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Fosmidomycin Analogues with N-Hydroxyimidazole and V-
Hydroxyimidazolone as Chelating Unit

Camille Midrier,® Sonia Montel,? Ralf Braun,® Klaus Haaf,’ Lothar Willms,® Arie Van der Lee,®
Jean-Noél Volle,? Jean-Luc Pirat*? and David Virieux*?

Fosmidomicyn has been reported to have many biological activities as antibacterial, antimalarial, along with
herbicidal agent. Its unique mode of action involves the inhibition of a key step of the non mevalonate pathway
by blockade of a crucial enzyme, the 1-deoxy-D-xylulose 5-phosphate reductoisomerase (DXR), whose
expression is present in bacteria, plasmodium parasite and higher plants, but not in mammals. Herein we report
the development of fosmidomycin and of FR-900098 constrained analogues belonging to an unusual heterocyclic
based complexing subunit involving N-hydroxyimidazoles and cyclic N-hydroxyureas.
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Dibenzyl (2-(5-acetyl-1-hydroxy-1H-imidazol-2-yl)ethyl)phosphonate
(4a)

Q o
(BnO),P. N
\/\« ) 4a
N
Me

'H NMR (400.13 MHz, CDCly) § 2.14-2.22 (m, 2H), 2.34 (s, 3H), 2.38 (s, 3H), 2.89-2.97 (m, 2H), 4.88 (dd, 2/ = 11.8 Hz,
e = 8.0 Hz, 2H), 4.95 (dd, 2y = 11.8 Hz, 2Jyp = 8.8 Hz, 2H), 7.19-7.27 (m, 10H). 3C NMR (100.61 MHz, CDCl;) 0
16.60 (s), 18.53 (d, 2Jcp = 3.6 Hz), 22.97 (d, Jep = 141.3 Hz), 28.19 (s), 67.41 (d, 2ep = 6.1 Hz), 122.27 (s), 127.87 (s),
128.47 (s), 128.61 (s), 136.04 (d, 3Jcp = 6.6 Hz), 141.66 (d, 3Jcp = 15.3 Hz), 190.88 (s). 3'P NMR (161.97 MHz, CDCl3) &
31.14 (s). HRMS (ESI) m/z [M+H]" calcd for C2,HysN,OsP 429.1579, found 429.1577.
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**% Current Daia Parameisrs *+*

NAME 2312
LXPNO 261
PROCKQ a

¥ dequisition Paramelers *+4

DATE ¢ 04:35:00
DATE 4 May 25 2009

DE 6.0 usee
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NUCT iH
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02 2470.97 Iz
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4% Processing Paramaters +F+

GB 00060000

13 016 Hz
PC 1.00

SF +00. 1300366 MHz

4% D NMR Plot Parameters ¥4+

Start 2.32 ppm
Stop -0.38 ppm
SR 3660 Iz
ppm_cm 0.45
Hz_om 183,11

*#% Current Data Parameters *%%
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*** dequisition Parameiers #7%

DATE 21:07:02
DATE d May 25 2009
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#*++ Processing Parameters ***
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SF 1006127690 Milz

*** 1D NMR Plot Paramezers ***
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Stop 8.29 ppm
SR 0.00 Hz
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Hz aom 915.52




o-TOF CM231-2 / M =428 .
dP27050911 18 (0.363) Sm (Mn, 2x1.00); Cm {1:18) mene 8 -zgngg
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Elemental Composition Report : Page 1
[ . . . :
Single Mass Analysis (displaying only valid results) lfﬂm
Tolerance = 3.0 mDa /. DBE: min =-5.0, max = 50.0
Isotope cluster parameters: Separation = 1.0 Abundance = 1.0%
Monoisotopic Mass, Odd and Even Electron lons
123 formula(e) evaluated with 3 results within limits (up to 50 closest results for @ach mass)
Q-TOF CM231-2 / Mmano = 428,15 27-MAY-2009
JP27050912 14 (0.285) Cn {Cen,4, 80.00, Ar); Sm (Mn, 2x1.00); Cm (1:79} TOF MS ES+
429.1577 6.05e4
100+
W07 N .
392.9164 430.1632
] ' ' ' o 1| 431.1676
ol 3739199 - 291.2910 | 4004331 4090455 4185760 422.1130 | M50321 4530700
T e ARy A A i i e AR LS I A R
370.0 380.0 390.0 400.0 4100 420.0 4300 440.0 450.0
Minimum: ’ o -5.0
Maximum: 3.0 - 5.0 50,0
Mass Calc, Mass mDa PPM DBE Score Formula
429,1577  429.1579 ~0.2 -0.5 " 11.5 1 22 H26 N2 05 P
429.1566 1.1 2.6 12.0 2 20 H24 NS5 04 P

4292.16086 -2.9 -6.8 16.0 3 C25 H24 N3 02 F
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Lithium 2-(2-(bis(benzyloxy)phosphoryl)ethyl)-5-(ethoxycarbonyl)-
1H-imidazol-1-olate (4b-Li)

OLi

O
I |
(BnO),P N _Cco,Et -Li
\/\(I P 4b-Li
N
Me

'H NMR (400.13 MHz, DMSO-dg) 8 1.26 (t, 3 = 7.0 Hz, 3H), 2.18-2.30 (m, 2H), 2.21 (s, 3H), 2.75-2.81 (m, 2H), 4.19
(q, 3Juas = 7.0 Hz, 2H), 4.98 (dd, 2/ = 12.1 Hz, 3Jyp = 7.4 Hz, 2H), 5.03 (dd, 2/ = 12.1 Hz, 3Jip = 8.3 Hz, 2H), 7.19-7.27
(m, 10H). 3C NMR (100.61 MHz, DMSO-dq) & 14.26 (s), 16.87 (3), 18.76 (d, 2Jcp = 2.9 Hz), 21.95 (d, Jcp = 136.8 Hz),
59.26 (s), 66.25 (d, 2cp = 5.6 Hz), 115.42 (s), 127.60 (s), 128.04 (s), 128.40 (s), 136.71 (d, *Jcp = 6.6 Hz), 138.98 (s), 141.18
(d, 3Jep = 19.0 Hz), 163.13 (s). 3'P NMR (161.97 MHz, DMSO-dg)  32.44 (s). HRMS (ESI) m/z [M+H]" caled for
Cy3Hy7LiN,O4P 465.1767, found 465.1778.
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NAME 252-3
EXPNO 252
PROCNO 0

*** Acquisition Parameters ***
DATE 03:51:23
DATE d Feh 19 2609
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Dy 2
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**% Processing Parameters ***
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*** 1D NMR Plot Parameters ***
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Stop -0.99 ppm
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Elemental Composition Report . _ Page 1
Single Mass Analysis (displaying only valid results) : _
Tolerance = 3.0 mDa / DBE: min =-5.0, max =50.0
Isotope cluster parameters: Separation = 1.0 Abundance = 1.0% [_w - Lf
Menaisotopic Mass, Odd and Even Electron lons
144 formula(e) evaluated with 2 results within limits (up to 50 closest results for each mass)
Q-TOF CM252-3 / Mmono = 464.17 : 27-MAY-2009
JP27050804 50 (0.881) Cn (Cen,4, 80.00, AF); Sm (Mn, 2x1.00); Cm (1:75) TOF MS ES+
' 466.1778 .  6.31ed

1004

%,

: 466.1625
] 459,1720 .
o] goaor 4212625 4322739 437 2050 4491875 Ll B8 4eq 1577 489.1968 497 1650
L R Lo B S B i S B B AU
#00 | 4200 430.0 4400 450.0 460.0 4700 | 4800 - 490.0
Miiimum; -5.0 B '
Mastimum: 3.0 5.0 50.0
Mass Calc. Mass mba . PPM  DBE Score Formula
165,1778  465.1767 1.1 2.4 11.5 1 €23 H27 Li w2 o6 PP
465.1753 2.5 5.3 12.0 2 C21- H25 Li W5 05 P
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Lithium 5-benzoyl-2-(2-(bis(benzyloxy)phosphoryl)ethyl)-1H-
imidazol-1-olate (4c-Li)

9 QLi 0
(BnO),P. N i
2 \/\(_/Z)J\Ph 4c-Li
N
Me

'H NMR (400.13 MHz, DMSO-dg) 6 (ppm) 1.69 (s, 3H), 2.28-2.36 (m, 2H), 2.86-2.93 (m, 2H), 5.06 (dd, 2/ = 12.1 Hz,
3wp = 7.5 Hz, 2H), 5.1 (dd, Py = 12.1 Hz, 3Jyp = 8.2 Hz, 2H), 7.34-7.62 (m, 15H). 13C NMR (100.61 MHz, DMSO-dg) 0
17.42 (s), 18.74 (d, 2Jcp = 2.9 Hz), 22.68 (d, Jep = 138.3 Hz), 66.32 (d, 2ep = 5.8 Hz), 125.27 (s), 127.63 (s), 128.04 (s),
128.07 (s), 128.24 (s), 128.41 (), 136.69 (d, 3Jcp = 6.6 Hz), 140.45 (s), 141.41 (s), 142.72 (d, 3Jcp = 18.3 Hz). 3'P NMR
(161.97 MHz, DMSO-dg) & 32.37 (s). HRMS (ESI) m/z [M+H]" calcd for Co7H,7LiN,OsP 497.1818, found 497.1817.
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NAME : 236-2h
EXPNO 260
PROCNO .0

4} Aequisition Parameters ¥**

DATE ! 13:29:59
DATE d Feb 122009

DE 6.0 usec

ns : 4

NS N 15

NUCY N 3r

or N 6475.02 Hz

oz : 1600.52 Hz
PROBHD - 5 mm PAQNE Switch-1H £-C
RG : 20642.5000000

SFOf o 161.9820520 MHz

SW : 2004391 ppm

SW h : 32467532 Hz

m B 63536
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4% i NMR Plot Parameters #%%
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*k Current Data Parameters ¥

NAME 236-2b
EXPNO 261
PROCNG 2

**& Acquisition: Parameters **%

DATE + 13:35:7
DATE 4 Feb 12 2009

DE : 6.0 usec
D§ B 2

NS ! i6
NUCE 1t

ol 2400.73 Hz
Qaz H 2470.97 Hz
PROBHED 5 wm PAQNE Switch-TH Z-C
RG 718000031
SFOI 4001324008 MHz
ST 139775 pom
SW k 3592841 Hz
i £3536

*¥% Processing Parameters *%%

GB 0.0000000

B 000 Iz
PC f

SF 4001299793 MHz

¥+ ID NMR Plot Parameters *+*

Start 8.63 ppm
Stop -0.07 ppm
SR -20.65 Hz
ppm_cm 0.47

Iz em 16414

*** Current Data Parameters 3%

NAME 236-2h
EXPNO 262
PROCNO 0

AR Acquelsition Parcmteters **¥

DATE ¢ 14:33:42
DATE d Feb 12 2009

DE 8.0 wsec
ns 4
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NUCI i3c

o1 10860.80 Hz
a2 : 1660.52 H=
PROBHD  : 5 mm PAQNP Switch-1H Z-C
RG : 16384.0000000
SFO! 1006228298 MH:
s# 238.3238 ppm
SW_h 23080.815 Hz
il 83536

5% Processing Parameters ™

a3 0.0000000

LB 100 Ifz
PC g

SF 100.6128193 Mtz

44 /D) NMR Plot Parameters *#*

Start 188.95 ppin
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- lq:ro]: CM236-2b / Mmono = 496.17 T 27-MAY-2009

‘JP27050901 5 (0.094) Sm (Mn, 2x1.00); Cm (1:41 )' TOF MS ES+
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Elemental Composition Report Page 1
‘Single Mass Analysis (displaying only valid results)
Tolerance = 3.0 mDa / DBE: min =-5.0, max = 50.0 _
Isotope cluster parameters: Separation = 1.0 Abundance = 1.0% Lf. (\,{
. R -
Moncisotopic Mass, Odd and Even Electron lons (
125 formula(e) evaluated with 3 results within limits (up to 50 closest results for each mass}
Q-TOF ’ CM236-2b / Mmono = 496,17 27-MAY-2009
JPZ7050902 874 (16.999) Cn {Cen,4, 80.0D, Ar); Sm (Mn, 2x1.00); Cm (840:875) - :  TOF MS ES+
- 497.1817 . 504
100
.- %%
491.1726 ‘ 498.1841 500.3227
500.267
#9112 1740 496.1365 499.1722 508.3160  [510.3184
o 497.0510.|  |eos1852 S " 501.1870 508.3113 : 1512700 6162477
490.0 49‘_2.5 495.0 4975 500.0 502.5 505.0 507.5 5100 5128 515.0
Minimum: -5.0
Maximum: 3.0 5.0 50.0
Mass Calc. Mass nia PPM DBE Score Formula
497.1817  497.1804 1.3 2.6 16.0 1 C25 B25 W5 04 P Li
497.1818 -0.1 -0.1 15.5 2 c27 H27 W2 05 P Li¥
497.1844 -2.7 -5.5 20.0 3 €30 B25 W3 02z P Li
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Dibenzyl (2-(5-(furan-2-carbonyl)-1-hydroxy-1H-imidazol-2-
yl)ethyl)phosphonate (4d)

Q OH 0
(B”O)z"\/\("‘/ NS 4d
N

Me

'H NMR (400.13 MHz, CDCl3) 6 2.11-2.19 (m, 2H), 2.30 (s, 3H), 2.89-2.98 (m, 2H), 4.91 (dd, 2/ = 11.9 Hz, 3Jypp = 8.0
Hz, 2H), 4.96 (dd, 2y = 11.9 Hz, 3y = 9.3 Hz, 2H), 6.37 (dd, >y = 3.3 Hz, 3y = 1.76 Hz, 1H), 6.72 (d, /iy = 3.3 Hz,
1H), 7.19-7.27 (m, 11H). *C NMR (100.61 MHz, CDCl3) & 13.13 (s), 17.66 (s), 23.29 (d, 'Jep = 140.5 Hz), 67.73 (d, 2Jcp =
6.6 Hz), 107.13 (s), 110.99 (s), 119.29 (s), 127.93 (s), 128.61 (s), 128.66 (3), 135.76 (d, 3Jcp = 5.8 Hz), 141.13 (s), 144.18 ().
31P NMR (161.97 MHz, CDCls) 6 32.79 (s). HRMS (ESI) m/z [M+H]* caled for CyHagN,OsP 453.1579, found: 453.1582.
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P3ICPD CICI3 apt/topspin cristau 7

=3
2
=
E o Current Dala Parameters %=
T NAME 29741
EXPNO 2610
FROCNO - i
“¥® dcquisition Parameters *5*
DATE 08:28:57
DATE 4 :  dpr03 2009
o) o6 DE : 6.0 usec
J\, Y . = fg : 12
) ~ i N
s N y@ ver 3re
o — ol - 6479.02 Fz
> ) ~ o2 : 1600.52 Hz
PROBHD  : § mm PAQNP Switch-IH Z-C
RG © 20642.5000000
SFOI - 1619820520 MHz
| SW : 260.4397 ppm
SW_ : 32467.532 Hx
i) : £5536

**% Processing Parameters ***

GB B £.0006600

LB B 106 Hz
PC : .

