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I. General Information

Unless otherwise noted, all reagents and solvents were purchased from commercial suppliers
and used without further purification. *H, 3C and 3P NMR spectra were recorded with a Bruker
ADVANCE IlI (400 MHz) spectrometer with CDCl; as the solvent and tetramethylsilane (TMS)
as the internal standard. Chemical shifts are reported in parts per million (ppm, 6 scale) downfield
from TMS at 0.00 ppm and referenced to the CDCls at 7.26 ppm (for *H NMR) or 77.0 ppm (for
13C NMR). Data are reported as: multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, m =
multiplet), coupling constant in hertz (Hz) and signal area integration in natural numbers. 3C
NMR and 3P NMR analyses were run with decoupling. Optical rotations [a]o were determined
using a PERKIN ELMER polarimeter 343 instrument. HPLC analysis was conducted on an
Agilent 1260 Series instrument. Column Chromatography was performed with silica gel Merck 60

(300-400 mesh).

Il. Typical procedure for the synthesis of compound 1

A 250 mL flask was charged with diethylmethylphosphonate (33 mmol, 5.02 g) in dry THF
(90 mL). At-78 C, a 1.6 M n-BuLi/hexane-solution (36.3 mmol, 22.7 mL) was slowly added and
the solution was stirred for 1 h. After addition of 1.0 equiv of benzonitrile (33 mmol, 3.41 g),
stirring was continued for 15 min at this temperature and further 2 h at 0 °C. After quenching the
reaction with water (25 mL), the mixture was evaporated on a rotavapor to remove the THF. The
aqueous residue was extracted with dichloromethane (330 mL), the combined extracts were
dried (Na2SO.), and concentrated to yield 1a as a pale yellow oil (88%), The physical data were

identical in all respect to those previously reported.[

1. General procedure for asymmetric hydrogenation of compound 1

A stock solution was made by mixing [Rh(cod):]BFs with ligand in a 1:1.1 molar ratio in
TFE at room temperature for 30 min in a nitrogen-filled glovebox. An aliquot of the catalyst
solution (0.1 mL, 0.001 mmol) was transferred by syringe into the vials charged with different
substrates (0.1 mmol for each) in anhydrous TFE (0.9 mL). The vials were subsequently
transferred into an autoclave into which hydrogen gas was charged. The reaction was then stirred

under Hz (40 atm) at 40 °C for 20 h. The hydrogen gas was released carefully. The solution was
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concentrated and passed through a short column of silica gel (eluant: EA) to remove the metal
complex. The ee values of all compounds were determined by HPLC analysis of the

corresponding benzamide.

Diethyl 2-amino-2-phenylethylphosphonate 1a

NH, 9
P(OEt),

Colorless oil; 86% ee; [a]p?® = -2.9 (¢ = 1, CH,Cl,); The enantiomeric excess was determined
by HPLC analysis of the corresponding benzamide, Chiralpak OD-H column, hexane: isopropanol
=90:10; flow rate = 1.0 mL/min; UV detection at 210 nm; tg = 11.1 min (minor), 17.1 min (major).
'H NMR (400 MHz, CDCls) 6= 7.39-7.28 (m, 5H), 4.44-4.38 (m, 1H), 4.12-4.04 (m, 4H),
2.18-2.11 (m, 4H), 1.32-1.28 (m, 6H); 3C NMR (101 MHz, CDCls) § = 145.3 (d, J = 26.3 Hz),
128.7, 127.5, 126.2, 61.8 (t, J = 6.1 Hz), 51.2 (d, J = 4.0 Hz), 35.9 (d, J = 137.4 Hz), 16.4 (d, J =
6.1 Hz); P NMR (161.7 MHz, CDCls) 8 = 29.2. ESI-HRMS Calculated for Ci,H21NO3sP*

(IM+HT"): 258.1259, found 258.1254.

Diethyl 2-amino-2-p-tolylethylphosphonate 1b

NH, O

/@/'V P(OEt),

Colorless oil; 86% ee; [a]p?® = -0.4 (¢ = 1, CH,Cl,); The enantiomeric excess was determined
by HPLC analysis of the corresponding benzamide, Chiralpak OD-H column, hexane: isopropanol
= 80:20; flow rate = 1.0 mL/min; UV detection at 210 nm; tg = 5.4 min (minor), 9.8 min (major).
IH NMR (400 MHz, CDCls) & = 7.28-7.26 (m, 2H), 7.15 (d, J = 8.0 Hz, 2H), 4.41-4.35 (m, 1H),
4.12-4.05 (m, 4H), 2.33 (s, 3H), 2.17-2.05 (m, 4H), 1.33-1.29 (m, 6H); 3C NMR (101 MHz,
CDCl3) 6 = 1425 (d, J = 16.2 Hz), 137.1, 129.3, 126.0, 61.7 (t, J = 7.1 Hz), 50.9 (d, J = 3.0 Hz),
36.0 (d, J = 136.4 Hz), 21.1, 16,5 (d, J = 6.1 Hz); 3P NMR (161.7 MHz, CDCls) & = 29.4.

ESI-HRMS Calculated for C1sH2sNOsP* ([M+H]*): 272.1416, found 272.1412.



