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Figure S1. Inhibition of EcCOPPS by 62 compounds (6-67).
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Figure S1. Inhibition of EcCOPPS by 62 compounds, continued.
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Figure S1. Inhibition of EcOPPS by 62 compounds, continued.
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Figure S1. Inhibition of EcCOPPS by 62 compounds, continued.
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Figure S1. Inhibition of EcCOPPS by 62 compounds, continued.
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Figure S2. Graph showing correlation (R = 0.81) between B. subtilis cell growth inhibition (as log

EDso [ug/mL]) and compound clogP.
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Figure S3. Typical dose-response graphs for EcOPPS, inhibition by six bisphosphonates. Three

data sets were collected on different days and the pooled results were fitted to a dose-response

curve.
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Figure S4. Effects of bovine serum albumin binding on B. subtilis cell growth inhibition (at 0, 4, and

10% serum). Results are shown as duplicates.
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Figure S5. Effects of three bisphosphonates discussed in the Text on human embryonic kidney
(HEK293) cell growth after 24 or 96 hours incubation. a) Compound 74 at 24 hrs (left) and 96 hours

(right). b) As a) but for 84. ¢) As a) but for 72. Data were obtained in duplicate experiments.
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Table S1. Effects of compounds on bacterial and C. albicans cell growth.
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Table S2. Bacterial cell growth inhibition by bisphosphonates together with

clogP and logD,,

values.2
Cod Bs Ba Sa Ms HEK
l; Structure ED5, ED5s, | ED5so | EDso 293 | clogP | logD,,
pg/mL | pg/mL | pg/mL | pg/mL | pg/mL
(uM) (uM) (uM) (uM) (uM)
: 1.0 2.3 14 5.9 262
74 YVY\’\O;TZHO“ 225 | -5.82
(2.4) (5-4) (33) (14) | (620)
Q. _oH
o pe 1.7 1.8 26 1.4 181
5 WNQ;IOHOH -2.08 | -5.65
o
(4.1) (4.4) (63) | (3.4) | (440)
6 . 2.1 0.6 13 6.1 96
7 L% -0.50 | -4.07
: ‘\N/\r OH
Zogon | (4.8) | (14) | (30) (14) | (220)
. %on 2.2 2.1 13 5.9 194
= P
i | /N?F,’OHO“ -1.14 | -4.71
[e]
(5.2) | (5.0 (31) (14) | (460)
< 2.4 0.8 13 5.5 186
78 W“Q?;Zf” 250 | -6.07
(5.7) (1.9) (31) (13) | (440)
O oH
St P 2.8 0.4 18 6.2 224
79 M/ ‘/N:;E{OHOH -1.52 ~5-09
o
(6.4) | (0.9) (41) (14) (510)
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d Bs Ba Sa Ms HEK
C
;I; Structure EDso ED;o | EDso | EDjo 293 | clogP | logD,,
pg/mL | pg/mL | pg/mL | pg/mL | pg/mL
(uM) (uM) (uM) (uM) (uM)
Q. oH
. ; 3.1 2.2 21 7.2 2095
8o | I L I L 114 | 471
o
(7.4) (5.2) (50) (17) (700)
Q. _oH
\ 3.6 2.4 51 10 483
81 \Q - P:)HOH -2.46 | -6.25
(8.2) (5.5) | (120) (23) | (1100)
N O:OH 4.6 4.3 34 15 166
82 W“@N;IO:H -2.50 | -6.07
(12) (11) (86) (38) | (420)
4 %;g: 5.5 2.2 30 7.2 22
83 * L e -0.08 | -3.65
0
(12) (4.9) (67) (16) (48)
Q. oH
5.7 2.5 28 150 420
84 /k/\/l\/\o/Q;;(OHO“ -2.25 | -5.82
o
(14) (5.9) (66) | (350) | (1000)
/\; o 7.0 1.1 31 70 440
85 /J\/\/J\/\S /Q oF-on -1.52 | -5.08
o
(16) (2.5) (71) (160) | (1000)
/JN\ 9 on 8.3 23 150
86 s H/\rP\OH 5 O (12) ND '0-10 '2.36
0*P-oH :
on (19) (54) | (350)
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d Bs Ba Sa Ms HEK
C
;I; Structure EDso ED;o | EDso | EDjo 293 | clogP | logD,,
pg/mL | pg/mL | pg/mL | pg/mL | pug/mL
(uM) (uM) (uM) (uM) (uM)
)@ o ow 21 3.2 35 75 530
87 Ayt “’TP\O” -0.51 | -3.10
O~ "OH
OH
(48) (7-3) (80) | (170) | (1200)
38 >I>VJT\ 0 on 21 36 150 g
Pl -
) H/OIOHOH 7-4 (17) ND 0.4 2.12
o (49) (84) | (350)
B % of 26 3.0 32 93 480
89 NN o -0.24 | -2.00
oﬁg;cm
(60) (6.9) (73) | (210) | (1100)
0,
Ot P 36 5.0 22 91
90 Wﬁ@;}fo:’” ND | 027 | -348
(73) (10) (45) | (180)
Q. oH
Ot P 41 8.6 17 65
91 R @;\go:’” ND | 424 | 781
’ (120) | (24) | (48 | (180)
[ %o 75 4.2 60 200
92 WO NN o -0.52 | -2.24
o*F~oH ND
OH
(170) | (9.6) | (140) | (460)
N9 on 97 2.3 230 290
93 I ND | 373 | 635
OH
(340) (8.0) (800) | (1000)
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d Bs Ba Sa Ms HEK
C
z Structure ED5, ED5s, | EDso | EDso 293 | clogP | logD,,
pg/mL | pg/mL | pg/mL | pg/mL | pg/mL
(uM) (uM) (uM) (uM) (uM)
/N 0]
ok p OH 100 11 56 96
94 H/OIO:H ND | "0-36 | -2.96
OH
(250) (28) | (140) | (240)
H O oH
0~ e 110 2.5 69 79 630
o5 | T 7T 7 /Nolof“ 120 | -1.63
o
(230) | (5.2) | (140) | (160) | (1300)
M\ ‘\/NN OP\o 180 52 100
96 ’ /o\gro: ) 11 (26) ND | ©77 | 231
(420) (120) | (240)
O s oM 260 25 210
SN o -
97 Y\/MS\O Oag«m 7.7 (14) ND 1.72 1.85
(460) (44) | (370)

a Abbreviations used: Bs = B. subtilis; Ba = B. anthracis Sterne; Sa = S. aureus; Ms = Mycobacterium
smegmatis; HEK293 = human embryonic kidney cell line # 293; clogP = the computed logarithm of
the octanol/water partition coefficient; logD,, = the logarithm of the computed octanol/water

partition coefficient at pH = 7.4.
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Table S3. Activity of compounds against C. difficile. MIC values in pug/mL.

C. difficile C. difficile

C. difficile C. difficile

Cpd # Structure ATCC  ATCC Cpd# Structure ATCC ATCC
43255 1870 43255 1870
‘ : OW O/\)\/\/k
N o
74 LR 6.8 6.8 96 [%l HO_ on >18 >18
0 NN
HO-P=0 H Lo
OH HO™ L,
X
\ HO_ o
o TN Y
98 R T 9 18 92 Ho /0 >18 >18
OH O F
o [t[km* 11 11 100 \ >2 >2
7 o™ \HO\C)\O o 4 4

o F Ho, /O/\c)}\\é
o Px
71 \M'Tij)LN 12 24 101 ~o >25 >25
! ) N//\N/\FOH

HO o _J _p=0
|
HO™ 4,
O HO\P,OH o oH
X =0 NI
33 [ O red 14 14 95 O,
O oH N ”HO/P\OH
o
O Q,OH O O
"p-OH _
69 OH 14 28 68 o Ho 2%
gon N\/k 0
HO’P\OH
HO OH
) )\/\/\/\/\/\/
99 19 19

>27 >27

>28 28
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Table S4. Data collection and refinement statistics for ECOPPS and EcUPPS.

EcOPPS-69 EcOPPS-70 EcUPPS-70
PDB code 5ZLF 5ZE6 5ZHE
Data coilection
space group C. P2,2,2, P2,2,2,
unit-cell
a[A] 149.34 94.03 63.71
b[A] 46.65 111.99 68.45
c[A] 215.74 133.82 109.25
a/B/y() 90/101.08/90 90/90/90 90/90/90
resolution [A] 25-2.85 (2.95-2.85) 25-2.50 (2.59-2.50) 25.0-2.18 (26-2.18)
unique reflections 34599 (3427) 49730 (4902) 25466 (2435)
redundancy 4.3 (4.4) 5.8 (5.9) 6.3 (5.0)
completeness [%] 99.9 (100.0) 100.0 (100.0) 99.5 (97.6)
average I/o(I) 15.6 (2.37) 22.29 (4.8) 36.0 (3.9)
R mergel® [%] 7.2 (58.2) 9.7 (49.5) 4.4 (26)
Refinement
no. of reflections 34589 (2500) 47239 (3516) 24247 (1746)

R workl® (95% of data)
R freeld (5 % of data)
r.m.s.d. bonds [A]
r.m.s.d. angles [°]
dihedral angles

most favored [%]
allowed [%]
disallowed [%]

no. of non-H atoms /
average B [A2 ][]
protein

water

Ligand

ion

0.241 (0.324)
0.299 (0.366)
0.009

1.590

93.6
6.3
0.1

8626 (103.48)
6 (53.9)

30 (123.4)

2 (72.8)

0.185 (0.228)
0.264 (0.349)
0.010

1.49

97-9
2.1
0.0

9413 (42.3)
417 (39.2)
50 (63.8)
2(37.1)

0.203 (0.237)
0.263 (0.342)
0.012

1.72

96.2
3.8
0.0

3223 (53.38)
130 (50.35)
25(89.4)
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Table S5. SMILES for the compounds mentioned in the Text and SI.

Cl;d Structure SMILES
1 P = CC(=C)CCOP(=0)([OHT)OP(=0)([OHD[OH]
2 PP e CC(=CCOP(=0)(0)OP(=0)(0)0)C
O, OH OH
3 )\/\MO,P\O,ngH CC(=CCCC(=CCCC(=CCOP(=0)(0)OP(=0)(0)0)C)C)C
2
L] B | €/C(0)=C/CC/C(C)=C/CC/C(C)=C/CC/C(C)=C/CC/C(C)=C/CC/C(
4 . 0)=C/CC/C(C)=C/COP(0)(OP(0)(0)=0)=0
C/C(C)=C\CC/C(C)=C/CC/C(C)=C/CC/C(C)=C/CC/C(C)=C/CC/C(
5 T Lae e | ©=C/0C/C(0)=C/CC/CC)=C/CC/ C(Q)=C/CC/C(C)=C/CC/C(C)=
2 C/COP(OP(0)(0)=0)(0)=0
S O
6 ”;E\ZOH OP(C(P([0-])(0)=0)C[N+]1=CC(OCCCCCCCCCC)=CC=C1)(0)=0
J
N" O
7 0" CCCCOCCCCCC1=CC=CIN+](CC(P(0)(0)=0)P(0)([0-1)=0)=C1
Ho—g:o
8 W%J:" OP(C(P([0-])(0)=0)C[S+](C)CCCCCCCCCCCO)(0)=0
8 Ho ©OH
LT
9 Nkﬁ‘iggH CCCCCCCOC1=CC=CIN+](CC(0)(P(0)(0)=0)P([0-1)(0)=0)=C1
Hg(;’P\\(())H
-
)
10 " gon OP(C(P([0-1)(0)=0)C[N+]1=CC(C#CCCCCCC)=CC=C1)(0)=0
B O~
11 ”((E\:OH CCCCCCCCOCI=CC=CIN+](CC(P([0-1)(0)=0)P(0)(0)=0)=C1
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)
12 ”yéf\/OH OP(C(P(0)([0-])=0)C[N+]1=CC(OCCCCCC)=CC=C1)(0)=0
aB
13 O\a\g)o“ OP(C(P([0-1)(0)=0)C[N+]1=CC(CCCCCCCC)=CC=C1)(0)=0
Ho—g;o
>
L)
14 V" Qon CCCCC#CC1=CC=C[N+](CC(P([0-])(0)=0)P(0)(O[Na])=0)=C1
e O_wgs OP(C(P([0-1)(0)=0)C[N+]1=CC(OCCCCCCCCCCCC)=CC=C1)(0)=
15 SR 0
(/\/,’\‘/\/\/\
+N= _
16 S’CF?,_OH CCCCCCN(C=C1)C=[N+]1CC(P(0)([0-1)=0)P(0)(0)=0
HO-B 0
HO
HQ on
+ R
17 TR Pfo\o CCCCCCCCIP+](C)(C)CC(P(0)(0)=0)P(0)(0)=0
HO™\
O
@\/\/\ " on
18 N OP(C(CNCCCCC1=CC=CC=C1)P(0)(0)=0)(0)=0
OB
X HO\P/OH
19 | 77T CCCCCCCCLS+](C)CC(P(0)(0)=0)P(0)(0)=0
-0
2o N= CCCCOC1=CC=C(C2=CC=C[N+](CC(P(0)([0-])=0)P(0)(0)=0)=C
OH
Ho\/&go- 2)C=C1
HO
@/\Ao/\/o\/
21 '@E\/OH CCOCCOCCCC1=CC=CIN+1(CC(P(0)([0-])=0)P(0)(0)=0)=C1
Ho—l?:oo
OH
D
22 | o O/ CCCCCCCCCC1=CC=[N+](CC(P(0)(O[Na])=0)P(0)([0-)=0)C=C1
OKF{\O O//P\’OHH
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23 gowsﬁo; CC[S+](CCC(P(0)(0)=0)(0O)P(O)(O)=0)Cccoc1=Cc=CC=C1
HO ©
/N
\ )/
24 H OC(P(0)(0)=0)(P(0)(0)=0)CN1C=CN=C1
HO, 5o
HO’R\ orb
(e]
B O e
‘NfHo ) OP(C(P(O)([O-D=0)C[N+]1=CC(OCCCCCCCCCC)=CC(Br)=C1)(0)
25 R -0
Ho—g;o
D=
-
26 yp,?gH CC(C)C#CC1=CC=C[N+](CC(P(0)(0)=0)P(O)([O-D=0)=C1
HO. Il
'O,P\\OO
’L HO\P,OH
27 Ho—p:c\:o CCCCCCCCCCCCN(CCC(P(0)(0)=0)P(O)(0)=0)C
OH
@/\/\/\/\/\/\/\
28 N7 oH OP(C(P(O)([O-D=0)C[N+]1=CC(CCCCCccreeeeceee)=ce=C1)(0)
R
HO*F":OO =0
OH
29 0 OP(C(P(O)(0)=0)(0O)Cceeeeeeeeco)(0)=0
~-OH
(o]
30 \Cfl\: 0=C(0)C1=CC(0)=CC=C1NC(C2=CC=CC(Occcceeee)=C2)=0
O%\©/0\/\/\/\/
o
@OH
31 NH 0=C(0)C1=CC=CC=C1NC(C2=CC=CC(0cccreee)=C2)=0
o%\©/°\/\/\/\
(R (o]
> OCN\EjLOH 0=C(0)C1=CC([N+]([O-]D=0)=CC=C1NC(C2=CC=Cc(occceceece
3 o CCC)=C2)=0
O < Ho\p:\(())H OC(P(0)(0)=0)(P(O)([O-D=0)C[N+]J1=CC(C2=CC(C3=CC=CC=C
B 7O

o
OH

3)=CC=C2)=CC=C1
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34

0=C(0)C1=CC(Br)=CC=C1NC(C2=CC=CC(C#CCCCCCC)=C2)=0

35

0=C(0)C1=CC=CC=C1NC(C2=CC=CC(OCCCCCC)=C2)=0

36

OC(P(0)(0)=0)(P(0)(0)=0)CC1=CC(OCCCCCCCCCC)=CC=C1

37

0=C(0)C1=CC=CC(F)=C1NC(C2=CC=CC(OCCCCCCCC)=C2)=0

38

0=C(0)C1=CC([N+]([O-])=0)=CC=C1NC(C2=CC=CC(OCCCCCCC
C)=C2)=0

39

OP(C(P(O)([O-D=0)C[N+]1=CC(C/C=C(C)\C)=CC=C1)(0)=0

40

CCCCCCCCNC(P(0)(0)=0)P(0)(0)=0

41

OC(P(0)(0)=0)(P(0)(0)=0)COC1=CC(C2=CC=CC(C3=CC=CC=C
3)=C2)=CC=C1

42

0=C(0)C1=CC(0OC)=CC=C1NC(C2=CC=CC(OCCCCCCCC)=C2)=0

43

OC(P(0)(0)=0)(P(0)(0)=0)CC1=CC(C2=CC(C3=CC=CC=C3)=CC
=C2)=CC=C1

44

CCCCCCC1=CC=C(NC(P(0)(0)=0)P(0)(0)=0)C=C1
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45

FC1=CC(F)=C(C2=CC=CC(CC(P(0)(0)=0)(0)P(0)(0)=0)=C2)C=

HO P/(,DOH C1
HoF 00
46 93 0=P(0)(0)C(P(0)(0)=0)(0)C(C=C1)=CC=C1C2=CC=CC=C2
HO" o4
47 Ho/p‘;S 0=P(0)(0)C(P(0)(0)=0)(0)C1=CC(C2=CC=CC=C2)=CC=C1
W,
o. ,OH
48 Gé S g 0=P([0-1)(0)C(CCC[S+]1CCCC1)(O)P(0)(0)=0
HO'P\OH
HO. /OH
49 SN 0=P(0)(0)C(CCCCCCC)(0)P(0)(0)=0
HO/P\OH
| HO\ /OH
Px
50 /\/\/NVHOX //8 0=P(0)(0)C(CCN(C)CCCCC)(0)P(0)(0)=0
HO'P\OH
HO_ OH
P=
51 /\/\foxpcg 0=P(0)(0)C(CCCCCC)(0)P(0)(0)=0
HG OH
52 o, oA, 0=P(0)(0)C(CC1=C(F)C(F)=C(F)C(F)=C1F)(0)P(0)(0)=0
gé,P\OHO“ HoHdPsof; BrC(C(Br)=C1)=CC=C1CC(P(0)([0-])=0)P([0-1)(0)=0.[HI[N+]2([
53 1 10 H])CCCCC2.[H][N+]3([H])CCCCC3
% or 0=P(0)(0)C(CC1=CC=CC(C2=CC(NS(C3=CC(S(NC4=CC(C5=CC(
54 | T L p} CC(P(0)(0)=0)(0)P(0)(0)=0)=CC=C5)=CC=C4)(=0)=0)=CC=C3
oo LWl )(=0)=0)=CC=C2)=C1)(0)P(0)(0)=0
y
i _OH
55 SN P:jo C/C(C)=C/CC/C(C)=C/CC/C(C)=C/CC(P(0)(0)=0)P(0)(0)=0
HO o
_ C/C(CC/C=C(C)/C)=C\CNCCOC1[C@H]2C[C@@H]3C[C@@H](C
=6 @Owuw /C(CC/C=C(C)/C)=C\ 1[C@H]2C[C@@HI3C[C@@HI(