S¥ o 161875730 MHz

**+ 1D NMR Plot Parameters *+*

Start : 140.22 ppm
Stop : -60.22 ppm
SR N 0.01 Az
pom_em 4946

Hz cm : 153149

511



“em297f] Ihiedei?

- SEDaNSYosNEDn [ = I oty i
SEEEREREE R RS R FEREREE REIEZEESRRCRRER
£ 0 B o T O o 6 O B3 O R 0 I T P S ey g T D S O Ty B0 Gy e e O A
e e N AR W OW W W W B R L e e e T R

|
¥
.

4+ Current Data Parometers ***

NAME 297.47
EXPNG 401
PROCKO - 0

2 Aoquisition Parameters *%%

DATE & £9:22:43
DATE d Apr 08 2009

DE : 8.8 usec
Ds : 1

NS : 15
NUCH : g

o : 2470.97 Hz
o2 : 2470.97 1z
PROBHD  : 5 mm PAQNP Switch-11] 7-C
RG ;1015999985
SFOI T 4001324710 MHz
S H 16.0203 ppn
SW_h : 6410.256 Hz
m : 65536

4+ Processing Paramelers ¥¥*

GB . £.0000000

LB : 010 Her
PC : 1.00

SF T A00.1300000 Mz

#5% 1D NMR Plot Paramelers ™%

St H 2.31 ppm
Sitop 018 ppm
SR : -0.00 Hz
ppm_ocm 045
Hz_em 179.22

s
3
S 5 3 8 [gle
£ g 3 g |12E
] ha ~ sl Kal
e e AT SRR i REDEEEENE RTINS
0.0 8.0 za 64 5.0 4.0 340 20 1.0 a9
feom)
“mB9741
CI34PT CDCI3 aptitopspin eristaue 7
=T T =Y vy o
SE2Fg%R 0§ 5% 388 &% 85 € 3
IS¥ESEsR 3 S a58 o amE A
TE“LTNCHT _I_ I8 EEE gy B koo
) i ‘ | Ll L i
T ' 1
A SR s s SRE U S —
150 140 130 120 i1 00 98 &0 74 60 30 40 3u 20

(ppin)
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*** Current Date Parameters ¥%%

NAME : 298-1
EXPNO - 262
PROCND [}

*¥2 Aoguisition Parameters ¥2%

DATE 22:14:20
DAIE d Apr 09 2009

BE : 6.0 usec
S : 4

NS : 256
Nper 13C

o1 : 10060.80 Iz
o2 ; 1600.52 Hz
PROBHD  : 5 mm PAQNP Switch-1H 7
16 ;163846060000
SFOI o 100.6228298 Mz
sw : 238 3238 ppm
SW_h L 23980.805 Bz
7D : 63536

**% Processing Parameters "*=

a3 : 0.0000000

L8 : 1.00 Hz
PC : -

SF o I006I27690 MHz

**% 1D NMR Plot Paramesers ™

Sture M 153.78 ppm
Stop B 947 ppm
Sk s 000 Hz
ppm_cm 6871

Hz cm 835.06




Q-TOF

27-MAY-200% ¥

S13

CM297-F1/ Mmeono = 452.15
- IP2Y050905 10 {0.192) Cm (10:17) TOF MS ES+
. 100 . 3.3 6.12e3
' l 4533 lq. J(./
% 544.3
454.3
1832 805.6
3 806.6
945.4
455.3
642 g 8155 sors - 9956
813.1
H T L t o ‘ b 5 T T A T m/z,
100 200 300 400 500 600 700 800 900 1000
.
Elemental Composition Report Page1 .. -
-
Single Mass Analysis (displaying only valid results)
Tolerance = 3.0 mDa / DBE: min =-5.0, max = 50.0
Isotope- cluster parameters: Separation = 1.0 Abundance = 1.0%
Monoisotopic Mass, Odd and Even Eleciron lens
125 formula(e} evaluated with 3 results within limits (up to 50 closest results for each mass)
Q-TCF i CM297-F1 | Mmono = 452.15 27-MAY-2009
JP27050906 42 (0.804) Cn (Cen,4, 80.00, Ar); Sm (Mn, 2x1.00); Cm (42:50) TOF MS ES+
100— 453.1582 : Lf 2.31e4
% .
1 454.1630
| 455.1669 490.8023
o | 408449 445 955y 4528567 61,0951 4697827 4851555 [0 4981446 5O7S01951.1890
DAY . L N R Bk i R AL B AR R RS Ry
430.0 4300 4500 460.0 4700 4800 © 4900 500.0 510.0 520.0
Minimum: -5.0
Maximum: 3.0 5.0 50.0
Mass Calc. Mass mbDa PEM DBE Score Formula
453.1582  453.1606 -2. -5.3 18.0 1 - 27 H24 N3 02 P
453.1579 0.3 0.6 13.5 2 24 H26 N2 05 P
453,1566 1.6 3.5 14.0 3 C22 H24 N5 04 P




(2-(5-Acetyl-1-hydroxy-1H-imidazol-2-yl)ethyl)phosphonic acid (2a)

(0] QH 0
I
(HO),P- N 2
\/\( ) a
N
Me

'H NMR (400.13 MHz, D,0) § 2.00-2.09 (m, 2H), 2.41 (s, 3H), 2.48 (s, 3H), 3.07-3.14 (m, 2H). 3C NMR (100.61 MHz,
D20) 5 11.52 (s), 17.67 (d, 2Jcp = 3.6 Hz), 23.17 (d, 'Jep = 137.5 Hz), 29.58 (s), 125.20 (s), 134.54 (s), 142.96 (d, 3Jcp = 14.6
Hz), 190.80 (s). *'P NMR (161.97 MHz, D,0) 6 24.08 (s). HRMS (ESI) m/z [M+H]" caled for CsH,4N,OsP 249.0640, found
249.0637.

]
cm3i5-1
| + P3ICPD D20 opiftopspin cristau 3
\
i e
o
3 ** Cuprent Daia Pavameters ¥4%
h NAME 3051
LXPNO 254
PROCKO 0
B doquisiifon Parameters **#
DATE ¢ 04:26:09
o oy DATE 4 :  May 252069
2 Ho g i o DE : 6.0 usec
-5 N ~ Ds : 4
Wo < e N )/U\ AS : i
™ — NUCT N 3P
(2} B §479.02 Iz
02 : 160052 1=
PROBHD  : 5 mm PAQNP Switch-1HZ-C
RG : 2064250000006
SFO1 o 1619820520 MHz
st : 200.4391 ppmt
SW k : 32467532 Hz
hal : 63336
B%% Processing Pavameters **®
GB : 20000060
pail B 160 fiz
PC B 1.40
SF o 1619755730 MHz
244 11 NMR Plot Parameters ***
Start : 140.22 ppmt
Stop : -60.22 ppm
hisd : a.681 Hz
mpm_cm 2.46
Hz_em : 1531 49
e A R L s L D L E e L G I e e L L S s T
126 100 30 60 L 26 1 -20 -40
{ppms}

S14



B

em305-1
« PROTON D20 opiftopspin crizion 3

= B D D N o e Ly oy by Oy D
& IETIE 383 3¥sds
h KRl NNTi Al A kAl
SLE O R
I -
_J ﬁL il j
¥
= f=3 o~ el
= | =i ev|ai] |
. I B B T T e T e T
63 6.0 55 50 45 I 3.5 20 2.5 2.0 1.0 0.5
{ppmy)
em303-1
. CI34PT DO opiftepspin cristau 3
w rm bl =1
& G s & [
= I & 2 & BRERA
s e ox v 5 oRRgen
o e ~ ~ LR ]
T oor T SRS R
R | 1P
la |
Lt "
100 Ll 60
(upmy)
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*** Cuprent Data Farameters ***

NAME 305-1
EXPNO 255
FPROCNO 0

W Aoquisition Parameters %%

DATE t 04:24:27
DATE d May 25 2609

DE 6.8 wsec
DS z

NS 15
NUCT IH

1 2400.78 Hz
02 247097 Hz
PROBHD ;5 min PAQNP Switch-1H Z-C
RG 205004000
SFOI 4001324008 AHz
Sw 13.9775 ppm
SH_ R 5592841 Hz
0 65336

%4 Processing Parameters **%

GB
s
PC
S

40000000
10 Hz
100
400.1360029 MAz

w*% |13 NMR Plot Parameters *¥%

Start
Stop
SR

rpm_cm

Hz_cmr

6.88 ppm
-0.63 ppm
285 Hz
333
130.30

¥4 Current Data Pavameters ***

NAME
EXPNG

PROCNO

305-1
258
a

w4k Aequisition Paramerers ¥

DATE 1
DATE_d
DE

s

NS
NUCE
o1

02
PROBHD
RG
SFOI
SH
i)
Fes)

16:48.21
May 25 2009
6.1} usec
4
1024
13C
10060.80 Hz
1600.52 Hz
3 mm PAQNP Switeh-1H Z-C
. 260080006600
100.6228298 MTFz
2383238 ppm
23980875 Hz
65536

TEF Processing Paramelers 33%

GB
LB
FC
SE

B.0000000
100 Hz
140
160.6127690 MHz

#*% 1D NMR Plol Parameiers ***

Start
Srop

SR
ppm_cm
Hz em

20244 ppin
-1.62 ppm
Q.00 Az
2.63

968 44




O-TOF . ' CM305-1 { Mmono = -
JP27050913 43 (0.826) Grm (30:46) mono = 243.08 27-MAY-2009)
2

100 0.1 ' : =
1250.1
%_
4983
[251.2
499.3
e
_ 500.3 ’ 745.4
74.4 w2 [P 4203 : 745-41}43-4
T B L et W VSRS . i
| 100 200 300 400 500 600 R A ST
»
Elemental Composition Report ' Page 1
Single Mass Analysis (displaying only valid results) _
Taolerance = 3.0 mDa / DBE: min =-5.0, max = 50.0 %
Isotope cluster parameters: Separation = 1.0 Abundance = 1.0% T
Monoisctopic Mass, Odd and Even Electron lons
77 formula{e) evaluated with 2 results within limits (up to 50 closest results for each mass)
Q-TOF CM305-1 / Mmano = 248.06 : 27-MAY-2008
JP27050914 6 (0.122) Cn (Cen,4, 80.00, Ar); Sm (Mn, 2x1.00); Cm (1:73) TOF MS ES+
100+ 294.9385 4.53e4
% 249.0637
260.0698
251.0766 ) :
. 2431063 | | [ 257.0561 263.0871 2761038 4790070 | 2861202 296.9430  3g7.2419 e
s0.0 | 2800 . 2700 280.0 200.0 300.0 310.0
Minimum: . -5.0
Maximum: 3.0 5.0 50.0
Mass Calc. Mass mbDa PEM DBE Score Formula
249,0637  249,0640 -0.3 -1.3 3.5 1 C8 Hl14 W2 05 P
249.0627 1.0 1.0 4.0 2 Ccé -Hlz N5 04 P

S16



(2-(5-(Ethoxycarbonyl)-1-hydroxy-1H-imidazol-2-
yl)ethyl)phosphonic acid (2b)

OH

(0]
I |
(HO),P: N CO.Et
\/\( ) > 2b
N
Me

'H NMR (400.13 MHz, D,0): 6 1.23 (t, 3Juyn = 7.0 Hz, 3H), 1.96-2.04 (m, 2H), 2.38 (s, 3H), 3.05-3.14 (m, 2H), 4.27 (q, *Jux
=7.0 Hz, 2H). 3C NMR (100.61 MHz, DMSO-dg): 6 8.13 (s), 10.51 (s), 15.09 (d, 2Jcp = 3.7 Hz), 20.06 (d, 'Jcp = 136.8 Hz),

