Supporting Information

Prodrug Strategies for the Development of p-L-5-((E)-2-bromovinyl)-1-((2S,4S)-2-

(hydroxymethyl)-1,3-(dioxolane-4-yl)uracil (L-BHDU) Against Varicella Zoster Virus (VZV)

Uma S. Singh,*" Ananda K. Konreddy,” Yugandhar Kothapalli," Dongmei Liu,* Megan G. Lloyd,*
Vidya Annavarapu,’ Catherine A. White,” Michael. G. Bartlett,” Jennifer F. Moffat,* Chung K.

Chu**

"Department of Pharmaceutical and Biomedical Science, College of Pharmacy, University of

Georgia, Athens, Georgia 30602, United States
IState University of New York, Upstate Medical University, Syracuse, NY 13210, United States

Corresponding author: Uma S. Singh, ussingh@uga.edu

Corresponding author: Chung K. Chu, dchu@uga.edu

Table of Contents

S.No Description of data Page number

1. 'H & 3C NMR of L-BHDU-amino acid ester prodrugs (2-26) S2 - S26

2. 1H, 13C & 3P NMR of L-BHDU-phosphoramidate prodrugs (33-34) S27 - S29

3. |H, BC & %P NMR of ODE-L-BHDU-MP (38) and HDP-L-BHDU-MP (39) | S30- S32
prodrugs

4. 4, 8¥C & 3P NMR of POM-L-BHDU-MP (41) and POC-L-BHDU-MP (47) S33-S35
prodrugs

5. Elemental Analysis data for final compounds S-36

6. HPLC methods and trace for compounds 1, 24, 34, 38, 39,41 & 47 S37-S43

S1



mailto:ussingh@uga.edu

UsSs-09-47-28

1.0
Solvent: CDCls [, o | |

& meeAa = a
J RS %3 23 %:;nij\j}rﬁ’:Qwﬁﬁﬁwﬁ’ﬁﬁmmmmT ] Lo
o.s

HN B ro7
A ,

1 ‘ | 1 o bo.1
.__)i-. J_,IQ.JQJ_i,.JJ Ig,_,UJJUK B S W ;U_U
E) L £ difed : [
PV VA
'H NMR of L-BHDU-5'-O-L-Boc-glycine ester (2)
US5-09-47-28 & 8 @ B g B 58 E zz|l g g = 2
O O S B B G o
~0.0030

5 F0.0025
r
0 N O)J\ F0.0020
QJ HN Yo
O\’< ~0.0015

~0.0010

-0.0005

r0.0000

T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 ¢ 110 ) 100 a0 80 70 60 50 40 30 20 10 o
1 (ppm

13C NMR of L-BHDU-5"-O-L-Boc-glycine ester (2)

S2



e

el

2.02-

1.2

ri.0

0.8

0.7

0.5

0.3

0.2

ro.1

ro.o

USS-09-48-28 E n;; E E g
o)
B
HN B
A i
0“ >N )J\
o
\<O\/r NH,.HCI
o
PN
]I.S IUI.U 9.'5 Q.IU 8'.5 S.IU 7.'5 7.IU

4.0 3.5

H NMR of L-BHDU-5"-O-glycyl ester hydrochloride (14)

US5-09-48-28

Solvent: CD:0D

—166 %6
—162.114
150 062
138 260
128 957

S .

—111.37
—108.377
—102 354

81660
70,170
63460

L AL

48.170
—39.566

0.1

0.0060

0.0055

[~0.0050

~0.0045

~0.0040

~0.0035

~0.0030

—0.0025

—0.0020

—0.0015

~0.0010

~0.0005

r0.0000

T T T T T T T T
200 190 180 i7o 160 150 140 130

T T
80 70

13C NMR of L-BHDU-5"-O-glycyl ester hydrochloride (14)



UsS5-09-43-24

Solvent: CDCl3 A -
~0.9
~0.8
O 0.7
X Br
HN
él\ | (0] 0.6
(0] N CH
o\/r OJH, 3
HN (0] 0.5
N Y
O
W< 0.4
~0.3
'I . 0.2
I I —0.1
J n ' ||
A N JL LJl J e LLL:L_.~— 0.0
T I I ! T 3rsr el
12‘.0 11‘.5 11‘.0 10‘.5 10‘.0 9.‘5 9.‘0 8.‘5 8.‘0 7.‘5 7.‘0 6.‘5 G.ID 5.‘5 5.‘0 4.‘5 4.‘0 3.‘5 3.‘0 2.‘5 ZjD ljS ljD DjS UjD
f1 (ppm)
'H NMR of L-BHDU-5'-O-L- Boc-alanine ester (3)
USS-09-26-24 second purification b b=t =F- =N 1 28 S o o oo o« o~ o ey
Solvent: CDCls T SN s ST i ] e i

i
v

Hs
O

T T T T T i

T T T T T T T
100 90
f1 (ppm)

T T T T T
210 200 130 120 110

T
220

190 180 170 160 150 140

13C NMR of L-BHDU-5'-O-L- Boc-alanine ester (3)

S4

20

10



US5-09-44-26
Z Solvent: DMSO-ds
|

8421
—7.651

r0.65

~0.60

+0.55

~0.50

~0.45

~0.40

+0.25

~0.30

~0.25

~0.20

0.15

+~0.10

r0.05

1.02{ _t_.—_

g 104{
1.00{ S

32

~0.00

—-0.05

5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.

T T T T
8.0 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

'H NMR of L-BHDU-5'-O-L-alanyl ester hydrochloride (15)

@2

o

T
5

USS5-09-44-26

Solvent: DMSO-ds

169470
162,085
150,038
138.236
128.968

130
108 305
A

8173
7000
—6353

—14837

1.5

1.0

0.5

0.0

;D.DDZD
;D.Dﬂlg
;U.UUlS
;0.0017
;U.UUlﬁ
;D.DDIS
[F0.0014
:D.DDIE
;D.DDIZ
—*U.UUll
Fo.0010
:U.UUUQ
lD.DDDS
;U.UUU7
[F0.0006
;D.DDDS
;U.UUU‘l
;D.DDDE
[~0.0002

o0.0001

t-0.0000

220 210 200 190 180 170 160 150 140 130 120 110 . %DD 3 ao 80 70 &0 50 40 30 20 10
ppm

13C NMR of L-BHDU-5-O-L-alanyl ester hydrochloride (15)

S5



US5-09-31-36-pure +
Solvent: CDCl3 ,—0'65
g g : ] Lo.co
+0.55
~0.50
(0] F0.45
HN X Br Lo.40
A i |
O N +~0.35
:oJO k
~0.30
HN (0]
(e) \f f-0.25
\K r0.20
~0.15
+0.10
Ill_ll/l\ | -
§ 74.JL _ ! : J., ~ ) g'ig;h‘, o da e - ;D_DD
L T R | A g g
= =Z=22 = = =2 -==2 ZZ = r-0.05
12I.El 11'.5 lll.El lUI.S 1E:.El 9.‘5 9:0 8:5 8.‘0 7.‘5 7.‘El 6.‘5 6.‘0 5.‘5 510 4.‘5 4.IE| 3'5 3.IE| 2.'5 2.IE| 1.'5 l.IEI EI.IS EI.IEI
f1 (ppm)
!H NMR of L-BHDU-5"-O-L-Boc-phenylalanine ester (4)
USS-09-31-36-pure g 2 =2 g 5 2 2= = m omg = =
= 2 8 g g2 g 2 & % FB 2 = [o-0060
Solvent: CDCls [ N \/ N
+0.0055
+0.0030
(0]
\ Br 0.0045
HN t
2T g
o N 0.0040
:O\/‘—o |
HN (0] f-0.0035
0 Y |
oj< 0.0030
r0.0025
r0.0020
~0.0015
i ~0.0010
]
, J 1 X J X . I‘ +0.0005
) I ) J 1 IJL L l l l A Lo.coo0
22IEI 2:;.U ZEIIU léU ISIU l?IU léU léU 1‘;0 13IU 1I2E| 1:;.U 1EI|U QIU SIU ?IU EIU 5IU 4IU 3IU ZIU llEl UI

f1 (ppm)