[C@H]1C3)C2
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57

0=C(0)C1=C(NC(C2=CC(C(0)=0)=CC(OCCCCCCCCCC)=C2)=0)
C=CC(IN+]([0-D=0)=C1

58

BrC1=CC=C(OCC2=CC=CC(OCCCCCCCC)=C2)C(P(0)(0)=0)=C1

59

0O=C(NC1=CC=CC(C2=NCCN2)=C1)C3=CC=C(C4=CC=C(C(NC5=
CC=CC(C6=NCCN6)=C5)=0)C=C4)C=C3

60

C1(C2=NCCN2)=CC=C3C(NC(/C=C/C4=CC5=C(C=C(C6=NCCN6)
C=C5)N4)=C3)=C1

61

C1(C2=NCCCN2)=CC=C3C(NC(C4=CC=C(C5=CC6=C(C=C(C7=NC
CCN7)C=C6)N5)C=C4)=C3)=C1

62

BrC1=CC(CCN)=CC(C#CC2=CC=CC(C#CC3=CC(CCN)=CC(Br)=C
3)=C2)=C1.FC(F)(C(0)=0)F.FC(F)(C(O)=0)F

63

0=C(0O)C1=C(NC(C2=CC=CC(OCCCCCCCC)=C2)=0)C=C(F)C(F)=
C1

64

0=C(C1=CC=CC(OCCCCCCCCC)=C1)NC2=CC(P(0)(0)=0)=CC=C
2

65

0=C(0O)C1=C(NC(C2=CC=CC(OCCCCCCCC)=C2)=0)C=CC(OC(F)(
F)F)=C1

66

0=C(0)C1=C(NC(C2=CC=CC(OCCCCCC)=C2)=0)C=CC(F)=C1
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67

0=C(0)C1=C(NC(C2=CC=CC(OCCCCCCCC)=C2)=0)C=CC(C)=C1

68

O=P([O-D(O)C(P(0)(0)=0)C[N+](C=C1)=CC=C1C(C=C2)=CC3=C
20C4=CC=CC=C43

69

0O=P(0)(0)C(P(0)(0)=0)(0)CC1=CC(C2=C3C(C(C=CC=C4)=C403
)=CC=C2)=CC=C1

70

0C1=C(C(0)=0)C(OCccceeeeeccece)=Ce=C

71

OC(C1=C(NC(C2=CC(OCCCCCCCC)=CC=C2)0)C=CC(F)=C1)=0

72

FC1=C(F)C=C(CCC[N+]2=CN(CC(P(O)([O-D=0)P(0)(0)=0)C=C2
)C=C1

73

CN(CCC(P(0)(0)=0)(0)P(0O)(O)=0)CCCCC1=CC=CC=C1

74

OP(C(P(O)([O-D=0)C[N+]1=CC(OCCC(C)CCCC(C)C)=CC=C1)(0O)
=0

75

OP(C(P(O)([O-D=0)C[N+]1=CN(CCCC(C)CCCC(C)C)C=C1)(0)=0

76

OP(C(P(O)([O-D=0)C[N+]1=CC(CCCCCCCCCCCC)=CC=C1)(0)=0

77

OP(C(P(O)([O-D=0)C[N+]1=CC(CCCC(C)CCCC(C)C)=CC=C1)(O)=
0)

78

OP(C(P(O)([O-1)=0)C[N+]1=CC(NCCC(C)CCCC(C)C)=CC=C1)(0)
=0

79

OP(C(P(O)([O-D)=0)C[N+]1=CC(SCCC(C)CCCC(C)C)=CC=C1)(0)=
0)

S25




80

OP(C(P(O)([O-D=0)C[N+]1=CC=C(CCCC(C)CCCC(C)C)C=C1)(O)=
0)

81

OP(C(P(O)([O-D=0)(O)C[N+]1=CC(OCCC(C)CCCC(C)C)=CC=C1)(
0)=0

82

OP(C(P(O)([O-D=0)C[N+]1=CN(CCC(CCCC(C)C)C)C=C1)(0)=0

83

OP(C(P(0)([0-])=0)C[N+]1=CC(CCCCCCCCCCCCCC)=CC=C1)(0)
=0

84

OP(C(P(O)([O-D=0)C[N+]1=CC=C(OCCC(C)CCCC(C)C)C=C1)(O)
=[0]

85

OP(C(P(O)([O-D=0)C[N+]1=CC=C(SCCC(C)CCCC(C)C)C=C1)(0)=
0)

86

OP(C(P(0)(0)=0)CNC1=NC(CCC(CCCC(C)C)C)=CS1)(0)=0

87

OP(C(P(0)(0)=0)CNC1=CC(OCCC(C)CCCC(C)C)=NC=C1)(0)=0

88

OP(C(P(0)(0)=0)CNC1=NC=C(CCC(CCCC(C)C)C)S1)(0)=0

89

OP(C(P(0)(0)=0)CNC1=NC(CCCC(C)CCCC(C)C)=CC=C1)(0)=0

90

OP(C(C[N+]1=CC(OCCC(CCCC(CCCC(C)C)C)C)=CC=C1)P(O)([O-]
)=0)(0)=0

91

OP(C(P(O)([O-D=0)C[N+]1=CC(OCCC(C)C)=CC=C1)(0)=0

92

OP(C(P(0)(0)=0)CNC1=NC(OCCC(C)CCCC(C)C)=CC=C1)(0)=0

923

OP(C(P(0)(0)=0)CNC1=NC=CS1)(0)=0
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ah Q. oH
94 S*u’\FjP“OH OP(C(P(0)(0)=0)CNC1=NC=C(C(C)CCCC(C)C)S1)(0)=0
O~ "OH
OH
95 | T T jN:‘E(:‘HOH OP(C(P(0)([0-1)=0)NC1=CC(OCCC(C)CCCC(C)C)=CC=N1)(0)=0
o | ot I e | OP(C(RI0)(0)=0)CNC1=CO(0CCC(CCCC(CICCCC(CIC)IC)=CC=Nt
9 o"g;‘w )(0)=0
o %o | OP(C(CIN+]1=CC(OCCC(CCCC(CCCC(CCCC(C)C)C)C)C)=CC=C1)P
Ny o
o7 | TR (0)([0-1)=0)(0)=0
98 HZ‘?RW CCCCCCCCCCCC(0)CP(0)(0)=0
99 H*;?&;ﬁ/vvvv\/ 0=P(0)(0)C(0)CCCCCCCCCCCCC
? ° . | o=covica=c(cocn=0)c=C(FIC=C2)C3=CC=CC(OCCCCCCCCC)
100 ) D/NJ\Q/ _c3
101 o ,_ofﬁv [O-]P(C(P([O-])([O-])=0)(O)CN1C=NC=C1)(OCOC(C(C)(C)C)=0)
NQT;;CSHO =0
\ﬁ,fggfo CC(CCCC(CCC1=CC=CIN+](CC(P(0)([0-1)=0)P(0)(0)=0)=C1)C)
102 oY c
OH
oz | A 195, | €/0(0)=C/OC/C(C)=C/CC1=CO=CIN+I(CC(P(O)([0-1)=0)P(0)(O)
/'o’g‘;'o =O)=C1
) QP,OH
104 A NN oM OP(C(P(0)([0-1)=0)C[N+]1=CN(CCCCCCCCCCCC)C=C1)(0)=0
10 “TOH
o]
OH O
105 Cﬁ oH 0=C(0)C1=C(0CCCCCCCCCCCC)C=CC=C10
0",
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Synthesis of Compounds.

Compounds 62, 73, 84, 92, 103, 112, 122, 133, 142, 1535, 16°, 177, 182, 194, 20-222, 238, 249, 257, 26-
282, 29", 3o, 31, 32%, 33', 34", 35", 367, 37", 38", 392, 40", 417, 42", 43'5,44'°, 45", 46-
47, 484,49, 509 51'°, 522, 53'%, 54'5, 55", 56*°, 57'*, 58'%, 59'%, 60*, 61-62', 63-64", 65", 66",

67, 6822, 692, 7023, 7113, 7224, 739, 747, 9425, 98-9924, 1042, 1052 were previously reported.

Synthesis of 74:

(0]
HO JL _OH Ej/ V\(\/\(
OH Br HO” \\ '\ 2
| N (j/ M\(\/\( N7 Q/OH
N/ K,CO3;, DMF

H,0, reflux, 3 h R

80 °C, 1h O 74
IM-1 HO-P=0

3-((3,7-Dimethyloctyl)oxy)pyridine (IM-1). According to Procedure A, 3-hydroxypyridine
(0.50 g, 5.26 mmol), 1-bromo-3,7-dimethyloctane (1.16 g, 5.26 mmol), and K.CO5 (0.73 g, 5.26 mmol)
in 5 mL of DMF yielded IM-1 (0.40 g, 1.68 mmol, 32%) as a brown oil. :H NMR (CDCl;, 500 MHz):
5 8.30 (o, 1H), 8.20 (o, 1H), 7.22-7.18 (m, 2H), 4.07-4.00 (m, 2H), 1.87-1.80 (m, 1H), 1.87-1.80 (m, 1H),
1.69-1.50 (m, 3H), 1.34-1.14 (m, 6H), 0.95 (d, J = 6.5 Hz, 3H), 0.87 (d, J = 6.5 Hz, 6H).
Hydrogen(2-(3-((3,7-dimethyloctyl)oxy)pyridin-1-ium-1-yl)-1-phosphonoethyl)
phosphonate (74). According to Procedure B, 3-((3,7-dimethyloctyl)oxy)pyridine (0.075 g, 0.32
mmol) and vinylidene-1,1-bisphosphonic acid (0.057 g, 0.30 mmol) in 1.5 mL of H.O yielded 74
(0.088 g, 0.21 mmol, 69%) as a white powder. *H NMR (D-0, 500 MHz): 6 8.71 (s, 1H), 8.58 (d, J =
6.0 Hz, 1H), 7.99 (dd, J = 9.0 Hz, 1.5 Hz, 1H), 7.85 (dd, J = 6.5, 6.0 Hz, 1H), 4.93 (td, J = 12.8, 6.8 Hz,

2H), 4.34-4.30 (m, 2H), 2.40 (tt, J = 20.8, 13.3 Hz, 1H), 1.93-1.89 (m, 1H), 1.72-1.67 (m, 2H), 1.58-
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1.53 (m, 1H), 1.39-1.18 (m, 6H), 0.97 (d, J = 6.5 Hz, 3H), 0.88 (d, J = 6.5 Hz, 9H); 3:P NMR (D.0O, 202
MHz): § 14.06; ESI HRMS: m/z [M+H]* calculated for C,;H3.NO,P,*, 424.1649; found, 424.1639;
purity = 99.9 % (QNMR).

Synthesis of 75:

HO_ O
)\/\/k/\/Br HO\PJJ\P/OH /\(P\\O

N N S\ N
0y e Uy RIS
N N

Acetone, H,0, reflux, 3 h

N
IM-2

75

1-(4,8-Dimethylnonyl)-1H-imidazole (IM-2). A mixture of 1H-imidazole (0.29 g, 4.25 mmol)
and K.CO; (1.18 g, 8.50 mmol) was stirred in 15 mL acetone. 1-bromo-4,8-dimethylnonane (1.00 g,
4.25 mmol) was added, and the mixture stirred for 12 h at 80 °C. The mixture was cooled to RT, 10
mL of water added, and the product extracted into 2 x 15 mL of ethyl acetate. The crude compound
was purified by flash column chromatography on silica (25 % EA/PE) to give IM-2 (0.79 g, 3.54 mmol,
83.3%) as a white solid. 'H NMR (CDCl,;, 500 MHz): § 7.47 (s, 1H), 7.04 (s, 1H), 6.89 (s, 1H), 3.89 (t,
J = 7.3 Hz, 2H), 1.83-1.69 (m+, 2H), 1.49 (quintet, J = 6.7 Hz, 1H), 1.42-1.36 (m, 1H), 1.30-1.03 (m,
8H), 0.85 (d, J = 6.5 Hz, 6H), 0.84 (d, J = 6.5 Hz, 3H).
Hydrogen(2-(1-(4,8-dimethylnonyl)-1H-imidazol-3-ium-3-yl)-1-
phosphonoethyl)phosphonate (75). According to Procedure B, 1-(4,8-dimethylnonyl)-1H-
imidazole (IM-2, 0.075 g, 0.34 mmol) and vinylidene-1,1-bisphosphonic acid (0.060 g, 0.32 mmol)
in 1.5 mL H,O yielded hydrogen(2-(1-(4,8-dimethylnonyl)-1H-imidazol-3-ium-3-yl)-1-
phosphonoethyl)phosphonate (0.042 g, 0.10 mmol, 32%) as a white powder. *H NMR (D.O, 500

MHz): & 8.82 (s, 1H), 7.58 (s, 1H), 7.46 (s, 1H), 4.63 (td, J = 13.8, 7.0 Hz, 2H), 4.17 (t, J = 7.0 Hz, 2H),
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2.68 (tt, J = 21.5, 7.0 Hz, 1H), 1.93-1.81 (m, 2H), 1.52-1.44 (m, 2H), 1.31-1.12 (m, 8H); 0.85 (d, J = 6.5
Hz, 3H), 0.84 (d, J = 6.5 Hz, 6H); 3'P (202 MHz, D,0O): § 14.29; ESI HRMS: m/z [M+H]* calculated
for Ci6H33N2O6P2*, 411.1808; found, 411.1801; purity = 96.6 % (QNMR).

Synthesis of 76:

B LDA, THF X
_ + Br ——/ ' |
N ~

-40 °C tort N

20 h IM-3
X
HO, on |
~ NN
HO"N & OH "N~ O
\ _OH
> F<\
H50, reflux, 3 h O
HO—I?=O 76
OH

3-Undecylpyridine (IM-3). Synthesized by modifying the literature procedure.2¢ To a solution of
3-picoline (0.80 g, 8.50 mmol) in 10 mL of dry THF, LDA (4.53 mL, 9.07 mmol) was added dropwise
at -20 °C via syringe with constant stirring under a N, atmosphere. The cooling bath was removed,
and the temperature was allowed to rise to 10 °C. After stirring for 30 min at 10 °C, the reaction
mixture was cooled to -40 °C. 1-bromodecane (2.02 mL, 9.47 mmol) in 3 mL of THF was then added,
dropwise. The cooling bath was removed, and the mixture warmed to RT and stirred overnight. The
progress of the reaction was checked by TLC (30% EA/PE). To the reaction mixture, 25 mL of water
was added, and the aqueous layer was extracted with 3 x 30 mL of ethyl acetate. The combined organic
layers were dried over Na,SO,. The crude compound was purified by flash column chromatography
over silica (10% EA/PE) to give 3-undecylpyridine (1.57 g, 6.36 mmol, 74%) as a brown oil. :H NMR

(CDCl;, 500 MHz): 6 8.41 (d, J = 2.0 Hz, 1H), 8.39 (dd, J = 5.0, 1.5 Hz, 1H), 7.44 (d, J = 7.5 Hz, 1H),
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7.15 (dd, J = 8.0, 5.0 Hz, 1H), 2.55 (t, J = 7.5 Hz, 2H), 1.57 (quintet, J = 7.4 Hz, 2H), 1.27-1.22 (m, 16
H), 0.84 (t, J = 7.0 Hz, 3H).

Hydrogen (1-phosphono-2-(3-undecylpyridin-1-ium-1-yl)ethyl)phosphonate (76).
According to Procedure B, 3-undecylpyridine, (IM-3, 0.075, 0.32 mmol) and vinylidene-1,1-
bisphosphonic acid (0.057 g, 0.31 mmol) in 1.0 mL of H.O yielded hydrogen(1-phosphono-2-(3-
undecylpyridin-1-ium-1-yl)ethyl)phosphonate (0.085 g, 0.20 mmol, 66%) as a white solid. 'H NMR
(DO, 500 MHz): 6 8.82 (s, 1H), 8.41 (d, J = 6.0 Hz, 1H), 8.28 (d, J = 8.0 Hz, 1H), 7.85 (dd, J = 8.0
Hz, 1H), 4.92 (id, J = 13.0, 6.3 Hz, 2H), 2.86 (t, J = 7.8 Hz), 2.34 (tt, J = 21.0, 6.5, 1H), 1.74-1.71 (m,
2H), 1.36-1.30, (m, 16H), 0.88 (t, J = 7.5 Hz, 3H); 3'P NMR (D.0, 202 MHz): § 14.38. ESI HRMS: m/z

[M+H]* calculated for CisH3,NOsP.*, 422.1856; found, 422.1837; purity = 99.1 % (QNMR).

Synthesis of 77:
(j/ \/\(\/\( LDA, THF W
-40°Ctort S\
20 h
IM-4
A
Ho U o | N
HO RO o OH HO\P,OH
\
H,0, reflux, 3 h _ \O
O—FI>:O 77
OH

3-(4,8-Dimethylnonyl)pyridine (IM-4). Synthesized by modifying the literature procedure.zé To
a solution of 3-picoline (1.10 mL, 11.3 mmol) in 25 mL of dry THF, LDA (5.90 mL, 43.5 mmol) was
added dropwise at -20 °C via syringe with constant stirring under a N, atmosphere. The cooling bath
was removed, and the temperature allowed to rise to 10 °C. After stirring for 30 min at 10 °C, the

reaction mixture was cooled to -40 °C. 3,7-dimethyl-1-bromooctane (2.56 mL, 12.43 mmol) in 8 mL
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of THF was then added, dropwise. The cooling bath was removed, and the mixture warmed to RT and
stirred overnight. The progress of the reaction was checked by TLC (30% EA/PE). To the reaction
mixture, 25 mL of water was added, and the aqueous layer was extracted with 3 x 30 mL of ethyl
acetate. The combined organic layers were dried over Na.SO,. The crude compound was purified by
flash column chromatography over silica (10% EA/PE) to give IM-4 (2.13 g, 9.11 mmol, 84%) as a
colorless oil. '<H NMR (CDCl,, 500 MHz): 6 8.45 (d, J = 2.0 Hz, 1H), 8.43 (dd, J = 4.5, 1.5 Hz, 1H), 7.51
(d, J = 7.5 Hz, 1H), 7.22 (dd, J = 4.8 Hz, 1H), 2.63-2.54 (m, 12H) 1.65-1.04 (m, 2H), 0.86 (d, J = 6.5
Hz, 6H), 0.85 (d, J = 6.5 Hz, 3H).