59.96 (s), 115.32 (s), 132.00 (s), 140.96 (d, 3Jcp = 13.9 Hz), 156.08 (s). 3'P NMR (161.97 MHz, D,0) d 25.67 (s). HRMS
(ESI) m/z [M+H]" calcd for CoH;6N,OgP 279.0746, found: 279.0739.

om243-2
P3ICPD DMSO optitapspin cristau 43
=
=
o wx¥ Cprrent Deata Pavameters ¥+
3
T MAME 2432
EXPNO - 2
PROCNO 7]
w¥¥ foquisition Parameters ***
DATE ¢ ¢ 18:01:13
2 R DATE d  ©  Febi22009
0 0 L - DE H 6.0 usec
! A ) Dy : 4
tl/l; 4 - U~ }\/lL\ e NS : 16
P o NUC s 31p
‘ \ ot : 6479.02 Ha
g2 : 1600.52 Hz
PROBHD  : 5 vun PAONP Swiich-IH Z-C
RG 1 18390.4003906
SFO! s 161.9820520 Ml
SH : 2604391 ppm
SW_h N 32467.532 Iz
I 65334

*%+ Processing Parameters ¥*¥

GB : 00006000

LB H 1.G0. Hz
PC : 140

SF o 1619753730 MH:

*»* 11} NMR Plot Paramelers ¥+%

Siart : 7140.22 ppm
Stop : -60.22 ppne
SR N 00! Hz
ppm_em 246
Heom 1531.49
o o
120 100 80 60 40 20 4 =20 -40
(ppmy)

S17



cem243-2
FPROTON D20 opt/topspin crisiau 59

ey &b = ZO VR T TS
RN TN o TR FEF LS SMmO R
BoR & 2
EESREE m3Ees SE ISSEEEIRY
‘1%;11%» o o om0 1y IR T R s e b e ]
g
= = e ol (o =
3 g 2 2= £
= = o ol N =
o~ ~ Ml e -
T T T T R B e o e R - t — T
&6 e 30 20
(ppm)
.
cm243-2
CI13APT DMSQ aptitopspin crisiau 45
@ o= =
£ 8% & B 2 28 228y
=2 e = ~ = 28 SE=S
o —=e 5 w = ey mEa
= N e =
X% = ES AR
T T T T T T LA N B T T T T
200 180 160 120 100 36 &
(ppm)

S18

*** Covrend Daiu Puramelers %%

NAME B 243-2
EXpNG 260
PROCNO 2

»*% dequisition Parameters ¥¥¥

DATE 06:40:28
bdiE d - Feb132009
DE : 6.0 usec
ns : 2
NS B 32
NUCT : T

: 2400.78 Hz
a2 B 2470.97 Iz
PROBHD  : 5 mm PAQNP Switch-1H 7-C
RG B 805999985
SFOI T 4001324008 MHz
s : 13.9775 ppm
S h : 3592 841 Hr
mn B G536

e Processing Parametsrs *¥

GR B 0.0000008

LB 0.28 Hz
PC : .

SF D 4001299972 MHz

¥k D NMR Plot Parameters ***

Start : 8.87 ppm
Stop : -0.50 ppm
SR : -277 Hz
ppim_cm 44
Hz_cm : 176.71

*+* Current Data Parameters ¥*

NAAE B 243-2
EXPNO . 272
PROCNO - [

wkk Jeqguisition Porameters +F*

DATE ¢ - 19:17:31
DATE ¢ - Feb 122009

DE : 6.0 usec
Ds : 4

NS B 1024
NUCT B 13C

al : I0060.80 Hz
o2 N 1600.52 Hz
PROBHD  : 5 mn PAQNP Switch-I1H Z-C
RG © 26008.6600000
SFOI o 100.6228298 MHz
sw B 238.3238 ppin
SW h : 23980.815 Hz
mn H 63336

¥4 Processing Parameters %%

GB H 60000000

LB 2 100 iz
PC : 140

SE o 1006128193 MHz

*** 1D NMR Plot Parameters ¥+

Start : 2i8.67 ppm
Stop : -19.68 ppm
SR N 3031 Ifz
b cm 1124
Hz_cm : 113117




@TOoF  CM243:2/ Mmono = 278.07
Y-JP10021032 152 (1.722) Sm (Mn, 3t 00); Cm (151:175) oF WS ES |

27,
107 i 1.05e4| .

b

%

380.2 5571
l80.1 i
12 St 8352
102.1 263.1 4 lase.z
| {W | B Ced L ) f
200 o 300 400 500 B0 T s e et
[P —
- ) » : - . : .
Elemental Composition Report : Page 1
Single Mass AnalySIs ' . z‘l)
Tolerance = 3.0 mDa / DBE: min =-10.0, max = 100 0

isotope cluster parameters:*Separation = 1.0 Abundance = 1.0%

Monoisotopic Mass, Odd and Even Eleciron lons
181 formula(e) evaluated with 3 results within limits {all results (up to 1000) for each mass)

Q-TOF ©M243-2 / Mmono = 278.07 10-FEB-2010
¥-JP10021033 41 (0.444) Cn (Cen 4, 80.00; ArY: Sm (Mn, 2x1:00); Cm (41:54) TOF MS ES+
270.0739 1.0863

1001

] 294.9385
276.9245
| 280.0717 261.0872
0 Carraass | 07 sas.tee2 2601341 200.1928 2011204 2030676 2971306
e o IS R T R |\1|t|||\|||1|‘Vl\|||\\Ii\|l\}|||\|llll‘ SRR R Rl o i L
2760 | 278.0 = 2800 2820 2840 2860 = 2800 2000 2020 | 2040 2960  298.0
Minimum: -10.0
Maximum;: 3.0, 5.0 100.0
Mass Calc, Mass mba "PPM DBE Score Formula
279.0739  279.0719 2.0 7.1 “1.0 1 C6 HI8 N 09 P
279.0733 0.6 2.3 4.0 z C7 H14 N5 05 P
279.0746 -0.7 -2.5 3.5 3 cY H1E N2 06 P

S19




(2-(5-Benzoyl-1-hydroxy-1H-imidazol-2-yl)ethyl)phosphonic acid (2c)

(0] QH 0
|1
(HO),P N
\/\(/ Ph 2c
N
Me

'H NMR (400.13 MHz, DMSO-dg) 8 1.98-2.06 (m, 2H), 2.13 (s, 3H), 2.96-3.03 (m, 2H), 7.56-7.66 (m, 2H), 7.68-7.76 (m,
1H), 7.76-7.82 (m, 2H). 3C NMR (100.61 MHz, DMSO-d) & 14.00 (s), 18.75 (s), 24.78 (d, Jcp = 135.4 Hz), 125.11 (s),
128.46 (s), 129.03 (s), 132.90 (s), 137.82 (s), 144.51 (d, 3Jcp = 15.4 Hz), 184.73 (s). >'P NMR (161.97 MHz, DMSO-dg) &
23.58 (s). HRMS (ESI) m/z [M+H]* caled for Ci3H;gN,OsP 311.0797, found: 311.0797.

cm3i-solide
~P31CPD DMSO optitopspin cristaun 37
g
] *+ Currant Data Parameters %
h NAME  : 3I5sod
EXPNOQ 251
PROCNG q
*** Acquisition Parameters ***
DATE - 22:45:07
DATE d  :  May 142009
¢ L0 DE B 6.0 usec
2 [ ilo N \? ;J 2 Ds 4
bo - f g ’y‘\/_\ M : 32
[ &0 NUCT B 3ip
o : 6479.02 Hz
a2 : 160052 Hz
PROBHD : 5 mm PAQNP Switch-1H Z-C
RG : 20642.5000600
SFOI c 1619820520 MHz
sw - 2004391 ppm
N : 32467332 Hz
D B 65336
*=% Processing Paramalers ¥*4
GB : 0.0000000
123 H 106 Hz
PC H 1.48
SF ;o 1619755730 MHz
**% D NMR Pior Paramaters <%
Start N 146.22 ppm
Stop : -60.22 ppm
SR : 0.0 Hr
ppmem ! 9.46
He cm B 153149
L G T s e TR TP T T TIT T T Feasa 7 S i i piey
120 100 80 60 40 20 [ =20 -48
{ppm)

S20



cmiI-solide
~PROTON DMSQ optiiepspin cristau 37

E‘*NVH'\‘UQ‘N M. gt DT i Gty e
SpR3REge EELES R e o5 Conrent Dt Parators 400
T RIS R RO R R LR L T R R e R R s R
[ I_%W H‘AJ H il NAME : 315-56~1
EXPNO - 252
FPROUNO [
¥ doquisition Parumeters *¥*
DATE ¢ - 22:50:33
DATE d : Moy 142009
DE : 6.0 usee
Faky : 2
o NS : 52
A Nocr 15
e} B 2400.78 Az
G2 : 2470.97 Hx
FROBED 5 mm PAQND Switch-1H Z-
RG H 80.5999985
SFot D 4001324008 MHz
sw : 13.9775 ppm
SW h H 3592.841 Hz
m : 63336
**% Processing Paramerers 5+*
GB : 00000000
LB : 0.10 Hz
PC : 1.00
SF D 4001299648 MHz
| | =+ 1) NMR Plor Parameiers *++
i‘ ) Start : 983 ppn
L ‘I ||H Stop : 0.20 ppm
SR B -35.20 Hz
e ppmcm 247
g’; g § % %W 3 Hz_cm 180.29
E S| = N N
o3| = ~ K
T T T T T LI L L B B L B L LU B T T T
2.0 840 7.0 L2 ig 28 Lo 24

{122

emiS-solide
CI3CPN32 DMSO optitopspin eristau 37

« Sy oy i
3 g
& SESF I8 258 3
NESS HS¥S 988 8
it e .
P II¥Ins SasEa pteli i =% Cursont Dota Pavameters 4%
< FION mlsN GxE ¥
'\i Ll ‘ ‘HH | H ‘ | NAME  : 345501
EYPNO  : 254
PROCNG o

*** dcquisition Parameters ¥+

24 DATE: - 06:32:66

DATEd :  May 15 2009

DE N 6.0 usec
DS 2

NS N 128
NUCE B 13cC

o N 10060.80 Hz
a2 : 1606.52 Hz
PROBHD  : 5 mm PAONP Switch-1H 7#-¢
RG 1 1448.1999512
SFO1 o 100.6228298 MAz
SW : 2383238 pom
SW_h B 23080.815 Hz
0 : 63536

¥ Processing Parameters %%

GB : 20000000

B : 100 He
PC : 140

5F o 1006128193 MHz

#+¥ 1D NMR Plol Parameiers ™**

Start : 193.68 ppm
Stop N -7.76 ppm
SR - 5037 iz
pom oy ! 2358
Hz_cm H 955,78

AR s T B e LR E L) Laa i s e
i 60

(epr)

S21



Q-TOF

CM315-solide / Mmona = 310.07

Single Mass Analysis (displaying only valid results)
Tolerance = 3.0 mDa_ / DBE:min =-5.0, max = 50.0
Isotope cluster parameters: Separation = 1.0 Abundance = 1.0%

Monoisotopic Mass, Odd and Even Electron lons -
98 formula(e) evaluated with 3 results within limits (up to 50 losest results for each mass) -

e

Q-TOF CM315-solide / Mmono = 310.07 26-MAY-2009
JP26050006 42 (0.799) Cn (Cen,4, 80.00, Ar); Sm (Mn, 2x1.00) Cm (34:43)  ~ TOF MS ES+
10 : ' 311.0797 1.40e4
. 24,9385
%
312.0848
0 291.1211 2089436 302.0417.303,1058 307.2426 308 2483 | 313.0084  316.1155449 5159 e
L R e S S ES e W o Sy
2000 2925 2050 297.5 3000 3025 . 3050 3075 8100 3125 3150 3175 3200
Mininum: -5.0 .
Maximum: 3.0 5.0 50.0
Mass Calé. Mass- mDa PPM DBE Score Formula
311.0797  311.0797 0.0 0.0 7.5 1 €13 HIG N2 05 P
311.0824 -2.7 -8.6 12.0 2 cl6 K14 N3 02 P
311.0783 1.4 4.4 8.0 3 ~cli Hl4 W5 ©04 P

S22

JP2E050905 13 (0.256) Cm (12:31) z%wészoslis '
1001 3.2 8.3663
LC
%,
6214
16224 9316
3914 1932.6
74.1 sz rmm _ 23,4 é
a | e s L | . E.W.M.H\."\.‘:HM..‘..‘ —
! 100 200 300 400 500 500 700 T ST
' .
Elemental Composition Report Page 1



(2-(5-(Furan-2-carbonyl)-1-hydroxy-1H-imidazol-2-
yl)ethyl)phosphonic acid (2d)

Q OH o )
(HO)2P\/\(N/ N 2d
N
Me

'H NMR (400.13 MHz, D,0) 6 1.97-2.06 (m, 2H), 2.30 (s, 3H), 3.05-3.12 (m, 2H), 6.49 (dd, 3Juyyy = 3.1 Hz, /iy = 1.0 Hz,
1H), 6.78 (d, *Juy = 3.1 Hz, 1H), 7.55 (d, /i = 1.0 Hz, 1H). 3C NMR (100.61 MHz, D,0) 6 9.57 (s), 17.71 (d, 2Jcp = 3.7
Hz), 23.61 (d, Jep = 136.1 Hz), 111.04 (s), 111.39 (s), 119.29 (s), 123.32 (s), 141.23 (d, 3Jcp = 14.6 Hz), 144.10 (s), 145.38
(s). 3'P NMR (161.97 MHz, D,0) 6 24.01 (s). HRMS (ESI) m/z [M+H]" calcd for C,oH;4N,OsP 273.0640, found 273.0640.

