,

60 55 50
OH

9'G

N
I
T pz4
o
O €55

¢S99l l—

6.5

00°0¢t
NV.ONT\ siielr
18'GCl— —
S9'221-"
Fv.wN _‘n\u

7.0

ceeel—

7.5

0S'virl—

8.0

DW-A-113.001.esp
DW-A-113 DMSO 13C.001.esp

< s ~ © 0 < « N
-~ o o o o o o o o
Ajsusju| pazijewloN

< @ ™~ © 0 =
=

o o o o o
Aysusju| pazijewloN

9. @ N b
(=} (=} (=} (=}

70

80

Chemical Shift (ppm)
S14

140 130 120 110 100 90
'H and "*C NMR spectra of compound 3d

150




DMSO-d6

052~
Nm.ﬁ
6z ©
1673 SQEn
862 89
Pk -
Bl e
1ze
vz'e

Ayisusyu| pazijewioN

[ce]
o7
o
[se}
oa
N~
o
2 §
o
[(e}
@
a =
8 2T IAT L 8a
3 €7 1— LN 3
o 98 L~ N o
(D] LT
= 252 +
a mm.?\. ./1.u
T 98’/ p: g
~ o
[}
<Q
<
=
o
T T
o (o] e} < [5¢] N -~
<~ 86 6 6 © © o© o o6 o ©°

.0 3.5 3.0 25 2.0 1.5 1.0 0.5

4

45
Chemical Shift (ppm)

7.5 7.0 6.5 6.0 5.5 5.0

8.0

8.5

DMSO-d6

DW-A-097 13C DMSO0.001.esp

Kysusju| pazijewioN

F%m%m./ $6'8¢ 69'8¢
g6 L0°0¥ 9€ 0t
N
=
T
o O £9'69—
—
o
16Thi—
18°Shi—
60121~
PeSzin
- mm.mﬁumsﬁ.{ ——
s6el7 T
€L°0€}
9cBel— v orl—
SLgyl—
S o o ~ © B 9% ®o o -
~— o o o o o o o o o

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

150

Chemical Shift (ppm)

'H and '*C NMR spectra of compound 3e

S15



90 80 70 60 50 40 30 20 10

S16

100
Chemical Shift (ppm)

110

120

N
Z °
I
O 9
O i
2 3
g
© a w,mm %o,ﬁ G6'8En 6986~
= © og'eed L0077 9g0p
o < — o
% o
=
[S] . 0
0§ 7— —= 3
N
- I
W - r = 0z'89—
O
6c'6— — ©
™0
€
o
4 <&
&
<
0 B
32
@ —
o2
©o
60°€lL—
o vLoLl—
© .
2LS— L | v6'0Z1~
M ° 1862 06'vCl~
S=foe £8°/Z1— -
119 S Lv'8Th =
v ) orozd OVIE—
CE
¥5'9 a W ES
e 8LYly
V0L .? o 8L °GpL—
10°L - SaER N
) ST/~ = = > 2
NM 1 = IJ.?U o k]
@ 96 /— — ~ S)
s 652 387 Q
8 68°L — v Fo <
T 062 ve'L .Tu o @
: St :
< ® z
M © o o N~ © o ¥ o o =
.FE.::WE;.:F::::H%:::F:E.:E.:::Mﬁ:::F:E.:F::::;::::;: - o o o o o o =] =) o
< &6 &6 6 ©o &6 o o o o ©° Aususyu pazijeurioN
Ayisuayu| pazijewioN

150 140 130
'H and '*C NMR spectra of compound 3f

160

170




\\ 90'lc— -——3

3.01
H
15

2.0
DMSO-d6

—

|

3.0

3.5

oV’ ¥9— ——

4.0

5.0

45
Chemical Shift (ppm)
OH
oo
Br

1
6.0

OH
Cy
Br
1.07 0.96
oo
55

6.5

062~

90°2L 1

_ S 00'2by”
. LLETI -—

E 88'9Z1~" ——
T8zt

3
= B.wm% =

7.0

7.5

> G8'6¢l
€€°0¢EL

8.0

L B B L L L L L B L
[Te] o o] o 0

I I - = S o QS vvl— -

o o o o o
Ajisuaju| pazijewioN

56 48 40 32 24 16

64

Chemical Shift (ppm)
S17

96

128 120 112 104
'H and '*C NMR spectra of compound 3g

136

144

L3 LA LA L s e S L s S e s L e s e s

Qe @ @ ~ © 0 < @ N e

~ o o o o o o o o o
Aysuaju| pazijewloN




780~

0

. o
18'0— T m.u
2]
<
=1
g 183
o N
%) =
= 21
o
05—
N
=
I
O
O 81
O Zre~ <
o
o.w_
©
~
_ =
m
66 5
o No.mo./ .\nnuu.n_
& 8¢/ e
] . L L
o
: 0S5 /L— =
T g5 =
o] 18/ =
s .
= 15 21
[a)
7o)
=)
g
=
[a]
T TP P T T T I I T e T e
e @ ® 9~ © © % o o
~— o o o o o o o o