Diethyl 2-amino-2-m-tolylethylphosphonate 1c

NH, IOI
P(OEt),

Colorless oil; 86% ee; [a]p?® = -2.4 (¢ = 1, CH,Cl,); The enantiomeric excess was determined
by HPLC analysis of the corresponding benzamide, Chiralpak OD-H column, hexane: isopropanol
= 90:10; flow rate = 1.0 mL/min; UV detection at 210 nm; tr = 9.5 min (minor), 16.8 min (major).
'H NMR (400 MHz, CDCls) 6 = 7.27-7.18 (m, 3H), 7.09-7.07 (m, 1H), 4.41-4.35 (m, 1H),
4.13-4.05 (m, 4H), 2.35 (s, 3H), 2.18-2.09 (m, 4H), 1.31 (t, J = 7.2 Hz, 3H); 3C NMR (101 MHz,
CDCls) & = 145.3 (d, J = 16.2 Hz), 138.3, 128.6, 128.2, 126.8, 123.2, 61.7 (t, J = 7.1 Hz), 51.1 (d,
J=2.0Hz),35.9 (d, J = 136.4 Hz), 21.5, 16.5 (d, J = 6.1 Hz); *'P NMR (161.7 MHz, CDCl3) § =

29.4. ESI-HRMS Calculated for C13HzsNOsP* ([M+H]*): 272.1416, found 272.1411.

Diethyl 2-amino-2-(4-methoxyphenyl)ethylphosphonate 1d
NH, O

P(OEt),
~o

Colorless oil; 86% ee; [a]p?® = 6.0 (c = 1, CH,Cl,); The enantiomeric excess was determined
by HPLC analysis of the corresponding benzamide, Chiralpak OD-H column, hexane: isopropanol
= 80:20; flow rate = 1.0 mL/min; UV detection at 210 nm; tg = 8.0 min (minor), 13.4 min (major).
'H NMR (400 MHz, CDCl3) 6 = 7.31 (d, J = 8.4 Hz, 2H), 6.88 (d, J = 8.8 Hz, 2H), 5.09-5.04 (m,
1H), 4.16-4.07 (m, 4H), 3.8 (s, 1H), 2.25-2.14 (m, 3H), 1.36-1.29 (m, 6H); **C NMR (101 MHz,
CDCl3) 6 =129.4, 127.5, 127.2, 113.9, 74.0, 72.1, 61.1 (d, J = 5.1 Hz), 55.4, 16.5 (d, J = 7.1 Hz);
31p NMR(161.7 MHz, CDCls) & = 26.3. ESI-HRMS Calculated for CisHzsNOP* ([M+H]"):

288.1365, found 288.1360.

Diethyl 2-amino-2-(3-methoxyphenyl)ethylphosphonate 1e

NH, O
o) P(OEt),

Colorless oil; 85% ee; [a]p?® = -3.7 (¢ = 1, CH,Cl,); The enantiomeric excess was determined
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by HPLC analysis of the corresponding benzamide, Chiralpak OD-H column, hexane: isopropanol
= 85:15; flow rate = 1.0 mL/min; UV detection at 210 nm; tg = 10.1 min (minor), 21.0 min
(major). *H NMR (400 MHz, CDCls) 6 = 7.27-7.23 (m, 1H), 6.96-6.95 (m, 2H), 6.82-6.79 (m, 1H),
4.42-4.36 (m, 1H), 4.14-4.06 (m, 4H), 3.82 (s, 3H), 2.17-1.98 (m, 4H), 1.34-1.30 (m, 6H); *C
NMR (101 MHz, CDCl3) & = 159.8, 147.2 (d, J = 16.2 Hz), 129.7, 118.4, 113.0, 111.6, 61.8 (t, J =
6.1 Hz), 55.3, 51.2 (d, J = 4.0 Hz), 36.0 (d, J = 137.4 Hz), 16.5 (d, J = 6.1 Hz); *'P NMR(161.7
MHz, CDCI3) 8 = 29.3. ESI-HRMS Calculated for Ci3H2sNO4P* ([M+H]*): 288.1365, found

288.1359.

Diethyl 2-amino-2-(4-fluorophenyl)ethylphosphonate 1f

NH, O
P(OEt),

Colorless oil; 80% ee; [a]p?® = -3.1 (¢ = 1, CH,Cl,); The enantiomeric excess was determined
by HPLC analysis of the corresponding benzamide, Chiralpak OD-H column, hexane: isopropanol
= 90:10; flow rate = 1.0 mL/min; UV detection at 210 nm; tr = 10.6 min (minor), 16.8 min
(major). *H NMR (400 MHz, CDCl3) & = 7.38-7.35 (m, 2H), 7.04-7.00 (m, 2H), 4.44-4.38 (m, 1H),
4.16-4.04 (m, 4H), 2.19-2.04 (m, 4H), 1.33-1.29 (m, 6H); 3C NMR (101 MHz, CDCls) 6 = 162.0
(d, J =246.4 Hz), 127.8 (d, J = 8.1 Hz), 127.2 (d, J = 8.1 Hz), 115.4 (d, J = 21.2 Hz), 61.8 (t, J =
6.1 Hz), 50.6 (d, J = 4.0 Hz), 36.0 (d, J = 138.4 Hz), 16.4 (d, J = 4.0 Hz); *'P NMR(161.7 MHz,

CDCls) 6 = 28.9. ESI-HRMS Calculated for C12H20FNOsP* ([M+H]*): 276.1165, found 276.1162.