BN
Y
~em298-1
P31CPI D20 opiftopspin cristau 33
o
=2
s **% Curyent Data Parameters 5%
Anl
NAME H 298-1
EXPNO 261
PROCNO : ]
*E dogquisition Parameters ¥4+
3 DATE ¢ 07:17:42
o DATE 4 :  Apr 092009
3 2 \ DE : 6.0 usee
!’) ° H 3 T DS H 4
~ g bl NS : 16
NEN N S NUCH : 3P
[ < o1 H 6475.02 Hz
a2 : 1606.52 Hz
PROBHD  : 5 mm PAQNP Switch-1H 7-C
RG : 206425000000
SFO! o 1619820520 AMH:
SW H 200.4391 ppm
SW_h H 32467332 Hz
i : 63336
*¥ Processing Povameters 4%
GB . 2.0000000
LB : 166 Hz
PC : 140
SK D MGAS7ISTI0 MHAz
*++ 1D NMR Plot Parameters **%
Start : 140.22 ppn
Stop : -G.22 ppm
SR : 8.0 Hz
pomem 9.46
Hz_cm : 1331.49
T T T T T L Bt T T T T
iz fop 80 60 4f) 28 ) -20 -40
{ppm)
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*4k Cyrrent Daia Parameters *+%

NAME 298-1
EXPNO ! 260
PROCNO - 0

23 Aequisiiion Parameters ¥4¥

DATE ¢ 07:14.36
DATE d Apr 09 2009
DE B 6.0 usec
J2 : 2
N§ : 16
NUCI B 1H
al B 2470.97 Hz
a2 : 2470.97 Hz
PROBIN  : 5 mm PAQNF Switch-1H Z-C
322.5000000
SFOI1 4001324710 MHAz
SW s 13.9775 pom
R 5592841 Hr
™ : 65536

¥ Processing Parameters ***

GB N 0.0600000

LB N 010 Hz
PC : R

S o 4007300104 MHz

#%% 1) NMR Plot Parameters ¥¥*

Start 8.68 ppm
Stop 022 ppm
SR N 1043 iz
pom_cm 042

Hz em 168.03

*%3% Cyrrent Data Paramelers ¥4+

NAME 298-1
EXPNG 401
PROCNO 4

w= dequisition Parameters ***

DATF & 22:55:49

DATE d May 24 2009

Df : 6.0 usec

os : H

NS : 1024

NUCE : 13C

o1 : 10060.80 Ifz

oz : 1600.52 Mz

PROBHD  : 5 mm PAQN Switch-1H 2-C
RG . 32768.0000000

SFOH 1666228298 MHz

SH 2383238 ppm

SW : 23080.813 Hz .
m E 65336 :

*%% Processing Paramelers ***

GB : 0.0000200

LB : 700 Hz
PC : B

SF o MIDEI27690 MIE

¥k [0 NMR Plot Paramsters ***

Start 164.85 ppm
Stop : -6.78 ppm
SR : 0.60 i1z
ppm_cm 10
Hz_cm 81455




Q-TOF i CM298-1/ Mmono = 272.06 26-MAY-2009

JP26050629 15 (0. : :
10 ] (0.290)Sm {hin. 2x1.00); Cm {1:16) TOF MS ES+
. ) 8.53e3
274.2
o
546.3
275.2 - 3473 8185
) 3012 E © 78195
\ 831 H182 8205
P I | I T . [N . i
\ 100 200 300 400 500 600 o a0 e 1000
.~
3
Elemental Composition Report : - : Page 1
Single Mass Analysis (displaying only valid resulfs)
Tolerance = 3.0 mDa / DBE: min =-5.0;, max = 50.0 : ' :
Isotope cluster parameters: Separation = 1.0 Abundance = 1.0% - _ Q /(
Monoisctopic Mass, Odd and Even Electron lons ’
83 formula(e) evaluated with 3 results within limits {up to 50 closest resulis for each mass)
Q-TOF GM295-1 / Mmono = 272.06 26-MAY-2009
JP26050930° 8 (0.152) Cn (Cen,4, 80.00, Ar); Sm (Mn, 2x1.00}; Gm (8:115) TOF MS ES+
273.0840 2.9904
1001 ] _
274.0701
"/Ok'
294.9385
275.0756 ‘ . 206.0462
271,2233 2791634 283.1106  286.1065 _280.0651 . 2950893 2069310
£ B B 50 M S AL S G U B
o700 | 2726 2750 2775 280.0 2825 2850 2876 2000 2925 2950 2975
Minimum: -5.0
Maximum; - 3.0 5.0 50.0
‘Mass Calc. Mass mDa. BPPM DBRE Score . Formula
©273,0640 | 273.0667 -2.17 -9.9 10.0 1 ci3 ‘H1Z W3 02 P
272.0640 0.0 -0.1 5.5 2 Clo mis Nz 05 P A
273.0627 - 1.3 . 4.8 6.0 3 C8 H12 W5 04 P

S25



(2-(1-Hydroxy-5-(hydroxy(phenyl)methyl)-1H-imidazol-2-
yl)ethyl)phosphonic acid (2e)

'H NMR (400.13 MHz, D,0)  1.21-1.27 (m, 1H), 1.84-1.92 (m, 2H), 2.01 (s, 3H), 2.96-3.03 (m, 2H), 6.04 (s, 1H), 7.29—
7.38 (m, 5H). 13C NMR (100.61 MHz, D,0) § 9.05 (s), 17.94 (d, 2Jcp = 3.6 Hz), 24.38 (d, 'Jep = 134.6 Hz), 65.11 (s), 123.52
(s), 126.02 (s), 127.50 (s), 128.23 (s), 128.78 (s), 139.37 (s), 140.71 (d, 3Jcp = 14.6 Hz). 3'P NMR (161.97 MHz, D,0) o
21.47 (s). HRMS (ESI) m/z [M+H]* caled for C;3H;sN,OsP 313.0953, found 313.0955.

S
 G2itd
¥ P3ICPD D20 opifiopspin eristau 24
g
X *** Current Data Parameters ¥+
2
NAME B 2544
EXPNG 252
PROCNO [
*** dcquisition Paramefers ¥**
DATE 23:50:09
£ BATE d . Mar 152009
£_ DE : 6.0 msec
bs - 4
NS : 16
s . NGCT 31P
H 5 W { né of - G479.02 Hz
N g W ; 02 - 1600.32 Hz
W -~ 3 FROBAL 5 mm PAONP Swilch-1H Z-C
~ RG o 20842.3000000
SFof o 1619820520 MHz
SW : 2004391 ppm
SW h i 32467532 Hz
D b 63336
*3® Processing Parameters #+%
GB - 0.0060000
LB B 1060 Hz
rC : .
SF 2 1619753730 Mtz
¥+ 1D NLR Plot Parameters ***
Start : 62.38 ppm
Stap : -23.23 pom
SR B 00l Hz
ppm_cm 405
Hoom - 655.58
"
R U S e R T T LT B e e B e e T W I o B B e S B R
60 5 30 45 40 35 30 5 20 15 1 5 1 -5 -1¢ -i3 =20
(o)

526



2§44
¥ PROTON D20 opttepspin oristan 24

Moo mroaokloosn fa) ™ STt TR RSIEmma N DT

S EERLRSE g EEZRRE  GURBEEDEREERR | e coremDume urameres

B B B B e T 5 3 TR T T O g ] e e o

LLL.L_I_A_L_uagJ L‘% ‘ H IS NAME 254-¢
EXPNO 251
PROCNG o
*=% dequisition Pavameters *¥*
DATE ¢ - 23.46:41
DATE d Mz 152009

i& DE : 6.6 usac

Ds : 2
NS : 16
NUCT B 1
a1 : 2480.78 Hz
oz : 2470.97 Hz
PROBHD  : 3 mm PAQNEP Switch-1H Z-C
R o 256.0000000
SFO! 1 400.1324008 MFA:
sw H 13.9775 ppm
SW_h H 3592841 Hz
™ B 85536

4% Processing Parameters ***

B : 0.0000000

LB : 0.0 Hz
PC : .

SF D 4001300000 MHz

*++ 1D NMR Plot Parameters ***

Start H 92.00 ppin
‘I Stop H -0.07 ppm
SR : 0.00 Hz
= - g pomem 843
5 {: % s AP . Heom - 7123
H 3 8 g ZlE |2
~ < - ol e -
T T T T L L o o L B i o B o o B B R
a0 7.0 X1} 2.0 g
fppm}
m254-4
CI34APT D20 opt'topspin cristau 24
LMY DEnoih
EEX 21883 g §8 38 =
ST ZsnsSa - oeloon & *22 Current Data Parameters *5%
PURLUREA PR A B k) aeyomm o B
Sl St T P
EXPNOQ  : 253
PROCNOG Q
I ©HF Acquisition Parameters ***
z DATE ¢ 12:14:21
( DATE 4 :  Mar 162009
DE : 6.0 zsec
DS : 4
NS : 1024
nuct : 3¢
ol : 10060.86 Hz
o2 : 160052 Hz
PROBHD  : 5 mm PAQNF Switch-T1H Z-(
RG 1 26003.0000000
SFor s 1006228298 Mz
W B 2383238 ppm
SW_h H 23950.813 Hz
byl B 65336
%% Processing Farameters *¥%
GB : 0.96000006
LB B o0 Hz
PC : 140
8F s 1006127690 MHEz
. #3% 1D NMR Plot Paramaters *++
Start : 15535 pom
Stop N -6.17 ppmr
SR : 0.66 Hz
pem em 7.63
Hz_cm : 76736
T T T e T T T T T e e e TP T e T T e e e T T e
149 138 n 0 o0 20 30 0 60 50 4 kL]
(rpm)

S27




- laToF CM254-4 ] Mmono = 312 '
JP26050927 11 (0.216) Cm (11:26) ono =312.09 26-MAY-2009

TOF MS ES+
_ 33z
100, . : 7.80663
b/ﬂ
6254
3142
311.3 626.4
97.6
1302 2052 6284
e 15 N 936.6
| a73.4 | ’
[ — — ok Lid ,Hl..‘-‘;r T - T T * i
00 200 300 400 500 600 700 a0 800 1000

L3

Elemental Compaosition Report - . Page 1

Tolerance = 3.0 mDa_/ DBE: min = -5.0, max = 50.0

Single Mass Analysis (displaying only valid results) . oz
Isotope cluster parameters: Separation = 1.0 Abundance = 1.0% c

Monoisotopic Mass, Odd and Even Electron lons :
06 formula(e) evaluated with 3 results within limits (up to 50 dlosest results for each mass)

Q-TOF CM254-4 / Mmone = 312.09 26-MAY-2009
JP26050928 24 (0.458) Cn (Cen,4, 80.00, Ar); Sm (Mn, 2x1.00); Cm (21:50) TOF MS ES+
313.0955 3.87¢4
100+
204.9385
%] 301.1326
' ‘ 411 oabg 1314.0998
295.0809 13 0809
oL 2e0er |7 2088457 S02.1862303,1342  307.2438 308.0538 | 315.1018 3180205390457
2081087 17 AEE e e e S e e g
2025 285.0 297.5 300.0 302.5 305.0 3075 3160 3125 3150 . 3175
Minimum: ) . =5.0
Maximuom': 3.0 8.0 50.0
Mass Calc. Mass mDa PBPM DBE Score Formula
313.0955  313.0983 0.2 0.5 6.5 1 ¢l mis N2 05 P X
313.0940 1.5 4.8 7.0 2 £1l H16 N5 04 P
313.0980 ~2.5 -8.0 11.0 3 €16 HL6 N3 02 P

S28



Diethyl (E)-(3-((benzyloxy)amino)prop-1-en-1-yl)phosphonate (9)

Eto\g _ H
EtG NN \o/\© 9

'H NMR (400.13 MHz, CDCls) 6 1.34 (t, /i = 7.1 Hz, 6H), 3.68-3.71 (m, 2H), 4.06-4.14 (m, 4H), 4.73 (s, 2H), 5.85-5.96
(ddt, 2Jpyy = 20.3 Hz, 3y = 17.2 Hz, 4y = 3.2 Hz, 1H), 6.77-6.89 (ddt, Jpyy = 27.8 Hz, 3y = 17.4 Hz, 3y = 5.5 Hz, 1H),
7.33-7.37 (m, 5H). 3C NMR (100.61 MHz, CDCL3) & 16.36 (d, 3Jcp = 6.4 Hz), 54.21 (d, *Jep = 23.2 Hz), 61.77 (d, 2cp = 5.6
Hz), 77.33 (s), 119.11 (d, Jep = 187.8 Hz), 127.96 (s), 128.42 (s), 137.53 (s), 148.55 (d, 2cp = 4.9 Hz). 3'P NMR (161.97
MHz, CDCl3) 6 17.84 (s).