13C NMR of L-BHDU-5"-O-L-Boc-phenylalanine ester (4)

S6



US5-09-32-28

Solvent: CD:0D

¥

NH,.HCI
o)

~0.8

0.7

0.6

~0.5

0.4

0.3

0.2

0.1

|

193

105
305
194
1.00
099

=
053 e
0985 ———
L
E,_
: =

L.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 o 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f1 (ppm)

'H NMR of L-BHDU-5'-O-L-phenylalanyl ester hydrochloride (16)

Us5-09-32-28

168 557
162,028
160,032
129 084
127,775

_~133.375

/

111502
—108 496
— 102,085
— 100,000

139 148

#1610
—69.965
—63.780

Solvent: CD;0D

<7

NH,.HCI

4 L] iH|| L Ry .

190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30
f1 (ppm)

13C NMR of L-BHDU-5"-O-L-phenylalanyl ester hydrochloride (16)

S7

T
20

T
10

r0.0032
~0.0030
—0.0028
~0.0026
10.0024
;0.0022
;D.DDZD
~0.0018
;EI.EIEIIS
;0.0014
~0.0012
;0.0010
+~0.0008
;D.DDDS
~0.0004

0.0002

+0.0000



015542 g 5383 E5 38 Z8:5353FRARGESIEEE
@ R R LS IITTIIIIIIIIITSY
Solvent: CDCl3 Vel Y I
o
HN X Br
A i
(o) N

-0.80

r0.75

r0.70

-0.65

0.60

-0.55

-0.50

[0.45

0,40

+0.35

~0.30

~0.25

~0.20

0.15

r0.10

-0.05

~0.00

—0.05

0.0013

r0.0012

r0.0011

0.0010

~0.0009

~0.0008

~0.0007

[0.0006

~0.0005

~0.0004

~0.0003

0.0002

~0.0001

~0.0000

1
IJ L ’..' o N
! J J UL (VL -
T Xy ! b ) L2
lDI.S IDI.D QIS QID E.IS S.ID 7.'5 7.ID ﬁ.IS ﬁjD 5'.5 5;0 4.'5 4;0 3.'5 3;0 2.'5 2.‘0 1.'5 1.‘0 D.IS D.‘D
f1 (ppm)
'H NMR of L-BHDU-5'-O-L-Boc-valine ester (5)
YK-01-95-42
Solvent: CDCls

g £ 8 7 g £ 58 # g3 el R

g i g s E 8 EEN e - £E

i O a W LRERT 9T %

o}
HN X Br
I
(o] N
o)
HNYO
(e) Oj<
| | | 1 !

T B W R W | L.. AJ‘U\_LIL .

E:IlU ZéU léU léU 1‘7U léU lS‘U quU 13IU léu l]l.gl (pp];'?;? QIU SIU 7IU 5IU S‘U 4IU 3IU ZIU ].IU Ell

13C NMR of L-BHDU-5'-O-L-Boc-valine ester (5)

S8



Solvent: CDsOD E % % § % E E
\J L "I A o
‘ ',
(0]
Br
HN)j/\/ Y
O)\N
(0]
l<07r NH,.HCI
(0)
, \
! ﬁ n / n fr 7 /
T T e T N e T R T G e Tt e e T L e
& T5 3 10 9 8 74 6 S 3 2 1
=97 oo 1.7 1.05 SR 2 13’1‘.%?’1% e 1.15 1"033"”2155
H NMR of L-BHDU-5"-O-L-valyl ester hydrochloride (17)
YK-01-96-P-1
0.0030
Solvent: CDsOD
- - - - - - w - [-0.0028
E B 8 g g2 38 g 2 5 g g & %3
[ N T T POV Fo.002s
0.0024
r0.0022
O 0.0020
HN X Br Ho.0018
A i
0 N ~0.0016
(6]
OJ NH,.HCI F0.0014
O F0.0012
[-0.0010
t-0.0008
-0.0006
r0.0004
| 1
. I J . ‘ ‘ J J. . ‘u | ‘ F0.0002
. Ll L L L\
ZDID 19‘0 léﬂ 1‘70 lﬁlﬂ 15ID 1“10 léﬂ IZ‘D ll‘D 160 QID SID TID ﬁlﬂ SID 4‘0 3‘0 ZID llﬂ DI
f1 (ppm)

13C NMR of L-BHDU-5"-O-L-valyl ester hydrochloride (17)

S9



US5-09-28-24-Fradtion-1

Solvent: CDCl3

-0.60

0.55

~0.50

[0.45

~0.40

-0.35

-0.30

r0.25

r0.20

~0.15

0.10

-0.05

r0.00

—0.05

0.0032

~0.0030

ro.0028

r0.0026

r0.0024

~0.0022

ro.0020

ro.0018

r0.0016

~0.0014

~0.0012

r0.0010

ro.0008

r0.0006

~0.0004

~0.0002

r0.0000

ENE RN
o)
B
HN N
A i
07N )Hk
07N
ROJ HN__O
0
o\|<
s i _ J.—JlL;JlJ u.;. . J'l)_llx.u -|L.
z 2% U 44 24 z L)
12‘.0 11‘.5 11‘.0 10‘.5 10‘.0 9.‘5 9.‘0 B.IS B.IU 7.‘5 7.‘0 G.IS G.IU 5.‘5 5.‘0 4.‘5 3:5 3.‘0 2.5 2‘.0 1:5 l.ID 0:5 U.ID
f1 (ppm)
'H NMR of L-BHDU-5'-O-D-Boc-valine ester (6)
Us5-09-23-42
Solvent: CDCl3 = = PR sz o2 el . . .
= z < & 8 2= 3 z=| = s .
i \ 7 7 i N
0
B
HN X Br
Ay i
07N k
:o>|>O '
HN.__O
o Y
O\|<
50 19‘0 léU ].;'U 15‘0 léU 1“40 13‘0 léU liU IUIU 9‘0 S‘U 7‘0 EID 5‘0 4‘0 3‘0 2‘0 1‘0

f1 (ppm)

13C NMR of L-BHDU-5'-O-D-Boc-valine ester (6)

S10



1.1

1.0

0.9

0.8

0.7

0.5

0.4

0.3

0.2

F0.1

0.0

US5-09-30-36-Lot-II-Pure 'é 2 § é E
O
HN N Br
A ?
07N k
e}
O\/r NHy.HCI
(0)
i ]
L L |y {QJNHJ J *
L e L N T S
DI 5 IDI a Q.IS Q.‘D SIS SID 7.'5 7.ID GIS GID ?;5( )SID 4'.5 4'0 3.'5 3'0 2'5 2.ID 1'5 1.ID D.IS
ppm
!H NMR of L-BHDU-5'-O-D-valyl ester hydrochloride (18)
USS09-30-36-Fyre = = = 2 Tz 7 B = 2 =5 msmfsaz = =
= = a g 8 =8 B = = z =moEEsfses & == | ©-0075
| [ S | I [
+0.0070
Solvent: CD:0D 3
~0.0065
——D.DDSD
O I
Br ~0.0055
lj\ | \ O ;D.DDSD
07 N oJ\- k Lo.0oss
:OJ NH2.HCI jD.DD‘ID
(@) 0.0035
+0.0030
;D.DDZS
;D.DDZD
-’D.DDIS
: ~0.0010
[ i i [ ;D.DDDS
e A
~0.0000
léD 1;0 lﬁID léD 1"10 13'0 12ID lillD IDID f (pr;E‘) BID 7ID ﬁID SID 4'0 3ID ZID IID

13C NMR of L-BHDU-5"-O-D-valyl ester hydrochloride (18)