Hydrogen (2-(3-(4,8-dimethylnonyl)pyridin-1-ium-1-yl)-1-phosphonoethyl)
phosphonate (77). According to Procedure B, 3-(4,8-dimethylnonyl)pyridine (0.090 g, 0.39
mmol) and vinylidene-1,1-bisphosphonic acid (0.065 g, 0.35 mmol) in 1.5 mL of H.O gave hydrogen
(2-(3-(4,8-dimethylnonyl)pyridin-1-ium-1-yl)-1-phosphonoethyl)phosphonate (0.11 g, 0.25 mmol,
73%) as a white powder. 'H NMR (D.0, 500 MHz): 5 8.77 (s, 1H), 8.72 (d, J = 7.5 Hz, 1H), 8.26 (d, J
=10.0 Hz, 1H), 7.82 (dd, J = 10.0, 7.8 Hz, 1H), 4.87 (td, J = 16.0, 8.8 Hz, 2H), 2.84-2.77 (m, 2H), 2.36
(tt, J = 26.0, 17.3 Hz, 1H), 1.70-1.66 (m, 2H), 1.50-1.06 (m, 10H), 0.81 (d, J = 8.0 Hz, 9H); 3'P NMR
(D,0O, 202 MHz): & 13.41; ESI HRMS: m/z [M+H]* calculated for C,sH;,NO¢P>*, 422.1856; found,

422.1853; purity = 98.4 % (QNMR).
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Synthesis of 78:

HO + Me—S—Cl N

& 2.NaNgrt,12h ° IM-5

s
>

1. PPhs, THF,

BusN*OH" (40% aq.
2. H,0, tt, 16 h = (40% aq))

IM-6 Ar, 80 °C, 24 h

A o I on UW
| \/\(\/\( o \\ // o
— K(P

\
N IM-7 H,0, reflux, 3 h \

e
HO-P=0" g
OH

1-Azido-3,7-dimethyloctane (IM-5). To a mixture of 3,7-dimethyloctan-1-o0l (4.00 g, 25.27 mmol)
and methanesulfonyl chloride (4.34 g, 37.91 mmol) was added triethylamine (5.28 mL, 37.91 mmol)
and sodium azide (4.93 g, 75.81 mmol) at RT. The mixture was stirred for 12 h at RT then the crude
product was purified by flash column chromatography on silica (40 % EA/PE) to give IM-5 (3.70 g,
20.20 mmol, 80%) as an 0il.27

3,7-Dimethyloctan-1-amine (IM-6). To a mixture of 1-azido-3,7-dimethyloctane (IM-41, 3.70 g,
20.20 mmol) in 15 mL THF under a N. atmosphere was added triphenylphosphine (10.60 g, 40.40
mmol) at RT. After 5 min, H,O (0.473 mL, 26.26 mmol) was added at RT. The reaction mixture was
stirred at RT for 16 h. The crude compound was purified by flash column chromatography on silica
(5% MeOH/EA) to give pure 3,7-dimethyloctan-1-amine (1.50 g, 9.54 mmol, 47.2%) as an o0il.28 N-
(3,7-Dimethyloctyl)pyridin-3-amine (IM-7). To a mixture of 3,7-dimethyloctan-1-amine (IM-
5, 0.10 g, 0.63 mmol) and 3-bromopyridine (0.15 g, 0.95 mmol) was added 5 mol% of CuCl (0.040 g)

and 40% aqueous n-Bu,N+OH- (0.010 g, 0.032 mmol). The mixture was stirred at 80 °C for 24 h then
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cooled to RT and 15 mL of H,O added.29 The product was extracted into 2 x 15 mL of ethyl acetate and
the combined organic layers were dried over Na,SO,. The crude compound was purified by flash
column chromatography on silica (40% EA/PE) to give pure IM-7 (0.056 g, 0.24 mmol, 38%) as a
brown oil. :H NMR (CDCl;, 500 MHz):  8.03 (s, 1H), 7.14 (s, 1H), 6.89 (d, J = 8.0 Hz, 1H), 3.67 (s,
1H), 3.14-3.11 (m, 2H), 1.68-1.41 (m, 4H), 1.33-1.13 (m, 6H), 0.94 (d, J = 7.0 Hz, 3H), 0.87(d, J = 6.5
Hz, 6H).

Hydrogen(2-(3-((3,7-dimethyloctyl)amino)pyridin-1-ium-1-yl)-1-
phosphonoethyl)phosphonate (78). According to Procedure B, N-(3,7-dimethyloctyl)pyridin-
3-amine (0.075 g, 0.32 mmol) and vinylidene-1,1-bisphosphonic acid (0.057 g, 0.30 mmol) in 1.0 mL
of H.O yielded hydrogen(2-(3-((3,7-dimethyloctyl)amino)pyridin-1-ium-1-yl)-1-
phosphonoethyl)phosphonate (0.033 g, 0.079 mmol, 26%) as a pale brown solid. *H NMR (D-0, 500
MHz): 6 8.21 (s, 1H), 8.13 (d, J = 6.0 Hz, 1H), 7.59 (dd, J = 8.8, 5.8 Hz, 1H), 7.53 (d, J = 8.5 Hz, 1H),
4.83-4.80 (m, 2H), 3.29-3.19 (m, 2H), 2.32 (tt, J = 21.0, 6.6, 1H), 1.72-1.47 (m, 2H), 1.37-1.17, (m, 6H),
0.95 (d, J = 6.5 Hz, 3H), 0.87 (J = 7.0 Hz, 6H); 3'P NMR (D.0O, 202 MHz): 6 14.72; ESI HRMS: m/z

[M+H]* calculated for C,;H33N.O6P>*, 423.1790; found, 423.1795; purity = 96.8 % (QNMR).

Synthesis of 79:
1. NaH, DMF |
S rt, 10 min o
OH I o AN S _N_
oA S8 O (TR Ly
P |2 2. PhOPh NG S) o} MeOH
N 260 °C, 2 h N reflux, 2 h

IM-8
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DMF, rt 20, reflux, P
16 h IM-10 _
IM-9 0-P=0 79

S-(Pyridin-3-yl)-dimethylcarbamothioate (IM-8). To a solution of 3-hydroxypyridine (3.14 g,
33.00 mmol) in 20 mL of DMF was added NaH (0.79 g, 33.00 mmol) at RT. The mixture was stirred
for 10 min, then 2-(dimethylamino)-2-oxoethanethioyl chloride (5.00 g, 33.00 mmol) was added in
one portion. The mixture was heated to 80 °C and stirred for 1 h then diluted with 25 mL of water and
extracted with 3 x 30 mL of ethyl acetate.3° The combined organic layers were dried over Na,SO, and
concentrated in vacuo. The crude compound was purified by flash column chromatography on silica
(30% EA/PE) to produce the intermediate, O-(pyridin-3-yl) 2-(dimethylamino)-2-oxoethanethioate
(2.74 g, 16.50 mmol, 50%), which was then dissolved in 15 mL diphenyl ether and refluxed for 2 h at
260 °C. The mixture was cooled to RT and purified by column chromatography (30% EA/PE) to afford
IM-8 (1.96 g, 10.73 mmol, 65%) as an oil. '<H NMR (CDCl,, 400 MHz): & 8.64 (d, J = 1.2 Hz, 1H), 8.61
(dd, J = 4.4, 0.8 Hz, 1H), 7.85-7.82 (m, 1H), 7.34 (dd, J = 8.0, 1H), 3.12 (S, 3H), 3.04 (S, 3H).

3-((3,7-Dimethyloctyl)thio)pyridine (IM-10). To a solution of IM-8 (1.00 g, 5.49 mmol)
dissolved in 10 mL. MeOH was added 2 N aqueous NaOH (0.22 g, 5.49 mmol). The mixture was
refluxed for 2 h.3v32 Solvents were removed in vacuo to produce the sodium salt of 3-
mercaptopyridine (IM-9, 0.51 g, 3.81 mmol, 69.4%) as a brown solid, which was used for the next
step without purification. To a solution of 1-bromo-3,7-dimethyloctane (0.80 g, 3.62 mmol) was
added sodium pyridine-3-thiolate (0.51 g, 3.81 mmol) dissolved in 4 mL dry DMF. The mixture was

stirred at RT for 16 h. The combined organic layers were dried over Na.SO,, filtered and concentrated
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in vacuo. The crude compound was purified by flash column chromatography on silica (30% EA/PE)
to give IM-10 (0.48 g, 1.92 mmol, 53%) as an oil. 'H NMR (CDCl;, 500 MHz): § 8.57 (d, J = 6.0 Hz,
1H), 8.41 (dd, J = 6.0, 2.0 Hz, 1H), 7.65 (ddd, J = 10.0, 3.0, 2.0, 1H), 7.22 (ddd, J = 10.0, 1.0 Hz, 1H),
3.00-2.86 (m, 2H), 1.69-1.42 (m, 4H) 1.28-1.08 (m, 6H), 0.89 (d, J = 8.0 Hz, 3H). 0.86 (D, J = 8.0
Hz, 6H).

Hydrogen(2-(3-((3,7-dimethyloctyl)thio)pyridin-1-ium-1-yl)-1-
phosphonoethyl)phosphonate  (79). According to  Procedure B, 3-((3,7-
dimethyloctyl)thio)pyridine (0.075 g, 0.30 mmol) and vinylidene-1,1-bisphosphonic acid (0.053 g,
0.28 mmol) in 1.0 mL of H,O yielded hydrogen (2-(3-((3,7-dimethyloctyl)thio)pyridin-1-ium-1-yl)-1-
phosphonoethyl)phosphonate (0.089 g, 0.20 mmol, 71.4%) as a white powder.H NMR (D0, 500
MHz): 8 8.88 (s, 1H), 8.73 (d, J = 6.0 Hz, 1H), 8.31 (d, J = 8.5 Hz, 1H), 7.83 (dd, J = 8.5, 8.0 Hz, 1H),
4.92 (td, J = 12.5, 6.5 Hz, 2H), 3.27-3.17 (m, 2H), 2.35 (tt, J = 21.0, 6.5, 1H), 1.76-1.52 (m, 2H), 1.35-
1.16, (m, 6H), 0.94 (d, J = 6.5 Hz, 3H), 0.87 (d, J = 6.5 Hz, 6H); 3'P NMR (D,0, 202 MHz): & 14.11;

ESI HRMS: m/z [M+H]* calculated for C,;H3;.NOsP.S*, 440.1420; found, 440.1412; purity = 97.5 %

(QNMR).
Synthesis of 80:
HO
\ _OH
Br’\)\/\)\ HO/F{\JL//P\OH Z4
N\, LDA, THF p od " o |
| A 40°Ctort -1 N | H,0, reflux, 3 h \ Ho /_
N 20 h NT 2 = R
O
80 HO-P=0
OH
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4-(4,8-Dimethylnonyl)pyridine (IM-11). According to the procedure used to synthesize IM-3,
4-methylpyridine (1.00 g, 10.70 mmol) in 10 mL of THF, LDA (5.64 mL, 11.30 mmol), and 1-bromo-
3,7-dimethyloctane (2.51 mL, 11.80 mmol) in 3 mL THF yielded 4-(4,8-dimethylnonyl)pyridine (1.87
g, 8.025 mmol, 75%) as the product. :H NMR (CDCl;, 500 MHz): 6 8.48 (d, J = 7.5 Hz, 2H), 7.11 (d, J
=17.5 Hz 2H), 2.64-2.52 (m, 2H), 1.90 (s 1H), 1.70-1.03 (m, 12H), 0.86 (d, J = 8.0 Hz, 6H), 0.85 (d, J
= 8.0 Hz, 3H).
Hydrogen(2-(4-(4,8-dimethylnonyl)pyridin-1-ium-1-yl)-1-phosphonoethyl)
phosphonate (80). According to Procedure B, 4-(4,8-dimethylnonyl)pyridine (IM-11, 0.052 g,
0.28 mmol) and vinylidene-1,1-bisphosphonic acid (0.071 g, 0.30 mmol) in 1.20 mL of H.O yielded
hydrogen(2-(4-(4,8-dimethylnonyl)pyridin-1-ium-1-yl)-1-phosphonoethyl)phosphonate (0.091 g,
0.22 mmol, 78%) as a white powder. *H NMR (DO, 500 MHz): § 8.71 (d, J = 6.5 Hz, 2H), 7.75 (d, J =
6.0 Hz, 2H), 4.86-4.80 (m, 2 H), 2.90-2.81 (m, 2H), 2.31 (tt, J = 20.5, 6.8 Hz, 1H), 1.78-1.65 (m, 2H),
1.52-1.43 (m, 2H), 1.36-1.05 (m, 8H), 0.81 (d, J = 6.5 Hz, 9gH); 3'P (202 MHz, D,O): § 14.10; ESI HRMS:

m/z [M+H]* calculated for C,sH3,NO¢P,*, 422.1856; found, 422.1862; purity = 95.4 % (QNMR).

Synthesis of 81:
O
B O
o o CF
= | \/\(\/\( EtOAG, rt, 48 h \R—l on
N - 1O
N H3PO3, Toluene P\\O
80 °C, POCl3, 5h _p OH 81
HO R
6N HCI, reflux, 1 h HO O

Hydrogen(2-(3-((3,7-dimethyloctyl)oxy)pyridin-1-ium-1-yl)-1-

phosphonoethyl)phosphonate (81). Bromoacetic acid (0.27 g, 1.95 mmol) was added to a
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solution of the substituted pyridine IM-11 (0.46 g, 1.95 mmol) in ethyl acetate (3 mL), and the mixture
was stirred at RT for 2 days yielding substituted 1-carboxymethylpyridinium bromide as a white
precipitate.2° The product was then filtered, washed with ethyl acetate (2 x 3 mL), and dried in vacuo.
The resulting white powder was added to a mixture of H;PO3 (0.49 mL, 9.77 mmol) and toluene (6
mL) and heated to 80 °C, while stirring. After all solids melted, POCl; (0.91 mL, 9.77 mmol) was added
dropwise, and the mixture vigorously stirred at 80 °C for 5 h. Upon cooling, the supernatant was
decanted, and 6 N HCI (3 mL) added to the residue. The resulting solution was refluxed for 1 h, then
most solvent was removed in vacuo. 2-Propanol (25 mL) was added to precipitate the title compound
as a white powder. The powder was filtered, washed with 2-propanol (5 x 5 mL), then dried and further
purified by  recrystallization from  H.O/2-PrOH to yield hydrogen(2-(3-((3,7-
dimethyloctyl)oxy)pyridin-1-ium-1-yl)-1-phosphonoethyl) phosphonate (0.51, 1.21 mmol, 62%) as a
white powder. 'H NMR (D.O, 500 MHz): § 8.61 (s, 1H), 8.54 (d, J = 6.0 Hz, 1H), 8.02 (dd, J = 8.5 Hz,
1H), 7.83 (dd, J = 9.0, 6.5 Hz, 1H), 4.95 (t, J = 9.0 Hz, 2H), 4.36-4.28 (i, 2H), 1.93-1.88 (m, 1H),
1.74-1.67 (m, 3H), 1.39-1.19 (m, 6H) 0.97 (d, J = 6.5 Hz, 3H), 0.88 (d, J = 6.5 Hz, 9H); 3:P NMR (D.0,
202 MHz): 5 13.28; ESTHRMS: m/z [M+H]* calculated for C,;H3.NOgP>*, 440.1598; found, 440.1586;

purity = 95.0 % (QNMR).
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Synthesis of 82:
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1-(3,7-Dimethyloctyl)-1H-imidazole (IM-12). A mixture of 1H-imidazole (0.20 g, 2.94 mmol)

r

and K,CO; (0.81 g, 5.88 mmol) was stirred in 15 mL acetone. 1-Bromo-3,7-dimethyloctane (0.63 mL,
2.94 mmol) was added, and the mixture stirred for 12 h at 80 °C. The mixture was cooled to RT, 10
mL of water added, and the product extracted into 2 x 15 mL of ethyl acetate. The crude compound
was purified by flash column chromatography on silica (25 % EA/PE) to give IM-12 (0.50 g, 2.41
mmol, 82%) as a semi-solid. *H NMR (CDCl,, 500 MHz): 8 7.46 (s, 1H), 7.05 (s, 1H), 6.90 (s, 1H) 4.00-
3.89 (m, 2H), 1.83-1.76 (m, 1H), 1.62-1.38 (m, 3H), 1.32-1.10 (m, 6H), 0.93 (d, J = 7.0 Hz, 3H), 0.86
(d, J =7.0 Hz, 6H).
Hydrogen(2-(1-(3,7-dimethyloctyl)-1H-imidazol-3-ium-3-yl)-1-phosphonoethyl)
phosphonate (82). According to Procedure B, IM-12 (0.083 g, 0.40 mmol) and vinylidene-1,1-
bisphosphonic acid (0.075 g, 0.40 mmol) in 1.0 mL of H.O gave hydrogen(2-(1-(3,7-dimethyloctyl)-
1H-imidazol-3-ium-3-yl)-1-phosphonoethyl)phosphonate (0.044 g, 0.11 mmol, 28%) as a white
powder. *H NMR (D-0O, 500 MHz): 5 8.81 (s, 1H), 7.57 (s, 1H), 7.42 (s, 1H), 4.61-4.54 (m, 2H), 4.22-
4.19 (m, 2H), 2.43-2.35 (m, 1H), 1.95-1.88 (m, 1H), 1.73-1.67 (in, 1H), 1.52-1.15 (m, 6H), 0.94 (d, J =
6.5 Hz, 3H), 0.85 (d, J = 6.5 Hz, 6H); 3P (D,O, 202 MHz): 6 14.37; ESI HRMS: m/z [M+H]*

calculated for C,;;H4:N.O6P,*, 397.1652; found, 397.1651; purity = 96.1 % (QNMR).
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3-Dodecylpyridine (IM-13). According to the procedure used to synthesize IM-3, 3-
methylpyridine (0.80 g, 8.590 mmol) in 10 mL of THF, LDA (4.53 mL, 9.07 mmol), and 1-
bromododecane (2.02 mL, 9.47 mmol) in 3 mL THF yielded 3-tridecylpyridine (1.57 g, 6.36 mmol,
74%). *H NMR (CDCl;, 500 MHz): 6 8.41 (d, J = 1.5 Hz, 1H), 8.39 (dd, J = 4.5, 1.5 Hz, 1H), 7.44 (d, J
= 8.0, 1H), 7.15 (dd, J = 12.3, 6.0 Hz, 1H), 2.56 (t, J = 7.5 Hz, 2H), 1.57 (quintet, J = 7.4 Hz, 2H), 1.27-
1.22 (m, 20 H), 0.84 (t, J = 7.0 Hz, 3H).