BG047-P1 P31CPD CDCI3 opt/topspin am2nl 52

BRUKER
3
2 *** Current Data Parameters ***
T NAME ~ : 532
EXPNO : 32
PROCNO : 1
*** Acquisition Parameters ***
DATE t :  21:00:31
DATE d  :Jun 28 2011
EXP : PSdone
NS : 16
ol : 6479.02 Hz

PROBHD :5 mm PABBO BB/19F-1H/D Z-GC
RG 20642.5000000
SFOI :161.9820520 MHz

SOLVENT : CDCI3

sw £ 2004391 ppm
D : 65536

TE : 673.2 K

*** Processing Parameters ***
GB 2 0.0000000

LB : 0.50 Hz

SF :161.9755730 MHz
Vi :

**% |D NMR Plot Parameters ***
Start : 40.01 ppm
Stop : 0.01 ppm
SR : 0.01 Hz
SOLVENT : ?

(ppm)

S29



BG047-P1 PROTON CDCI3 opt/topspin am2nl 52

FISUADOUIESTFOLCXIMN SR TNONDADO0D > o NN o~y ooy
NS TMNOIOESTE T~ N IS NN SO o QNS a0y =M\
I R R N R B R B B B R N N e ) N MO ANNTSNOOODIDTRA R e
MAMARAMIILLLLBINCIIIISSIIRRBL N SUNSSSSSSERRER A
EEALANENAN SO O C OO O Oinnninnnnn AN e ~ T T Y Y T on o onon ~NYS
LLLLLLLLLLLLLLLLLM%%J/J ‘ Wg%%;,;;;_u-u ‘W%
L L
3
5 ~ I x> © ol (o o)
Yy S = v 5 ~ ~ o3
= el y N IS o~ o el
E MR < S SEE 3
~ < ~ ~ ~ ~ S
B AL o A B R B R E R
6.0
(ppm)
BG047-P1 C13APT CDCI3 opt/topspin am2nl 52
2 ~ M O\
oo %0~ ~o © oy o~
NN N Na N X SoaSon ~ ey
Ry " T S~ o STFRQ IS
XX N XN S% 2 RN NN
> MmN N~ A S Y © o
~— RORRER RN =~ S S n ~~
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200 180 160 140 120 100 80 60 40 20 0
(ppm)

S30

*¥% Current Data Parameters ***

NAME 530
EXPNO 30\
PROCNO : 1

**k Acquisition Parameters ***
DATE ¢t 20:54:14
DATE d  :Jun 28 2011

EXP PROTON

NS 16

ol 2400.78 Hz

PROBHD :5 mm PABBO BB/19F-1H/D Z-G

RG :143.6999969

SFO1 400.1324008 MHz

SOLVENT : CDCI3

N4 13.9775 ppm

D 65536

TE 673.2 K

*** Processing Parameters ***

GB 0.0000000

LB 0.50 Hz

SF 400.1300000 MHz

I :

*¥* 1D NMR Plot Parameters ***

Start 10.00 ppm

Stop 0.00 ppm

SR 0.00 Hz

SOLVENT : ?
BRUKER

*** Current Data Parameters ***

NAME 533
EXPNO 331
PROCNO : 1

*** Acquisition Parameters ***
DATE ¢ 22:00:58
DATE d  :Jun 28 2011

EXP CI34PT

NS 1026

o1 10060.80 Hz
PROBHD :5 mm PABBO BB/19F-1H/D Z-C
RG 16384.0000000

SFO1 :100.6228298 MHz
SOLVENT : CDCI3

sw 238.3238 ppm
D 65536

TE 673.2 K

*** Processing Parameters ***
GB 0.0000000

LB 0.50 Hz
SF :100.6127690 MHz
i :

**% |D NMR Plot Parameters ***

Start 219.17 ppm
Stop -19.18 ppm
SR 0.00 Hz
SOLVENT : ?



(E)-Diethyl (3-(1-(benzyloxy)-3-ethylureido)prop-1-en-1-
yl)phosphonate (8a)

_Bn

Eto‘('P? = CN) Ir:l|

go Y Y E 8a
o}

'H NMR (400.13 MHz, CDCls) 6 1.03 (t, 3y = 7.3 Hz, 6H), 1.33 (t, 3y = 7.2 Hz, 3H), 3.15-3.22 (m, 2H), 4.05-4.12
(m, 4H), 4.23-4.25 (m, 2H), 4.80 (s, 2H), 5.68 (t, *Jun = 5.5 Hz, 1H), 5.87 (ddt, 2Jpy = 19.6 Hz, Jyg = 17.2 Hz, “Jyy = 1.4
Hz, 1H), 6.72-6.84 (m, 1H), 7.36-7.41 (m, 5H). 3C NMR (100.61 MHz, CDCls) J 15.07 (s), 16.33 (d, 3Jcp = 6.4 Hz), 34.94
(s), 54.22 (d, 3Jcp = 24.5 Hz), 61.80 (d, 2Jcp = 5.6 Hz), 77.41 (s), 120.21 (d, Jcp = 186.9 Hz), 128.79 (s), 129.01 (s), 129.31
(s), 135.14 (s), 146.89 (d, 2Jcp = 5.0 Hz), 159.62 (s). 3'P NMR (161.97 MHz, CDCIl;): 6 17.24 (s). HRMS (ESI) m/z [M+H]*
caled for C17HsN,OsP 371.1740, found: 371.1736.

SM272.2-B1 P31CPD CDCI3 opt/topspin am2nl 1

BRUKER
3
N *** Current Data Parameters ***
T NAME - 506
EXPNO : 6\
PROCNO : 1
*** Acquisition Parameters ***
DATE t :  06:59:19
DATE d  :Aug 23 2011
EXP : PS done
NS : 16
ol : 6479.02 Hz

PROBHD :5 mm PABBO BB/19F-1H/D Z-G
RG 20642.5000000

SFOI :161.9820520 MHz

SOLVENT : CDCI3

Sw : 2004391 ppm
D : 65536

TE : 673.2 K

*** Processing Parameters ***
GB 2 0.0000000

LB N 0.50 Hz

SF :161.9755730 MHz
77 :

*** |D NMR Plot Parameters ***
Start : 40.01 ppm
Stop : 0.01 ppm
SR : 0.01 Hz
SOLVENT : ?
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SM272.1-B1 PROTON CDCI3 opt/topspin am2nl 58

BRUKER
SYSSSSRIOIEEIER S NERSRaRE
GERRSERSNURSSIRR S8R 8858 0E *** Current Data Paramerers ***
I S S N R S S B S R R e R P
[ A A A A \#\ NAME 520
T EXPNO 201
PROCNO : 1
**k Acquisition Parameters ***
DATE ¢t 08:28:57
DATE d  :Aug 24 2011
EXP PROTON
NS 16
ol 2400.78 Hz
PROBHD :5 mm PABBO BB/19F-1H/D Z-C
RG :128.0000000
SFO1 400.1324008 MHz
SOLVENT : CDCI3
N4 13.9775 ppm
D 65536
TE 673.2 K
*** Processing Parameters ***
GB 0.0000000
LB 0.50 Hz
SF 400.1300000 MHz
I :
*¥* 1D NMR Plot Parameters ***
Start 10.00 ppm
Stop 0.00 ppm
SR 0.00 Hz
3 SOLVENT : ?
¢ I K 5 |5[3 S NI
= 2 ) QD °§ QA N S
A = S| < ~ ~| ™ ~ o ~
LI B B B
6.0 4.0 2.0 10
(ppm)
SM272.1-B1 C134PT CDCI3 opt/topspin am2nl 58
BRUKER
$ B8 aRINER s sszsr oo .
% § ‘§ S g S § 5 % N ST o 3 Ses Current Data Parameters
[N SN N [ o -
EXPNO 22\
PROCNO : 1
*** Acquisition Parameters ***
DATE t 14:14:07
DATE d  :Aug 24 2011
EXP CI34PT
NS 1024
o1 10060.80 Hz
PROBHD :5 mm PABBO BB/19F-1H/D Z-C
RG 23170.5000000
SFO1 :100.6228298 MHz
SOLVENT : CDCI3
sw 238.3238 ppm
D 65536
l l . TE 673.2 K
f *HE P, Parameters ***
‘ ‘ ’ ‘ ‘ GB 0.0000000
LB 0.50 Hz
SF :100.6127690 MHz
i :
*#*% |D NMR Plot Parameters ***
Start 219.17 ppm
Stop -19.18 ppm
SR 0.00 Hz
SOLVENT : ?
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0
(ppm)

S32



(E)-Diethyl (3-(1-(benzyloxy)-3-phenylureido)prop-1-en-1-
yl)phosphonate (8b)

_Bn

EtO\(II3 = (l?l H

o’ Y ) Pn 8
o}

TH NMR (400.13 MHz, CDCls) 6 1.32 (t, 3/ii = 7.0 Hz, 6H), 4.05-4.12 (m, 4H), 4.33-4.35 (m, 2H), 4.91 (s, 2H), 5.88—
5.97 (m, 1H), 6.76-6.89 (m, 1H), 7.26-7.31 (m, 5H), 7.41-7.47 (m, SH), 7.60 (s, 1H). 3C NMR (100.61 MHz, CDCL;) &
16.33 (d, 3Jcp = 6.6 Hz), 51.72 (d, 3Jcp = 24.9 Hz), 61.87 (d, 2Jcp = 5.9 Hz), 77.95 (s), 119.31 (s), 120.70 (d, 'Jep = 186.6 Hz),
123.74 (s), 128.93 (s), 129.02 (), 129.37 (s), 129.44 (s), 134.71 (s), 137.53 (s), 146.22 (d, 2Jcp = 5.1 Hz), 156.68 (s). 3'P
NMR (161.97 MHz, CDCls) 6 16.99 (s). HRMS (ESI) m/z [M+H]" calcd for CoHagN,OsP 419.1736, found 419.1736.

BG049-P1 P31CPD CDCI3 opt/topspin am2nl 59

BRUKER
g
z *¥* Current Data Parameters ***
T NAME ~ : 516
EXPNO 16\
PROCNO : 1
*** Acquisition Parameters ***
DATE t :  08:39:13
DATE d  :Aug 24 2011
EXP : PS done
NS : 16
ol : 6479.02 Hz

PROBHD :5 mm PABBO BB/19F-1H/D Z-G
RG 20642.5000000

SFO1 :161.9820520 MHz

SOLVENT : CDCI3

N4 s 200.4391 ppm
D : 65536

TE : 673.2 K

*** Processing Parameters ***
GB > 0.0000000

LB : 0.50 Hz
SF :161.9755730 MHz
TI :

*** |D NMR Plot Parameters ***
Start : 40.01 ppm
Stop : 0.01 ppm
SR : 0.01 Hz
SOLVENT : ?

(ppm)

S33



BG049-P1 PROTON CDCI3 opt/topspin am2nl 59

CNTOOSSTTAXOMANN S ~On oSO 0RNDD NN M o MANT~ACTIAATISAN T I A RO
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*¥% Current Data Parameters ***

NAME 515

EXPNO 15\

PROCNO : 1

**k Acquisition Parameters ***

DATE ¢t 08:20:47

DATE d  :Aug 24 2011

EXP PROTON

NS : 16

ol 2400.78 Hz

PROBHD :5 mm PABBO BB/19F-1H/D Z-C

RG :114.0000000

SFO1 400.1324008 MHz

SOLVENT : CDCI3

N4 13.9775 ppm

D 65536

TE 673.2 K

*** Processing Parameters ***

GB 0.0000000

LB 0.50 Hz

SF 400.1300000 MHz

I :

*¥* 1D NMR Plot Parameters ***

Start 10.00 ppm

Stop 0.00 ppm

SR 0.00 Hz

SOLVENT : ?
BRUKER

*** Current Data Parameters ***

NAME 517
EXPNO 17\
PROCNO : 1

*** Acquisition Parameters ***
DATE ¢ 13:09:11
DATE d  :Aug 24 2011

EXP CI34PT

NS 1024

o1 10060.80 Hz
PROBHD :5 mm PABBO BB/19F-1H/D Z-C
RG 23170.5000000

SFO1 :100.6228298 MHz
SOLVENT : CDCI3

sw 238.3238 ppm
D 65536

TE 673.2 K

*** Processing Parameters ***
GB 0.0000000

LB 0.50 Hz
SF :100.6127690 MHz
i :

**% |D NMR Plot Parameters ***

Start 219.17 ppm
Stop -19.18 ppm
SR 0.00 Hz
SOLVENT : ?



(E)-Diethyl (3-(1-(benzyloxy)-3-(4-fluorophenyl)ureido)prop-1-en-1-
yl)phosphonate (8c¢)

O o
EtO_1I 1 H
t© P. N

PN
LA S O U
(6]

F

'H NMR (400.13 MHz, CDCl3) 6 1.32 (t, 3y = 7.0 Hz, 6H), 4.05-4.13 (m, 4H), 4.32-4.35 (m, 2H), 4.90 (s, 2H), 5.88-5.97
(m, 1H), 6.76-6.88 (ddt, m, 1H), 6.95-7.01 (m, 2H), 7.20-7.23 (m, 2H), 7.35-7.44 (m, SH), 7.51 (s, 1H). 13C NMR (100.61
MHz, CDCls) § 16.32 (d, 3Jcp = 5.8 Hz), 51.67 (d, 3Jcp = 24.9 Hz), 61.96 (d, 2Jcp = 5.9 Hz), 77.88 (s), 115.51 (d, 2cr = 22.7
Hz), 120.54 (d, 'Jep = 187.4 Hz), 121.18 (d, *Jer = 7.3 Hz), 129.03 (s), 129.40 (s), 129.47 (s), 133.46 (d, “Jc¢ = 2.2 Hz),
134.71 (s), 146.27 (d, 2Jcp = 5.1 Hz), 156.82 (s), 159.15 (d, Jer = 243.0 Hz). 3'P NMR (161.97 MHz, CDCls) 6 17.02 (5).
HRMS (ESI) m/z [M+H]" caled for CyyHyFN,OsP 437.1642, found 437.1642.