S11



US5-09-45-24
Solvent: CDCls
1.0
3 BS5S9LINSISELRESER  BH £EE253583558288 5 [
T TRASSRRRALLR SRS RF EPASQEANSS S L, ]
0.8
(0] HN 0.7
X Br
HN N
)ﬁ/\/ o 0.6
(o] N K
o)%
\<o>|» HN__O Lo.s
o (0]
\K 0.4
0.3
0.2
1 I| ' .
‘ﬁ K ﬂ 'J i * h A ||
i 1 —_J *Lﬁ_) / L. A ) —0.0
s x I ) L O A A iy g
E £ g g g2 BEf %% g 2 Loy
1.0 Q.5 9.0 8.5 8.0 7.5 70 6.5 6.0 5 f:LS.(EI )4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 05 0.0
ppm
H NMR of L-BHDU-5'-O-L-Boc-tryptophan ester (7)
UsSs-09-45-24 E ne == - ru.usy
Solvent: CDCls T s\gi. g\;mn 5 o.028
F0.026
F0.024
H0.022

X Br HN ;D 0z0
HN N |
)ﬁ/\/ o
O N . -o.018
o>l>o " F0.016
\< HN.__O |

(6) o »—D.I314

\K Fo.o1z
;0.010
y lo.008
l-o.006
Fo.004

L | liJ L l'_ bl .

—0.000

220 210 200 190 180 170 160 150 140 130 120 110 £ ELEIEI ) a0 80 7o 60 50 40 30 20 10 o -10 -20
ppm

13C NMR of L-BHDU-5'-O-L-Boc-tryptophan ester (7)

S12



-46-26- JIpure = @ mcNowomooeoooo sunmonooo o S M O S S TMEOT TOOTMMONTOCD GN D
USS-09-46-26-fraction-11 pure N EYNNNSgE N SERRRSS PR et L L L L
N L L R R R R Db i i e e R e R

L L T IS LSS | TR et

Solvent: CD:0D

1.3

0.3

0.1

) |l m _._JJ al
b L S 0 b d
12I.D 1].‘.5 11‘.0 10‘.5 10‘.0 9.‘5 9:0 8.‘5 8.‘0 7'.‘5 7.‘0 6.‘5 f (EID )5:5 S.ID 4.‘5 4.‘0 3.‘5 3.‘0 2‘.5 2‘.0 1.‘5 1.‘0 D.IS D.ID
ppm
!H NMR of L-BHDU-5"-O-L-tryptophan ester hydrochloride (19)
UsSs-09-46-26 (0.0010
Solvent: CDsOD E- g g2 = = =
¥ E; Ei 2 E;;f E gl 3 +0.0009
F0.0008
o]
HN
HN \ Br \ r0.0007
A i
O N W\ [-0.0006
o \
ROJ NH, HCI
O [~0.0005
+0.0004
r0.0003
0.0002
+0.0001
0.0000

T T T T T T T T T T
) 100 20 80 70 60 50

T T . T T T . T T T
200 190 180 170 160 150 140 130 120 110
f1 (ppm

T T
220 210

13C NMR of L-BHDU-5"-O-L-tryptophan ester hydrochloride (19)

S13



UsSs-09-33-28
Solvent: CDCl3 e
1.2
g g
| ] 1.1
1.0
0.9
(@]
B 0.
HN NS 08
‘ o Y
[e) N K 0.7
o .
OJ HN_ _O 0.6
(@)
Oj< lo.5
0.4
0.3
i 0.2
[l Pi fi' \ﬁ." A
_— ,J j\_ _— J'\k. - 'L A éLhﬁu'LﬂJL.__ Lo.o
i L it - B Tt :
= z2Zz = z -2 2 g g = 0.1
1E:.EI QI.S D.IEI E.IS S.‘EI 7.‘5 7.‘EI 6.‘5 S.IEI 5.‘5 5I.EI :5 3.‘5 3.IEI 2.‘5 2.IEI 1.‘5 1:EI EI.IS EI:EI
f1 (ppm)
1 -
H NMR of L-BHDU-5"-O-L-Boc-leucine ester (8)
UsSs-09-33-28 = = = = = = & B 1= oo =
@ z g = 5 o= = = 5 == 2 [0.070
Solvent: CDCls T [ \ | L/
+0.065
0.060
(@]
Br t+0.055
HN X
%\ ‘ o Y -0.050
07 N O)S”\\
0.045
ROJ HN._O
le) ~0.040
o
\K -0.035
~0.030
-0.025
+0.020
I 0.015
+0.010
i ) ! | , | ! —L ~0.005
I AL L L
22‘0 ZiD ZISD 19ID lﬂID 1‘?0 léD 15‘0 1‘;0 léﬂ léﬂ 11‘0 160 QID EID 7ID EID SID 4ID 3‘D 2‘0 1ID
1 (ppm)

13C NMR of L-BHDU-5'-O-L-Boc-leucine ester (8)

S14



US5-09-34-28

Solvent: CD;0D

L

e F;

0.45

~0.40

~0.30

~0.25

~0.20

~0.15

r0.10

+0.05

r0.00

2.5 120 11.5 11.0 10.5 10.0 95 3 5.0

65_ 6.0 5
f1 (ppm)

!H NMR of L-BHDU-5"-O-L-leucine ester hydrochloride (20)

US5-09-34-28

Solvent: CD;0D

)

o)

169.55
16207
138.14
12899
—11154
—108.47
—102.15
8178
—70.03

g

NH,.HCI

—bd.17

(]

2.5

—51.16

2.0

3023

1.5

PeTE

[ T

2124
2098

<

0.5

0.0

0.014

~0.013

F0.012

0.011

[0.010

~o0.009

—0.008

-0.007

0.006

0.005

r0.004

~0.003

-0.002

~0.001

~0.000

220 210 200 180 180 170 160 150 140 130 120

T T T
110 100

f1 (ppm)

o0 80 70

13C NMR of L-BHDU-5'-O-L-leucine ester hydrochloride (20)

S15

40

30

20

10

o

. 4L,.L{'N\.L..._LL“W



Fu.uLs

o012

H0.011

{-0.010

ro.009

o.o08

[Fo.o007

[F0.006

H0.005

+0.004

F0.003

ro.002

[F0.001

Uss-09-36-26
Solvent: CDCl3 f-0.50
2 E
i Ry
+0.40
(0]
Br r0.35
AN
HN
O)\)I\Jl]/\/ )?\/i -0.30
:oJO :
HN (0] t-0.25
o Y

o)

\’< r0.20
+0.15
r0.10

'j ‘i‘ § +0.05

i < -
] Ul | 1 LM W WY
T P T ' T I TR T
11‘.0 10‘.5 lDI.D 9:5 9.‘0 B.‘S S.ID 7.‘5 7.‘0 6:5 G.ID 5:5 S.ID 4:5 4‘0 3‘5 3‘0 2.‘5 2‘0 1‘5 1‘0 D.ID
f1 (ppm)
H NMR of L-BHDU-5'-O-L-Boc-iso-leucine ester (9)
USS5-09-36-26 g z = g8 B = = B85 e oz
Solvent: CDCls T o0 77 g RoosE B3
0
B
g o
07 N :
O)J\_/\
koJ HN.__O
(0)
O\’<
I | (.
2'2!] ZiD ZEIIEI 1;!] 1EIIEI 17IEI léD 15IEI 1‘;!] léD 1I2EI 1]'J:I f %[ljl-lrl;ljm) QIEI SIEI 7‘EI SIEI SIEI 4‘EI 3IEI ZIEI 1‘EI -1IEI -ZIEI

13C NMR of L-BHDU-5'-O-L-Boc-iso-leucine ester (9)

S16

[~0.000



USsS-09-37-26 0.70

Solvent: CD;0D l-0.65

~0.60

[-0.55

~0.50

0] 0.45

B
ﬂ)j]/\/ r j?\/i Fo.40

0.35

o
kOJ NH,.HCI o-20

O 0.25

0.20
r0.15

0.10

1 ] | | F0.05
w - L. SRR Y ¥ S S F0.00

—0.05

4z
¥
ot
|-

4 02T

~
5
a
n
o
IS
in
#
3]
w
in
w
o
~
U
™
=)