Aysusyu| pazijewsoN

6 5 4 3 2 1
Chemical Shift (ppm)

7

8

80wl
9061
©
°
3
18'98
= .
2 _5TBEy c6'8e goge
15'66— .
sreed 20077 £€0F
N
W 66'L9—
I
) O
—
m
£0ELl—
. £6'9L1—
7]
2 60'L21—
8 86'921
g Yr'8Zin
S Y66 goer—
0
=
a
Yo}
S
% 89 vrl—
=
[a]
~ © 0 < © o =
o o o o o o o

Aysusyu| pazijewloN

130 120 110 100 90 80 70 60 50 40 30 20 10

140

Chemical Shift (ppm)

'H and '*C NMR spectra of compound 3h

S18



DW-A-101 CDCI3 1H.001.esp

1.42

1.05
0.95
E 0]
0.8
E N
0.7
2 E o~ 0]
2 0.6 NEN
g 3 T
£ 3 ¥
3 0.5
N 3
£ 047 58
zZ 3 N~
3 -
0.3
3 0
E <3
0.2 P w6
0.1
0 3
1.002.22 1.082.40 3.01 2.03 0.94 0.93 1.01 1.962.35 3.09
o [N} [y [y [
8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 25 2.0 15 1.0 0.5
Chemical Shift (ppm)
DW-A-101 CDCI3 13C.001.esp &
g
|
3
2
Sy (0]
0.9 o7 © Q
& | 8 g @
0.8 T N, & N
= 3
~ >
0.7 Il |&| @ T 8 0
2 [ © @
B Sle <[©
< Sls <|o
£ o6 NP 9
= N 3
el oN
Q < <t
Nos )
@ (o2}
E o
S
Z 04 ©
S
N
034 T &
o
0.2 |
0.1

Akl bl 1 ol

160 150 140 13

ot A

120 110 100 90 80

s L

Chemical Shift (ppm)

'H and '3C NMR spectra of compound 4a

S19




DW-A-103 CDCI3 1H 3.002.esp 3
1.03
3 0]
0.93
3 N
0.83
E (0]
E o
= N
0.7 N
B
2 0.64
8 E
£ A
? 053 Q-
R U
5 045 g
2773 2
E g ©
0.3 N e
E ’ 8 ofd
0.23 - o
3 N Py
E g ¥
0.13 I ‘
03 J Nty
0.99 2401.291.846.13 1.05 212 207 321
= u U u 5] [N 5]
o i LA I e T B T e B O
9 8 7
Chemical Shift (ppm)
DW-A-103 CDCI3 13C.001.esp 2
2
1.0 o
0.9 N
0.8 O
2]
[}
0.7 e
> o b CHLOROFORM-d
2 ’ <
206 o
= e}
el H?, o
D I ~3
S 05 © TN ~C ©
< < n{". ~ ©
5 &l & 5|7 8
Z 04 2 oyl|l§— ]
> ©
03 T8% 2 .
~ %H N o« =]
& < =] ¢ @ «
0.2 Q ~ < o
T &
N
0.1
0
R I S I B i TR
160 140 120 100

Chemical Shift (ppm)

'H and '*C NMR spectra of compound 4b
S20




CHLOROFORM-d

H 4

3.003.12

1.94 2.06
=

o o o
Aysuaju| pazijewlioN

4.0 3.5 3.0 25 2.0 1.5

4.5

.0
Chemical Shift (ppm)

5

55

8.0 75 7.0 6.5

8.5

9.0

CHLOROFORM-d

20

¥Sle— -
viez/

1008~  _
€8'ze— —

30

Mo\

40

50

60

00'89— -

G2'68— - W
geoct
80'¢ccl
LC°eClh
7

IR
2@&% —
81825 =

70

80

110 100 90

120

|
130

61621 o
vz o€l
LLLEL z

140

)
160 150

170

olLecLl— -

=} =}
Ayisusju| pazijewioN

Chemical Shift (ppm)