BG050-P1 P31CPD CDCI3 opt/topspin am2nl 12

BRUKER
S
§ **% Current Data Parameters ***
T NAME - 502
EXPNO 2\
PROCNO : 1
*** Acquisition Parameters ***
DATE t :  01:24:46
DATE d  :Aug 312011
EXP : PSdone
NS : 16
ol : 6479.02 Hz

PROBHD :5 mm PABBO BB/I19F-1H/D Z-G
RG 20642.5000000

SFOI :161.9820520 MHz

SOLVENT : CDCI3

Sw : 2004391 ppm
D : 65536

TE : 673.2 K

*** Processing Parameters ***
GB 2 0.0000000

LB N 0.50 Hz

SF :161.9755730 MHz
TI :
**% |D NMR Plot Parameters ***

Start : 40.01 ppm
Stop : 0.01 ppm
SR : 0.01 Hz
SOLVENT : ?

S35



BG050-P1 PROTON CDCI3 opt/topspin am2nl 12

BRUKER
NERSBYALSEIREONRBONEYS 2588 3 CINIASRESINSRD 858
NNSSSXS0STAECLISSSRSE 8338 3 335E95SSS88583 0 38 +% Curent Data Paramerers *+*
N N SR SRR AR R R R R R AR R Eehalalal ~ T O Y O O T Y Y YT Y NSNS
LLLLLLLLLLLLLLL‘L"L‘WL_W‘F% ‘H% ‘ ‘VF% NAME 501
EXPNO I
PROCNO : 1
**k Acquisition Parameters ***
DATE t @ 01:22:05
DATE d  :Aug 312011
EXP :  PROTON
NS : 16
ol : 2400.78 Hz
PROBHD :5 mm PABBO BB/19F-1H/D Z-C
RG :143.6999969
SFO1 400.1324008 MHz
SOLVENT : CDCI3
N4 R 13.9775 ppm
D : 65536
TE N 6732 K
*** Processing Parameters ***
GB 2 0.0000000
LB : 0.50 Hz
SF 400.1300000 MHz
I :
*¥* 1D NMR Plot Parameters ***
Start : 10.00 ppm
Stop 0.00 ppm
JVL& \ SR : 0.00 Hz
3 SOLVENT : ?
< £ SHEE
L L “7.\0‘“‘\““6.\0‘“‘\“"\““\‘ \\4.\0\HwHH\HH\HH\HHH
(ppm)
BGO050-B1 C13APT CDCI3 /opt/topspin am2nl 55
BRUKER
SO R2RITEURREITE $ soen Y
SREEEN M eI IS S S g S8 8A s 38 4% Current Data Parameters ***
L2LIILTTAIINNIZ N 3% "aA B <2 NAME - S04
B T s i B (o P K I v .
PROCNO : 1
*** Acquisition Parameters ***
DATE ¢ : 13:38:05
DATE d : Sep 06 2012
EXP : CI34PT
NS : 1024
o1 : 10060.80 Hz
PROBHD :5 mm PAQNP Switch-1H Z-GRL
RG 16384.0000000
SFO1 :100.6228298 MHz
SOLVENT : CDCI3
Sw ;2383238 ppm
D : 65536
TE : 299.2K
*** Processing Parameters ***
GB :0.0000000
1 l LB : 0.50 Hz
T ” “ * ] SF :100.6127690 MHz
I :
*** 1D NMR Plot Parameters ***
Start H 219.17 ppm
Stop : -19.18 ppm
SR : 0.00 Hz
SOLVENT : ?
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0
(ppm)
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(E)-Diethyl (3-(1-(benzyloxy)-3-ureido)prop-1-en-1-yl)phosphonate
(8d)

B
0 o-"
B0 A~ _N__NH
2
e 2 Y 8d
¢!

'H NMR (400.13 MHz, CDCls) 8 1.31 (t, 3Juy = 7.0 Hz, 6H), 4.03-4.10 (m, 4H), 4.22-4.23 (m, 2H), 4.83 (s, 2H), 5.49 (bs,
2H), 5.81-5.90 (m, 1H), 6.68-6.80 (m, 1H), 7.36-7.28 (m, 5H). *C NMR (100.61 MHz, CDCL;) 6 16.35 (d, 3Jcp = 6.6 Hz),
51.21 (d, 3Jep = 24.9 Hz), 61.85 (d, 2cp = 5.9 Hz), 77.42 (s), 120.25 (d, 'Jep = 187.3 Hz), 128.82 (s), 129.10 (s), 129.25 (s),
134.73 (s), 146.31 (d, 2Jep = 5.1 Hz), 160.21 (s). 3'P NMR (161.97 MHz, CDCls)  17.17 (s). HRMS (ESI) m/z [M+H]" calced
for C1sH2aN,OsP 343.1417, found 343.1423.

SM272.2-P1 P31CPD CDCI3 opt/topspin am2nl 8

BRUKER
S
3 *¥* Current Data Parameters ***
T NAME ~ : 504
EXPNO : 4\
PROCNO : 1
*** Acquisition Parameters ***
DATE t @  05:52:42
DATE d  : Sep 08 2011
EXP : PS done
NS : 16
ol : 6479.02 Hz

PROBHD :5 mm PAQNP Switch-1H Z-GRL
RG 13004.0000000

SFO1 :161.9820520 MHz

SOLVENT : CDCI3

N4 : 2004391 ppm
D : 65536

TE N 298.9 K

*** Processing Parameters ***
GB > 0.0000000

LB : 0.50 Hz
SF :161.9755730 MHz
TI :

*** |D NMR Plot Parameters ***
Start : 40.01 ppm
Stop : 0.01 ppm
SR : 0.01 Hz
SOLVENT : ?

(ppm)

S37



SM272.2-P1 PROTON CDCI3 opt/topspin am2nl 8
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*¥% Current Data Parameters ***

NAME 503
EXPNO 3\
PROCNO : 1

**k Acquisition Parameters ***
DATE ¢ :  05:49:50
DATE d  :Sep 08 2011

EXP :  PROTON

NS : 16

ol : 2400.78 Hz
PROBHD :5 mm PAQONP Switch-1H Z-GRLC
RG 2 80.5999985

SFOI 400.1324008 MHz
SOLVENT : CDCI3

N4 R 13.9775 ppm

D : 65536

TE N 298.8 K

*** Processing Parameters ***

GB 2 0.0000000

LB : 0.50 Hz

SF 400.1300000 MHz

I :

*¥* 1D NMR Plot Parameters ***

Start : 10.00 ppm

Stop : 0.00 ppm

SR : 0.00 Hz

SOLVENT : ?
BRUKER

*** Current Data Parameters ***

NAME : 527
EXPNO : 27\
PROCNO : 1

*** Acquisition Parameters ***
DATE t : 12:10:14
DATE d  :Aug 26 2011

EXP N CI34PT

NS : 1024

o1 o 10060.80 Hz

PROBHD :5 mm PABBO BB/19F-1H/D Z-GC
RG 16384.0000000
SFOI :100.6228298 MHz

SOLVENT : CDCI3

sw o 2383238 ppm
D : 65536

TE : 673.2 K

*** Processing Parameters ***
GB s 0.0000000

LB : 0.50 Hz
SF :100.6127690 MHz
i :

**% |D NMR Plot Parameters ***
Start : 219.17 ppm
Stop : -19.18 ppm
SR : 0.00 Hz
SOLVENT : ?



(*)-Diethyl ((1-(benzyloxy)-3-ethyl-2-oxoimidazolidin-4-

yl)methyl)phosphonate (7a)

Bn_

%
N
E0.% =0
P N 7a
EtO \E ¢

'H NMR (400.13 MHz, CDCl3) & 1.12 (t, /iy = 7.2 Hz, 3H), 1.32 (t, 3y = 7.1 Hz, 3H), 1.33 (t, 3y = 7.1 Hz, 3H), 1.79
(ddd, 2Jyp = 17.1 Hz, 2y = 14.8 Hz, 3y = 10.7 Hz, 1H), 2.19 (ddd, 2Jpp = 21.5 Hz, 2y = 15.0 Hz, 3y = 2.9 Hz, 1H),
3.02 (dq, 2y = 14.2 Hz, 3y = 7.0 Hz, 1H), 3.14 (dd, 2y = 8.2 Hz, iy = 6.6 Hz, 1H), 3.46-3.50 (m, 1H), 3.56 (dq, 2/
=14.7 Hz, 3y = 7.3 Hz, 1H), 3.71-3.78 (m, 1H), 4.04-4.14 (m, 4H), 4.97 (d, %/ = 11.4 Hz, 1H), 5.02 (d, 2y = 11.4 Hz,
1H), 7.33-7.46 (m, SH). 3C NMR (100.61 MHz, CDCls) 6 12.55 (s), 16.38 (d, *Jcp = 5.9 Hz), 16.44 (d, *Jcp = 5.9 Hz), 28.66
(d, Jep = 138.8 Hz), 35.81 (s), 46.73 (s), 53.57 (d, 3Jcp = 1.4 Hz), 61.95 (d, 2Jcp = 6.6 Hz), 62.06 (d, Jcp = 6.6 Hz), 77.88 (5),
128.23 (s), 128.36 (s), 129.08 (s), 136.72 (s), 162.04 (s). *'P NMR (161.97 MHz, CDCl3) 6 26.10 (s). HRMS (ESI) m/z

[M+H]* calcd for C7H,sN,0sP 371.1736, found 371.1736.

SM273-P1 P31CPD CDCI3 opt/topspin am2nl 60

26.0956

(ppm)

S39

BRUKER

**% Current Data Parameters ***

NAME N 504
EXPNO  : 4\
PROCNO : 1

**% Acquisition Parameters ***
DATE t :  01:46:42
DATE d  :Aug 26 2011

EXP : PS done

NS : 16

ol N 6479.02 Hz

PROBHD :5 mm PABBO BB/19F-1H/D Z-G
RG 20642.5000000
SFOI :161.9820520 MHz

SOLVENT : CDCI3

Sw : 2004391 ppm
D : 65536

TE : 673.2 K

**% Processing Parameters ***
GB s 0.0000000

LB : 0.50 Hz

SF :161.9755730 MHz
TI N
*¥% |D NMR Plot Parameters ***

Start : 50.00 ppm
Stop : 10.00 ppm
SR : 0.01 Hz
SOLVENT : ?



SM273-P1 PROTON CDCI3 opt/topspin am2nl 60
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*¥% Current Data Parameters ***

NAME 503
EXPNO 3\
PROCNO : 1

**k Acquisition Parameters ***
DATE ¢t 01:27:56
DATE d = :Aug 26 2011

EXP PROTON

NS 16

ol 2400.78 Hz

PROBHD :5 mm PABBO BB/19F-1H/D Z-G

RG :143.6999969

SFO1 400.1324008 MHz

SOLVENT : CDCI3

N4 13.9775 ppm

D 65536

TE 673.2 K

*** Processing Parameters ***

GB 0.0000000

LB 0.50 Hz

SF 400.1300000 MHz

I :

*¥* 1D NMR Plot Parameters ***

Start 10.00 ppm

Stop 0.00 ppm

SR 0.00 Hz

SOLVENT : ?
BRUKER

*** Current Data Parameters ***

NAME 530
EXPNO 30\
PROCNO : 1

*** Acquisition Parameters ***
DATE t 14:04:01
DATE d  :Jun 25 2011

EXP CI34PT

NS 1026

o1 10060.80 Hz
PROBHD :5 mm PABBO BB/19F-1H/D Z-C
RG 23170.5000000

SFO1 :100.6228298 MHz
SOLVENT : CDCI3

sw 238.3238 ppm
D 65536

TE 673.2 K

*** Processing Parameters ***
GB 0.0000000

LB 0.50 Hz
SF :100.6127690 MHz
i :

**% |D NMR Plot Parameters ***

Start 219.17 ppm
Stop -19.18 ppm
SR 0.00 Hz
SOLVENT : ?



(¥)-Diethyl ((1-(benzyloxy)-3-phenyl-2-oxoimidazolidin-4-
yl)methyl)phosphonate (7b)

Bn_
0
N
EtO\(IP?\/[ =0
1 N 7b
EtO -

'H NMR (400.13 MHz, CDCl3) 6 1.31 (t, 3y = 7.0 Hz, 3H), 1.32 (t, 3Jin = 7.0 Hz, 3H), 1.85 (ddd, 2y = 16.7 Hz, 2y =
15.2 Hz, 3y = 11.1 Hz, 1H), 2.25 (ddd, 2/ = 21.1 Hz, 2y = 15.2 Hz, 3y = 2.0 Hz, 1H), 3.36 (dd, 2y = 8.2 Hz, 2y =
5.3 Hz, 1H), 3.63-3.67 (m, 1H), 4.03-4.15 (m, 4H), 4.36-4.44 (m, 1H), 5.05 (s, 2H), 7.17-7.20 (m, SH), 7.36-7.50 (m, 5H).
13C NMR (100.61 MHz, CDCLy) 6 16.39 (d, *Jcp = 5.9 Hz), 28.48 (d, 'Jep = 138.3 Hz), 48.05 (d, 2Jcp = 1.5 Hz), 52.62 (s),
61.01 (d, 2Jcp = 6.6 Hz), 62.06 (d, 2cp = 6.6 Hz), 77.98 (s), 121.33 (s), 125.02 (s), 128.41 (5), 128.43 (s), 129.22 (s), 129.26
(s), 136.41 (s), 136.73 (s), 159.84 (s). 3'P NMR (161.97 MHz, CDCL) 6 26.06 (s). HRMS (ESI) m/z [M+H]" caled for
C1HasN,OsP 419.1724, found 419.1736.