Hydrogen (1-phosphono-2-(3-tridecylpyridin-1-ium-1-yl)ethyl)phosphonate (83).
According to Procedure B, 3-tridecylpyridine (0.090 g, 0.30 mmol) and vinylidene-1,1-
bisphosphonic acid (0.065 g, 0.35 mmol) in 1.0 mL of H.O yielded hydrogen(1-phosphono-2-(3-
tridecylpyridin-1-ium-1-yl)ethyl)phosphonate (0.10 g, 0.23 mmol, 75%) as a white powder. *H NMR
(D.0, 500 MHz): 6 8.77 (s, 1H), 8.72 (d, J = 6.0 Hz, 1H), 8.24 (d, J = 8.0 Hz, 1H), 7.80 (dd, J = 7.0 Hz,
1H), 4.87 (td, J = 13.3, 6.7 Hz, 2H), 2.80 (t, 2H), 2.30 (tt, J = 20.8, 6.5 Hz, 1H), 1.68 (quintet, J = 6.9
Hz, 2H), 1.31-1.24 (m, 20H), 0.82 (t, J = 6.8 Hz, 3H); 3'P (202 MHz, D,0): § 14.09; ESI HRMS: m/z

[M+H]* calculated for C.oH33sNOeP2*, 450.2169; found, 450.2158; purity = 95.9 % (QNMR).
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4-((3,7-Dimethyloctyl)oxy)pyridine (IM-14). According to Procedure A, 4-hydroxypyridine

(1.00 g, 10.50 mmol), K,CO; (2.91 g, 21.00 mmol), and 1-bromo-3,7-dimethyloctane (2.32 g, 10.50

mmol) in 15 mL of DMF yielded IM-14 (1.61 g, 6.83 mmol, 65%) as a brown oil. :H NMR (CDCl;, 400

MHz): 6 8.41(d,J = 6.4 Hz, 2H), 6.80 (d, J = 6.4 Hz, 2H), 6.31 (d, J = 8.5 Hz, 1H), 4.08-4.00 (m, 2H),

2.59-2.55 (m, 2H), 1.86-1.80 (m, 1H), 1.69-1.50 (m, 3H), 1.34-1.13 (mm, 6H), 0.94 (d, J = 6.4 Hz, 3H),

0.87(d,J = 6.4 Hz, 6H).

Hydrogen(2-(4-((3,7-dimethyloctyl)oxy)pyridin-1-ium-1-yl)-1-

phosphonoethyl)phosphonate  (84). According to  Procedure B, 4-((3,7-

dimethyloctyl)oxy)pyridine (0.075 g, 0.32 mmol) and vinylidene-1,1-bisphosphonic acid (0.057 g,

0.30 mmol) in 1.0 mL H.O yielded hydrogen (2-(4-((3,7-dimethyloctyl)oxy)pyridin-1-ium-1-yl)-1-

phosphonoethyl)phosphonate (0.098 g, 0.23 mmol, 76.2%) as a white powder. *H NMR (D.0O, 500

MHz): 8 8.61(d, J = 7.5 Hz, 2H), 7.31 (d, J = 7.5 Hz, 2H), 4.72 (1d, J = 13.0, 7.0 Hz, 2H), 4.37-4.35 (m,

2H), 2.64-2.55 (m, 2H), 2.31 (tt, J = 20.8, 6.7 Hz, 1H), 1.90-1.84 (m, 12H), 1.66-1.63 (m, 2H); 1.50

(quintet, J = 6.7 Hz, 1H), 1.36-1.13 (m, 6H), 0.91 (d, J = 6.0 Hz, 3H), 0.82 (d, J = 7.0 Hz, 6H); 3'P

NMR (D.O, 202 MHz): 6 14.09; ESI HRMS: m/z [M+H]* calculated for C,;H3.NO,P>*, 424.16409;

found, 424.1634; purity = 96.5 % (QNMR).
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4-((3,7-Dimethyloctyl)thio)pyridine (IM-15). To a solution of 4-mercaptopyridine (0.30 g, 2.70
mmol) and 1-bromo-3,7-dimethyloctane (0.67 mL, 3.24 mmol) in 4 mL of dry DCM was added Et;N
(0.38 mL, 2.70 mmol), dropwise, at RT.33 The mixture was stirred at 45 °C for 1 h and the crude
product purified by flash column chromatography on silica (40% EA/PE) to give IM-15 (0.44 g, 1.76
mmol, 65%). *H NMR (500 MHz, D.O): 6 8.38 (d, J = 5.5 Hz, 2H), 7.09 (d, J = 6.0 Hz, 2H), 3.03-2.90
(m, 2H), 1.74-1.49 (m, 2H), 1.34-1.12 (m, 6H), 0.94 (d, J = 6.5 Hz, 3H), 0.86 (d, J = 7.0 Hz, 6H).
Hydrogen(2-(4-((3,7-dimethyloctyl)thio)pyridin-1-ium-1-yl)-1-
phosphonoethyl)phosphonate  (85). According to  Procedure B, 4-((3,7-
dimethyloctyl)thio)pyridine, IM-15 (0.075 g, 0.30 mmol), and vinylidene-1,1-bisphosphonic acid
(0.053 g, 0.28 mmol) in 1.0 mL of H.O produced hydrogen (2-(4-((3,7-dimethyloctyl)thio)pyridin-1-
ium-1-yl)-1-phosphonoethyl) phosphonate (0.095 g, 0.22 mmol, 76%) as a white powder. *H NMR
(D.O, 500 MHz): 8 8.55 (d, J = 7.5 Hz, 2H), 7.69 (d, J = 7.5 Hz, 2H), 4.84-4.75 (1, 2H), 3.32-3.20 (m,
2H), 2.33 (tt, J = 20.8, 6.6 Hz, 1H), 1.82-1.51 (m, 4H), 1.40-1.17 (m, 6H), 0.97 (d, J = 6.5 Hz, 3H), 0.88
(d, J = 6.5 Hz, 9H); 3'P NMR (DO, 202 MHz): & 13.53; ESI HRMS: m/z [M+H]* calculated for

CyH3.NO6P2S*, 440.1420; found, 440.1409; purity = 96.9 % (QNMR).
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3,7-Dimethyloctanal (IM-16). A solution of 3,7-dimethyloctan-1-ol (5.00 g, 31.58 mmol) and
DMP (14.73 g, 34.75 mmol) in 75 mL CH,Cl, was stirred at RT for 1 h.34 The mixture was added to a
Na.S.05 (38.50 g, 243.30 mmol) solution in 250 mL of saturated Na,CO; and extracted into 4 x 50
mL Et.O. The combined organic layers were dried over Na.SO, and concentrated (in a 30 °C water
bath) to give the crude product. The crude material was purified by flash column chromatography on
silica (20 % Et.O/PE) to give IM-16 (4.64 g, 29.69 mmol, 94% yield) as a colorless oil. tH NMR (CDCl,,
500 MHz): 8 9.76 (t,J = 3.0, Hz, 1H), 2.42-2.36 (m, 2H), 2.25-2.19 (m, 2H), 1.52 (heptane, J = 7.3 Hz,
1H), 1.32-1.14 (m, 6H), 0.96 (d, J = 6.5 Hz, 3H), 0.86 (d, J = 6.0 Hz, 6H).

(Z) and (E)-1-Methoxy-3,7-dimethyloct-1-ene (IM-17). To a suspension of [MeOCH,PPh;]*Br-

(13.94 g, 36 mmol) in 50 mL dry THF was added sodium bis(trimethylsilyl)amide (NaHMDS; 1.00 M
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in THF, 5.94 g, 32.4 mmol) dropwise at -78 °C to produce a bright red solution.35 After 5 min, the

bright red solution was added dropwise over 30 min to a solution of 3,7-dimethyloctanal (4.50 g, 28.8

mmol) in 25 mL THF. The mixture was stirred at -78 °C for 10 min and then allowed to warm to o °C

over 1 h. The reaction was quenched with NH,Cl and extracted with 3 x 40 mL of ethyl acetate. The

organic layers were dried with Na,SO,, solvent removed in vacuo, and the crude compound purified

by flash column chromatography on silica in 10% EA/PE to give a ~ 1:1 mixture of (Z) and (E)-1-

methoxy-3,7-dimethyloct-1-ene, IM-17 (3.72 g, 21.89 mmol, 76%) as an oil. ‘H NMR (CDCl;, 400

MHz): § 6.25 (d, J = 15.5 Hz, 1H), 5.91 (d, J = 8.0 Hz, 1H), 4.71 (dt, J = 15.5, 9.5 Hz, 1H), 4.36-4.31 (m,

1H), 3.57 (s, 3H), 3.51 (s, 3H), 2.06-2.00 (m, 2H), 1.95-1.87 (m, 2H), 1.77-1.70 (m, 1H), 1.56-1.07 (m,

16H), 0.86 (d, J = 6.5 Hz, 18 H).

5,9-Dimethyldecan-2-one (IM-18). A mixture of (E/Z)-1-methoxy-3,7-dimethyloct-1-ene (3.40 g,

19.97 mmol) in 60 mL acetone:water (9:1) and concentrated HCI (0.25 mL) was refluxed for 1.5 h at

60 °C. The mixture was then cooled to RT and 20 mL of water added and the product extracted with

3 x 25 mL ethyl acetate.34-35 The crude 4,8-dimethylnonanal (2.65 g, 15.58 mmol, 78%) was used

without further purification for the next step. To a solution of 4,8-dimethylnonanal (1.20 g, 7.048

mmol) in 20 mL THF, 3M MeMgBr (1.00 g, 8.46 mmol) in Et.O was added at -78 °C. The mixture was

stirred at -78 °C for 3 h. Then, 15 mL of water was added, and the product extracted into 3 x 25 mL

ethyl acetate. The organic layer was dried over Na.SO,, the solvent was removed in vacuo, and the

product purified by flash column chromatography on silica (20 % EA/PE) to give 5,9-dimethyldecan-

2-ol (0.45 g, 2.41 mmol, 33 % yield) as a colorless oil. To a solution of 5,9-dimethyldecan-2-ol (0.43

g, 2.31 mmol) in 15 mL CH,Cl, was added DMP (Dess-Martin periodinane; 1.96 g, 4.61 mmol). After
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1 h, the mixture was added to a solution of Na,S,0; (5.10 g, 32.37 mmol) in 50 mL saturated Na,CO,,

and the entire mixture was extracted with 2 x 25 mL Et,O. The combined organic layers were dried

on Na.SO, and concentrated (in a 30 °C water bath) to give the crude product. The crude product was

purified by flash column chromatography on silica (20% Et.O/PE) to give IM-18 (0.25 g, 1.34 mmol,

58.1% yield) as a colorless oil. *H NMR (CDCl;, 400 MHz): § 2.48-2.36 (m, 2H), 2.14 (s, 3H), 1.63-

1.48 (m, 2H), 1.40-1.20 (m, 5 H), 1.15-1.08 (m, 3H), 0.87-0.85 (m, 2H).

1-Bromo-5,9-dimethyldecan-2-one (IM-19). To a solution of 5,9-dimethyldecan-2-one (0.60 g,

3.26 mmol) and 2.0 mL methanol at -10 °C, bromine (0.52 g, 3.26 mmol) was added, dropwise. The

mixture was stirred at 0 °C for 1 h and for an additional hour, at RT. 1 mL H.O and concentrated

sulfuric acid (1.81 mL, 32.60 mmol) were added to the mixture in an ice bath.3¢ After the mixture was

stirred overnight at RT, white crystals precipitated. The precipitate was filtered, washed with H.O,

and dried to give IM-19 (0.72 g, 2.74 mmol, 84%). *H NMR (CDCl;, 400 MHz): & 3.90 (s, 2H), 2.68-

2.62 (m, 2H), 1.68-1.09 (m, 10H), 0.87 (d, J = 6.4 Hz, 3H), 0.86 (d, J = 6.8 Hz, 6H).

4-(3,7-Dimethyloctyl)thiazol-2-amine (IM-20). A solution of 1-bromo-5,9-dimethyldecan-2-

one (IM-19, 0.57 g, 2.15 mmol) and thiourea (0.18 g, 2.404 mmol) in 1 mL MeOH was stirred for 5

min at RT and then at 85 °C for 2 h. Sodium hydroxide (0.16 g, 4.099 mmol) was added, and the

mixture stirred for an additional 2 h, at 85 °C. 37 The crude compound was purified by flash column

chromatography on silica (40% EA/PE) to give IM-20 (0.32 g, 1.33 mmol, 62%) as a white solid. *H

NMR (CDCl;, 500 MHz): 6 6.08 (s, 1H), 4.88 (broad s, 2H), 2.60-2.46 (m, 2H), 1.68-1.63 (m, 1H),

1.54-1.40 (m, 3H), 1.31-1.09 (m, 6H), 0.91 (d, J = 6.0 Hz, 3H), 0.86 (d, J = 6.5 Hz, 6H).
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Tetraethyl(2-((4-(3,7-dimethyloctyl)thiazol-2-yl)amino)ethane-1,1-
diyl)bis(phosphonate) (IM-21). According to Procedure C, 4-(3,7-dimethyloctyl)thiazol-2-
amine (0.15 g, 0.62 mmol) and tetraethylethene-1,1-diylbis(phosphonate) (0.11 g, 0.37 mmol) in 5 mL
CHCI; gave IM-21 (0.14 g, 0.25 mmol, 66.8%) as a viscous oil. 'H NMR (CDCl;, 500 MHz): § 6.05 (s,
1H), 5.88 (broad s, 1H), 4.24-4.15 (m, 8H), 3.85 (tt, J = 15.8, 6.5 Hz, 2H), 2.84 (tt, J = 23.0, 6.3 Hz,
1H), 2.58-2.40 (m, 2H), 1.66-1.11 (m, 22H), 0.89 (d, J = 6.5 Hz, 3H), 0.86 (d, J = 6.5 Hz, 6H); 3'P
NMR (D.O, 202 MHz): § 22.40.
(2-((4-(3,7-Dimethyloctyl)thiazol-2-yl)amino)ethane-1,1-diyl)bis(phosphonic acid)
(86). According to Procedure D, IM-21 (0.14 g, 0.25 mmol) and TMSBr (0.45 mL, 3.50 mmol) in
3 mL DCM yielded (2-((4-(3,7-dimethyloctyl)thiazol-2-yl)amino)ethane-1,1-diyl)bis(phosphonic acid)
(0.076 g, 0.18 mmol, 71%) as a white solid. *H NMR (D.O, 500 MHz): 6 6.28 (s, 1H), 3.58-3.51 (m,
2H), 3.68 (td, J = 13.5, 6.8 Hz, 2H), 5.58-2.50 (m, 2H), 2.27 (tt,J = 20.5, 6.7 Hz, 1H), 1.64-1.15 (m,
10H), 0.91(d, J = 5.0 Hz, 3H), 0.86 (d, J = 6.5 Hz, 6H); 3'P (202 MHz, D,O): 8 16.47; ESI HRMS: m/z

[M+H]* calculated for C,sH3;:N.O6P.S*, 429.1373; found, 429.1365; purity = 96.5 % (QNMR).

Synthesis of 87:

e JL okt
NH 2 \\ /, N X
2 /\)\/\/k EtO” o 3 “OEt y | P Q\P/OEt
X HO N CHCls rt, 6h N N
| w | (6) H/Y OEt
(0]

N 17N°acOIj1 h N 0=l -OEt
0°C, 48 IM-22 IM-23 OEt
N

TMSBr, DCM W N Q. oH
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H _p

0=F~oH

87 OH
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Tetraethyl(2-((2-((3,7-dimethyloctyl)oxy)pyridin-4-yl)amino)ethane-1,1-
diyl)bis(phosphonate) (IM-23). A mixture of 2-chloropyridin-4-amine (1.0 g, 7.96 mmol), 3,7-
dimethyloctan-1-ol (18.0 mL, 95.57 mmol), and NaOH (1.27 g, 31.85 mmol) was refluxed at 170 °C for
48 h to give IM-22 (0.50 g, 2.00 mmol, 25.1%) as a brown 0il.38 The amine was reacted with tetraethyl
vinylidene bisphosphonate according to Procedure C. 2-((3,7-dimethyloctyl)oxy)pyridin-4-amine
(0.30 g, 1.20 mmol) and tetraethyl ethene-1,1-diylbis(phosphonate) (0.20 g, 0.66 mmol) in 5 mL
CHCI; gave IM-23 (0.12 g, 0.22 mmol, 33%) as a colorless, viscous oil. tH NMR (CDCl,, 500 MHz): §
7.79 (d, J = 6.0 Hz, 1H), 6.16 (DD, J = 6.0 Hz, 1H), 5.89 (d, J = 2.0 Hz, 1H), 5.14 (t, J = 6.5 Hz, 1H),
4.26-4.14 (m, 10 H), 3.75-3.66 (m, 2H), 2.63 (tt, J = 23.3, 6.0 Hz, 1H), 1.79-1.49 (m, 4H), 1.37-1.12 (I,
18 H), 0.93 (d, J = 6.5 Hz, 3H), 0.86 (d, J = 6.5 Hz, 6H); 31P (202 MHz, D,0O): § 22.53.
(2-((2-((3,7-Dimethyloctyl)oxy)pyridin-4-yl)amino)ethane-1,1-diyl)bis(phosphonic
acid) (87). According to Procedure D, tetraethyl(2-((2-((3,7-dimethyloctyl)oxy)pyridin-4-
yl)amino)ethane-1,1-diyl)bis(phosphonate) (IM-23, 0.31 g, 0.57 mmol) and TMSBr (1.02 mL, 7.93
mmol) were dissolved in 5 mL DCM to give pure (2-((2-((3,7-dimethyloctyl)oxy)pyridin-4-
yl)amino)ethane-1,1-diyl)bis(phosphonic acid) (0.18 g, 0.40 mmol, 71%). *H NMR (D.O, 500 MHz):
d7.70 (d, J = 6.0 Hz, 1H), 6.43 (d, J = 6.0 Hz, 1H), 6.07 (s, J = 2.0 Hz, 1H), 4.26-4.20 (m, 2 H), 3.54
(td, J = 14.0, 7.5 Hz, 2H), 2.05 (tt, J = 21.0, 6.8 Hz, 1H), 1.83-1.53 (m, 4H), 1.37-1.17 (m, 6 H), 0.95 (d,
J = 6.5 Hz, 3H), 0.87 (d, J = 6.5 Hz, 6H); 3'P (D.0O, 202 MHz): 6 16.95; ESI HRMS: m/z [M+H]*

calculated for C,;H33N,O,P.*, 439.1758; found, 439.1760; purity = 96.4 % (QNMR).
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Synthesis of 88:

o
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88

Ethyl (E)-5,9-dimethyldec-2-enoate (IM-24). To a mixture of 3,7-dimethyloctanal (2.00 g,
12.80 mmol) and ethyl 2-(diethoxyphosphoryl)acetate (3.80 mL, 19.20 mmol) in 15 mL THF was
added NaH (0.80 g, 19.84 mmol) at 0 °C. The reaction mixture was stirred for 30 min at o °C, allowed
to warm to RT, and stirred for 24 h.39 The crude compound was purified by flash column
chromatography on silica (30% EA/PE) to give IM-24 (2.087 g, 9.22 mmol, 72%) as an oil. 'H NMR
(CDCl;, 500 MHz): 5 6.94 (quintet, J = 7.4 Hz, 1H), 5.81 (dt, J = 15.5, 1.4 Hz, 1H), 4.19 (quartet, J =
7.1 Hz, 2H), 2.22-2.17 (m, 1H), 2.05-1.99 (m, 1H), 1.61-1.49 (m, 2H), 1.29 (t, J = 7.0 Hz, 3H), 1.32-1.09
(m, 6H), 0.89 (d, J = 6.5 Hz, 3H), 0.86 (d, J = 6.5 Hz, 6H).