0.5 0.0 -0.5

H NMR of L-BHDU-5"-O-L-iso-leucine ester hydrochloride (21)

Uss5-09-37-26

Solvent: CD;0D -0.0065

[~0.0060

[~0.0055

138302
129.000

168525
— 162070

81679
—60.950
—63 820

24856
—13778
— 10607

[-0.0050

[-0.0045

X Br -0.0040

by .
O N OJJ\/\ 0.0035

k O>|> lile.HCl +0.0030

[~0.0025
[~0.0020
[-0.0015

[-0.0010

‘ -0.0005

{ | | | [ ‘
O
!
-0.0000
70 60 50 40 30 20

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

1 | | L

10 o

13C NMR of L-BHDU-5'-O-L-iso-leucine ester hydrochloride (21)

S17



55-09-4126

Solvent: CDCl3

0.40

-0.35

~0.30

+0.25

r0.20

-0.15

r0.10

-0.05

~0.00

+-0.0050

t-0.0045

~0.0040

[~0.0025

0.0030

f~0.0025

f-0.0020

-0.0015

t0.0010

~0.0005

[~0.0000

O
HN X Br
A i
O N
~ TR
N
o
o Y
o
II | 1 N
j [ h
U L _J (R | R | B __#L; l_m/l]u-u—.l_
i T R T e, T T T
12I.EI 11‘.5 11I.EI 1E:.5 1EI‘.EI 9.‘5 Q.IEI E.IE S.IEI 7.‘5 7.IEI 6‘f1(6:) ‘5 5.‘!] 4.‘5 4.IEI 3.‘5 3.IEI 2.‘5 2.IEI 1.‘5 1.‘EI IZI.‘S IZI.‘EI
ppm
H NMR of L-BHDU-5'-O-L-Boc-proline ester (10)
US5-09-4126 g § § § = § =1 mrazIa
Solvent: CDCls TR BV REFREESRFERE RS RFAF
(0}
HN X Br
A i
O~ N
o o
N
O
o
O\é
ZéU ZJI.U ZEIIEI lélU lEliEl l;El léU lSIEI 1‘;0 léEl 1‘2El 1]‘.0 ; Q‘El EE‘EI 7IEI SIEI SIEI 4IEI 3IU ZIEI lIU Ell '].IEI 'ZIEI

100
1 (ppm)

13C NMR of L-BHDU-5"-O-L-Boc-proline ester (10)

S18



USS-09-42-26 bo.22

Solvent: CD;0D Fo.21

+0.20

2.08

-0.19
~0.18
r0.17

0.16

O +0.15

Br +0.14

HNJ]/\/ o -
O)\N F0.12
Lo JOKH@

+0.10

+0.09
~0.08
F0.07
0.06
+0.05

0.04

~0.03

r0.02

F0.01

l‘ 0.00

—0.01

-

T

5.0 4.5 4.0

b

100—
101
104-c
106—
oE
200
101
121
0991
3123

—0.02

T T T T
2.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.

20w

6.5 6.0 5.5
f1 (ppm)

'H NMR of L-BHDU-5'-O-L-proline ester hydrochloride (22)

USS-09-42-26

Solvent: CD;0D

F0.0021

47.363
47,181
—26.069
23,164

}

—168 493
—162.093
150,025
138 307
129,050

—10.207
~99.981
gLl
—70.007
—63.967

+0.0020
0.0019
+o0.0018

[Fo.0017

B H0.0016

HN B Lo.co1s
)\ | 0 o.0014
o N O)‘\? 50.0013
:OJ HN ro-0012

o HCI [o.oo11

Fo.0010
Lo.0000
Lo.oo0s
lo.0007
Lo.0006
Lo.0005

0.0004

1 [~0.0002

f-0.0002
Ll ‘ i
stk N y " " r
i . t-0.0000
T T T T T T T
S0 80 70 &0 50 40 30

T T T
20 10 o

T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100
fi (ppm)

13C NMR of L-BHDU-5'-O-L-proline ester hydrochloride (22)

S19



US5-09-48-28

;U.DU
:D.EIS
lU.BU
;0.75
:D.7D
lU.SE
r0.60
:0.55
:U.SU
0.45
:D.4D
V—U.35
~0.20
:D.ZS
;D.ZD
[F0.15
:D.ID
;D.DS

[~0.00

T RIS %7 RITS 2
Q (0]
HN X _Br
P | 0 NH,
O N K
k"J T
HN (0]
o Y
O\’<
- I i I p h ey
L UL ,J)L,JJ\:'\_;LIJL JU{'\&, L ,J._RLVLJ
I 11 TorTr T “rro L
11‘.5 11I.EI 1IZII.5 1E:.EI 9‘5 QIEI 8.‘5 EI.IEI 7‘5 7IEI 6.‘5 Ef.lln(pprgils S.IEI 4.‘5 QIEI 3‘5 3:!] 2‘5 2.IEI 1‘5 1.IEI EIIS IZI.‘EI
'H NMR of L-BHDU-5'-O-L-Boc-glutamine amide ester (11)
USS-09-48-28
Solvent: CDCls
| | | | N N 11
2 (0]
HN X Br
| 0 NH,
07N J\
o N
\<O>,7 HN. _O
(e)
O\’<
_ | ‘J L UJ _.J,U\.Ll . Lk |
Zéﬂ 21‘0 ZDID léﬂ 1\";0 17"0 léD 1{;0 1“10 13ID 12‘0 fn (1pllpnm] 160 QID BID 7ID GID SID 4ID 3ID 2‘0 1ID DI

13C NMR of L-BHDU-5'-O-L-Boc-glutamine amide ester (11)

S20

—-0.05

-0.0028
-0.0026
0.0024
r0.0022
+0.0020
r0.0018
t-0.0016
r0.0014
-0.0012
+0.0010
~0.0008
t-0.0006
~0.0004

{~0.0002

{-0.0000



USsS-09-50-26

Solvent: CD:0D

[0.75
~0.70
r0.65
;D.ED
0.55
~0.50
r0.45
:D.qEI
0.35
F0.30
r0.25
:D.ZEI
015
r0.10
r0.05
:D.DEI

—0.05

'.:\i\ﬁ E\;QQL\VQ/Q QL\T‘./S :iﬁﬁ;?225::3&333;’::32222222222::::3:
o (0]
B
HN -1
Py | o NH,
07N
oJ\-
ROJ NH, HCI
(e)
MJJ_LLHUUM o
1y g g s
?_:.5 12‘.EI 11‘.5 11‘.EI 10‘.5 lul.El 9:5 9:0 B.IS B.IU 7.‘5 7.IEI 6.‘5 flﬁflgpmls-l IEl 4‘5 4.IEI 3‘5 E.IEI 2.‘5 Z.IEI 1‘.5 1.IU U.IE U.IEI *U‘.S
!H NMR of L-BHDU-5'-O-L-glutamine ester hydrochloride (23)
USS09-50-26 $ = 5 s g 5% 23 = I z =
Solvent: CDsOD T D 1 T T 7 ) TT T
o (0]
HNJ]/\/Br o HJ\NH
2
O)\N )J\
o7
kOJ NH, HCI
(6)
Zéﬂ lelil ZE‘IEI IQIEI IEIEI l;EI léD ltISEI 1“1EI 1;EI 1‘2!] n %pipnm] ll‘:IEI QIEI SIEI 7IEI EIEI SIEI 4IEI 3IEI 2‘EI l‘El EII

13C NMR of L-BHDU-5"-O-L-glutamine ester hydrochloride (23)