Diethyl 2-amino-2-(3-chlorophenyl)ethylphosphonate 1g

NHz O
cl P(OEt),

Yellow oil; 85% ee; [a]p?® = -3.6 (¢ = 1, CH,Cl,); The enantiomeric excess was determined
by HPLC analysis of the corresponding benzamide, Chiralpak OD-H column, hexane: isopropanol
= 90:10; flow rate = 1.0 mL/min; UV detection at 210 nm; tg = 10.3 min (minor), 16.2 min

(major). '"H NMR (400 MHz, CDCls) &= 7.41 (s, 1H), 7.28-7.24 (m, 3H), 4.43-4.37 (m, 1H),



4.13-4.04 (M, 4H), 2.15-2.08 (m, 4H), 1.33-1.29 (m, 6H); 3C NMR (101 MHz, CDCls) § = 147.3
(d, J = 16.2 Hz), 134.4, 130.0, 127.6, 126.5, 124.5, 61.9 (t, J = 6.1 Hz), 50.9 (d, J = 4.0 Hz), 35.8
(d, J = 138.4 Hz), 16.4 (g, J = 4.0 Hz); 3P NMR (161.7 MHz, CDCls) & = 28.6. ESI-HRMS

Calculated for C12H20CINOsP* ([M+H]*): 292.0869, found 292.0868.

Diethyl 2-amino-2-(3-bromophenyl)ethylphosphonate 1h

NH, (l.l)

Br P(OEt),

Yellow oil; 84% ee; [a]o® = -3.6 (¢ = 1, CH,Cl,); The enantiomeric excess was determined
by HPLC analysis of the corresponding benzamide, Chiralpak OD-H column, hexane: isopropanol
= 80:20; flow rate = 1.0 mL/min; UV detection at 210 nm; tg = 5.9 min (minor), 7.9 min (major).
IH NMR (400 MHz, CDCls) & = 7.56 (s, 1H), 7.39 (d, J = 8.0 Hz, 1H), 7.32 (d, J = 8.0 Hz, 1H),
7.21 (dd, J = 8.0 Hz, 8.0 Hz, 1H), 4.41-4.35 (m, 1H), 4.13-4.05 (m, 4H), 2.14-2.00 (m, 4H),
1.33-1.29 (m, 6H); **C NMR (101 MHz, CDCls) & = 147.7 (d, J = 16.2 Hz), 130.6, 130.3, 129.4,
124.9,122.7,61.8 (t, J = 6.1 Hz), 50.8 (d, J = 4.0 Hz), 35.9 (d, J = 138.4 Hz), 16.4 (q, J = 4.0 Hz);
31p NMR (161.7 MHz, CDCls) § = 28.6. ESI-HRMS Calculated for C12H20BrNOsP* ([M+H]*):

336.0364, found 336.0354.

Reference
[1] R. Kadyrov, J. Holz, B. Sch&fner, O. Zayas, J. Almena, A. B&ner, Tetrahedron: Asymmetry

2008, 19, 1189-1192.



IV. NMR spectra
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V. HPLC spectra

Data File E:ZDATAYZMYEM-3-110%ZM-3-110 2015-12-22 18-37-24,005-0701.D
Sample Name: zm-3-70

Leoog., Operator I SYSTEM Seq. Line : 7
Leog, Instrument : 1260HPLC-DAD Location : ¥Wial §
Injection Date : 12/22/2015 8:23:59 FH Inj : 1
Inj Volume : 5.000 npl
Ao, Method : E:\DATAYZM\ZM-3-110%ZM-3-110 2015-12-22 15-37-Z4\DAD-0D (1-2)-90-10-1ML-
254NM-ZEMIN. M
Last changed D l2/242/2005 B 5204l PH by SYSTEM

Analysiz Method @ E:ZDATAYEZMNVZM-3-110%ZM-3-110 2015-12-22 18-37-245\DAD-0D (1-2)-90-10-1ML-
Z5ANM-25MIN. M (Sequence Method)

Last changed D 3/9/2016 10:02:09 PM by SYISTEM
(modified after loading)

Additional Info : Peak(s3) manually integrated

DADT C, Sigrz10,4 R ef= off [ EDATAZME N 31 10 Zh43- 110 2015- 12-22 16-37- 2005 070107
mall o
200 4
1a NH2 (@)
150 1l @
P(OEt), ¥
2
100 4 rac
a0
0 : T
T T T T T T T
3 10 12 14 16 1 0

Sorted By H Signal
Multiplier H l.0000
Dilution : l.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: DADL C, 5ig=210,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mdlT*=] [malT ] %
=== === |====]=====-= | === | === === l-==----= |
1 11.01Z BB 0.5593 8559.85449 233.71532 50.3907
Z 17.558 BB 0.9671 8427.10449 123.55019 49,6093

Totals : 1.69870e4d 357.36551

#%#% End of Report %%

1Z60HPLC-DAD 37972016 10:02:24 PM SYTITEM Fage 1 of 1
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Data File E:4\DATAYZMYZM-3-110%2M-3-110 2015-12-22 15-37-24\006-0501.DT
Sample Name: zm-3-110-2

Acg., Operator : SYSTEM Zeqg. Line : g
Ao, Instrument : 1Z60HPLC-DAD Location : Vial &
Injection Date : 12/22/2015 §:49:53 PM Inj : 1
Irnj Volume : 5.000 npl
Acg, Method : E:ZDATANZMYZM-3-110%2M-3-110 2015-12-22 18-37-244DAD-0D (1-2)-90-10-1ML-
Z54ANM-Z5MIN. M
Last changed P 1242242015 652041 PM by SYATEM