5,9-Dimethyldecan-1-ol (IM-25). To a degassed (N.) solution of ethyl (E)-5,9-dimethyldec-2-
enoate (IM-24, 1.00 g, 4.42 mmol) in 10 mL of anhydrous MeOH, 10 wt. % Pd/C was added, and the
reaction mixture was stirred overnight under a H, atmosphere.4°-4t The crude compound was purified
by flash column chromatography on silica (50% EA/PE) to give ethyl 5,9-dimethyldec-2-anoate (0.89
g, 3.89 mmol, 88% yield) as an oil. To a solution of ethyl-5,9-dimethyldec-2-anoate (2.20 g, 9.09

mmol) dissolved in 15 mL THF was added LAH (0.43 g, 11.36 mmol) at 0 °C. The reaction was stirred
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for 20 min at 0 °C. 15 mL of 2 % HCl was then added to quench excess LAH, and the product was
extracted into 2 x 25 mL of ethyl acetate. The organic layer was dried over Na,SO,, the solvent
removed in vacuo evaporated, and the crude product purified by flash column chromatography on
silica (40% EA/PE) to give IM-25 (0.71 g, 3.82 mmol, 42%) as an oil. *H NMR (CDCl;, 500 MHz):
5 3.64 (t,J = 8.3 Hz, 1H), 1.55-1.11 (m, 16 H), 0.86 (d, J = 8.5 Hz, 6H), 0.85 (d, J = 8.0 Hz, 3H).
5-(3,7-Dimethyloctyl)thiazol-2-amine (IM-26). To a solution of 5,9-dimethyldecan-1-ol (1.8 g,
9.66 mmol) dissolved in 20 mL DCM was added DMP (4.50 g, 10.61 mmol). The reaction mixture was
stirred at RT for 1 h to give 5,9-dimethyldecanal (1.21 g, 6.57 mmol, 68%) as a colorless oil and was
used as is for the next step. 5,9-dimethyldecanal (0.25 g, 1.33 mmol), and thiourea (0.20 g, 2.66 mmol)
were suspended in 4 mL CHCI; and cooled to 0 °C. SO.Cl. (0.20 g, 1.46 mmol) was added dropwise,
and the mixture stirred at RT for 3 h. CHCI; was removed in vacuo then EtOH (5 mL) added, and the
mixture was then refluxed for 12 h, cooled to RT, then 15 mL of water was added and the product
extracted in 2 x 20 mL of ethyl acetate.34- 42 The combined organic layers were dried over Na,SO,.
The crude compound was purified by flash column chromatography on silica (40% EA/PE) to give
IM-26 (0.158, 0.66 mmol, 48%) as a white solid. *H NMR (CDCl,, 500 MHz): § 6.73 (s, 1H), 4.68
(broad s, 2H), 2.70-2.57 (m, 2H), 1.61-1.10 (i, 10H), 0.90 (d, J = 5.5 Hz, 3H), 0.87(d, J = 7.0 Hz, 6H).
Tetraethyl(2-((5-(3,7-dimethyloctyl)thiazol-2-yl)amino)ethane-1,1-
diyl)bis(phosphonate) (IM-27). According to Procedure C, 5-(3,7-dimethyloctyl)thiazol-2-
amine (0.13 g, 0.52 mmol) and tetraethylethene-1,1-diylbis(phosphonate) (0.094 g, 0.31 mmol) was
dissolved in 1 mL CHCIl; and stirred at RT for 18 h to give tetraethyl(2-((5-(3,7-dimethyloctyl)thiazol-

2-yl)amino)ethane-1,1-diyl)bis(phosphonate) (0.14 g, 0.26 mmol, 82%) as a viscous oil. *H NMR
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(CDCl;, 500 MHz): § 6.75 (s, 1H), 5.82 (broad s, 1H), 4.24-4.15 (m, 8H), 3.85 (t, J = 6.5, Hz, 2H), 2.82
(tt, J = 23.0, 6.3 Hz, 1H), 2.68-2.56 (m, 2H), 1.60-1.09 (m, 22H), 0.89 (t, J = 6.0 Hz, 3H), 0.86 (d, J
= 6.5 Hz, 6H); 3P NMR (D.0, 202 MHz): § 22.49.
(2-((5-(3,7-Dimethyloctyl)thiazol-2-yl)amino)ethane-1,1-diyl)bis(phosphonic acid)
(88). According to Procedure D, tetraethyl(2-((5-(3,7-dimethyloctyl)thiazol-2-yl)amino) ethane-
1,1-diyl)bis (phosphonate) (0.13 g, 0.24 mmol) and TMSBr (0.44 mL, 3.37 mmol) dissolved in 3 mL
DCM stirred at RT for 20 h to give (2-((5-(3,7-dimethyloctyl)thiazol-2-yl)amino) ethane-1,1-diyl)
bis(phosphonic acid) (0.069 g, 0.16 mmol, 67%). *H NMR (500 MHz, D,O): § 6.78 (s, 1H), 3.62 (td, J
=20.8, 6.8 Hz, 2H), 2.76-2.64 (m, 2H), 2.11 (tt, J = 20.5, 7.0 Hz, 1H), 1.65-1.16 (m, 10H), 0.91 (d, J =
1.5 Hz, 3H), 0.88 (d, J = 1.5 Hz, 6H); 3'P (202 MHz, D,O): § 16.62; ESI HRMS: m/z [M+H]" calculated

for CisH5:N.O6P2S*, 429.1373; found, 429.1368; purity = 97.2 % (QNMR).

Synthesis of 89:
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2-(2,5-Dimethyl-1H-pyrrol-1-yl)-6-methylpyridine (IM-28). To a solution of 2-methyl-5-
aminopyridine (4.00 g, 37.00 mmol) and hexane-2,5-dione (4.34 mL, 37.00 mmol) in 48 mL benzene,
AcOH (0.5 mL) was added, and the mixture refluxed with a Dean-Stark condenser for 20 h.43 The
mixture was cooled to RT and diluted with diethyl ether. The mixture was then washed with dilute
HCIl (20 mL) and H.O (20 mL). The organic layer was dried over Na,SO,, filtered, concentrated in
vacuo, then purified by flash column chromatography on silica (30% EA/PE) to give 2-(2,5-dimethyl-
1H-pyrrol-1-yl)-6-methylpyridine (3.79 g, 20.35 mmol, 55%) as an oil. 'H NMR (CDCl;, 500
MHz): 8 7.71(dd, J = 7.8 Hz, 1H), 7.14 (d, J = 7.5 Hz, 1H), 7.02 (d, J = 8.0 Hz, 1H), 5.89 (s, 2H), 2.82-
2.78 (m, 2H), 1.74-1.47 (m, 3H), 1.81-1.73 (m, 2H), 1.54-1.05 (m, 10 H), 0.86 (d, J = 6.5 Hz, 6H), 0.85
(d, J = 6.5 Hz, 3H).

2-(2,5-Dimethyl-1H-pyrrol-1-yl)-6-(4,8-dimethylnonyl)pyridine (IM-29). A solution of 2-
(2,5-dimethyl-1H-pyrrol-1-yl)-6-methylpyridine (IM-28, 0.26 g, 1.40 mmol) in 30 mL of dry THF
was added dropwise with stirring to a solution of 2 M LDA (0.17 g, 1.54 mmol) in 5 mL of dry THF at
-30 °C. The mixture was stirred at -30 °C for 30 min. 1-iodo-3,7-dimethyloctane (0.40 g, 1.50 mmol)
was then added in 20 mL of dry THF, dropwise, with stirring for 30 min, then warmed to RT. After 2
h, the reaction was quenched with saturated NaCl, extracted with diethylether, dried over Na.SO,,
filtered, concentrated in vacuo, then purified by flash column chromatography on silica (30% EA/PE)
to give IM-29 (0.30 g, 0.92 mmol, 65%) as an oil. 'H NMR (CDCls;, 500 MHz): & 7.71 (dd, J = 7.8 Hz,

1H), 7.13 (d, J = 7.5, 1H), 7.02 (d, J = 8.0, 1H), 5.89 (s, 2H), 2.82-2.78 (m, 2H), 2.13 (s, 6H), 1.81-1.73
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(m, 2H), 1.51 (septet, J = 6.7 Hz, 1H), 1.41-1.05 (m, 9H), 0.86 (d, J = 6.5 Hz, 6H), 0.85 (d, J = 6.5 Hz,

3H).

6-(4,8-Dimethylnonyl)pyridin-2-amine (IM-30). IM-29 (0.29 g, 0.88 mmol) was dissolved in

a mixture of EtOH (6 mL) and H.O (2 mL). Hydroxylamine hydrochloride (0.31 g, 4.42 mmol) was

then added, and the resulting mixture stirred at 100 °C for 6 h.44 The mixture was poured into a

sodium hydroxide solution (4 mL, 0.10 M) and the crude product extracted with CH.Cl., dried over

MgSO,, filtered, and concentrated in vacuo to give 6-(4,8-dimethylnonyl)pyridin-2-amine (0.16 g,

71%). 'TH NMR (CDCl;, 500 MHz): 6 7.34 (dd, J = 7.5 Hz, 1H), 6.51 (d, J = 7.5 Hz, 1H), 6.31 (d, J = 8.5

Hz, 1H), 4.36 (broad s, 1H), 2.59-2.55 (m, 2H), 2.13 (s, 6H), 1.74-1.47 (i, 3H), 1.44-1.03 (m, 9H), 0.86

(d,J =7.0 Hz, 6H), 0.85 (d, J = 6.5 Hz, 3H).

Tetraethyl (((6-(4,8-dimethylnonyl)pyridin-2-yl)amino)methylene)bis (phosphonate)

(IM-31). According to Procedure C, 6-(4,8-dimethylnonyl)pyridin-2-amine, IM-30 (0.17 g, 0.68

mmol), and tetraethylethene-1,1-diylbis(phosphonate) (0.10 g, 0.34 mmol) in 5 mL CHCI; yielded

IM-31 (0.15 g, 0.27 mmol, 80%). 'H NMR (D.0, 500 MHz): 6 7.30 (dd, J = 7.8 Hz, 1H), 6.43 (d, J =

7.0 Hz, 1H), 6.26 (d, J = 8.0 Hz, 1H), 5.22 (t, J = 6.3 Hz, 1H), 4.23-4.14 (m, 8H), 3.99-3.90 (m, 2H),

2.88 (it, J = 22.8, 6.3 Hz, 1H), 2.57-2.53 (m, 2H), 1.70-1.50 (m, 3H), 1.35-1.10 (m, 21H), 0.86 (d, J =

6.5 Hz, 6H), 0.85 (d, J = 6.5 Hz, 3H); 3'P NMR (D0, 202 MHz): § 23.19.

(((6-(4,8-Dimethylnonyl)pyridin-2-yl)amino)methylene)bis(phosphonic acid) (89).

According to Procedure D, IM-31 (0.15 g, 0.26 mmol) and TMSBr (0.48 mL, 3.70 mmol) dissolved

in 5 mL DCM yielded (((6-(4,8-dimethylnonyl)pyridin-2-yl)amino)methylene)bis(phosphonic acid)

(0.077 g, 0.18 mmol, 69%) as a white solid. *H NMR (D-0, 500 MHz): § 7.58 (dd, J = 7.8 Hz, 1H),
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6.65 (d, J = 7.0 Hz, 1H), 6.56 (d, J = 8.0 Hz, 1H), 3.63 (td, J = 14.0, 7.0 Hz, 2H), 2.64-2.55 (1, 2H),

2.13 (tt, J = 20.8, 7.0 Hz, 1H), 1.73-1.10 (m, 12H), 0.87 (d, J = 6.5 Hz, 9H); 3'P NMR (D.0, 202 MHz):

3 17.20; ESI HRMS: m/z [M+H]* calculated for C,sH3;N.OsP-*, 437.1965; found, 437.1961; purity =

98.1 % (QNMR).
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3,7,11-Trimethyldodecan-1-ol (IM-32). A solution of farnesol (5.00 g, 22.49 mmol) in 25 mL
EtOH was hydrogenated at atmospheric pressure in the presence of 10% Pt/C (0.20 g). The mixture
was stirred at RT for 12 h, the crude product filtered on Celite and solvent removed in vacuo to yield
IM-32 (1.75 g, 7.65 mmol, 34%) as a colorless 0il.45 :H NMR (CDCl;, 500 MHz): 6 3.71-3.64 (m, 2H),
1.63-1.49 (m, 3H), 1.40-109 (m, 14H), 0.90 (d, J = 6.5, 3H), 0.86 (d, J = 6.5 Hz, 6H), 0.85 (d, J = 6.5
Hz, 3H), 0.84 (d, J = 7.0 Hz, 3H).

1-Bromo-3,7,11-trimethyldodecane (IM-33). To a solution of 3,7,11-trimethyldodecan-1-ol
(IM-32, 0.81 g, 3.53 mmol) and triphenylphosphine (1.20 g, 4.59 mmol) in 10 mL of anhydrous
CH.Cl, was added NBS (0.63 g, 3.53 mmol) over 30 min at 0 °C. The mixture was stirred for 30 min

then concentrated in vacuo. 1-bromo-3,7,11-trimethyldodecane (0.85 g, 2.93 mmol, 83%) was
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obtained as an oil.46 'H NMR (CDCl,, 500 MHz): § 3.50-3.37 (m, 2H), 1.93-1.85 (m, 1H), 1.70-1.47 (m,

3H), 1.40-103 (m, 13H), 0.90-0.84 (m, 12 H)

3-((3,7,11-Trimethyldodecyl)oxy)pyridine (IM-34). According to Procedure A, 3-

hydroxypyridine (0.17 g, 1.82 mmol), 1-bromo-3,7,11-trimethyldodecane (0.51 g, 1.73 mmol), and

K>COj3 (0.48 g, 3.47 mmol) in 5 mL of DMF was stirred at 75 °C for 1.5 h to give a crude product. The

crude product was purified by flash column chromatography on silica (20% EA/PE) to give IM-34

(0.14 g, 0.59 mmol, 34%) as an oil. ‘H NMR (CDCl,, 500 MHz): § 8.31 (s, 1H), 8.21 (s, 1H), 7.24-7.22

(m, 2H), 4.08-4.01 (m, 2H), 1.87-1.81 (m, 1H), 1.70-1.48 (m, 3H), 1.39-1.04 (m, 13 H), 0.95 (d, J = 6.5

Hz, 3H), 0.86 (d, J = 7.0 Hz, 9H).

Hydrogen(1-phosphono-2-(3-((3,7,11-trimethyldodecyl)oxy)pyridin-1-ium-1-yl)ethyl)

phosphonate (90). According to Procedure B, 3-((3,7,11-trimethyldodecyl)oxy)pyridine, (IM-34,

0.10 g, 0.32 mmol) and vinylidene-1,1-bisphosphonic acid (0.057 g, 0.31 mmol) in 1.5 mL of H.O

yielded  hydrogen(1-phosphono-2-(3-((3,7,11-trimethyldodecyl) oxy)pyridin-1-ium-1-yl)ethyl)

phosphonate (0.11 g, 0.23 mmol, 75.2%) as a white powder. :H NMR (500 MHz, D,0): & 8.75 (s, 1H),

8.61(d, J = 5.5 Hz, 1H), 7.95-7.88 (m, 2H), 4.94 (td, J = 12.5, 7.5 Hz, 2H), 4.34-4.26 (m, 2H), 2.50 (tt,

J =20.0, 7.3 Hz, 1H), 1.94-1.90 (m, 1H), 1.72-1.12 (m, 16H), 0.97 (d, J = 6.0 Hz, 3H), 0.90 (d, J = 7.0

Hz, 9H); 3'P (202 MHz, D.O): 8 13.26; ESTHRMS: m/z [M-H] calculated for C..H,;NO,P,", 492.2282;

found, 492.2280; purity = 96.5 % (QNMR).
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Synthesis of 91:

e (Y
\\ //
Z cho3 DMF H,0, reflux, 3 h K(F{\
N - o)
80°C,1h 0-P=0

IM-35 on 91

3-(Isopentyloxy)pyridine (IM-35). According to the synthesis procedure used for IM-1, 3-
hydroxypyridine (0.50 g, 5.25 mmol), 1-bromo-3-methylbutane (1.031 g, 6.83 mmol), and K.CO,
(0.94 g, 6.83 mmol) in 6 mL DMF produced 3-(isopentyloxy)pyridine (0.39 g, 2.36 mmol, 45%) as a
colorless oil. *H NMR (CDCl;, 500 MHz): § 8.28 (s, 1H), 8.17 (s, 1H), 7.19-7.14 (m, 2H), 4.00 (t, J =
6.5 Hz, 2H), 1.87-1.76 (m, 1H), 1.68-1.64 (m, 2H), 0.94 (d, J = 6.5 Hz, 6H).