'H and '*C NMR spectra of compound 4¢

S21



rIO
~_F
2H—-
. G8'0~\ w C
80 680~ ar .
O 12— =t
P\l —— o
/.z C
Z 23r
O H%.H_HZ
. <_[
O 07—~ =ab
Y9°C 3aF
"7 i L
1 2.H—-I3
F
Fo
1SS C
19'G o [
65°G eaf
09'G C
2 o
= r
4 L
o) L
@ o
O -
5 C
o] mvh r
T -~
a <_F
@ w: <k
2 <dE
o ~ r
S xZ! =F
g v s/ e
- 18'L %Uu
w me.\ s—r
= wmw E
< r
2 Fo
L) W A ) G W e b
o [} [ee] © [Ie) <
- o =) 0. o o =) 0 O 0

Ayisusju| pazijewloN

Chemical Shift (ppm)

sgel
10'8l—
16'LZ:
zZL'0e—
¥8'2e~
o 9.'8¢
Z
O
=
— 659/
w22
1£°68
9 0z1L—
98'¢¢l 2821 —
01821 -
26'82)
vze
Q
8
S
S
)
(@]
o)
Aw_n 9z'zLL
[a]
[} e} ~ © Te) <t [sp} N ~
S ©6 6 o©o ©o o o o o

Ayisuayu| pazijewlioN

BB 1l ol o e,

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

170

Chemical Shift (ppm)

'H and '*C NMR spectra of compound 4d

S22



Normalized Intensity

o o 154 =
(6] o © o
YT FPTTY FYYY FYTY RYRTY FYTY PYRTY YUY PYTYY FRTTY PYTYY RRTRI RYTYYRVTY RYRTI RVUTI PYRTY VTY PUUUIRTY OTNITS

o
3

o©
o

© o© o 1N
= N w EN

o

DW-A-095 Pure 1H.001.esp

1.40

)

N
CHLOROFORM-d OO (@)
Br

0.99 0.991.01 2.032.20 3.13
5] [ (- 5

6
Chemical Shift (ppm)

Normalized Intensity

0.9

I
o

e
3

I
o

o
3

N
IS

o
w

0.2

0.1

DW-A-095 Pure 13C.001.esp

127.84

CHLOROFORM-d

_131.03
N-126.55
77.41
7.00
76.56
w
-
z
(@)

e

—42.77
29.76

—137.22
89.31
32.58

131.74
22.32

—124.35
12177

\118.84
71.87

172.03

160 140 120 100 80 60 40 20
Chemical Shift (ppm)

'H and '3C NMR spectra of compound 4e
S23




DW-A-111 1H.001.esp 3
1.03
3 o}
0.95
E - N
= [sr}
0.83 @
3 (0]
0.7 Br
z 3
2 063
g 3
c 3
o E I
§ 053 {n
g 3 o
5 044 ]
z E ©
= <)
3 e} 4
0.33 NN © o~
3 BN a8nd
E ~— AN
023 N 2N
0.13
0 3 .
3 - A5
0.98 1.091.09 6.021.92  1.02 2.00 205  3.16
U U4 d d d 1] (S| 5]
I B T R o = = T
9 8 7 6 5 4 3 2 1
Chemical Shift (ppm)
DW-A-111 13C.001.esp p:y
o ©
AN
&7
1.0 <
~ 0]
CHLOROFORM-d
0.9
N
8
0.8 X 0
Br
0.7 ~ |o
> el D .
i IR 2 © g 3
3 06 <y o © 3 o ©
z '\H 5 < ~ Iye) o)
= I / TH‘) -
3 | N &
N 0.5
T © 5
£ S
S 04 T
Q X
H oN
03 N g ¢ :
s | b
<
0.2 T 3 53 T
o d
§ 82
0.1 T |-
0
A I LA L o B L B & L
180 160 140 120 100 80 60 40 20

Chemical Shift (ppm)

'H and '*C NMR spectra of compound 4f

S24




20

30

40

50

60

70

80

90

S25

100
Chemical Shift (ppm)

110

120

'H and "*C NMR spectra of compound 4g

130

160 150 140

170

L lg— —=
oLez’/
000e— -
. H\v\ R 2Leer -~
E7 I _ J5af
8G b~ — I
09’1 2
G2T o5
122 _ - 4
0£Z = 20 3
€92~ _ oo 2
59°Z -——= il o
897 S m V. 19— -
. 5
— o
=
¥ GZ' 68— -
E
©2
2
56 5 19811
156 z o« F0® S.QLF
6SSF O el A4
os/ O aIAY -
S 90U vZl— -
= N A4 —
: N G922
0 © zrezl ')
2 . €0l
S o S 62'2¢l z
S\ ee2 o)
952
E.P o FR O
9917 ~ 21
O
86° /- Fo
€€'8 ©
9¢'8—~ m“__ 0zZLL— &
23 8 5 8 22 3 s & &