Analwysis Method : E:\DATANZMY,ZM-3-110%ZM-3-110 2015-12-22 18-37-244DAD-0D (1-2)-50-10-1ML-
Z54NM-2Z5MIN. M (Sequence Method

Last changed 1 3/9/2016 10:02:059 PM by SY3TEM
(modified after loading)

Additional Info : Peak(s) manually integrated

DADT C, Sigr2 10,4 Ref=off { EADA TAZMENE 31102t 3- 110 2015-12-22 18-37- 2006 0201 0
mald 2
00

350 1

200 o

NH, O
260 ] P(OEt),

200+
1a

1480 7

min

Sorted By H Signal
Multiplier H l.000a
Dilution : 1.000a0
Do not use Multiplier & Dilution Factor with I3TDs
Fignal 1l: DADL1 C, 3ig=210,4 Ref=off
Peak RetTime Type Width Area Height Area

# [min] [min] [mal*s] [walr] %
=== | ====l======= |- | === |======- |

1l 11.085 BE 0.5471 2132.45703 57.70398 7.1136

Z 17.11% BE 0.9731 2.78446e4 405.56952 92,5864
Totals : 2.99771ed 46627350

*%% End of Report ***
1260HPLC-DAD 3/9/72016 10:03:51 PM SYRTEM Page 1 of 1
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Data File E:\DATAYZMYZM-3-110%ZM-3-110 2015-12Z2-22 18-37-24\,003-0401.D
SJample Name: zw-3-87-2

Acg. Operator : AYLITEM Seq. Line : 4
hcg. Instrument : 1260HPLC-DAD Location : Wial 3
Injection Date @ 12/22/2015 7:31:02 PM Inj : 1

Inj ¥Wolume : 5.000 ul

Acg. Method : E:ANDATANEMYEM-3-110%2M-3-110 2015-12-22 13-37-24%DAD-0DH(1-2)-80-20-1ML-

ZEANM-Z0MIN.M
Last changed t 1242272015 6:37:25 PM by 3Y3ITEM

Analysis Method : E:\DATAYEMYEM-3-110%2M-3-110 2015-12-22 13-37-244DAD-0DH(1-2)-80-20-1ML-

254NM-20MIN. N (Sequence Method
Last changed To3S9/2016 10:06:09 PM by SYSTEM

jmodified after loading)
Additional Info : Peakis) mamually integrated

DADT C. Sig-210.8 Refoff [ EDATAZMZM 31102k 2-110 2015-12-22 1837 2003 0901.0)
mal b

380

300 ] NH, O
P(OE),

2480 4

rac 1b
200

a.aa4

180

100

Sorted By H S3ignal
Multiplier H 1.0000
Dilution : L.000o

Do not use Multiplier & Dilution Factor with ISTDs

Signal l: DADL C, Sig=210,4 Ref=off

Peak RetTime Type TWidth Area Height Area
# [min] [min] [wmdT*=] [ mdTr] %
e [ e |======— | === |-====—-=
1 L.394 EE 0.2466 5951.14404 3659.98022 50,4152

2 9.934 BB 0.5510 58&2.63066 152.86333 49,5545

Totals : 1. 15633ed S5Z2.84355

*#*%*%* End of Report *+%

1Z60HPLC-DAD 37972016 10:06:17 PM ST3TEHN
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Data File E:\DATAVZMYEM-3-110%EM-3-110 2015-12-22 18-37-24,004-0501.T

SGample Nawme: zm-3-110-4

SYSTEN
1260HPLC-DAD

Operator
Instrument :
Injection Date

Aeog., Method
254NM-Z0MIN. M

l2/22/2015 7:51: 57 PH

Line : a5
Wial 4
Inj : 1

Jeq.
Location :

Inj Volume S.000 pl

: E:A\DATAYZMYEM-3-110%EM-3-110 2015-12-22 18-37-24\DAD-0DH(1-Z) -850-20-1ML-

Last changed 1272242015 0:37:25 PN by SYSTEM
Analwzis Method
Z54NM-20MIN. M (Sequence Method
3/9/2016 10:06:09 PM by SYSTEM
jmodified after loading)

Peak (2) manually integrated

Last changed

Additional Info

E:\DATAYZMYEM-3-110%ZM-3-110 2015-12-22 18-37-24\DAD-0DH(1-2) -50-20-1ML-

LADRA C, Sige210,4 Ref=off (EADATAZ W0 31 10020 23110 2045 12-22 18-37- 2004 0501.00)
meal ] g
NH, O
400 I
P(OEt),
300 1b
200 4
100 4 w
o : . T
T T T T
& s} g 10 12 min
Area Percent Report
Zorted By Figmal
Multiplier 1. 0000
Dilution : 1.0000
Do not use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD] C, 5ig=210,4 Ref=off
Feak RetTime Type Width Area Height Area
# [nin] [min] [mal*=] [mi] %
il el l-=--]------ === | === |=======-
1 5.408 VB 0.2459 14185, 32785 gg.042z24 7.0314
2 9.826 BE 0.5740 1.87531e4 497.26898 92,9686
Totals 2.01714e4 585.31123