Hydrogen (2-(3-(isopentyloxy)pyridin-1-ium-1-yl)-1-phosphonoethyl)phosphonate (91).
According to Procedure B, 3-(isopentyloxy)pyridine (0.068 g, 0.41 mmol) and vinylidene-1,1-
bisphosphonic acid (0.070 g, 0.37 mmol) in 1.5 mL of H,O gave hydrogen(2-(3-(isopentyloxy)pyridin-
1-ium-1-yl)-1-phosphonoethyl)phosphonate (0.097 g, 0.27 mmol, 73.8%) as a white powder. :*H NMR
(D.0O, 500 MHz): 4 8.71 (s, 1H), 8.57 (d, J = 5.5 Hz, 1H), 7.99 (dd, J = 8.8, 2.3 Hz, 1H), 7.85-7.82 (m,
2H), 4.93 (td, J = 13.0, 5.0 Hz, 2H), 4.31 (1, J = 6.8 Hz, 1H), 2.46 (tt, J = 20.8, 6.5 Hz, 1H), 1.85 (septet,
J = 6.7 Hz, 1H), 1.78-1.74 (q, J = 5 Hz, 1H) 0.98 (d, J = 6.5 Hz, 6H); 3'P (202 MHz, D.0O):  13.33;
ESI HRMS: m/z [M+H]* calculated for C,.H..NO,P,*, 354.0866; found, 354.0866; purity = 98.3 %

(QNMR).
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Synthesis of 92:

SN MeO /“\ _OMe N MeO
| MeO” \\o o" ~OMe | \o-OMe
/Q O" "N""NHz  cper . 6h 0~ "N N/\/ \\O
NH, NaH DMSO, IM-36 IM-37 Me0~F =0
150 °C, 1 h OMe
AN
| D HO\P/OH
N\
TMSBr, DCM 07N H/\/_ 5
rt, 20 h Ho-F=0
MeOH, 30 min 92 OH

6-((3,7-Dimethyloctyl)oxy)pyridin-2-amine (IM-36). To a solution of 3,7-dimethyloctan-1-ol
(1.23 mL, 6.42 mmol) in 5 mL THF was added NaH (0.257 g, 6.42 mmol) portion-wise under a N,
atmosphere at 0 °C. The mixture was allowed to stir at room temperature for 30 min. Then THF was
evaporated in vacuo, and the residue was dissolved in 5 mL DMSO. To the above solution 4-
chloropyridin-2-amine (0.75 g, 5.83 mmol) was added and the mixture was stirred at 150 °C for 3 h.47
The mixture was cooled to RT and the DMSO was then evaporated under reduced pressure to give a
dark brown residue. To the crude product, 20 mL of water was added, and the product was extracted
into 2 x 40 mL of ethyl acetate. The combined organic layers were washed with brine and dried over
Na.SO,. Purification via flash column chromatography on silica (20 to 50% EA/PE) gave IM-4 (0.32
g, 1.28 mmol, 22%). *H NMR (CDCl;, 500 MHz): 6 7.33 (dd, J = 8.8 Hz, 1H), 6.07-6.04 (m, 2H), 4.26
(broad s, 2H), 4.20-4.15 (m, 1H), 1.80-1.75 (m, 1H), 1.55-1.49 (m, 2H), 1.34-.12 (m, 2H), 0.93 (d, J =
7.0 Hz, 3H), 0.86 (d, J = 7.0 Hz, 6H).
Tetramethyl(2-((6-((3,7-dimethyloctyl)oxy)pyridin-2-yl)amino)ethane-1,1-
diyl)bis(phosphonate) (IM-37). According to Procedure C, 6-((3,7-dimethyloctyl)oxy)pyridin-

2-amine (0.10 g, 0.40 mmol) and tetramethyl ethene-1,1-diylbis(phosphonate) (0.049 g, 0.20 mmol)
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in 3 mL CHCIl; gave IM-37 (0.079 g, 0.16 mmol, 79%) as a brown, viscous oil. ‘H NMR (CDCl;, 500
MHz): § 7.32 (dd, J = 8.0 Hz, 1H), 6.03-5.99 (m, 2H), 4.26-4.20 (m, 2H), 3.98-3.89 (m, 2H), 3.85-
3.79 (m, 2H), 2.92 (tt, J = 23, 6.3 Hz, 1H), 1.80-1.75 (i, 1H), 1.54-1.50 (m, 2H), 1.33-.11 (in, H), 0.93
(d,J = 6.5 Hz, 3H), 0.86 (d, J = 6.5 Hz, 6H); 3:P NMR (CDCl;, 202 MHz): 6 25.12.
(2-((6-((3,7-Dimethyloctyl)oxy)pyridin-2-yl)amino)ethane-1,1-diyl)bis(phosphonic
acid) (92). According to Procedure D, tetramethyl (2-((6-((3,7-dimethyloctyl)oxy)pyridin-2-
yl)amino)ethane-1,1-diyl)bis(phosphonate) (0.067 g, 0.14 mmol), TMSBr (0.11 mL, 0.82 mmol), 2 mL
of DCM, and 2 mL MeOH gave pure (2-((6-((3,7-dimethyloctyl)oxy)pyridin-2-yl)amino)ethane-1,1-
diyl)bis(phosphonic acid) (0.039 g, 0.089 mmol, 65%) as a white solid. *H NMR (D.O, 500 MHz):
57.51(dd, J = 8.0 Hz, 1H), 6.26 (d, J = 6.5 Hz, 1H), 6.08 (d, J = 8.0 Hz, 1H), 4.14-4.09 (mm, 2H), 3.53
(td, J = 18.5, 6.0 Hz, 2H), 1.93 (tt, J = 21.0, 6.5 Hz, 1H), 1.77-1.48 (m, 4H), 1.32-1.13 (i, 6H), 0.90 (d,
J = 6.5 Hz, 3H), 0.81 (d, J = 6.5 Hz, 6H); 3P NMR (D0, 202 MHz): 6 17.62; ESI HRMS: m/z [M-H]"

calculated for C,;H3;,N-O,P5, 437.1612; found, 437.1611 ; purity = 96.1% (QNMR).

Synthesis of 94:

It =0 or
\ /,
)\/\Uj\ H2N NH2 Y\/Y[)\ EtO” Y [oX6} OEt
H s0,Cl,, CHCI3, rt, 3 h

] CHCl,, rt, 20 h
EtOH, reflux, 12 h IM-38 °
. EtO_ OEt N HO, OH
PS j=%
/ Pt O  TmMmsBr, DCM / ) o
B
S H__R? , 20 h S H o=ROH
EtO Oft MeOH, 30 min OH
IM-39 94

5-(6-Methylheptan-2-yl)thiazol-2-amine (IM-38). 3,7-dimethyloctanal (0.50 g, 3.20 mmol)

and thiourea (0.49 g, 6.40 mmol) were suspended in 4 mL CHCl; and cooled to 0 °C. SO.Cl. (0.48 g,
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3.52 mmol) was added dropwise, and the mixture stirred at RT for 3 h. CHCl; was removed in vacuo

then EtOH (5 mL) added, and the mixture was then refluxed for 12 h, cooled to RT, then 15 mL of

water was added and the product extracted into 2 x 20 mL of ethyl acetate.42 The combined

organic layers were dried over Na,SO,. The crude compound was purified by flash column

chromatography on silica (40% EA/PE) to give IM-38 (0.42 g, 1.98 mmol, 62%) as a white solid. *H

NMR (CDCl;, 500 MHz): 6 6.73 (s, 1H), 4.70 (broad s, 2H), 2.87-2.79 (m, 1H), 1.51-1.45 (m, 3H), 1.29-

1.13 (m, 7H), 0.85 (d, J = 2.0 Hz, 3H), 0.84 (d, J = 2.0 Hz, 3H).

Tetraethyl(2-((5-(6-methylheptan-2-yl)thiazol-2-yl)amino)ethane-1,1-

diyl)bis(phosphonate) (IM-39). According to Procedure C, 5-(6-methylheptan-2-yl)thiazol-2-

amine (0.12 g, 0.54 mmol) and tetraethylethene-1,1-diylbis(phosphonate) (0.089 g, 0.30 mmol) in 1

mL CHCI; gave IM-39 (0.11 g, 0.22 mmol, 73%) as an oil. :H NMR (CDCl;, 500 MHz): 6 6.76 (s, 1H),

5.81 (broad s, 1H), 4.24-4.16 (m, 8H), 3.86 (it, J = 15.5, 12.7 Hz, 1H) 2.85-2.79 (m, 2H), 1.51-1.45 (m,

3H), 1.37-1.13 (m, 19H), 0.85 (d, J = 2.0 Hz, 3H), 0.84 (d, J = 2.0 Hz, 3H; 3'P NMR (D0, 202 MHz):

5 22.49.

(2-((5-(6-Methylheptan-2-yl)thiazol-2-yl)amino)ethane-1,1-diyl)bis(phosphonic acid)

(94). According to Procedure D, tetraethyl(2-((5-(6-methylheptan-2-yl)thiazol-2-

yl)amino)ethane-1,1-diyl)bis(phosphonate) (0.088 g, 0.17 mmol) and TMSBr (0.31 mL, 2.40 mmol)

dissolved in 2 mL DCM gave pure (2-((5-(6-methylheptan-2-yl)thiazol-2-yl)amino)ethane-1,1-

diyl)bis(phosphonic acid) (0.048 g, 0.12 mmol, 70%). *H NMR (500 MHz, D,O): 6 6.80 (s, 1H), 3.65

(td, J = 13.8, 7.0 Hz, 2H), 2.96-2.90 (m, 1H), 2.18 (tt,J = 20.5, 7.3 Hz, 1H), 1.57-1.50 (m, 3H), 1.31-
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1.17 (m, 7H), 0.86-0.84 (m, 6H); 3'P (D,0, 202 MHz): § 16.41; ESI HRMS: m/z [M+H]* calculated for

C3H.N,O6P.S*, 401.1060; found, 401.1071; purity = 98.0 % (QNMR).

Synthesis of 95:
)\/\)\/\ CIORD: )\/\)\/\
0 POH( OEt)2
Ho/\)\/\)\ o OEt
130 °C, 15 h
N —— Ny 20 NEO L
| | NaH,DMSO,rt 1h | | =0,
N >NH, 150 °C, 1 h IM-40 S\ PN\ mar AN S
~N
)\/\)\/\ "Ed OFt
6N HCI o
reflux, 4 h HO (?H
N R=0
)\ //
95
HHO ~OH

4-((3,7-Dimethyloctyl)oxy)pyridin-2-amine (IM-40). To a solution of 3,7-dimethyloctan-1-ol
(0.46 mL, 4.16 mmol) in 5 mL THF was added NaH (0.10 g, 4.16 mmol) portion-wise under a N,
atmosphere at 0 °C. The mixture was allowed to stir at room temperature for 30 min. Then THF was
evaporated in vacuo, and the residue was dissolved in 5 mL DMSO. To the above solution 4-
chloropyridin-2-amine (0.60 g, 3.78 mmol) was added and the mixture was stirred at 150 °C for 3 h.47
The mixture was cooled to RT and the DMSO was then evaporated under reduced pressure to give a
dark brown residue. To the crude product, 20 mL of water was added, and the product was extracted
into 2 x 40 mL of ethyl acetate. The combined organic layers were washed with brine and dried over
Na,SO,. Purification via flash column chromatography on silica (20 to 50% EA/PE) gave IM-40 (0.24
g, 0.95 mmol, 25%) as a brown oil. 'H NMR (CDCl;, 500 MHz): 6 7.88 (d, J= 6.0 Hz, 1H), 6.26 (dd, J
= 6.0, 2.0 Hz, 1H), 5.98 (d, J = 2.0 Hz, 1H), 4.41 (broad s, 2H), 1.82-1.77 (m, 2H), 1.64-1.51 (m, 3H),
1.37-1.15 (m, 6H), 0.93 (d, J = 6.5 Hz, 3H), 0.87 (d, J = 6.5 Hz, 6H).
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Tetraethyl(((4-((3,7-dimethyloctyl)oxy)pyridin-2-
yl)amino)methylene)bisphosphonate (IM-41). A mixture of 4-((3,7-
dimethyloctyl)oxy)pyridin-2-amine (IM-40, 0.10 g, 0.40 mmol), triethyl orthoformate (0.080 mlL,
0.48 mmol) and diethylphosphite (0.21 mL, 1.55 mmol) in a 1 mL sealed tube was heated at 130 °C
for 15 h.48 The mixture was cooled, then the volatile components were removed in vacuo. Progress of
the reaction was monitored by TLC (10% MeOH/EA). The crude compound was purified via flash
column chromatography on silica (90% EA/PE-5% MeOH/EA) to give IM-41 (0.060 g, 0.11 mmol,
28%) as an oil. ‘H NMR (CDCl;, 500 MHz): 6 7.87 (d, J = 6.0 Hz, 1H), 6.22 (dd, J = 6.0, 2.0 Hz, 1H),
5.98 (d, J = 2.5 Hz, 1H), 5.50 (td, J = 22.0, 10.0 Hz, 1H), 4.86 (d, J = 10.5 Hz, 1H), 4.18-4.12 (in, 8H),
3.96-3.91 (m, 2H), 1.80-1.74 (m, 1H), 1.64-1.48 (m, 3H), 1.31-1.11 (m, 18H), 0.91 (d, J = 6.5 Hz, 3H),
0.85 (d, J = 6.5 Hz, 6H); 3P NMR (CDCl,, 202 MHz): § 19.14.
(((4-((3,7-Dimethyloctyl)oxy)pyridin-2-yl )amino)methylene)bisphosphonic acid (95).
In a 5 mL round-bottom flask, (((4-((3,7-dimethyloctyl)oxy)pyridin-2-yl)amino) methylene)bis
phosphonate (IM-41, 0.020 g, 0.037 mmol) and 6 N HCI (0.30 mL) were refluxed for 4 h. 49 The
progress of the reaction mixture was monitored by TLC (10% MeOH/EA). The volatile components
were removed in vacuo to yield pure (((4-((3,7-dimethyloctyl)oxy)pyridin-2-yl)amino)methylene)
bisphosphonic acid (0.013 g, 0.030 mmol, 80%) as a white solid. *H NMR (D.O, 500 MHz): § 7.68 (d,
J =6.0 Hz, 1H), 6.16 (d, J = 6.0 Hz, 1H), 6.01 (s, 1H), 4.13-4.12 (mm, 2H), 1.77-1.73 (i, 1H), 1.62-1.49
(m, 3H), 1.31-1.13 (m, 6H), 0.89 (d, J = 6.5 Hz), 0.83 (d, J = 6.5 Hz, 6H); 3P NMR (D.O, 202 MHz):
d 14.90; EST HRMS: m/z [M+H]* calculated for C,¢H3N.O,P>*, 425.1601; found, 425.1610; purity =
96.6 % (QNMR).
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Synthesis of 96:

)\/\/k/\ MeO\PJ\P/OMe )\/\/k/\
(¢} (¢}

MeO” \\o 3 “OMe

A, CHCls rt,6h X
IM-40 | — IM-42 | MeQ_OMe
/ / P\
N~ NH, NN Yo
Px
)\/\/k/\ o0 onie
OMe
o)
TMSBr, DCM | X HO, OH
rt, 20 h Z 4
MeOH, 30 min N ”/E/ o)
HO™ 1 -0
96 OH

Tetramethyl(2-((4-((3,7-dimethyloctyl)oxy)pyridin-2-yl)amino)ethane-1,1-diyl)bis
(phosphonate) (IM-42). According to Procedure C, IM-40 (0.10 g, 0.40 mmol), tetramethyl
ethene-1,1-diylbis(phosphonate) (0.050 g, 0.20 mmol) and 2 mL of CHCl; gave IM-42 (0.081 g, 0.16
mmol, 82%) as a brown oil. tH NMR (CDCl,, 500 MHz): § 7.92 (d, J = 6.0 Hz, 1H), 7.24 (dd, J = 5.8,
2.3 Hz, 1H), 5.96 (d, J = 2.0 Hz, 1H), 5.30 (t, J = 1.5 Hz, 1H), 4.00-3.93 (m, 4H), 3.88-3.82 (m, 12H),
2.94 (tt, J = 21.3, 6.0 Hz, 1H), 1.84-1.78 (m, 1H), 1.61-1.52 (m, 3H), 1.35-1.26 (m, 3H), 1.19-1.15 (m,
3H), 0.95 (d, J = 6.5 Hz, 3H), 0.89 (d, J = 6.5 Hz, 6H); 3:P NMR (CDCl;, 202 MHz): & 25.61.
(2-((4-((3,7-Dimethyloctyl)oxy)pyridin-2-yl)amino)ethane-1,1-diyl)bis(phosphonic
acid) (96). According to Procedure D, (2-((4-((3,7-dimethyloctyl)oxy)pyridin-2-yl)amino)ethane-
1,1-diyl)bis(phosphonate) (0.14 g, 0.29 mmol), TMSBr (0.23 mL, 1.72 mmol), and 3 mL of DCM gave
(2-((4-((3,7-dimethyloctyl)oxy)pyridin-2-yl)amino)ethane-1,1-diyl)bis(phosphonic acid) (0.082 g,
0.19 mmol, 65%) as a white solid. *H NMR (D.0O, 500 MHz): § 7.76 (d, J = 6.0 Hz, 1H), 6.30 (d, J =
6.0 Hz, 1H), 6.17 (s, 1H), 5.58 (td, J = 13.8, 7.2, 2H), 4.13-4.12 (m, 2H), 2.14-2.03 (m, 1H), 1.78-1.47

(m, 4H), 1.30-1.13 (m, 6H), 0.89 (d, J = 6.5 Hz), 0.82 (d, J = 6.5 Hz, 6H); 3'P NMR (D.0O, 202 MHz):
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8 18.04; ESI HRMS: m/z [M+H]* calculated for C,;H33N.O,P>*, 439.1758; found, 439.1761; purity =

98.1% (LCMS).

Synthesis of 97:
Ha, PtO, MM
NaHCOg3, THF IM-43
rt, 12 h

HOJ\ OH

PPh3 NBS w W HO™ \\ //
CH,Cl,, 0 °C KZCO3 DMF 70 °C \(j H,0, reflux, 3 h

12h

IM-44 IM-45
~+
3 _
N HO\P/O
N\
A
97 HO—I?:O
OH

3,7,11,15-Tetramethylhexadecan-1-ol (IM-43). To a solution of phytol (1.00 g, 3.37 mmol) in 12
mL of anhydrous THF was added PtO. - H,O (0.050 g, 0.20 mmol) and NaHCO; (1.00 g, 11.90 mmol)
under a N, atmosphere. The mixture was stirred under a H. atmosphere for 20 h, filtered through
Celite, then washed with THF and concentrated in wvacuo and purified by flash column
chromatography over silica gel (5% to 25% EA/PE) to afford 3,7,11,15-tetramethylhexadecan-1-ol, IM-
43 (0.69 g, 3.04 mmol, 90%) as a colorless oil.5° *H NMR (CDCl;, 500 MHz): 6 3.76-3.67 (m, 2H),
1.67-1.52 (m, 3H), 1.43-1.09 (m, 24 H), 0.90 (d, J = 6.5, 3H), 0.93 (d, J = 6.5 Hz, 3H), 0.90 (d, J = 6.5
Hz, 6H), 0.88 (d, J = 6.5 Hz, 6H).