BGO051-P1 P31CPD CDCI3 opt/topspin am2nl 59

BRUKER
g
N **% Current Data Parameters ***
N NAME ~ : 539
EXPNO 39
PROCNO : 1
*** Acquisition Parameters ***
DATE ¢ :  07:12:10
DATE d  : Jul 05 2011
EXP : PS done
NS : 16
ol : 6479.02 Hz

PROBHD :5 mm PABBO BB/19F-1H/D Z-G
RG 20642.5000000
SFO1 :161.9820520 MHz

SOLVENT : CDCI3

sw o 2004391 ppm
D : 65536

TE : 673.2 K

**%k Processing Parameters ***
GB > 0.0000000

LB : 0.50 Hz

SF :161.9755730 MHz
TI N
**% |D NMR Plot Parameters ***

Start R 50.00 ppm
Stop : 0.01 ppm
SR : 0.01 Hz
SOLVENT : ?

541



BGO051-P1 PROTON CDCI3 opt/topspin am2nl 59

BRUKER
R R N S S R e s N S P E R R R S ameters ++*
RENERaT IR ReTUIFEEE 05500 00NINGRNS5555500000RY | e Coren e Paanesr
T T 2 O O I I M A B \H%&J NAME 337
W L T m EXPNO - 37\
PROCNO : 1
**k Acquisition Parameters ***
DATE t :  05:52:06
DATE d  : Jul 05 2011
EXP :  PROTON
NS : 16
ol : 2400.78 Hz
PROBHD :5 mm PABBO BB/19F-1H/D Z-C
RG :287.3999939
SFO1 400.1324008 MHz
SOLVENT : CDCI3
N4 R 13.9775 ppm
D : 65536
TE : 673.2 K
*** Processing Parameters ***
GB 2 0.0000000
LB : 0.50 Hz
SF :400.1300000 MHz
I :
*¥* 1D NMR Plot Parameters ***
Start : 10.00 ppm
Stop : 0.00 ppm
A SR : 0.00 Hz
3 SOLVENT : ?
5 3R 3| ()5 (8] z (2] (2
g e EENIEENE HIEWE
HH\HH\HH\HH\HH\D? ‘\“\““\‘“‘\“"\‘“:“"\“b"?\‘“\‘\‘\“‘\““\“\“\‘\““\‘V‘j“\““\““
7.0 4.0 3 2.0
(ppm)
BGO51-P1 C13APT CDCI3 opt/topspin am2nl 60
BRUKER
$ DURIRLIR % zxe 23 =D Wo
L EELEE § E31EIy g3 &g
2 oA &Q a':o S S N AT NN B Current Data Parameters
e il I S S pevo .
EXPNO 31
PROCNO : 1
‘ ‘ *** Acquisition Parameters ***
DATE t :  11:04:55
DATE d  :Aug 23 2011
EXP N CI34PT
NS : 1024
o1 o 10060.80 Hz
PROBHD :5 mm PABBO BB/19F-1H/D Z-C
RG 16384.0000000
SFO1 :100.6228298 MHz
SOLVENT : CDCI3
sw o 238.3238 ppm
D : 65536
TE : 673.2 K
*** Processing Parameters ***
" GB > 0.0000000
I ‘ LB : 0.50 Hz
SF :100.6127690 MHz
i :
*#*% |D NMR Plot Parameters ***
Start : 219.17 ppm
Stop : -19.18 ppm
SR : 0.00 Hz
SOLVENT : ?
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0
(ppm)
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(*)-Diethyl ((1-(benzyloxy)-3-(4-fluorophenyl)-2-oxoimidazolidin-4-
yl)methyl)phosphonate (7c)

Bn_
o)
N
Eto\(l?\/[ =0
P N
EtO Tc

F

'"H NMR (400.13 MHz, CDCl3) 6 1.31 (t, 3Juyu = 7.0 Hz, 6H), 1.82 (ddd, 2/up = 16.9 Hz, 2Jyy = 15.2 Hz, 3/ = 11.1 Hz, 1H),
2.18 (ddd, 2Jyp = 17.2 Hz, 2Jyy = 15.2 Hz, 3Juyy = 2.1 Hz, 1H), 3.34 (dd, %/un = 8.2 Hz, 3Juy = 5.8 Hz, 1H), 3.64-3.68 (m,
1H), 4.04-4.12 (m, 4H), 4.29-4.36 (m, 1H), 5.04 (s, 2H), 7.08-7.12 (m, 2H), 7.36—7.49 (m, 7H). 3C NMR (100.61 MHz,
CDCl3) 6 16.40 (d, 3Jcp = 6.0 Hz), 28.54 (d, 'Jep = 138.9 Hz), 48.43 (d, 2Jcp = 1.5 Hz), 52.72 (s), 62.02 (d, 2Jcp = 6.6 Hz),
62.12 (d, ZJcp = 6.6 Hz), 78.03 (s), 116.11 (d, 2Jcp = 22.7), 123.53 (d, 3Jcr = 8.0 Hz), 128.45 (s), 129.24 (s), 132.68 (s),
136.35 (s), 159.94 (s), 160.05 (d, 'Jcr = 245.9 Hz). 3'P NMR (161.97 MHz, CDCl;) 6 25.83 (s). HRMS (ESI) m/z [M+H]"
calcd for C,1H,7FN,O5P 437.1649, found 419.1642.

BG052-P1 P31CPD CDCI3 opt/topspin am2nl 53

BRUKER
I
ﬁ *** Current Data Parameters ***
T NAME ~ : 531
EXPNO 3n
PROCNO : 1
*** Acquisition Parameters ***
DATE t : 18:06:37
DATE d : Jul 05 2011
EXP : PS done
NS : 16
ol : 6479.02 Hz

PROBHD :5 mm PABBO BB/19F-1H/D Z-GC
RG 20642.5000000
SFO1 :161.9820520 MHz

SOLVENT : CDCI3

Sw o 2004391 ppm
D : 65536

TE : 673.2 K

*** Processing Parameters ***
GB > 0.0000000

LB : 0.50 Hz

SF :161.9755730 MHz
TI :

**% |D NMR Plot Parameters ***
Start : 50.00 ppm
Stop : 0.01 ppm
SR : 0.01 Hz
SOLVENT : ?

i
48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 &8 6 4 2
(prm)
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BG052-P1 PROTON CDCI3 opt/topspin am2nl 53
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*¥% Current Data Parameters ***

NAME 530
EXPNO 30\
PROCNO : 1

**k Acquisition Parameters ***
DATE ¢t 18:03:36
DATE d  : Jul 052011

EXP :  PROTON

NS : 16

ol : 2400.78 Hz
PROBHD :5 mm PABBO BB/19F-1H/D Z-C
RG :181.0000000

SFOI 400.1324008 MHz
SOLVENT : CDCI3

N4 R 13.9775 ppm

D : 65536

TE : 673.2 K

*** Processing Parameters ***

GB 2 0.0000000

LB : 0.50 Hz

SF 400.1300000 MHz

I :

*¥* 1D NMR Plot Parameters ***

Start : 10.00 ppm

Stop : 0.00 ppm

SR : 0.00 Hz

SOLVENT : ?
BRUKER

*** Current Data Parameters ***

NAME : 533
EXPNO : 331
PROCNO : 1

*** Acquisition Parameters ***
DATE ¢ 19:10:24
DATE d : Jul 05 2011

EXP N CI34PT

NS : 1026

o1 o 10060.80 Hz

PROBHD :5 mm PABBO BB/19F-1H/D Z-GC
RG 16384.0000000
SFOI :100.6228298 MHz

SOLVENT : CDCI3

sw o 2383238 ppm
D : 65536

TE : 673.2 K

*** Processing Parameters ***
GB s 0.0000000

LB : 0.50 Hz
SF :100.6127690 MHz
i :

**% |D NMR Plot Parameters ***
Start : 219.17 ppm
Stop : -19.18 ppm
SR : 0.00 Hz
SOLVENT : ?



(*)-Diethyl ((1-hydroxy-3-ethyl-2-oxoimidazolidin-4-
yl)methyl)phosphonate (13a)

OH
N
E0.5 =0
P N 13a
EtO \E ¢

TH NMR (400.13 MHz, CDCL3)  1.12 (t, 3Jiu = 7.1 Hz, 3H), 1.36 (t, 3Jii = 7.0 Hz, 3H), 1.90 (ddd, 2 = 17.4 Hz, 2y
=15.0 Hz, 3Juu = 10.7 Hz, 1H), 2.25 (ddd, 2/ygp = 21.3 Hz, 2y = 14.8 Hz, 3Jyy = 2.7 Hz, 1H), 3.05 (dq, Jun = 14.2 Hz, 3y
=7.1 Hz, 1H), 3.34 (dd, 2Jun = 8.2 Hz, /iy = 6.6 Hz, 1H), 3.49-3.58 (m, 1H), 3.73-3.77 (m, 1H), 3.82-3.88 (m, 1H), 4.11—
4.16 (m, 4H), 8.46 (bs, 1H). 3C NMR (100.61 MHz, CDCls) § 12.59 (s), 16.44 (d, 3Jcp = 5.9 Hz), 16.46 (d, *Jep = 5.9 Hz),
28.70 (d, Ucp = 139.1 Hz), 36.12 (s), 47.00 (s), 54.28 (d, “Jcp = 1.5 Hz), 62.10 (d, ZJcp = 6.6 Hz), 62.24 (d, 2Jcp = 6.6 Hz),
163.96 (s). 3'P NMR (161.97 MHz, CDCls) J 26.15 (s). HRMS (ESI) m/z [M+H]* caled for C;oH»N,0sP 281.1266, found
281.1257.

SM403-P1 P31CPD CDCI3 opt/topspin am2nl 1

BRUKER
s
3 *** Current Data Parameters ***
N NAME ~ : 506
EXPNO 6l
PROCNO : 1
*** Acquisition Parameters ***
DATE t :  05:42:20
DATE d  :Mar 26 2012
EXP : PS done
NS : 16
ol : 6479.02 Hz

PROBHD :5 mm PABBO BB/19F-1H/D Z-GC
RG 20642.5000000
SFOI :161.9820520 MHz

SOLVENT : CDCI3

Sw : 2004391 ppm
D : 65536

TE : 673.2 K

*** Processing Parameters ***
GB > 0.0000000

LB : 0.50 Hz
SF :161.9755730 MHz
TI :

**% |D NMR Plot Parameters ***
Start : 50.00 ppm
Stop : 10.00 ppm
SR : 0.01 Hz
SOLVENT : ?

(ppm)

545



SM403-P1 PROTON CDCI3 opt/topspin am2nl 1

BRUKER
e e I e e I R I e R L PR kI
SIS S SR I RL T SINEERNAR RIS SIISRASOIGIIAECIIRBES IR IINI | #** Current Data Parameters ***
T T E Y T 07 00 07 07 07 0 07 07 6 07 07 07 07 07, 07 07 0 07 07 67 07 0 07 07 00 067 05 0N O8O 0N 1 OY 00 OO0 NN OSSN S S S S S S S S S S
\\\\\\\\\\\\\\\\\\\\\\\\\\LLLLLLLLLLLLLLLLLLN%;F{%}}L:LJ NAME - 505
W —m ooom EXPNO - 51
PROCNO : 1
**k Acquisition Parameters ***
DATE ¢ :  05:39:07
DATE d  :Mar 26 2012
EXP :  PROTON
NS : 16
ol : 2400.78 Hz
PROBHD :5 mm PABBO BB/19F-1H/D Z-C
RG :322.5000000
SFO1 400.1324008 MHz
SOLVENT : CDCI3
N4 R 13.9775 ppm
D : 65536
TE : 6732 K
*** Processing Parameters ***
GB 2 0.0000000
LB : 0.50 Hz
SF 400.1300000 MHz
TI :
*** |D NMR Plot Parameters ***
Start : 10.00 ppm
l Stop : 0.00 ppm
SR : 0.00 Hz
3 SOLVENT : ?
5 S HERRRE NINEEE
z g HRREEE SIS
HH\HHMH\\Q\HwHH\HH\HH\HH\HHMHw\\H\H‘T\ﬁ\QHTHQH\QHH\HQH\TH\\:OH'\\.\HH\HH
4.0 3.0 2.0 1
(ppm)
SM403-P1 CI3APT CDCI3 opt/topspin am2nl 45
BRUKER
2 AN D O N~ o o~ > o %0~
§ NRSUUEY ¥ § S lE Sea Current Data Parameters
ST T T i
EXPNO 509
PROCNO : 0
*** Acquisition Parameters ***
DATE t :  09:15:28
DATE d  : Apr 14 2012
EXP : CI134PT
NS : 1024
ol : 10060.80 Hz
PROBHD :5 mm PAQNP Switch-1H Z-GRL
RG 23170.5000000
H SFO1 :100.6228298 MHz
SOLVENT : CDCI3
sw o 238.3238 ppm
D : 65536
TE : 296.3 K
*** Processing Parameters ***
GB > 0.0000000
| LB : 2.00 He
| ‘ H SF :100.6127690 MHz
Vi :
| . N N J l N “ *#*% |D NMR Plot Parameters ***
' e ) -1 Start : 219.17 ppm
' Stop : -19.18 ppm
SR : 0.00 Hz
SOLVENT : ?
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 7T
200 180 160 140 120 100 80 60 40 20 0
(ppm)
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(*)-Diethyl ((1-hydroxy-3-phenyl)-2-oxoimidazolidin-4-

yl)methyl)phosphonate (13b)