*##% End of Feport #%%

1Z260HFLC-DAD 37972016 10:05:00 PM S¥3TEM

Page 1 of 1
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Data File E:\DATANZM\ZM-3-110%2ZM-3-110 2015-12-22 18-37-24,003-1001.D

Sample Name: zm-3-110-6
Acg. Operator STLTEM Seq. Line @ 10
hcg. Instrument : 1260HPLC-DAD Location : Wial &
Injection Date 12/22/2015 9:41:41 FH Inj : 1
Inj Wolume L.000 nl

oo, Method

Last changed
Analysis Method :

Last changed

Additional Info

: EXANDATANEMYEM-3-110%2M-3-110 2015-12-22 13-37-244DAD-0D (1-2)-%0-10-1ML-

Z54NM-Z5MIN. 0

1272272015 6:52:41 PM by SYSTEM

E:4DATANEMYEZM-53-110%2M-3-110 2015-12-22 15-37-24\DAD-0D(1-2)-90-10-1ML-
254NM-25MIN. N (Sequence Method

34972006 10:20:57 PM by SVSTEM

jmodified after loading)

Peak i3] mamually integrated

DADT C. Sig-210.8 Refoff [ EDATAZMZM 31102k 2-110 2015-12-22 1837 2008 1001.0)
mal e
280
NH, O
200 2 5
P(OEt),
180 1c
100 4
o
oy
o
a0 4
o T T —_
T T T T T T T
5 75 10 125 15 75 20 ks min

Sorted By

Multiplier
Dilution

S3ignal
1l.0000
Ll.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: DADL C,

Peak RetTime Type
# [min]

1 9.489 EE
2 16.776 BB

$ig=210,4 Ref=off

Width Area Height Area
[min] [wmdT*=] [ mdTr] %
e [ e |======— | === |-====—-=
0.4840 1700, 77222 L3.91608 7.1188
1.0736 2, 21905e4 282.75879 92,8812
Z,3891%e4 336.67487

Totals

1Z60HPLC-DAD 37972016

*#*%*%* End of Report *+%

10:21:03 FPH STITEM Page 1 of 1
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Data File E:%DATAYZMYZM-3-110%ZM-3-110 2015-12-22 18-37-24,001-0201.D
Sample MNawe: zm-3-103-1

Leg. Operator : SYSTEM Seqg. Line : 2
Acqg. Instrument : l1Z60HPLC-DAD Location : Vial 1
Injection Date : 12/22/2015 6:49:15 PH Inj : 1
Inj Volume : 5.000 pl
Acg., Method : E:NDATANZMNVZM-3-11002M-3-110 2015-12-22 15-37-24Z\DAD-0DH(1-2) -830-20-1ML-
Z254NM-Z0MIN. M
Last changed : 1272272015 6:37:25 PH by 3YSTEHN

Analysis Method : E:3\DATAYEMYEM-3-110%2ZM-3-110 2015-12-22 15-37-24\DAD-0DH(1-Z2)-50-20-1ML-
Z54NM-Z20MIN.M (Sequence Method

Last changed 1 3/9/2016 10:22:33 PM by STSTEM
(modified after loading)

Additional Info : Peak(s) manually integrated

DAD1 C, Sige210,4 Ret=off [ EMDATAZWMEW 31 100 3- 110 2015-12-22 1837-20001-0201.09
mall )
250 1

200 ] NH, O
P(OEt),

g
!
13,355

- rac 1d

Sorted By H Signal
Multiplier H 1.0000
Dilution : 1. 0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: DADL C, Sig=210,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [wmal*=] [mall] %
e e i | —===l-=-==-= |--==————- | --==-=—- |-====== |
1 7.855 BE 0.4462 7445, 05887 Z50.98138 50.3012
Z 13.355 BB 0.8583 7358.89063 124.01797 49,6988

Totals : 1.43070e4 374.999368

*#*% End of Report #*%

1260HPLC-DAD 37972016 10:22:37 PH SYV3TEM Page 1 of 1
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Data File E:\DATa\EM\ZM-3-110%EM-3-110 2015-12-22 18-37-244002-0301.D
Sample Name: zm-3-110-5

Lcg. Operator : 3Y3TEM Seq. Line : 3
Acg. Instrument : 1Z260HPLC-DAD Location : Wial 2
Injection Date @ 12/22/2015 7:10:09 FM Inj : 1
Inj Volume : 5.000 pl
deg. Method : E:\DATAYZMYEM-3-110%ZM-3-110 2015-12-22 15-37-24\DAD-0DH(1-2)-80-20-1ML-
2Z54NM-Z0MIN. M
Last changed P 12/228/72015 6:37:25 PM by SYSTEM

Analysis Method : E:\DATA\EZM\ZM-3-110%ZM-3-110 2015-12-22 18-37-24\DAD-0DH(1-2)-80-Z0-1ML-
Z54NM-Z20MIN.M (Sequence Method)

Last changed 37972016 10:28:11 PM by SYSTEM
(modified afrer loading)

Additional Info : Peakis) mahually integrated

DAD1 C, Sige210,3 Ref= of [ E DA TAZME M 3110 3-110 2015-12-22 18-37- 20002 0201.0)

el
20

Sorted By H Signal
Multiplier H 1.0000
Dilution H 1.0000
Do not use Maltiplier & Dilution Factor with ISTDs