1-Bromo-3,7,11,15-tetramethylhexadecane (IM-44). To a solution of 3,7,11,15-
tetramethylhexadecan-1-ol (IM-43, 2.00 g, 6.70 mmol) and triphenylphosphine (2.29 g, 8.71 mmol)

in 10 mL of anhydrous CH.Cl, was added NBS (1.19 g, 6.70 mmol) over 30 min, at 0 °C. The mixture
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was stirred for 30 min and concentrated in vacuo.4¢ The crude compound was purified by flash
column chromatography over silica gel (neat hexane) to give pure 1-bromo-3,7,11,15-
tetramethylhexadecane (2.058 g, 5.70 mmol, 85%) as a colorless oil. *H NMR (CDCl;, 500 MHz): &
3.50-3.38 (m, 2H), 1.93-1.85 (m, 1H), 1.70-1.47 (m, 3H), 1.38-1.03 (m, 20 H), 0.90-0.84 (m, 15 H).
3-((3,7,11,15-Tetramethylhexadecyl)oxy)pyridine (IM-45). IM-45 was synthesized
according to Procedure A. 3-Hydroxypyridine (0.13 g, 1.37 mmol), 1-bromo-3,7,11,15-
tetramethylhexadecane (0.47 g, 1.30 mmol), and K.CO; (0.377 g, 2.73 mmol) in 5 mL of DMF gave
IM-45 (0.30 g, 0.81 mmol, 62%) as a colorless oil. :H NMR (CDCl,, 500 MHz): § 8.31 (s, 1H), 8.21 (s,
1H), 7.27-7.23 (m, 2H), 4.08-4.01 (m, 2H), 1.88-1.81 (m, 1H), 1.69-1.48 (m, 3H), 1.39-1.06 (mm, 20 H),
0.94 (d, J = 6.5 Hz, 3H), 0.87-0.83 (m, 12H).
Hydrogen(1-phosphono-2-(3-((3,7,11,15-tetramethylhexadecyl)oxy)pyridin-1-ium-1-
yl)ethyl)phosphonate (97). According to Procedure B, 3-((3,7,11,15-
tetramethylhexadecyl)oxy)pyridine (0.10 g, 0.27 mmol) and vinylidene-1,1-bisphosphonic acid (0.047
g, 0.25 mmol) in 1.5 mL of H,O vyielded hydrogen(1-phosphono-2-(3-((3,7,11,15-
tetramethylhexadecyl)oxy)pyridin-1-ium-1-yl)ethyl)phosphonate (0.10 g, 0.18 mmol, 72.8%) as a
white powder. *H NMR (500 MHz, D.O): § 8.77 (s, 1H), 8.63 (d, J = 4.5 Hz, 1H), 7.87-7.82 (m, 2H),
4.93-4.90 (m, 2H), 4.28-4.26 (m, 2H), 2.42 (tt, J = 20.0, 6.8 Hz, 1H), 1.95-1.16 (m, 24H), 0.97(d, J =
5.5 Hz, 3H), 0.93 (d, J = 6.0 Hz, 12H); 3P (202 MHz, D.O): & 13.45; ESI HRMS: m/z

[M-H] calculated for C,;H5:NO,P,", 562.3063; found, 562.3069; purity = 96.4 % (QNMR).
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Synthesis of 100:

F
; 21 oo
+ 2CO3, DMF
H 50 °C, 18 h

(0] OH
F
O
/lk©/o\/\/\/\/\
; J
o~ O 100

6-Fluoro-1-[3-(nonyloxy)benzoyl]-2H-3,1-benzoxazin-4-one (100). To a solution of 5-
fluoro-2-(3-(octyloxy)benzamido)benzoic acid (0.015 gm, 0.039 mmol) and chloromethyl isopropyl
carbonate (5.9 uL, 0.043 mmol) in 0.5 mL of DMF at RT, K.COs (5.8 mg, 0.043 mmol) was added,
and the mixture stirred at 50 °C for 18 h. The mixture was then cooled to room temperature, 3 mL
of water added, and the product extracted into 2 x 5 mL of ethyl acetate. The combined organic layers
were dried over Na,SO,. The crude compound was purified by flash column chromatography over
silica (10% EA/PE) to give 100 (9.0 mg, 0.022 mmol, 58%) as a pale yellow solid. :H NMR (CDClIs,
500 MHz): § 7.78 (dd, J = 8.0, 3.0 Hz, 1H), 7.42 (broad s, 1H), 7.35-7.24 (m, 2H), 7.07-7.04 (m, 3H),
5.71 (s, 2H), 3.96 (t, J = 6.5 Hz, 2H), 1.78 (quintet, J = 7.1 Hz, 2H), 1.47-1.25 (m, 10H), 0.87 (t, J = 6.8
Hz, 3H); “F NMR(CDCl,, 376 MHz): 6 -113.77 (d, J = 2.6 Hz); :3C NMR (CDCl,, 125 MHz): § 169.4,
161.8 (d, J = 2.4 Hz), 159.9 (d, J = 247.0 Hz), 159.5, 137.5 (d, J = 2.8 Hz), 133.9, 129.94, 125.4 (d, J =
7.6),121.9 (d, J = 23.3 Hz), 120.2 (d, J = 8.0 Hz), 120.1, 118.5, 116.3, 114.1, 76.5, 68.4, 31.8, 29.3, 29.2,
20.1, 25.9, 22.7, 14.1. ESTHRMS: m/z [M+H]* calculated for C.,H.,FNO,*, 414.2075; found, 414.2062;

purity = 96.1 % (QNMR).
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Synthesis of 101:

0
\\P _OH ') o
~0~ ACN, 0 °C
N N/\KOH + > O\\ /Otj
O; ~0 RT, 48 h I N P-o
0 DOWEX NH,* form "\ OH
2 BuNL 4 0=F~0 [NH.;
6 °
101

(1-hydroxy-1-(hydroxy((pivaloyloxy)methoxy)phosphoryl)-2-(1H-imidazol-1-
yDethyl)phosphonic acid (101). A solution of the tris-tetra-n-butyl ammonium salt of zoledronic
acid (0.08 gm, 0.08 mmol) and iodomethyl pivalate (0.010 gm, 0.04 mmol, 0.5 equivalent) in 1.5 mL
ACN was stirred at room temperature for 24 h. Then, another 0.5 equivalent of iodomethyl pivalate
was added and the mixture stirred for 24 h. The organic solvent was evaporated, and the crude was
converted into the NH,* form by treating with 1.5 mL of DOWEX NH,* resin. The crude was purified
by methanol washing (2 x 1 mL) to give 101 (6.8 mg, 0.016 mmol, 19 %) as a white crystalline solid.
'H NMR (D.O, 500 MHz): § 8.63 (s, 1H), 7.50 (d, J = 1.5 Hz, 1H), 7.35 (d, J = 1.5 Hz, 1H), 5.51-5.43
(m, 2H), 4.72-4.57 (m, 2H), 1.20 (s, 9H); 3'P NMR (D.0, 202 MHz): § 13.63 (d, J = 18.6 Hz, 1P), 12.68
(d,J=19.4 Hz, 1P). ESTHRMS: m/z [M+H]* calculated for C,;H.N.O4P.*, 387.0722; found, 387.0715;

Purity = 92.3 % (QNMR).

Synthesis of 102:

Br/\)\/\)\ HO /lL _OH

Br__~\, Mg, NiCly(dppe) X HO” \\oo” OH ,Q
el B 5
N THF, reflux, 3h >\ H,O, reflux, 3 h
IM-46 0

=p-
9
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3-(3,7-dimethyloctyl)pyridine (IM-46). To a solution of 1-bromo-3,7-dimethyloctane (0.72 mL,
3.48 mmol) in 5 mL dry THF, activated Mg turnings (9.2 mg, 3.79 mmol) and a crystal of iodine were
added, and the reaction mixture was heated at 50 °C for 2h. The freshly prepared Grignard solution
was added dropwise to a mixture of 3-bromopyridine (0.500 gm, 3.38 mmol) and NiCl.(dppe) (8.3
mg, 0.016 mmol) at room temperature. After heating at 40 °C for 3 h, the reaction mixture was cooled
to room temperature and 10 mL of ice cooled water was added, extracted in 2x20 mL of ethyl acetate,
the combined organic layers were dried on Na,SO, and evaporated under reduced pressure to give
crude brown oil.5* The crude was purified flash silica gel column chromatography in 10% EtOAc/Pet
ether to give 3-(3,7-dimethyloctyl)pyridine (IM-46, 0.186 gm, 27%) as a brown oil. tH NMR (CDCls;,
500 MHz): § 8.44-8.82 (m, 2H), 7.49 (d, J = 8.0 Hz, 1H), 7.20 (dd, J = 7.5, 5.0 Hz, 1H) 2.67-
2.54 (m, 2H), 1.64-1.58 (m, 4H), 1.33-1.11 (m, 6H), 0.93 (d, J = 6.0 Hz, 3H), 0.87(d, J = 6.5
Hz, 6H).

Hydrogen (2-(3-(3,7-dimethyloctyl)pyridin-1-ium-1-yl)-1-phosphonoethyl)
phosphonate (102). According to Procedure B, 3-(3,7-dimethyloctyl)pyridine (20 mg, 0.091
mmol) and vinylidene-1,1-bisphosphonic acid (16.3 mg, 0.087 mmol) in 0.2 mL of H,O yielded 103
(0.015 g, 0.0.037 mmol, 39%) as a white powder. *H NMR (D.0O, 500 MHz): 5 8.83 (s, 1H), 8.78 (d, J
= 6.0 Hz, 1H), 8.31 (d, J = 8.0 Hz, 1H), 7.86 (dd, J = 7.5, 6.5 Hz, 1H), 4.93 (td, J = 13.0, 6.5 Hz, 2H),
2.94-2.82 (m, 2H), 2.39 (tt, J = 20.8, 6.5 Hz, 1H), 1.77-1.71 (m, 1H), 1.60-1.51 (m, 3H), 1.39-1.17 (m,
6H), 0.97 (d, J = 6.5 Hz, 3H), 0.88 (d, J = 6.5 Hz, 9H); 3P NMR (D0, 202 MHz): § 13.38; ESI
HRMS: m/z [M+H]+ calculated for C,;H3;.NOsP.*, 408.1705; found, 408.1704; purity = 95.4%

(GQNMR).
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Synthesis of 103:

Br L Li Z = )
AN i-PrMgCI-LiCl AN HO”R\ //P\OH
| _ + Br .~ = | _ 00 ,
N

THF, -7°C, 3h

0 oC 1 h IM'47 t'BUOH,
’ Reflux, 2h
X = =
B
N9
~OH

H/P\OH

//R—OH 103

@) o

3-[(2E)-3,7-dimethylocta-2,6-dien-1-yl]pyridine (IM-47). To 3-bromopyridine (1.0 g, 6.33

mmol), i-PrMgCl.LiCl (5.4 mL, 1.3 M in THF, 6.96 mmol) was added dropwise at -7 °C over 10 min,

and the reaction mixture was allowed to stir at same temperature for 3 h. Geranyl bromide (1.38 mL,

6.96 mmol) in 2 mL THF was added dropwise and the reaction mixture was stirred at o °C for 1h.52

The reaction mixture was quenched with sat. NH4Cl solution (5 mL). The aqueous phase was

extracted in 2 x 25 mL of ethyl acetate, the combined organic layers were dried on Na.SO, and

evaporated under reduced pressure to give crude brown oil. The crude was purified flash silica gel

column chromatography in 12 % EtOAc/Pet ether to give 3-[(2E)-3,7-dimethylocta-2,6-dien-1-

yl Jpyridine (IM-47, 0.43 gm, 32 %) as a brown oil. *H NMR (CDCl;, 400 MHz): 8 8.44-8.42 (m, 2H),

7.47 (d, J = 7.6 Hz, 1H), 7.19 (dd, J = 8.0, 4.8 Hz, 1H) 5.32-5.28 (m, 1H), 5.10-5.07 (m, 1H), 3.35 (d, J

=17.2 Hz, 2H), 2.12-2.03 (m, 4H), 1.71 (s, 3H), 1.68 (s, 3H), 1.59 (s, 3H).

3-[(2E)-3,7-dimethylocta-2,6-dien-1-yl]-1-(2-hydrogen phosphonato-2-

phosphonoethyl)pyridin-1-ium (103). According to Procedure B, 3-[(2E)-3,7-dimethylocta-

2,6-dien-1-yl]pyridine (10 mg, 0.047 mmol) and vinylidene-1,1-bisphosphonic acid (8.3 mg, 0.044

mmol) in 0.2 mL of t-butanol yielded 103 (5.1 mg, 0.013 mmol, 29%) as a white powder. *H NMR
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(DO, 500 MHz): & 8.81 (s, 1H), 8.79 (d, J = 6.5 Hz, 1H), 8.31 (d, J = 6.5 Hz, 1H), 7.92(dd, J = 6.0,
6.0 Hz, 1H), 5.45-5.42 (m, 1H), 5.22-5.20 (m, 1H), 4.93 (td, J = 12.8, 7.5 Hz, 2H), 3.63 (d, J = 7.5 Hz,
2H), 2.39 (tt,J = 19.8, 7.5 Hz, 1H), 2.20-2.16 (m, 4H), 1.76 (s, 3H), 1.70 (s, 3H), 1.64 (s, 3H); 3P NMR
(D,0O, 202 MHz): 5 13.47; ESI HRMS: m/z [M+H]* calculated for C,;H.sNOsP.*, 404.1386; found,

404.1389; purity = 95.4% (QNMR).
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13C NMR 100
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3P NMR 101

§29'eT /[
Tecer”
T85°€T /[
gr9'c1”

~OH

P
OH

0
o=F~oH
OH

v

N

O WO O O

R

<
—

Q
—

22 21 20 19 18 17 16 15 14 13 12 11 10
f1 (ppm)
IH NMR IM-46

23

558'0
8980 1
$76°01
9£6°0
L0T'T A
T
0ET' T
€HT'T 7]
99T°1 7
8121
8571
121
06¢°T |
0z€'T |
mNm.;
€0b'T
€Th'T
0st'1 ]
8Lb'T ]
66°T
S05°T
8151
PpS°T
785°1
S65°T
$09'T
029'T
91
ST
8v5°C
[55°T
1957
695°Z
9/5°C
685°C
$19°C
v29'C
v€9'C
569°Z
159°C
299'C
€/9C
1812 ]
16T
96T°L
907°Z 1
092°Z 1
8/t
b6b L
Ter's ]
87’8 |
TEH'8

—

bhb'8 ]
Lvpg?

10T
10T

ooz

95 9.0 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20 1.5 1.0 0.5 0.0
f1 (ppm)

10.0

S126



H NMR 102
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H NMR 1M-47
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3P NMR 103

—13.474
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f1 (ppm)
gNMR 74
728-Q.10.fid
| AN O\/M
_ _
Ny O
I_1>,OH
N\
O
Average Purity =99.9266 |/ f HO_?_O
Assuming sample weight: 2.09 mg, and mol weight: 423.38 OH

Using Reference Compound: Potassium phthalate monobasic (2.24 mg, 99.92% purity,

Mol Weight=204.22)
Sample Integral 1: 8.42908 - 8.51682 ppm, value = 0.11192 (1 nuclides) - Rurity =
99.4%
Sample Integral 2: 7.91873 - 8.01963 ppm, value = 0.11453 (1 nuclides) - Rurity =
101.7% J
Sample Integral 3: 4.16643 - 4.32289 ppm, value = 0.21812 (2 nuclides) - Burity =
96.9%
Sample Integral 4: 0.70333 - 0.95206 ppm, value = 1.03113 (9 nuclides) - Rurity =
101.7%
Reference Integral: 7.27824 - 7.4698 fjpm, value = 1 (4 nuclides)
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gNMR 75

1657-q.10.fid
0]
+ \\P,OH
NAN/\( \OH
— —
o=F~oH
O
Average Purity = 96.58%
Assuming sampletyveight: 1.83 mg, and mol weight: 410.39 J
Using Reference Compound: Potassitm phthalate monobasic (2.98 mg, 99.92% purity,
Mol Weight=204.22)
Sample Integral 1: 8.62664 - 8.8850f5| ppm, value = 0.14164 (1 nuclides) - Burity =
92.6%
Sample Integral 2: 0.63098 - 0.9458P||ppm, value = 1.38372 (9 nuclides) - Rurity =
100.5%
Reference Integral: 7.43295 - 7.50089 ppm, value = 1 (2 nuclides)
¥ 3 P
— o ™M
IS — —

T T T T T T T T T T T T T T T T T T
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gNMR 76

1662-q.10.fid
\\P,OH
NN ~OH
o
Z 0°F~oH
0]
Average Purity = 9‘£OS°/oI J J J
Assuming sample weight: 6.24 mg, and mol weight: 435.44
Using Reference Compound: Potassiurn| phthalate monobasic (6.85 mg, 99.92% purity,
Mol Weight=204.22)
Sample Integral 1: 8.07111 - 8.28234|ppm, value = 0.10381 (1 nuclides) - Plrrity =
97.1%
Sample Integral 2: 8.61749 - 8.88223|ppm, value = 0.21148 (2 nuclides) - Plrity =
98.9%
Sample Integral 3: 0.63869 - 0.95131{ppm, value = 0.32357 (3 nuclides) - Purity =
100.9%
Sample Integral 4: 2.4806 - 2.88053 ppm, value = 0.3162 (3 nuclides) - Purity = 98.6%
Sample Integral 5: 1.47797 - 1.76242|ppm, value = 0.21313 (2 nuclides) - Purity =
99.7%
Reference Integral: 7.2431 - 7.55572 ppm, value = 1 (4 nuclides)
M (W JU \
BRI =) & d
o — o (o] a0}
=) S — =) =)
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gNMR 77

1642-9.10.fid
X Qb,OH
Y\/Y\/\@/Y ~OH
—P
Average Purity = 98.44% Z 0 | “OH
Assuming sample weight: 7.37 mg, and mol weight: 421.41 Q
Using Reference Compound: Potassium phthalate monobasic (5.28 mg, 99.92% purity,
Mol Weight=204.22)
Sample Integral 1: 8/5624 - 8.8796 ppm/ value = 0.33707 (2 nuclides) - Purity = 99.6% f |

Sample Integral 2: 7.69387 - 7.99597 ppm, value = 0.16535 (1 nuclides) - Pufity =

97.7%

Sample Integral 3: 2.64384 - 2.91321 ppm, value = 0.32938 (2 nuclides) - Purity =
97.3%

Sample Integral 4: 0.59211 - 0.94707 ppm, value = 1.51072 (9 nuclides) - Purjity =
99.2%

Reference Integral: 7.2231 - 7.53275 ppm, value = 1 (4 nuclides)
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gNMR 78

1661-q.10.fid

0]
H . \i:),OH
SN ~OH
Average Purity = 96.83% | P
Assuming sample weight: 3.08 mg, and mol weight: 422.4 Y 0~ | ~OH
Using Reference Compound: Pota;’s um phthalate monobasic (2.98 mg, 99.92% purity 0

Mol Weight=204.22) =
Sample Integral 1: 7.45864 - 7.58891 ppm, value = 0.24516 (2 nuclides) 7 Purity = 98%

Sample Integral 2: 0.63797 - 0.93235 ppm, value = 1.07582 (9 nuclides) j Purity =

95.6%

Reference Integral: 7.30058 - 7.44829 ppm, value = 1 (4 nuclides)
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gNMR 79

1660-q.10.fid I
OH
r \(\/\(\/ \Q OH
oﬁP\OH
Average Purity = 97.47% s ’IJ / J
Assuming sample weight: 7.22 mg, and mol Weight: 439.88
Using Reference Compound: Potassium phthglate monobasic (7.66 mg, 99.92% purity,
Mol Weight=204.22)
Sample Integral 1: 8.1127 - 8.34383 ppm, value = 0.10516 (1 nuclides) - Purity =
96.1%
Sample Integral 2: 8.50984 - 8.69539 ppm, yalue = 0.10618 (1 nuclides) - Purity||= 97%
Sample Integral 3: 3.00522 - 3.2461 ppm, value = 0.21231 (2 nuclides) - Purity 5 97%
Sample Integral 4: 0.63214 - 0.95441 ppm, yalue = 0.98418 (9 nuclides) - Purity|=
99.9%
Reference Integral: 7.12962 - 7.61465 ppm,|yalue = 1 (4 nuclides)
AR 3 L )
— — o o~ ()]
S o — =) =)
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gNMR 80