S21

[o.0020
;D.EIEIIQ
:D.DDIS
;U.UUIJ’
;D.DDIS
:0.0015
;D.DDI4
—*U.UUIB
[F0.0012
0.0011
;D.EIEIIEI
'_-D.DDDQ
:D.EIEIEIS
'_-EI.EIEIEI?
:U.UUUG
;D.EIEIEIS
:0.0004
;D.EIEIEIZ
:D.DDDZ

{-0.0001

t-0.0000



US5-09-39-24

Solvent: CDCls 1.5

1.4

1.3

E LI 253 L2

N VoW ~

1.1

1.0

O 0.9

- Br

e —

f—

(-

[ﬁ_

| S——
-~

=

-

_

&

a

T L T T T &t s}
=3 =] =1 =1 83 f23R3 fa =] 0.1
11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 70 6.5 6.0 5.5 (1] 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

USS-39-24
r0.0075

Solvent: CDCl3 2 I b
F0.0070

-0.0065

17439
—154.596
—149 599

136 893

128254

103.148

56,088

+0.0060
[0.0055

HN)H/\/Br -0.0050

0.0045

| 0
N
:OJOM '
HN\fO 0.0040
°© O\K -0.0035
l-0.0030
o.0025
l-0.0020
t-0.0015

+0.0010

| Y U T P

[-0.0000

220 210 200 190 180 170 160 150 140 130 120 f EU.D ) 100 a0 80 70 60 50 40 30 20 10 1}
ppm

13C NMR of L-BHDU-5"-O-Boc-2-Aminoisobutyric ester (12)

S22



US5-09-40-26

Solvent: CD:0D

—~171
745
142

/

100 =
1.02 =

T T T T T T T T T T T
25 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5

'H NMR of L-BHDU-5'-O-2-Aminoisobutyric acid ester hydrochloride (24)

UsS5-09-40-26

Solvent: CD:0D

171,209
162.083
150,027
138.012
120.018

—111.534
—108 402
22,666

102,143
—-100.000
81864
—70.087
—64.291

:2.2
:2.1
2.0
11.9
-—1.8
:1.7
:1.6
L1.5
L1.4
;1.3
;1.2
1.1
;l.D
;EI.Q
;EI.EI
:EI.7
1EI.6
:EI.S
:El.q
:EI.3
10.2

0.1

— 0.0

—o.1

—0.2

+0.0075

r0.0070

+0.0065

~0.0060

+0.0055

-0.0050

r0.0045

-0.0040

r0.0035

0.0030

0.0025

~0.0020

0.0015

~0.0010

-0.0005

0
X Br
HN
A 2
07 N
o}
OJ NH, HCI
o
. b l ‘ " I. - | " LJ. " l J ML L T -
Zéﬂ 2£D ZDID léﬂ ISID 17‘0 léﬂ 15'0 1‘;0 léﬂ 1'20 liﬂ 160 Q‘D S‘D 7ID EID SID 4'0 3ID 2ID l‘D (1] *llﬂ *ZID
f1 (ppm)

13C NMR of L-BHDU-5"-0O-2-Aminoisobutyric acid ester hydrochloride (24)

S23

0.0000



USS-09-53-24
+o0.70

Solvent: CDCl3

+0.65

+0.60

—9673
5
5!
Rk
L
2

RO A LPF A U AEEEET Ry Pl Fo.ss

+o.50

\4/ r0.45

rF0.40
U Br [%3°
HN

2\ ‘ o} Fo.30

0N O)HM
-0.25

ROJ HN__O

O -0.20
\K -0.15

F0.10
Il o
— ;L Jk Jki, B G N ¥ jL e JAL, 7,'\,}-/\,}'I W L lgoo
la T T 'I“:‘ T T AT T T vr
E s: 2 =2 £ s=s3 g 223
12.0 11.5 11.0 1E:.5 10.0 9'5 9.0 8.5 8.0 7.'5 7.IEI -Sfl (pg;‘t’l‘) 5.5 5.0 4.'5 4.0 3.5 3.IEI 2.'5 2.0 1.5 1.0 EI.IS 0.0
H NMR of L-BHDU-5'-O-L-Boc-lysine Boc-amide ester (13)
US5-09-53-24 Fu.uuse
T TT 1 T RV T T0 W TSN bo.ao28
F0.0026
\‘/ t-0.0024
0. o
[~0.0022
[e] NH
t0.0020
HN)j/\/Br H/
2\ o [-0.0018
07N o%-“‘
-0.0016
‘<o>‘7 HN__O
fo) o F0.0014
\K [~0.0012
-0.0010
-0.0008
] -0.0006
! F0.0004
H 1 t-0.0002
IJu‘li ‘ |\_L1JJJ .
0.0000

T T T " T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 £ I(lll:l ) 100 Q0 80 7o 60 50 40 30 20 10 o
1 (ppm

13C NMR of L-BHDU-5'-O-L-Boc-lysine Boc-amide ester (13)

S24



US5-09-54-26 1

Solvent: CDs;0D

1.00 -

T T T T T T T T T
12.0 11.5 11.0 105 10.0 9.5 9.0 8.5 8.0 7.

H NMR of L-BHDU-5'-O-L-lysine ester hydrochloride (25)

USS-09-54-26 1

Solvent: CD;0D

168.807
—162.115
150,037
130.385
128.999

o) NH, HCI

X
\CJ NH, HCI

@)

—102.173
—100.000
81809
—69983
64202
52417
38957
=29701
21763

[~0.0000

-0.0085

[~0.0080

+0.0075

0.0070

-0.0065

0.0060

-0.0055

0.0050

-0.0045

0.0040

0.0035

+0.0030

[~0.0025

-0.0020

[~0.0015

-0.0010

[~0.0005

170 160 150 140 130 120 110 100 Qo0
fi (ppm}

13C NMR of L-BHDU-5'-O-L-lysine ester hydrochloride (25)

S25

-0.0000



US5-09-58-28

Solvent: CDs;0D

1.5

1.4

1.2

11

1.0

0.7

0.6

0.5

0.3

0.2

— [-0.0

—0.1

iz.0 11.5 11.0 .5 5.0 4.5 .0 2.5

'H NMR of L-BHDU-5"-O-L-tyrosine ester hydrochloride (26)

USS-09-58-28

—l162.042
—157.142
150 031
138159
—130.256
~128.971
123.683
115,646
102165
81669
7002
—h37dl

=168

Solvent: CD;0D

OH

2.0

53953

1.5

1.0

0.5

0.0

=35231

-0.0095

+0.0090

r0.0085

t-0.0080

[~0.0075

[~0.0070

+0.0065

+0.0060

+0.0055

0.0050

[~0.0045

t0.0040

~0.0035

+-0.0030

+0.0025

~0.0020

t-0.0015

~0.0010

f~0.0005

L L L]

120 110 100 Q0 80 70 60
1 (ppm)

13C NMR of L-BHDU-5'-O-L-tyrosine ester hydrochloride (26)

S26

50

40

30

+0.0000



usERetdsmtiensunogsy

Solvent: CDCl3

_i

1.00

0.45

ro.40

0.35

~0.30

0.25

0.20

r0.15

r0.10

+0.05

0991

+0.00

~-0.05
d

1.5 11.0 10.5 10.0 9.5 9.0 8.5

H NMR of compound 33.

US5-09-64-48-spot-1

Solvent: CDCl3

Br. o

— 17304
— 16130
15032
- 14058

Lll[

13734

T L
7.0
BT

] Hl [

6.0 5.5
1 (ppm)

10335
—f1 42
—7164
—60 51
—b420

5035
—n3
PR
S

0.0034
r0.0032
0.0030
0.0028
;D.EIEIZE
—0.0024
t-0.0022
[~0.0020
[~0.0018
t0.0016
f~0.0014
[0.0012
+0.0010
-0.0008
0.0006
[~0.0004
-0.0002

~0.0000

200 190 180 170 160 150

13C NMR of compound 33.