Signal l: DADL C, 3ig=210,4 Ref=off

Peak RetTime Type Width Area Height Lrea
# [min] [min] [mal*s] [ malr] %

el R e |-—==-=-=-= | === |-====—- |
1 7.96% ER 0.4018 382.85391 12.34669 7.2622
2 13.433 EB 0.8388 4889.02344 82.81379 92.7378

Totals : 5271.87735 95.16045

*#%% End of Report %%

1260HFPLC-DAD 37972016 10:28:158 PM SYSTEM Page 1 of 1
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Data File E:\DATAYZM\ZM-3-117%EM-3-1174 2015-12-30 17-11-01v001-0201.0
Sanple Name: zm-3-115-1

Log. Operator 3YSTEM Feq. Line : z

dcg. Instrument : 1Z60HPLC-DAD Location : Wial 1
Injection Date @ 12/50/2015 5:22:54 PM Inj : 1
Inj Volume : 5.000 nl
bog. Method : E:ZDATANEMYZM-5-11742M-3-1174 Z015-12-30 17-11-01%\DAD-ODH({1-2)-85-15-1HL

-254NM-30MIN. M

Last changed 1 1245072015 5:11:01 PM by RYSTEM

Analysis Method : E:\DATANEMYEM-3-117%EM-3-1174 2015-12-30 17-11-01%DAD-0ODH(1-2)-85-15-1ML
-Z54NM-S0MIN. M (Sequence Method)

Laszt changed D 37972016 9:57:256 PM by 3IYSTEM
[modified after loading)

Additional Info : FPeak(s) mamually integrated

DADA C, Sige210,4 Ref=off ( EADATAZWEW 21 17 2- 1174 20151220 17-11-01'001-0201.0)
mall &
53 -
43 -
4 NH; (H)
_0O P(OEt),
204
]
rac 1e =1
o
107
o4
10
j e S
T T T T T T T T
153 it} 12 14 iLs] 12 20 2 24 min
4rea FPercent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Do not use Maltiplier ¢ Dilution Factor with ISTDs
Signal 1: DADL C, S5ig=210,4 Ref=off
Feak FetTime Type Width Area Height Area
# [min] [min] [mal*s] [mATr] %
il bt | =—==l=====-= |====————=- | === |====-=-=
1 10.08Z BB 0.5721 2460, 22412 64.34605 51.8280
2 2l.200 BB 1.0543 2286, 67407 25.79405% 45,1720
Totals : 4746, 59519 90,14017
#%*% End of Report #%%
1ZA0HPLC-DAD 3/9/2016 9:57:31 PM BY3TEM Page 1 of 1
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Data File E:\DATAN\EMYWEZM-3-117%EM-3-1174 2015-12-30 17-11-01%00&2-0301.0
Sample Name: zm-3-117-2

. eg. Line 3
Leog., Instrument @ 1260HPLC-DAD Location Vial 2
Injection Date : 12/30/2015 5:53:45 PM Inj : 1
Inj Voluwme : 5.000 pul
Leog., Method : E:NDATANZMYZM-3-1174EM-3-1174 2015-12-30 17-11-01\DAD-0DH{1l-2)-585-15-1ML
-254NM-30MIN. M
Last changed 1273042015 5:11:01 PM by SYSTEM

Analysis Method @ E:WDATANZMNEM-3-117%EM-3-1174 2015-12-30 17-11-01%DAD-0ODH(1-2)-85-15-1HL
-254NM-30MIN. M [ Sequence Method)
Last changed To3/9/2016 9:57:28 M by SYSTEM
jmodified after loadindg)
Additional Info : Peak(s) mamually integrated
DADT C, Sige210,4 Ref=off ( E\DATAZMEZM 3 117Z03- 1174 20151230 17-11-01'002-0801 .07
med) ] 5

NH, O
=3 o) P(OEt),

10,125

] A0 1z 14 A5 12 i 22 24 min

Sorted By H Signal
Multiplier H 1.0000
Dilution : 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal l: DAD]1 C, Sig=210,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [win] [malT*s] [miIr] %

1l 10.135 EB 0.4965 509.63158 12.745389 7.9712
Z Z1.033 BB 1.0553 5883.81152 66.3019% 92,0288

Totals = 6393, 44312 79.047389

1Z60HPLC-DAD 379/2016 9:53:39 PM JV3TEM Page 1 of 1
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Data File E:\DATA\EMYWEM-3-104%EM-3-104 =2015-12-11 19-53-00%079-1101.T
Sample Nawme: ZM-3-103-2

bLog. Operator 1 3YSTEM 3

eq.
Leog., Instrument @ 1260HPLC-DAD Location Vial 79
Injection Date : 1271172015 11:08::24 PH Inj : 1
Inj Voluwme : 5.000 pul
Leog., Method : E:NDATANZMYZM-3-104%EM-3-104 2015-12-11 19-55-00%DAD-0D (1-2)-90-10-1ML -
2 54NM-Z5MIN. K
Last changed t 1271172015 8:19:08 PM by SYSTEM

Analysis Method @ E:WDATANZMA\EM-3-104%ZM-3-104 2015-12-11 159-53-00NDAD-0D (1-2)-90-10-1HML-
Z254NM-25MIN. M (Sequence Method)

Last changed To3/9/2016 10:34:22 M by 3YSTEM
jmodified after loadindg)