Ayisuayu| nmN__mE‘_oz AySUBIU| POZIBULION

0.3
0.2
0.1




ev'l

280

G8'0—

DW-A-109 1H CDCI3.001.esp

N~ © © <
o o o o
Aysusyu| pazijewsoN

I5'G
Nm.mw. o
€5°G 2E
¥5'G ©

> | CHLOROFORM-d

u

= d Y

21.14 4.181.06 3.29

0.5

75 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 25 2.0 1.5 1.0

8.0

Chemical Shift (ppm)

DW-A-109 13C CDCI3.001.esp

z8°¢l—
06'LL—
6L 12—
€0°0e—
8L26—
9/°86—
SO’ LL—
O . 959/~
00 L=
z
Q O 8Z'68—
—
m
€L8Ll—
1S'1Zl— —
S yZL—
I Iz— 95zl =
08'0El— =
gezeL
9Z'CLL—
(o)) [ee] N~ © [Te) < ™ N -~
s o o o o oS S o o

Rysuayu| pazijewioN

LAl el o L, M ot Ll e . koot . ki b

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
Chemical Shift (ppm)

170

'H and '*C NMR spectra of compound 4h

S26



CHLOROFORM-d

€L~ —
Y6~
16V

2.203.00

1.6415.10

T
@ N @
o o o

Ryisusju| pazijewoN

2.0

25

3.0

35

4.0

6.5

7.0

7.5

8.0

8.5

Chemical Shift (ppm)

80'Lc~
L2°€C—

08'0L
182~

CHLOROFORM-d
“O/

e

@ N~ @ w
o ©o o o

Kysusju| pazijewloN

0.4

0.3

0.2

0.1

150 140 130 120 110 100 90 80 70 60 50 40 30 20
Chemical Shift (ppm)

160

'H and *C NMR spectra of compound 4i
S27



CHLOROFORM-d

89}
0L’}
96}
mm._\V

19/
29,
€9°/
99/
89/
0L
VL.
111
€0'8
GG'8
868

SN

Ajisusju| paziewloN

L AL R W )
®@ N~ @ w
©c o o o

35 3.0 25 2.0 1.5

4.0

5.0

55
Chemical Shift (ppm)

8.0 7.5 7.0 6.5 6.0

8.5

CHLOROFORM-d

8T 12~
6€'€Z—

VL0
sTzL—

8G'8.—
G1°€8—

098l
8¢°0¢l
loeel
vevel
88'vCl
69°LC~
0L'6¢Cl-F
Sv'ocl
96°0¢!
Leeel
v6cel
9l'ovl
S9'0vl

V6 vL—
ergol/

n

w0

=}
Aysusju| pazijewloN

50 40 30 20

60

160 150 140 130 120

170

Chemical Shift (ppm)

'H and '*C NMR spectra of compound 4j

S28



CHLOROFORM-d

M — O 0 WO < — LONOMOTNOWOWOWOD O
NNWOBS QOO © OO0V ONNRX
[ D D D 0 Wwww ANANANNONN T~~~ «—
A e R AR
1.0=
0.9- O
5 087 |
g = N
2 0.7-
£
B 0.6- 0O
g E
5 0.5 |
2 s i
0.4<
0.3-
E |
0.2-
E \ | '
0.1-
] | n
-
0 4 acud
0.91 1.62 2.591.092.932.86 1.83
[ u [ WV
7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0
Chemical Shift (ppm)
CHLOROFORM-d
N~ TN ™ OLW —
S DORON = ND =) © a~ oo
=] A~ 00 N~NMN©LWN - N oo oYX o
N~ OOMONNNNNNN [(e} N~ N~ <t [ToNep N (o)
- ‘_F‘_‘_‘RF‘_‘_‘_ @© nf T? Cl\l‘)NT
z ] o
2 0.157
= ] N
< ]
[} -
X ]
@ 4
g 1 (@]
2 0.10
] |
] Ll [ oo
0.05 ' ' '
3 [
7 | |I I \ [
N l l] . ) |l PN P W)
T T T T T T T T T T T T T T I O T T T T T
170 140 130 120 110 100 90 8 70 60 50 40 30 20 10

Chemical Shift (ppm)

'H and '3C NMR spectra of compound 4k

S29




CHLOROFORM-d

YGl— -

@@._‘.\.
mw._‘.\.