130

120

100 90 80 70 60
1 (ppm)

S27



o n o in o n o n o n o ]
n * T m M ™ o - - [=] o ]
a [~ [~ a a a [~ -] a o o g
L L L L L L L L L L L L
PELE N.n
Lo
.
r ©
o,
| o
=z
oo )
o
o \ o
T [e]
z
(] z
- _
Q
[a)
© 7
I § &
[
:
ok
il &
0
2

s

20

25

=0

3s

3P NMR of compound 33.

10
f1 (ppm)

1s

0.24

r0.22

~0.20

Fo.18
H0.16
Fo.14
F0.12
Fo.10
[o.08
+0.06

0.04

0.02

+0.00

r-0.02

e

Solvent: CDCl3

"
7o o
O

Il/j::l)
&

Br.

Bk ]

Fore

Feot
Fus

Tt
Py

T
10

T
11

T
12

H NMR of compound 34.

528



USS-09-67-42 spot-1I

Solvent: CDCl3

171.901
160990

Br. o

s - N JMJI.‘

55.550
40.367
2183

IJ I‘ L

T T T T T T
10 200 190 180 170 160 150

T T T T T T T T T T T T T
140 120 120

[~9.5E-08

[9.0E-08

-8.5E-08

[~8.0E-08

+7.5E-08

[~7.0E-08

+6.5E-08

t6.0E-08

5.5E-08

+5.0E-08

4.5E-08

4.0E-08

+3.5e-08

3.0E-08

-2.5E-08

+2.0E-08

~1.5E-08

+1.0E-08

5.0E-09

+0.0E+00

~o.80

+0.75

ro.70

+0.65

+0.60

+0.55

+o.50

+0.45

+0.40

+0.35

+0.30

+0.25

+o.20

to.15

r0.10

+0.05

+o.00

-0.05

110 100 a0 80 70 a0 S0 40 30 20 10 i}
f1 (ppm)
1
3C NMR of compound 34.
USS5-09-67-42 spot-11 g a
TT
Solvent: CDCl3
Br. o
| NH
[o]
H o
NS0 opR_.
:o7|7 o }o{
o (o]
Jlull'l
7.'5 7.IEI G.IS E.ID 5:5 5:EI 4:5 | i 3.IEI 2.'5 2.‘!3 1.‘5 1:EI EI.IS EI.IEI

3P NMR of compound 34.

4.0
f1 (ppm}

S29



YK-01-14-40
Solvent: DMSO-ds

a4
—781
73
731

100 =
101 ==
101 -«

_~6.98
696

6.25
6.24

<&

5.12
4.32
4.29
4.15
4,14
4.12
3.99
[3.07
3.97
3.95
3.53
3.52
3.51
3.38
3.37
‘LB 36
2.50

102 ==

1.48
1.4

145

1.23
0.86
0.85

0.84

€

r0.45

+0.40

r0.35

r0.30

+0.25

r0.20

F0.15

+0.10

r0.05

~0.00

L5

IH NMR of ODE-L-BHDU-MP (38).

T
12.0 115

T
11.0 10.5

T
10.0 9.5 9.0 8.5 8.0 7.5

Solvent: DMSO-ds

162.25
—149.98
—139.44

130,59

11083
10765
10301

8131
7084
6959
6597

6457

-

3183
2968
2956

2942
2923

26.13
2262

yA
{
\

0.5

—1448

0.0

+~0.0022
~0.0021
~0.0020
~0.0019
r0.0018
~0.0017
r0.0016
0.0015
~0.0014
0.0013
lU.DDlZ
0.0011
;D.Dﬂlﬂ
+0.0009
+0.0008
~0.0007
0.0006
~0.0005
~0.0004
~0.0003
0.0002
0.0001

~0.0000

T T T T T T T T T
220 210 200 190 180 170 160 150 140

13C NMR of ODE-L-BHDU-MP (38).

T
130

T
110
1 (ppm)

T
120

S30

T
100

a0 50 40

30

20

10



Solvent: DMSO-ds

=070

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50

1P NMR of ODE-L-BHDU-MP (38).

40 30 20
fi (ppm}

10 o

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

—0.348
[—0.931
\.0.921

Solvent: CDsOD & SR R 0@ v 3
3 1”1 il I
o
oy~
O%\N o
07?70/\/\0
et
o
,‘ ]1 [’ S s ‘] lx 1 Va
| I
‘ I L ;Jm‘,l A S J
— " - - SO :
9 8 7 6 5 a 3 2
[—] —_— —— — v Wkl '
L:20 1.20 1.24 1.1@.02 2.02 2.01
1.29 1.19 1.0388 2.01 2.00 25.84

'H NMR of HDP-L-BHDU-MP (39).

S31

~0.11

-0.10

~0.09

~0.08

~0.07

~0.06

—0.05

~0.04

—0.03

—0.02

—0.01

~0.00

ppm



USS-08-07-42

pData Collected on:
pbs500=-inovas500
Archive directory:
/export/home/ussingh/vnmrsys /data
sample directory:
SS-09-07-42_2019-05~08-162132_2019-05-08
: CARBON_0T

Pulse Sequence: s2pul

Solvent: CD30D fo)
L
pectr.: " 500" Br
o)
07N i
ofefo/\ﬂo
OJ OH
o
23 3
=5 =
g2 2
=l
O (Er Al
o
s
g
2
o
<]
Z
-] X
LY =
I L
Mo
Lg = @ v
3 23 ;
- EE i) >3
17 %2 g B
=3 =
9 &

160

13C NMR of HDP-L-BHDU-MP (39).

140

USS-06-07-42

pata Collected on:
PbE500-1novas00
Archive directory:
/export/home /uss ingh/vnmrsys /data
Sample directory:
SS-06-07-42_2019-05-08-150807
File: PHOSPHORUS_01
Pulse Sequence: s2pul
Solvent: CD30D
Date: May 8 2

2 019
Spectr.: “pbs500"

0.578

Solvent: CDs;0D

\29.377

\-22.372

13.036

T

o pp!

Solvent: CDsOD

——— — —

15 10 5

31p NMR of HDP-L-BHDU-MP (39).

=

S32

=10

-315 ppm



{-0.0036

~0.0034

~0.0032

0.0030

r0.0028

0.0026

0.0024

0.0022

-0.0020

t-0.0018

-0.0016

~0.0014

~0.0012

r0.0010

0.0008

0.0006

r0.0004

0.0002

-0.0000

YK-01-16-P2 F0.32
Solvent: CDCls 030
~0.28
- - - — [o-26
g SEPEELARNIEEINEEIEIARARARASES
N I e R e fo.24
+0.22
0.20
0.18
0 +0.16
Br. 0 Y%
r0.14
NH o //0
| PN P-0 O [
N (o] o
:OJ o/\OJ% to.10
(o) o.08
+0.06
| r0.04
s I P I 12
. | i It . }\ i ' ‘ +0.02
] 1IN [k o
i UL [ L) 1 :
R R R R R ™8 e——————————————————..——.—...-_._,ek
12.0 11.5 11.0 105 10.0 9.5 2.0 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
1 (ppm)
1
H NMR of POM-L-BHDU-MP (41).
YK-01-16-F2 2 ] g R 33 2 snowes o= = 2
e z s BB I ShREsa o = :
Solvent: CDCls T N T T 70 §3RE55 ¢ H 5
(o]
B 1 Y
NH o
DU ¥
N (o] (o}
:o>[> o/\oJ%
o
]
Ll A |
| i AL
. : : : : : . . . . . . . . : : ; . T T T T .
220 210 200 190 180 170 160 150 140 130 20 10 0

120 110 100 90 80 70 60 50 40 30
f1 (ppm)

13C NMR of POM-L-BHDU-MP (41).