Additional Info : Peak(s) mamually integrated

DAl C, Sigr210,4 Ref=off (EADATACME W 2 1002 104 2018-12-11 1858 00I7S- 1101.07
mad) L
NH, O
200 1
P(OEt),
175 1
1f
150 4 F rac
P
125 §
100
754
50
25
a4 L : .
T T T T T T T
10 12 14 16 12 =0
Area Percent Report
Sorted By H Signal
Multiplier H 1.0000
Dilution : 1.0000
Do not use Multiplier & Dilution Factor with ISTDs
Signal 1: DADL C, Sig=210,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [win] [malT*s] [ malr] %
el Bl el el Dl Bl b |
1l 10.525 BB 0.5357 7905,39795  224.0285% 50,3227
2 17.047 BB 1.0191 7504, 01709 111.98026 49,6773
Totals 1.57094e4 336.003856
*%*% End of Report *+*
1260HPLC-DAD 3/9/2016 10:34:24 PM STYSTEM Page 1 of 1
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Data File E:\DATA\EMYWEM-3-104%EM-3-104 =2015-12-11 19-53-00N080-1201.T
Sample Nawme: ZM-3-104-2

bLog. Operator 1 3YSTEM 3

eq.
Leog., Instrument @ 1260HPLC-DAD Location Vial §0
Injection Date : 1271172015 11:34:20 PH Inj : 1
Inj Voluwme : 5.000 pul
Leog., Method : E:NDATANZMYZM-3-104%EM-3-104 2015-12-11 19-55-00%DAD-0D (1-2)-90-10-1ML -
2 54NM-Z5MIN. K
Last changed t 1271172015 8:19:08 PM by SYSTEM

Analysis Method @ E:WDATANZMA\EM-3-104%ZM-3-104 2015-12-11 159-53-00NDAD-0D (1-2)-90-10-1HML-
Z254NM-25MIN. M (Sequence Method)

Last changed To3/9/2016 10:34:22 M by 3YSTEM
jmodified after loadindg)

Additional Info : Peak(s) mamually integrated

DAl C, Sigr210,4 Ref=off (EADATAZME W 2 10402 104 2018-12-11 1858 00220 1201.07
mal 2
200

125 1 NH; O

P(OEt),

105397

Sorted By H Signal
Multiplier H 1.0000
Dilution : 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal l: DADL C, Sig=210,4 Ref=aoff

Peak RetTime Type Width Area Height Area
# [min] [win] [malT*s] [miIr] %
el Bl el el Dl Bl b |

1 10.597 BB 0.5266 1572, 52502 45.57267 10,0066

2 16.813 BB 1.0202 1.41423e4 205.16388 8§9.9934
Totals : 1.57148:4 250.73655
*%*% End of Report *+*

1Z60HPLC-DAD 37972016 10:35:30 PM JTSTEM Page 1 of 1
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Data File E:\DATANZMYEIM-3-1174ZM-3-1174 2015-12-30 17-11-014003-0701.D
Sample Name: =n-3-115-2

bLcg. Operator 1 3YSTEM Seg. Line : 7
Acg, Instrument : 1260HPLC-DAD Location : Wial
Injection Date @ 1273072015 7:27:35 PM Inj : L

Inj Wolume : S5.000 pl

Aoy, Method  E:A\DATANEMNZM-53-117%2M-3-1174 2015-12-30 17-11-01%DAD-0D(1-2)-90-10-1ML-

ZEANM-ZEMIN. M
Last changed : 12/30/2015 5:11:02 PM by 3YSITEN

Analysis Method : E:\DATAYZM\ZM-3-117%Y2ZM-3-1174 2015-12-30 17-11-01%D&D-0DH(1-2)-55-15-1HML

-254NM-30MIN. M (Seguence Method)
Lazt changed T 37972016 9:46:37 PM by SYSTEM

(modified after loading)
Additional Info : Peak(s) manually integrated

DAD1 G, SigE210,4 Ref=off (EADATAZWMEM 3 117 3- 1174 2015 12230 17-11-01'003-0701 .09
meall
o ]
NH, O
B0 4 I @
cl P(OEt), g
@
. rac 1g
.
o .
T T T T T
10 12 14 16 18 a0 min

Sorted By H Signal
Multiplier H 1.0000
Dilution : 1.0000

Do not use Multiplier & Dilution Factor with I3TDs

Signal 1: DADL C, 3ig=210,4 Ref=off

Peak FetTimne Type Width Area Height Lrea
# [min] [min] [wdl*=] [ malr] %
e |-—-=l-=----- | === | === === |-====--- |
1l 11.452 EE 0.5909 3551. 05447 91.43313 50.63581
2 18.375 EBE 0.8841 3490.65594 48.13045 49, 36089

Totals : 7071.77441  139.56358

**#*% End of Report **%

1Z60HPLC-DAD 3/9/2016 S:46:41 PM 3T3ITEM
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Data File E:\DATANZMNZM-3-1174EM-3-1174 2015-12-30 17-11-01%004-0801.D
Sanple Name: zm-3-117-4

Loy, Operator . SYITEM Jeq. Line : g
bLog. Instrument : 1Z60HPLC-DAD Location : ¥Wial 4
Injection Date : 1l2/30/2015 7:53:30 FH Inj : 1
Inj Wolume : 5.000 ul
Acog. Method 1 E:NDATANEM,EZM-3-117%EM-3-1174 2015-12-30 17-11-01N\DAD-0D(1-Z2)-90-10-1ML-
254NM-25MIN. M
Last changed 1 1273072015 5:11:02 FPM by SYSTEM