1655-9.10.fid |
“ _OH
N N
/k/\/k/\/O/\/ on
Z o-F~oH
Average Purity = %'5.350/0 / -
Assuming sample weight: 6.41 mg, ahd mol weight: 421.41
Using Reference Compound: Potassium phthalate monobasic (6.22 mg, 99.92% purity,

Mol Weight=204.22)

Sample Integral 1: 8.52995 - 8.68539
94.9%

Sample Integral 2: 4.67629 - 4.84059
96.5%

Sample Integral 3: 0.52584 - 0.85052
97.8%

Sample Integral 4: 2.63432 - 2.82013
92.2%

Reference Integral: 7.19164 - 7.3832

ppm, value = 0.23724 (2 nuclides) - P)
ppm, value = 0.24117 (2 nuclides) - P)
ppm, value = 1.09962 (9 nuclides) - P|

ppm, value = 0.23042 (2 nuclides) - P|

g

ppm, value = 1 (4 nuclides)

urity =
urity =
urity =
urity =

0.24]
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gNMR 81

1658-q.10.fid
()
\ ,OH
0] + PZ
NN OH
| b OH
Z 07 ~OH
(0]
Average Purity = 95.02%
Assuming sample weight: 5.93 mg, and mol weight: 4396,'{8 4
Using Reference Compound: Potassium phthalate monobasic|(4.97 mg, 99.92% purity,
Mol Weight=204.22)
Sample Integral 1: 4.05495 - 4.36872 ppm, value = 0.25915|(2 nuclides) - Purity|=
93.4%
Sample Integral 2: 7.68887 - 8.15631 ppm, value = 0.26315|(2 nuclides) - Purity|=
94.8%
Sample Integral 3: 0.28977 - 0.97493 ppm, value = 1.20948|(9 nuclides) - Purity|=
96.9%
Reference Integral: 7.14778 - 7.64724 ppm, value = 1 (4 nuglides)
. &' -
o~ o o~ o~
S A IS —
T T T T T T T T T T T T T T T T T T T T
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gqNMR 82
1650-q.10.fid
+ A\ /OH
~,
NN OH
\4’ _P
O~ TOH
O
Average Purity =96.14% | J Ve J
Assuming sample weight: 2.35 mg, and mol weight: 396.36
Using Reference Compound: Potassium phthalate monobasic (2.57 mg, 99.92% purity,
Mol Weight=204.22)
Sample Integral 1: 7.49156 - 7.52633 ppm, value = 0.23404 (1 nuclides) - Plirity =
99.3%
Sample Integral 2: 4.0506 - 4.26005 ppm, value = 0.45455 (2 nuclides) - Pufity =
96.4%
Sample Integral 3: 0.72976 - 0.90743 ppm, value = 2.06725 (9 nuclides) - Plrity =
97.4%
Sample Integral 4: 2.33168 - 2.5368 ppm, value = 0.21561 (1 nuclides) - Pufity =
91.5%
Reference Integral: 7.39458 - 7.45276 ppm, value = 1 (2 nuclides)
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o - S ) o
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gNMR

SRM-1656-Q.10.fid

Average Purity = 95.87%
Assuming sample weight:

83

-37 mg, grld mol weight: 449.46 J
Using Reference Compound: Potassilfn phthalate monobasic (3.58 mg, 99.92% purity,
Mol Weight=204.22)
Sample Integral 1: 8.04841 - 8.2131|@pm, value = 0.10139 (1 nuclides) - Purity =
94.7%
Sample Integral 2: 2.54888 - 2.9052p(ppm, value = 0.30952 (3 nuclides) - Rurity =
96.4%
Sample Integral 3: 8.61537 - 8.9258b(ppm, value = 0.20642 (2 nuclides) - Rurity =
96.4%

Reference Integral: 7.32486 - 7.5084% ppm, value = 1 (4 nuclides)

B2
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= e
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gNMR 84
1654-q.10.fid

Average Purity = 2%

Assuming samplej;isght: 4.8 mg, and mol weight: 423.38

Using Reference Compound: Potassium phthalate monobasic (3.68 mg, 99
Mol Weight=204.22)

Sample Integral 1: 8.36074 - 8.59035 ppm, value = 0.6075 (2 nuclides) - R
96.5%
Sample Integral 2: 4.15192 - 4.365 ppm, value = 0.60509 (2 nuclides) - Py
Sample Integral 3: 0.60546 - 0.87561 ppm, value = 2.74759 (9 nuclides) -
Reference Integral: 7.28102 - 7.35332 ppm, value = 1 (2 nuclides)

)\/\/k/\ /©l
QZ%/purity,

urity =

rity = 96.1%
Purity = 97%
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gNMR 85

Weight=204.22)

Sample Integral 1: 3.46666 - 3.90352 ppm, value = 0.23226 (2 nuclides)|- Purity = 95.6%
Sample Integral 2: 0.58333 - 0.96403 ppm, value = 1.09184 (9 nuclides)|- Purity = 99.9%
Sample Integral 3: 2.2091 - 2.64597 ppm, value = 0.34199 (3 nuclides) -|Purity = 93.9%

Reference Integral: 7.15818 - 7.62313 ppm, value = 1 (4 nuclides)

N\ ,OH
Average Purity = 96.85% S Pl
Assuming sample weight: 5.97 mg, and mol weight: 439.44 N/\( OH
Using Reference Compound: Potassium phthalate monobasic (5.36 mg, 99.92% )\/\)\/\ | P
Mol Weight=204.22) S Z 0-"~OH
Sample Integral 1: 8.3912 - 8.53296/ppm, value = 0.24798 (2 nuclides) - Pprity :
95.7% —
Sample Integral 2: 7f6362 - 7.7j[1 3 ppm, value = 0.24881 (2 nuclides) - Purity
96.1% J
Sample Integral 3: 0.73314 - 0.95337 ppm, value = 1.15089 (9 nuclides) - Purity =
98.7%
Reference Integral: 7.27819 - 7.47167 ppm, value = 1 (4 nuclides)
kﬂ L M A -
' B! I
o N O ~—
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f1 (ppm)
gNMR 86
N o}
/ J\ \\P,OH
H _p
Average Purity = 96.47% 0= "0H
Assuming sample weight: 5.61 mg, and mol weight: 428.42 ﬁf OH
Using Reference Compound: Potassium phthalate monobasic (5.51 mg, 99.92% purity, Mol

105 100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 3.0

f1 (ppm)
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gNMR 87

1643-q1.10.fid

NS Q. _oH
Average Purity = 96.36% )\/\/k/\ | _ P2
Assuming sample weight: 5.82 mg, and mol weight: 438.4 (0] N/Y OH

Using Reference Compound: Potassium phthalate monobasic (3.83 mg, 99.92% purity, H _P-
Mol Weight=204.22) 07 HOH
Sample Integral 1: 7.51817 - 7.66964 ppm, value = 0.16893 (1 nuclides) - Purjty = o
95.4%

Sample Integral 2: 6.30639 - 6.53467 ppm, value = 0.16633 (1 nuclides) - Purjty =

93.9% v e f

Sample Integral 3: 3.4583 - 3.71431 ppm, value = 0.34073 (2 nuclides) - Purity =

96.2%

Sample Integral 4: 0.62514 - 0.95369 ppm, value = 1.59329 (9 nuclides) - Purjty =

100%

Reference Integral: 7.26429 - 7.4691 ppm, value = 1 (4 nuclides)

—
-
L

T
100 95 90 85 80 75 7.0 6.

T T
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f1 (ppm)
gNMR 88
1647-q.10.fid 1]
4 b \OH
s PS
N OH
H
Average Purity = 97.16% O’P\OH
Assuming sample weight: 5.09 mg, apd mol weight: 428.42 (I)H
Using Reference Compound: Potassi phthalate monobasic (5.64 mg, 99.92% pui

Mol Weight=204.22)
Sample Integral 1: 3.35009 - 4.0307%|ppm, value = 0.20738 (2 nuclides) - Purity =
96.3%
Sample Integral 2: 2.10461 - 2.7997¢|ppm, value = 0.31637 (3 nuclides) - Pufity = 98%
Reference Integral: 7.14988 - 7.60788| ppm, value = 1 (4 nuclides)

0.21
71 0.32+

T T
100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0
f1 (ppm)
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gNMR 89

1653.10.fid

W O oH
W\
Average Purity =98.11% _ Pl

Assuming sample weight: 5.05 mg, and mol weight: 436.43
Using Reference Compound: Potassium phthalate monobasic (3.9 mg, 99.92% purity, _P-
Mol Weight=204.22) 0~ “OH
Sample Integral 1: 7.53464 - 7.66623 ppm, value = 0.15252 (1 nuclides) - Rurity = OH
100.6%
Sample Integral 2: 3.55566 - 3.76412 ppm, value = 0.29011 (2 nuclides) - Rurity =
95.7% f

Sample Integral 3: 2.02573 - 2.2744 ppm, value = 0.14573 (1 nuclides) - Rurity = va -
96.1%
Sample Integral 4: 0.61295 - 0.93346 ppm, value = 1.36459 (9 nuclides) - Rurity =
100%

Reference Integral: 7.29101 - 7.46429 ppm, value = 1 (4 nuclides)

ey Y &
o o~ =) —

T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
gNMR 90

1651-q.10.fid
Q. _oH

Average Purity = 96.53% J — - —
5.09 mg, and mal

Assuming sample weight: weight: 493.52
Using Reference Compound: Potassium phthalate monobasic (5.57 mg, 99.92% purity,
Mol Weight=204.22)
Sample Integral 1: 8.31949 - 8.86471 ppm;| fvalue = 0.18976 (2 nuclides) - Purity|=
100.3%
Sample Integral 2: 3.9514 - 4.33589 ppm, Value = 0.181 (2 nuclides) - Purity = 95.7%
Sample Integral 3: 2.54894 - 2.79477 ppmj| value = 0.09023 (1 nuclides) - Purity|=

95.4%
Sample Integral 4: 1.70432 - 1.93123 ppmj|value = 0.0897 (1 nuclides) - Purity
94.8%
Reference Integral: 7.16286 - 7.61353 ppm, value = 1 (4 nuclides)
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gNMR 91

1649-9.10.fid I

\O Y P\OH

Average Purity =98.31%
Assuming sample weight: 5.08 mg, and mol weight: 353.25
Using Reference Compound: Potassium phthalate monobasic (4.42 mg, 99.92% purity,
Mol Weight=204.22)

Sample Integral 1: 7.75026 - 7.8032 ppm, value = 0.16184 (1 nuclides) - Puflity = P\OH
97.3%

Sample Integral 2: 8.38819 - 8.52584 ppm, value = 0.16295 (1 nuclides) - Purity = 98% ~
Sample Integral 3: 4.13968 - 4.33556 ppm, value = 0.32668 (2 nuclides) - Purity =

98.3% J )
Sample Integral 4: 0.71439 - 1.06645 ppm, value = 0.9937 (6 nuclides) - Pufiity =

99.6%
Reference Integral: 7.21026 - 7.53584 ppm, value = 1 (4 nuclides)
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f1 (ppm)
gNMR 92
1640-q.10.fid
X
| Q. _oH
— P
0" ON N/\j/ OH
H P
O='|~OH
OH
Average Purity =96.13%
Assuming sample weight: 2.29 mg,.and mol weight: 438.4
Using Reference Compound: Potassium phthalate monobasic (2.59 mg, 99/92% purity,
Mol Weight=204.22)
Sample Integral 1: 7.49385 - 7.58719 ppm, value = 0.1042 (1 nuclides) - Purity =
101.1%
Sample Integral 2: 4.03582 - 4.2636y| ppm, value = 0.18868 (2 nuclides) 1 Purity =
91.5%
Sample Integral 3: 0.61667 - 0.9959|ppm, value = 0.88783 (9 nuclides) - Purity =
95.7%
Reference Integral: 7.29784 - 7.49004 ppm, value = 1 (4 nuclides)
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1646-q.10.fid

Average Purity = 98%
Assuming sample weight: 2.1 mg, and

ol weight: 400.37

gNMR 94

& . _oH

Using Reference Compound: Potassium phthalate monobasic (2.63 mg, 99.92f6 purity, O;P\OH

Mol Weight=204.22)

Sample Integral 1: 6.7143 - 6.95951 ppm, value = 0.09909 (1 nuclides) - Purity =

97.2%
Sample Integral 2: 3.61883 - 3.81394 ppm, value = 0.20028 (2 nuclides) - Pufity = / / J
98.3% e

Sample Integral 3: 0.62356 - 0.92941 ppm), value = 0.60767 (6 nuclides) - Purity =

99.4%

Sample Integral 4: 1.34601 - 1.60704 ppm, value = 0.29682 (3 nuclides) - Purity =

97.1%

Reference Integral: 7.23372 - 7.54749 ppm, value = 1 (4 nuclides)
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gNMR 95
1639-q.10.fid
H N ,OH
O NP
\( OH
Average Purity =96.58% |
Assuming sample weight: 2.33 mg, and mol weight: 423.36 N O;I?\OH
Using Reference Compound: Potassium phthalate monobasic (2.25 mg, 99.92% purity, 0

Mol Weight=204.22)

Sample Integral 1: 7.59776 - 7.71107 [ppm, value = 0.12042 (1 nuclides) - Rurity =

96.3%

Sample Integral 2: 1.67109 - 1'81}15 ppm, value = 0.11958 (1 nuclides) - Rurity = 7

95.7%

Sample Integral 3: 0.66288 - 0.94037 ppm, value = 1.09922 (9 nuclides) - Rurity =

97.7%

Reference Integral: 7.27172 - 7.45671 ppm, value = 1 (4 nuclides)
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gNMR 97

16524q.10.fid

Average Purity = 96.39%

Assuming sample weight: 5.5 mg, arid mol weight: 563.65
Using Reference Compound: Other (6.12 mg, 99.92% purity, Mol Weights204.22
Sample Integral 1: 7.63894 - 7.93297 ppm, value = 0.15661 (2 nuclides) - Purity

96.1% ~

Sample Integral 2: 2.54159 - 2.81338 ppm, value = 0.07365 (1 nuclides) | Purity =

90.4% o

Sample Integral 3: 0.7527 - 0.92071 ppm, value = 1.25454 (15 nuclides) | Purity =

102.7%

Reference Integral: 7.23372 - 7.54257 ppm, value = 1 (4 nuclides)
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f1 (ppm)

gNMR 100

Average Purity = 96.1% J

Assuming sample weight: 2.23 mg, and rﬁ{weig t: 399.46

Using Reference Compound: Potassium phthalate monobasic (3.28 mg, 99.96% puri
Mol Weight=168.19)
Sample Integral 1: 5.64979 - 5.79954 ppm, |value = 0.177 (2 nuclides) - Purity = 92
Sample Integral 2: 0.81452 - 0.99727 ppm, |value = 0.29243 (3 nuclides) - Purity =
102.1%
Sample Integral 3: 1.70035 - 1.92625 ppm, |value = 0.18283 (2 nuclides) - Purity =
95.8%
Sample Integral 4: 7.72857 - 7.88848 ppm, |value = 0.08954 (1 nuclides) - Purity =
93.8%
Reference Integral: 5.89853 - 6.30718 ppm/ value = 1 (3 nuclides)
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gNMR 101

g-ZMNP.10.fid !
O
o
s O\\ /O’J
/\N/\W<P‘OH
N OH
_ o=F~oH
Average Purity = 92.27% OH
Assuming sample weight: 0.84 mg,[a d/mol weight: 437.33 35/7
Using Reference Compound: Potassjum phthalate monobasic (1.35 mg, 99.92% purity,
Mol Weight=204.22)
Sample Integral 1: 7.25736 - 7.351# 1l ppm, value = 0.13214 (1 nuclides) - Rurity =
90.9%
Sample Integral 2: 5.30919 - 5.515@ ppm, value = 0.26411 (2 nuclides) - Purity =
90.8%
Sample Integral 3: 0.91572 - 1.35014 ppm, value = 1.24435 (9 nuclides) - Rurity =
95.1%
Reference Integral: 7.56301 - 7.70%7% ppm, value = 1 (2 nuclides)
JJ LA L Ak J L
3 & ‘& 4
L N N
— o o —
T T T T T T T T T T T T T T T T T T T T T T
0.5 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
1 (ppm)
gNMR 102
X
|,
N JOH
=0
\
_ OH
Average Purity =95.42% _
Assuming sample’ weight: 0'9j4 mg, and mol weight: 407.38 O_P\
Using Reference Compound: Potassium phthalate monobasic (1.18 mg, 99/92% purity, 0O H
Mol Weight=204.22) -
Sample Integral 1: 8.59599 - 8.77692 ppm, value = 0.18789 (2 nuclides) -||Purity = 94%
Sample Integral 2: 2.70715 - 2.914532 ppm, value = 0.18314 (2 nuclides) -||Purity =
91.6%
Sample Integral 3: 0.70915 - 0.93717 ppm, value = 0.90443 (9 nuclides) -||Purity =
100.6%
Reference Integral: 7.26175 - 7.53264 ppm, value = 1 (4 nuclides)
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f1 (ppm)
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gNMR 103
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Average Purity = 9#44%

Assuming sample weight: 0.96 m{;’, and mol weight: 403.35 O_P\OH
Using Reference Compound: Potassium phthalate monobasic (1.06 mg, 99.92% purity, (0]

Mol Weight=204.22)
Sample Integral 1: 8.64472 - 8.77334 ppm, value = 0.22573 (2 nuclides) - Purity =

0,

gg;:p/re Integral 2: 7.7984 - 7.92292 ppm, value = 0.11109 (1 nuclides) - Purity =
0,

ggﬁp/re Integral 3: 3.48267 - 3.59513 ppm, value = 0.20455 (2 nuclides) - Purity =
0,

gg;p/loe Integral 4: 1.49395 - 1.56116 ppm, value = 0.33528 (3 nuclides) - Purity =
0

g?e.f:r/eonce Integral: 7.30717 - 7.57399 JJm, value = 1 (4 nuclides)
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f1 (ppm)
LCMS: 96
UV: 250 nm (target compound at 4.6 min).
459
auuuuué
350000%
300000%
250000%
2 E
< ]
= 200000
150000%
1nnnnn§
ﬁnnnné
DE 130 215 355 J M. 580 677 827 977 1163 1277 13.94 1514 16.37 16.93 17.99 18.64 21.30 22,62 23.33 24.62 25,61 2767 2914
L e e e A et e
Time (min)

Purity: 98.1%.
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