S33



906'8—

~ w n T m o A o o @ ~ w wnw ¥ o o = a 5
A o4 o o H4 o A4 A4 © § & ©o o o a o @ & =
4 ¢ 8 &8 8 & & & S & S & 5 o 8 &S & & 9
L 1 L 1 1 L 1 1 L 1 1 1 1 1 L 1 L 1 1
n o o o n o n o n o n o n o 3
o M~ M~ o =} " R =+ =2 o 5] o 131 - — = S :
(@} = = = = = = = = = = = = = = = = e
D =] L L 1 1 1 1 1 1 L L L 't 1 1 L 1 L
o |7 - r
o
c
v o
= FR L
(o]
(%]
- L
[ 7
= =
< q
[ e
— =
)
[ v
o
F@
o
Lg L
LS \ [
h ar'e
L.
zee |
frE— ]
Fo_ |
£ L 9TE
a L
=] . Falld
L o
—
— = —lmmv
8 —
o o ;
ST
O”A ]
Lo OHA L
&
[o] i
° o EE . Zr
]
° < s
Lo
o // o) + o-o—0
o shzi— A —_—
, o:u.hvl\ oo == Fosor |
0=0-0 28R
\ Lo 5890~ - Foa
I
[e]
I

o

NH
N o
<
7IEI

—Yooﬂl

T
80

Br.

T
20

Solvent: CDCl3

C?F
31p NMR of POM-L-BHDU-MP (41).
NH
N/&O
<

YK-01-16-P2
{AK-TT-99-POC-FINAL-TT

o

L
)

4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0

60 55 . 4.5
1 (ppm)
S34

10.0 9.5 9.0 8.5 8.0 75 7.0 6.5

'H NMR of POC-L-BHDU-MP (47).

10.5




AK-II-98-POC-FINAL-FURE ES s = o by 20 = 2zusksz o« 3
Solvent: CDCls [ [ o I AR T
Br. o o )\
- NH
Rﬁi& 0/\0)]\0
N" o O\l o
o 077 /[k /k
o/\o o
(o)
|
[ . .
160 15‘!0 lEIDD 17‘0 léD 15‘0 14‘0 léU léﬂ 11‘0 f (160 ) 9‘0 SID 7‘0 6‘0 5‘0 4‘0 36 2‘0 1‘0
ppm
13C NMR of POC-L-BHDU-MP (47).
AK-TI-98-POC-FINAL-PURE £
Solvent: CDCl3 !
Br. o o )\
- NH
Rﬁi& o/\OJ\O
N" o O\l o
° T
7r 070" o
o
1%0 160 S‘D f (pﬁpmj —EID —1‘DD flISD

3P NMR of POC-L-BHDU-MP (47).

S35

+0.0034

~0.0032

~0.0030

0.0028

-0.0026

~0.0024

0.0022

r0.0020

r-0.0018

~0.0016

r0.0014

r0.0012

+0.0010

+0.0008

0.0006

~0.0004

0.0002

+0.0000

+0.80

+0.75

[0.70

0.65

t0.60

H0.55

r0.50

+0.45

+0.40

+0.35

[0.30

[0.25

t+0.20

r0.15

r0.10

+0.05

+0.00

—0.05




Table S1: elemental analysis of final compounds

Compound Molecular Formula Calculated Found

C H N C H N
14. C12H15BrCINzOe. 1.5 H,O | 32.78 | 4.13 | 9.56 | 32.39 | 3.90 | 9.23
15. C13H17BrCINzOs. 1.0 H,O | 35.11 [ 4.31|9.45 | 35.05|4.32|9.28
16. C19H21BrCINzOe. 1.0 H,O | 43.82 | 4.45 | 8.07 | 43.75|4.51 | 7.98
17. C15H2:BrCINzOg. 0.5 H,O | 38.85 | 4.78 | 9.06 | 38.82 | 4.85 | 8.96
18. C1sH21BrCINsOg. 1.2 HO | 37.82 | 495 | 8.82 | 37.69 | 5.12 | 8.65
19. C21H22BrCIN4Oe. 1.0 H,O | 45.06 | 4.32 | 10.0 | 44.75 | 4.46 | 9.78
20. C16H23BrCIN3zOe. 1.0 H2O | 39.48 | 5.18 | 8.63 | 39.29 | 5.31 | 8.41
21. C16H23BrCINzO¢ 41.00 | 4.95|8.96 |40.82|4.93|8.74
22. C1sH19BrCINzOe. 1.0 H,O | 38.28 | 4.50 | 8.93 | 38.30 | 4.50 | 8.82
23. C1sH20BrCIN4O7. 1.5 H,O | 35.28 | 4.54 | 10.97 | 35.43 | 4.63 | 10.63
24, C14H19BrCINzOe. 1.0 H2O | 36.66 | 4.61 | 9.16 | 36.94 | 4.64 | 8.77
25. C16H25BrCI2N40Os. 1.5 H2O | 35.12 | 5.16 | 10.24 | 35.26 | 5.28 | 9.87
26. C19H21BrCINzO7. 1.0 HO | 4252 | 4.32 | 7.83 | 4254 | 4.42 | 7.68
33. C22H27BrN3OgP 4491 | 4.63 |7.14 | 4523 |4.92|6.85
34. C28H31BrN3OgP 50.61 | 4.70 | 6.32 | 50.92 |4.95|6.11
38. C3oHs2BrN20OgP. 0.5 HO | 51.14 | 7.58 | 3.98 | 51.20 | 7.55 | 3.92
39. C29Hs0BrN2OgP. 0.9 HO | 49.92 | 7.48 | 4.01 | 49.65 | 7.62 | 3.69
41. C22H32BrNzO12P 42.12 | 514 | 4.47 | 42.34 | 5.23 | 4.26
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HPLC method and trace for compound (1)

HPLC Method Conditions

Column XBridge C18 (4.6x150), mm, 3.5um | Sample YK-02-22-P

Mobile Phase-A 10mM Ammonium Acetate in Water | Vial LF

Mobile Phase-B 100% Acetonitrile Injection Volume 0.5 L

Gradient (T% B) 0/10,1/10,10/95,15/95,15.1/10 Run Time 20 minutes

Flow Rate 0.8 mL/min Proc. Chnl. 2998 PDA MaxPlot (190.0 nm to
Descr.; 800.0 nm) (2998(210-400)nm)

Subtracted from blank

Column oven Ambient Acq. Method Set: | Method_1 COL-2
Temp
Diluent: MeOH
Auto-Scaled Chromatogram
0.80- ‘
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: p HN)j/\/Br
0.60 ! o oH
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_ el
2 0.40 o)
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0.20- ™ | w
4 @ | ©
1 A b
_ s e
A A
1 T 1 | 1 T T | 1 T 1 | 1 T 1 | 1 T 1 | 1 T T | T T T | 1 1
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
Peak Results
RT Area | % Area
1]6.583 3900 0.07
2|7.334 5515706 | 99.85
3/8.165 4112 0.07
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HPLC method and trace for compound (24)

HPLC Method Conditions

Column XBridge C18 (4.6x150), mm, 3.5um | Sample USS-09-40-26

Mobile Phase-A 10mM Ammonium Acetate in Water | Vial LF

Mobile Phase-B 100% Acetonitrile Injection Volume 0.5 L

Gradient (T% B) 0/10,1/10,10/95,15/95,15.1/10 Run Time 20 minutes

Flow Rate 0.8 mL/min Proc. Chnl. 2998 PDA MaxPlot (190.0 nm to
Descr.; 800.0 nm) (2998(210-400)nm)

Subtracted from blank

Column oven
Temp

Ambient

Acq. Method Set:

Method_1_COL-2

Diluent: MeOH
Auto-Scaled Chromatogram
1.50 [
] 0 2
4 - Br
1.00 ° “@ >ro ll
8 NH, HCI
2 1 o ‘
e 1 (24) f|
0.50 [
. m-0| Qo
] BN | @
] ﬁh N~
0-0 T T T | T T T | T T T | T <|}:f\(>l <'>| T | T T I T T | T T | T
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00
Peak Results
RT Area % Area
1|6.812 89312 0.66
2(6.937| 215246 1.60
3(7.210| 179665 1.34
4|7473| 12863074 | 9563
5(7.860| 103434 0.77
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HPLC method and trace for compound (34)