90°¢
9¢’e
Ev'e
0S¢
0G°¢
9G'¢
€9'¢
69°¢

LCU @R

b9'G—
99'¢/

YAS
LG'L
[AWA
99°/

M”N.NI(
811
vw.g
¥8°/

4.982.47

L8 LU LU L L L LA ) LA ) e ) L L L L e L i L

e @ «© N~ © ;v T O <

~— o o o o o o o o o
Aysusju| pazijewlon

o

1.5

2.0

2.5

3.0

3.5

5.5

6.0

6.5

7.0

7.5

8.0

Chemical Shift (ppm)

CHLOROFORM-d

mm.mN
_\v.mwu.

18'ce—
10'6E—

SV’ L9—

¥9'G91—

T
Q

-

T
o
[S)

~oe o w
o o o
Ajisusju| pazijewloN

T
@
o

150 140 130 120 110 100 90 80 70 60 50 40 30 20
Chemical Shift (ppm)

160

'H and 3C NMR spectra of compound 41
S30



X-ray Crystal Structure of Compound 4b (CCDC-2006680)

The crystal chosen was attached to the tip of a MicroLoop with Paratone-N oil. Measurements
were made on a Bruker D§ VENTURE diffractometer equipped with a PHOTON III CMOS
detector using monochromated Cu Ka radiation (A = 1.54178 A) from an Incoatec micro-focus
sealed tube at 100 K [1]. The initial orientation and unit cell were indexed using a least-squares
analysis of the reflections collected from a complete 360° phi-scan, 2 seconds per frame and 1°
per frame. For data collection, a strategy was calculated to maximize data completeness and
multiplicity, in a reasonable amount of time, and then implemented using the Bruker Apex 3
software suite [1]. The crystal to detector distance was set to 4.0 cm. Cell refinement and data
reduction were performed with the Bruker SAINT [2] software, which corrects for beam
inhomogeneity, possible crystal decay, Lorentz and polarization effects. A multi-scan absorption
correction was applied (SADABS [3]). The structure was solved using SHELXT-2014 [4-5] and
was refined using a full-matrix least-squares method on F* with SHELXL-2018 [4-5]. The non-
hydrogen atoms were refined anisotropically. The hydrogen atoms bonded to carbon were included
at geometrically idealized positions and were not refined. The isotropic thermal parameters of
these hydrogen atoms were fixed at 1.2Ueq of the parent carbon atom or 1.5Ueq for methyl
hydrogens.

The structure was found to crystallize in the polar space group Pra21, with two molecules in the
asymmetric unit. Molecule one was found to have S chirality at C4 and R chirality at C6. Similarly,
molecule two was found to have S chirality at C26 and R chirality at C28. The absolute structure
of the molecule was reliably determined; although values did not refine completely to zero as
expected, they are close enough to be taken as such. Using the program Platon [6] the refined
structure was calculated to have a Flack parameter of 0.10(3), a Parsons parameter of 0.08(3) and
a Hooft parameter of 0.08(3). These values agree with the Parson’s value calculated by the program
SHELXL, 0.098(32) from 3435 selected quotients.

CCDC-2006680 contains the supplementary crystallographic data for this paper. These data can
be obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html (or from the
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK; Fax: +44 1223 336033; E-mail:
deposit@ccdc.cam.ac.uk.
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Table S1. Crystal data and structure refinement for Compound 4b.

Identification code
CCDC deposit number
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system

Space group

Unit cell dimensions

Volume

VA

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.679°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

4b

2006680

C22H19NO2

329.38

100(2) K

1.54178 A

Orthorhombic

Pna2,

a=113771(10) A a=90°
b=8.9425(6) A B=90°
c=33.1053) A v =90°
3368.1(5) A3

8

1.299 Mg/m3

0.658 mm-1

1392

0.287 x 0.154 x 0.059 mm3

2.669 to 79.547°

-14<=h<=13, -11<=k<=11, -41<=1<=42
68387

7252 [R(int) = 0.0264]

100.0 %

Semi-empirical from equivalents
0.7543 and 0.6861

Full-matrix least-squares on F2
7252 /17453

1.048

R1=10.0283, wR2 =0.0743
R1=0.0287, wR2 =0.0747
0.10(3)

0.228 and -0.213 e.A-3
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Figure S1. Structure of compound 4b showing the two molecules of the independent unit in the
correct relative orientation. Only the non-carbon atoms have been labelled. Thermal ellipsoids
have been drawn at the 50% probability level. Hydrogen atoms are included but have not been

labelled.
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Figure S2. Separate diagrams of the two molecules in compound 4b showing the full heavy atom
labelling. Thermal ellipsoids have been drawn at the 50% probability level. Hydrogen atoms are
included but have not been labelled.
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