OH
N
Eto\ﬁ\/[ =0
’ N 13b
EtO b

'H NMR (400.13 MHz, CDCLy) 8 1.35 (t, 3Jii = 7.0 Hz, 3H), 1.36 (t, *Ju = 7.1 Hz, 3H), 1.95 (ddd, 2/ip = 17.1 Hz, 2y =
15.2 Hz, *Jyy = 11.1 Hz, 1H), 2.28 (ddd, 2/yp = 21.2 Hz, 2y = 15.0 Hz, 3y = 2.2 Hz, 1H), 3.61 (dd, 2y = 8.4 Hz, 3y =
5.8 Hz, 1H), 3.88-3.92 (m, 1H), 4.08-4.20 (m, 4H), 4.46-4.55 (m, 1H), 7.19-7.24 (m, 1H), 7.39-7.44 (m, 4H). *C NMR
(100.61 MHz, CDCls) 8 16.40 (d, 3Jcp = 6.6 Hz), 28.52 (d, Jcp = 139.0 Hz), 48.34 (s), 53.44 (s), 62.24 (d, 2Jcp = 6.6 Hz),
62.25 (d, 2Jcp = 6.6 Hz), 121.90 (s), 125.31 (s), 129.30 (s), 136.60 (s), 161.93 (s). 3'P NMR (161.97 MHz, CDCl;) 6 26.12

(s). HRMS (ESI) m/z [M+H]" caled for C;4H»N,05P 329.1272, found 329.1266.

SM312.2-P1 P31CPD CDCI3 opt/topspin am2nl 1

26.1201

(ppm)
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**% Current Data Parameters ***

NAME 511
EXPNO : 11\
PROCNO : 1

*** Acquisition Parameters ***
DATE t :  08:47:57
DATE_d  : Oct 20 2011

EXP : PS done

NS : 16

ol : 6479.02 Hz

PROBHD :5 mm PABBO BB/19F-1H/D Z-G
RG 20642.5000000

SFOI :161.9820520 MHz

SOLVENT : CDCI3

Sw : 2004391 ppm
D : 65536

TE : 673.2 K

*** Processing Parameters ***
GB 2 0.0000000

LB N 0.50 Hz

SF :161.9755730 MHz
77 :
**% |D NMR Plot Parameters ***

Start : 50.00 ppm
Stop : 10.00 ppm
SR : 0.01 Hz
SOLVENT : ?
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*¥% Current Data Parameters ***

NAME 510

EXPNO 10\

PROCNO : 1

**k Acquisition Parameters ***

DATE ¢t 08:44:55

DATE d : Oct 20 2011

EXP PROTON

NS : 16

ol : 2400.78 Hz

PROBHD :5 mm PABBO BB/19F-1H/D Z-C

RG :181.0000000

SFO1 400.1324008 MHz

SOLVENT : CDCI3

N4 13.9775 ppm

D : 65536

TE : 673.2 K

*** Processing Parameters ***

GB 0.0000000

LB : 0.50 Hz

SF 400.1300000 MHz

I :

*¥* 1D NMR Plot Parameters ***

Start 10.00 ppm

Stop 0.00 ppm

SR : 0.00 Hz

SOLVENT : ?
BRUKER

*** Current Data Parameters ***

NAME 502
EXPNO : 2\
PROCNO : 1

*** Acquisition Parameters ***
DATE ¢ 12:32:50
DATE d  : Sep 06 2012

EXP CI34PT

NS 1024

o1 o 10060.80 Hz
PROBHD :5 mm PAQNP Switch-1H Z-GRL
RG 16384.0000000

SFO1 :100.6228298 MHz
SOLVENT : CDCI3

sw 238.3238 ppm
D : 65536

TE : 299.2 K

*** Processing Parameters ***
GB 0.0000000

LB : 0.50 Hz
SF :100.6127690 MHz
i :

**% |D NMR Plot Parameters ***

Start 219.17 ppm
Stop -19.18 ppm
SR : 0.00 Hz
SOLVENT : ?



(#)-Diethyl ((1-hydroxy-3-(4-fluorophenyl)-2-oxoimidazolidin-4-
yl)methyl)phosphonate (13c)

pH
N
Eto\g\/[ =0
P N
EtO 13c

F

'H NMR (400.13 MHz, CDCl3) § 1.32 (t, 3Jun = 7.0 Hz, 3H), 1.33 (t, 3*Jun = 7.0 Hz, 3H), 1.92 (ddd, 2Jyp = 17.2 Hz, 2Jyy =
15.2 Hz, 3Jyy = 11.1 Hz, 1H), 2.21 (ddd, 2Jyp = 17.4 Hz, 2y = 15.0 Hz, 3Jun = 2.2 Hz, 1H), 3.54 (dd, 2y = 8.5Hz, 3Jun =
6.5 Hz, 1H), 3.87-3.91 (m, 1H), 4.04-4.17 (m, 4H), 4.37-4.46 (m, 1H), 7.06-7.10 (m, 2H), 7.32-7.37 (m, 2H). '3*C NMR
(100.61 MHz, CDCl3) J 16.40 (d, 3Jcp = 5.8 Hz), 28.60 (d, 'Jcp = 139.1 Hz), 48.77 (s), 53.47 (s), 62.27 (d, 2Jcp = 6.6 Hz),
62.36 (d, 2Jcp = 6.6 Hz), 116.18 (d, 2Jyr = 22.7), 124.18 (d, 3Jyr = 8.8 Hz), 132.51 (d, “Jur = 2.9 Hz), 161.98 (s), 160.25 (d,
1Jop = 245.2 Hz). P NMR (161.97 MHz, CDCLy) 6 26.06 (s). HRMS (ESI) m/z [M+H]* caled for Cy4Ha FN,OsP 347.1180,
found 347.1172.

SM338.3-P2 P31CPD CDCI3 opt/topspin am2nl 60

BRUKER
E
g *** Current Data Parameters ***
T NAME ~ : 503
EXPNO 3
PROCNO : 1
*** Acquisition Parameters ***
DATE t : 12:57:.07
DATE d  :Jan 25 2012
EXP : PS done
NS : 16
o1 : 6479.02 Hz

PROBHD :5 mm PABBO BB/I19F-1H/D Z-G
RG 11585.2001953
SFOI :161.9820520 MHz

SOLVENT : CDCI3

Sw :200.4391 ppm
D : 65536

TE : 673.2 K

**% Processing Parameters ***
GB > 0.0000000

LB : 0.50 Hz

SF :161.9755730 MHz
TI :
**% |D NMR Plot Parameters ***

Start : 50.00 ppm
Stop : 10.00 ppm
SR N 0.01 Hz
SOLVENT : ?

549



SM338.3-P2 PROTON CDCI3 opt/topspin am2nl 60
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*¥% Current Data Parameters ***

NAME 502

EXPNO 2\

PROCNO : 1

**k Acquisition Parameters ***

DATE ¢t 12:54:02

DATE d  :Jan 252012

EXP PROTON

NS : 16

ol : 2400.78 Hz

PROBHD :5 mm PABBO BB/19F-1H/D Z-C

RG 2 57.0000000

SFO1 400.1324008 MHz

SOLVENT : CDCI3

N4 13.9775 ppm

D : 65536

TE : 673.2 K

*** Processing Parameters ***

GB 0.0000000

LB : 0.50 Hz

SF 400.1300000 MHz

I :

*¥* 1D NMR Plot Parameters ***

Start 10.00 ppm

Stop 0.00 ppm

SR : 0.00 Hz

SOLVENT : ?
BRUKER

*** Current Data Parameters ***

NAME 501
EXPNO : |
PROCNO : 1

*** Acquisition Parameters ***
DATE t 12:50:42
DATE d :Jan 252012

EXP CI34PT

NS : 1024

o1 o 10060.80 Hz
PROBHD :5 mm PABBO BB/19F-1H/D Z-C
RG 16384.0000000

SFO1 :100.6228298 MHz
SOLVENT : CDCI3

sw 238.3238 ppm
D : 65536

TE : 673.2 K

*** Processing Parameters ***
GB 0.0000000

LB : 0.50 Hz
SF :100.6127690 MHz
Vi :

**% |D NMR Plot Parameters ***

Start 219.17 ppm
Stop -19.18 ppm
SR : 0.00 Hz
SOLVENT : ?



(*)-(1-hydroxy-3-phenyl-2-oxoimidazolidin-4-yl)methylphosphonic
acid (3b)

OH
N
HO\E\/E =0
1 N 3b
HO L

'H NMR (400.13 MHz, D,0) 6 1.69-1.91 (m, 2H), 3.26-3.30 (m, 1H), 3.64-3.68 (m, 1H), 4.15-4.24 (m, 1H), 7.04-7.09 (m,
3H), 7.18-7.22 (m, 2H). 3C NMR (100.61 MHz, D,0) 6 28.93 (d, 'Jcp = 133.9 Hz), 49.63 (d, 2Jcp = 1.5 Hz), 53.52 (s),
124.64 (s), 127.07 (s), 129.48 (s), 135.36 (s), 162.64 (s). 3*'P NMR (161.97 MHz, D,0) § 24.25 (s). HRMS (ESI) m/z [M+H]"
calcd for CoH4N,OsP 273.0639, found: 273.0640.

SM328-B4 P31CPD D20 opt/topspin am2nl 9

BRUKER

g

3 **% Current Data Parameters ***

T NAME - 504
EXPNO  : 4\
PROCNO : 1
**% Acquisition Parameters ***
DATE t :  07:15:45
DATE_d  :Nov 23 2011
EXP : PS done
NS : 16
ol N 6479.02 Hz
PROBHD :5 mm PABBO BB/19F-1H/D Z-G
RG 9195.2001953
SFO1 :161.9820520 MHz
SOLVENT : D20
Sw : 2004391 ppm
D : 65536
TE : 673.2 K
**% Processing Parameters ***
GB :0.0000000
LB : 0.50 Hz
SF :161.9755730 MHz
TI N
*¥% |D NMR Plot Parameters ***
Start : 50.00 ppm
Stop : 10.00 ppm
SR : 0.01 Hz
SOLVENT : ?
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(ppm)

S51



SM328-B4 PROTON D20 opt/topspin am2nl 9

BRUKER
SRRE3A%8 RESRNSROQYSEE JSNEEOSTRENNEsRE L.
aS~SSSSS ARSI S88e M Aa ASRRRBRBRNNNNNNE Current Data Parameters ***
N NN NN NN FYYYFFF oo NSNS NN NN NN NN NN
BE— HE S Y e e
EXPNO 3\
PROCNO : 1
**k Acquisition Parameters ***
DATE t :  07:12:37
DATE_d  :Nov 23 2011
EXP : PROTON
NS : 16
ol : 2400.78 Hz
PROBHD :5 mm PABBO BB/19F-1H/D Z-C
RG 2 57.0000000
SFO1 :400.1324008 MHz
SOLVENT : D20
N4 R 13.9775 ppm
D : 65536
TE : 673.2 K
*** Processing Parameters ***
GB > 0.0000000
LB : 0.50 Hz
SF :400.1300000 MHz
I :
*¥* 1D NMR Plot Parameters ***
Start : 10.00 ppm
Stop : 0.00 ppm
SR : 0.00 Hz
3 j SOLVENT : ?
¥ B
E e
HH\HHMHw\HwHH\H'\lw'\\lwwwwwwwwwMHH\H\Q\HHwH\'H\HH\HH\HH\HH\HH\HH
7.0 4.0 3.0 2.0
(opm)
SM328-B4 C13APT D20 opt/topspin am2nl 56
BRUKER
N "D
8 R BE% 53
:’ : ; S : :" Q < 2 '\s’ **% Cyrrent Data Parameters ***
g 2383 49 ’%
VSV N pevo -
EXPNO 111
PROCNO : 1
*** Acquisition Parameters ***
DATE t :  14:44:07
DATE d :Nov 23 2011
EXP N CI34PT
NS : 1024
o1 o 10060.80 Hz
PROBHD :5 mm PABBO BB/19F-1H/D Z-C
RG 26008.0000000
SFO1 :100.6228298 MHz
SOLVENT : D20
sw o 238.3238 ppm
D : 65536
TE : 673.2 K
*** Processing Parameters ***
GB > 0.0000000
LB : 0.50 Hz
SF :100.6127690 MHz
i :
L *#*% |D NMR Plot Parameters ***
” Start : 219.17 ppm
Stop : -19.18 ppm
SR : 0.00 Hz
SOLVENT : ?
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
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