HPLC Method Conditions

Column UPLC BEH C18 (100x2.1), mm, Sample USS-09-67-42
1.7um
Mobile Phase-A 0.05% FA in water Vial 2:.C,8
Mobile Phase-B 0.05% FA in ACN Injection Volume 0.5 uL
Gradient (T% B) 0/3, 0.5/3, 3/15, 5/100, 8/100, Run Time 10 minutes
8.10/3, 10/3
Flow Rate 0.8 mL/min Proc. Chnl. 2998 PDA MaxPlot (190.0 nm to
Descr.: 800.0 nm) (2998(210-400) nm)
Subtracted from Blank
Column oven 50 °C Acq. Method Set: | Method_1_COL-2
Temp

Diluent: Acetonitrile (ACN)

Auto-Scaled Chromatogram

0.70
] Br. o Q
T NH
o.eo: (K TR
: oS e g
0.50 o @ ° .
0.40—: @4
2]
0.30
0.20]
] [Te} »
] N~ -— ®
0.10 () b 3
] ‘I‘ O e
000+ A A
-_—
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
Minutes
Peak Results
RT Area Height % Area RT Area Height % Area Mixture Oftwo diastereomers
1|2.575| 24554 | 23527 1.30 6(5.898| 3622| 3512 0.19 Diastereomer 1 = 51.31
25419 | 37276| 19381 1.97 Diastereomer 2 = 44.62
3(5.669 | 970842 | 683177 | 51.31 Total HPLC purity = 95.93
4|5.715 | 844265 | 596844 | 44.62
5|5.876| 11377| 7188 0.60
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HPLC method and trace for compound (38)

HPLC Method Conditions

Column XBridge C18 (4.6x150), mm, 3.5um | Sample YK-01-14-40

Mobile Phase-A 10mM Ammonium Acetate in Water | Vial LF

Mobile Phase-B 100% Acetonitrile Injection Volume 0.5 L

Gradient (T% B) 0/50,1/50,10/95,20/95, 21/50 Run Time 20 minutes

Flow Rate 0.8 mL/min Proc. Chnl. 2998 PDA MaxPlot (190.0 nm to
Descr.; 800.0 nm) (2998(210-400) nm)

Column oven Ambient Acq. Method Set: | Method_1 COL-2

Temp

Diluent: MeOH+DMSO

Auto-Scaled Chromatogram

0.80
0.60 DMSO
[e]
0.40- fﬁN\B l
o 0.
< 1 o O,(‘:‘,,O/\,o :
1 { Q?‘? OH B \i
0.20- \ o A Dy | me
4 3 iRt REL
\ - T | ©®m
J - A | | =
|
000} - v e
S L e e o e e s B e e e L ey e e e e e e e e T e AN B
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
Peak Results
RT Area % Area
1111.124 32548 0.28
2(11.851 411117 3.58
3112.367 26936 0.23
4|12.585| 10970267 | 95.52
5113.338 26873 0.23
6]13.815 17312 0.15
Auto-Scaled Chromatogram
0.80
0.60]
] Blank DMSO
b |
> 0.40 \
< ] |
|
| |
0.20- \
|
i ‘ \
000 -
T T T ‘ T T ‘ T T ‘ T T T | T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

Peak Results
RT % Area

Area

5S40




HPLC method and trace for compound (39)

HPLC Method Conditions

Column XBridge C18 (4.6x150), mm, 3.5um | Sample USS-09-07-42

Mobile Phase-A 10mM Ammonium Acetate in Water | Vial LF

Mobile Phase-B 100% Acetonitrile Injection Volume 0.5 L

Gradient (T% B) 0/50,1/50,10/95,20/95, 21/50 Run Time 20 minute

Flow Rate 0.8 mL/min Proc. Chnl. 2998 PDA MaxPlot (190.0 nm to
Descr.; 800.0 nm) (2998(210-400)nm)

Column oven Ambient Acq. Method Set: | Method_1 COL-2

Temp

Diluent: MeOH+DMSO

Auto-Scaled Chromatogram

0.80 \ 0
J HN)SA\/E"
] MSO . 9 .
0-P-0O (¢}
0.60- ‘ o w
: p A
2 ] | | (39
0.40- ‘| \
] ‘, g‘ ®
0.20 ‘ 2 &5 ¢
] @ < o
] (o] -— | —
00—  © L
T T T | T T T | T T T | T T T | T T T ‘ T T T | T T | T T T | T T | T T T | T
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
Peak Results
RT Area % Area
1| 9.910 70920 043
2111.070 67562 0.41
3/11.376 | 16151477 | 9897
4(12.129 29648 0.18
Auto-Scaled Chromatogram
0.80
0.60 Blank DMSO
1 \
o 0.40 |
1 \
] |
0.20 \
i ‘ I‘\\
000 -
[ 1 [ ‘ 1 [ ‘ 1 [ | [ 1 ‘ [ 1 1 ‘ [ 1 [ ‘ 1 [ ‘ [ 1 | [ 1 ‘ [ 1 1 ‘ [
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

Peak Results

RT | Area

% Area
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HPLC method and trace for compound (41)

HPLC Method Conditions

Column XBridge C18 (4.6x150), mm, 3.5um | Sample YK-01-16-P-2

Mobile Phase-A 10mM Ammonium Acetate in Water | Vial LF

Mobile Phase-B 100% Acetonitrile Injection Volume 0.5 L

Gradient (T% B) 0/10,1/10,10/95,15/95. 15. 1/10 Run Time 20 minute

Flow Rate 0.8 mL/min Proc. Chnl. 2998 PDA MaxPlot (190.0 nm to
Descr.; 800.0 nm) (2998(210-400) nm)

Subtracted from blank

Column oven Ambient Acq. Method Set: | Method_1 COL-2
Temp
Diluent: MeOH
Auto-Scaled Chromatogram
1.20 JE
1.001 o I
N & :
0.80 o
: S Var |
5 ] _
N o -
' 0.60—: s o 6/\0 '|
0.40 /‘ho - |
: a1 S 8 &8 v
0.207 @ @ © S ||
1 P~ [+0] ()] — L
0.00- : - oy —. o v —
T T T | T T T | T T T | T T T | T T | T 1 T | T T T | T T T | T T T
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00
Peak Results
RT Area | % Area
1| 7.348| 44197 055
2| 8622 11801 0.15
3| 9462 17042| 0.21
4(10.791| 24910 0.31
5|11.255 [ 7996494 | 98.79
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HPLC method and trace for compound (47)

HPLC Method Conditions

Column XBridge C18 (4.6x150), mm, 3.5um Sample YK-02-26-P
Mobile Phase-A | 10mM Ammonium Acetate in water Vial 1:F
Mobile Phase-B 100% Acetonitrile Injection Volume 0.5 puL
Gradient (T% B) 0/10,1/10,10/95,15/95. 15. 1/10 Rum Time 20 minute
Flow Rate 0.8 mL/min Proc. Chnl. 2998 PDA MaxPlot (190.0 nm to
Descr.: 800.0 nm) (2998(210-400) nm)
Subtracted from blank
Column oven Ambient Acq. Method Method_1_COL-2
Temp Set:
Diluent: MeOH
Auto-Scaled Chromatogram
0.80 o 5

Br.

0 60—_ %f:/& o-P it
2

NH

(o]

o
o o/\o/u\ 0)\

N

10411

< 0.407] an
: D (el

0.20 - R R I
i - - R~

S (L
000 200 400 600 800 1000 1200 1400 1600 1800
Peak Results
RT Area % Area RT Area % Area

1] 7.111| 16180 0.28 9(11.045 9239 0.16

2| 8.174 8653 0.15

3| 9.113| 13805 0.24

4| 9.127 3178 0.05

5| 9.991| 30861 0.53

6(10.132| 15077 0.26

710215 24301 0.42

8(10.411 (5694194 | 97.91
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