Analysis Method @ E:\DATAVZM,ZM-3-117%ZM-3-1174& 2015-12-30 17-11-014DAD-0D(1-2)-90-10-1ML-
Z54NM-Z25MIN. M (Sequence Method)

Last changed : 3/9/2016 9:55:50 M by SYSTEM
[modified after loading)

Additiconal Info @ Peak(z) marmually integrated

DAD C, Sige210,4 Ret=off  EAD A TAZWZ R 2117 E0 3- 1174 20151230 17-11-01004-0201 .00

sl b=}
a0
0
NH, E?
I P(OEt
. C (OEt),
19
204
m
&
0 2
-Z‘D-\'/L —_—
T T T T T T
g A0 12 14 i[5} 12 20
Area Percent Report
Sorted By : Fignal
Multiplier : 1. 0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTDs

Sigmal l: DADL C, Sig=210,4 Ref=off

Peak FetTime Type Width Area Height Area
# [min] [min] [mal*=] [ mam] %

1l 10.313 EBE 0.4668 540, 383594 15.28706 7.6511
2 16.206 EBE 0.8555 6527.89950 106.74691 92,3489

Totals : 7065, 73584 12Z2.03397

*##% End of Report #+%

1Z60HPLC-DAD 3/9/2016 9:55:53 PM S¥3TEM Page 1 of 1
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Data File E:\DATA\EMYWEM-3-104%EM-3-104 2015-12-11 19-53-00%071-0201.T0
Sample Nawme: ZM-3-107-1

bLog. Operator 1 3YSTEM 3

eq.
Leog., Instrument @ 1260HPLC-DAD Location Vial 71
Injection Date : 1271172015 §:09:51 PM Inj : 1
Inj Voluwme : 5.000 pul
Leog., Method : E:NDATANZMYZM-3-104%EM-3-104 2015-12-11 19-55-00%DAD-0DH(1-2) -80-20-1ML-
254NM-Z0MIN. K
Last changed r 1271172015 7:58:01 PM by SYSTEM

Analysis Method @ E:WDATANZMAVEZM-3-104NZM-3-104 Z015-12-11 19-58-00%DAD-0DH{1-2) -80-20-1HL-
Z54NM-Z0MIN. M (Sequence Method)

Last changed To3/9/2016 10:30:23 M by 3YSTEM
jmodified after loadindg)

Additional Info : Peak(s) mamually integrated

DAl C, Sige210,4 Ref=off (EADATACMWE W 2 10HE0 2 104 20148-12-11 1858 007 1- 201,00
mal ]
400
g
o] g NH; O
Br P(OEt),
200 4 rac 1h
100+
o T T
T T T T
4 g g 10 12
Area Percent Report
Sorted By H Signal
Multiplier H 1.0000
Dilution : 1.0000
Do not use Multiplier & Dilution Factor with ISTDs
Signal 1: DADL C, Sig=210,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [win] [malT*s] [ malr] %
el Bl el el Dl Bl b |
1 5.995 BB 0.2645 8412, 79590 484.59744 50,0853
2 8.231 BB 0.4423 8380, 79590 287.33026 49,9047
Totals 1.67936e4 7192770
*%*% End of Report *+*
1260HPLC-DAD 3/9/2016 10:30:29 PM SYSTEM Page 1 of 1
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1Z60HPLC-DAD 37972016 10:32:09 PM 3YSTEM

Data File E:\DATAYZMYEM-3-10442M-3-104 2015-12-11 19-55-00%072-0301.0
Sample Nawme: ZM-3-104-10

Log, Operator : SY¥ATEM Geg. Line @ 3
Leog, Instrument @ 1260HPLC-DAD Location : Vial 72
Injection Date @ 1271172015 §:30:45 PM Inj : 1

Inj Volume : 5.000 nl

Acg. Method : E:ZVDATANZMYEM-353-104%2M-53-104 Z015-12-11 19-55-004DAD-0DH(1-2) -80-20-1ML-

Z254NM-Z20MIN. M
Last changed : 1241142015 7:558:01 PM by 3Y3TEM

Analysis Method : E:\DATANZMYZM-3-104%EM-3-104 2015-12-11 15-53-004DAD-0DH(1-2)-80-20-1ML-

Z5HANM-ZO0MIN. M (Sequence Method)
Last changed : 37972016 10:30:23 PH by SYSTEM

[modified after loading)
4dditional Info : Peak (3] marmally integrated

DAD C, Sige210,4 Ref=off (EXDATAZ W 2 10HZ03- 104 2015-12-11 18-55 00T 2 0230 1.00
mall b}
800+
700+
G007
NH, O
500 1
Br P(OEt),
400
1h
300+
2007 o
&
w
o AN
0 T
T T T T
3 5] =] 10 12 min

Sorted By : Sigmal
Multiplier : 1.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTDs

Signal l: DADL C, $ig=210,4 Ref=off

Peak RetTiwme Type Width Area Height Area
# [win] [min] [mdT*5] [ malr] %
== | —===l======- |-=—=--———- | === | === |
1 5.942 BB 0.2704 2096, 56982 118.51779 g.1294
2 7.595 BB 0.4227 2,36935e4 851.21429 91.58706

Totals : Z.57901e4 969.73209

%% End of Report #%%F
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