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A. HPLC Chromatograms of the Michael Reaction Products

Enantiomeric excesses were successfully assessed for major diastereomers of all products (as shown in
table 2 in the article). Attempts were made to assess the ee values for minor diastereomers in cases

where dr value was lower than 3:1; however in isolated examples were unsuccessful.

(2S,3S)-Ethyl 2-fluoro-2,4-dinitro-3-phenylbutanoate (3a)

Diastereomers of the chiral product were separated. Initial attempts to resolve the enantiomers of the
minor diastereomer on HPLC were unsuccessful and not continued.
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Detector A 254nm
Peak# Ret. Time Area%
1 17.491 98.329
2| 20.251 1.671
Total 100.000




(2S,3S)-1Isopropyl 3-(3-bromophenyl)-2-fluoro-2,4-dinitrobutanoate (3b)

Diastereomers of the chiral and racemic products were separated. Initial attempts to resolve the

enantiomers of the minor diastereomer on HPLC were unsuccessful and not continued.

Major diastereomer, racemate (3b)

100—_ Racemic Detector A 254nm|
75
1 2
1 @
4 lr\ﬂ‘l 2
1 ~
50-| A @
.t \
i | || \
25— | II
g || I|I
1 . ) )
i . 1 — T — 1 T
10.0 12.5 15.0 17.5 20.0
min
<Peak Table>
Detector A 254nm
Peak# Ret. Time| Area%
1 9.984 50.301
2 16.728 49.699
| Totall 100.000
Major diastereomer, chiral (3b)
1 Cchiral g Detector A 254nm
1 ira S
1 |
150 fl l\
| |
100-] || \
| || \
50 [
1 § o
J R |
b |
b ."lk I'I k
ot —=
- 1CI'.D - 1?15 I ‘Iﬁl.D ‘I?I5 I 20.0 I
min
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Detector A 254nm
Peak# Ret. Time Area%
1 9.226 7.065
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(2S,3S)-Ethyl 2-fluoro-3-(naphthalen-2-yl)-2,4-dinitrobutanoate (3c)

Diastereomers of the chiral and racemic products were separated. Initial attempts to resolve the

enantiomers of the minor diastereomer on HPLC were unsuccessful and not continued.

Major diastereomer, racemate (3c)
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(2S,3S)-Ethyl 2-fluoro-2,4-dinitro-3-(4-(trifluoromethyl)phenyl)butanoate (3d)

Diastereomers of the chiral product were separated. Initial attempts to resolve the enantiomers of the

minor diastereomer on HPLC were unsuccessful and not continued.

Racemic mixture of diastereomers
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<Peak Table>

Detector A 254nm
Peak# Ret. Time Area%

1 11.213 49.905

2 24138 50.095

Total 100.000

Major diastereomer ((2S,3S), (3d)
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Detector A 254nm
Peak# Ret. Time| Area%
1 12.977 98.012
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(2S,3S)-Ethyl 2-fluoro-2,4-dinitro-3-(p-tolyl)butanoate (3e)

Diastereomers of the chiral and racemic products were separated. Initial attempts to resolve the
enantiomers of the minor diastereomer on HPLC were unsuccessful and not continued.

Major diastereomer, racemate (3e)
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(2S,3S)-Ethyl 3-(3-bromophenyl)-2-fluoro-2,4-dinitrobutanoate (3f)

Diastereomers of the chiral product were separated.

Racemic mixture of diastereomers
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(2S,3S)-Ethyl 2-fluoro-3-(2-fluorophenyl)-2,4-dinitrobutanoate (3g)

Diastereomers were separated in the chiral sample. Resolution on HPLC of enantiomers of both

diastereomers was achieved.
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Racemic mixture of diastereomers
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(2S,3S)-Ethyl 3-(3,4-dichlorophenyl)-2-fluoro-2,4-dinitrobutanoate (3h)

Resolution on HPLC of enantiomers of both diastereomers was achieved. The diastereomers were

separated prior to analysis.

Major diastereomer, racemate (3h)
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Minor diastereomer, racemate (3h’)
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(2S,3S)-Ethyl 3-(3,4-dimethoxyphenyl)-2-fluoro-2,4-dinitrobutanoate (3i)

Diastereomers of the chiral and racemic products could not be fully separated. Attempts to resolve the
enantiomers of the minor diastereomer on HPLC were unsuccessful. Major diastereomer was identified
based on comparison of intensities of light absorption between racemic sample and enantio- and

diastereo-enriched sample.
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(2S,3S)-Ethyl 3-(3,5-diflucrophenyl)-2-fluoro-2,4-dinitrobutanoate (3j)

Diastereomers of the chiral and racemic products were separated. Initial attempts to resolve the
enantiomers of the minor diastereomer on HPLC were unsuccessful.

Major diastereomer, racemate (3j)
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(2S,3R)-Ethyl 2-fluoro-3-(furan-2-yl)-2,4-dinitrobutanoate (3K)

Diastereomers of the chiral and racemic products could not be fully separated. Resolution on HPLC of

enantiomers of both diastereomers was achieved.
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Minor diastereomer ((2R,3R), 3k’)
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(2S,3S)-Ethyl 2-fluoro-2-nitro-3-(nitromethyl)-5-phenylpentanoate (3I)

Diastereomers of the chiral and racemic products were separated. Attempts to resolve the enantiomers

of the minor diastereomer on HPLC were partially successful. Enantiomers of the major diastereomer

were fully resolved on HPLC.

Racemic, both diastereomers of 3l
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1 14.487 40.842
2 15.240 42.564
3 16.945 8.288
4 18.489 8.307
Total 100.000
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Diastereomeric mixture of the chiral sample (3I), prior to separation of diastereomers.

Major diastereomer ((2S,3S), 31)
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(2S,3S)-Ethyl 2-fluoro-4-methyl-2-nitro-3-(nitromethyl)pentanoate (3m, major), (2R,3S)-Ethyl 2-

fluoro-4-methyl-2-nitro-3-(nitromethyl)pentanoate (3m’, minor); (diastereomeric mixture)

Diastereomers of the chiral and racemic products could not be fully separated. Resolution on HPLC of

enantiomers of both diastereomers was achieved.
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B. HPLC chromatogram of the Mannich addition

Ethyl 3-((tert-butoxycarbonyl)amino)-2-fluoro-2-nitro-3-phenylpropanoate (13)

Diastereomers of the chiral and racemic products could not be fully separated. Resolution on HPLC of

enantiomers of both diastereomers was achieved.

Diastereomer 1 (13)

mV
200, , Det.ACh1
| Racemic
150
100
7 s
50— b 2
] 2 g
| 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
7.5 10.0 12.5 15.0 17.5 20.0 225 25.0
min
1 DetA Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area %
1 14.314 50.008
2 16.659 49.992
Totall 100.000
mV 25
7] ] Det.AChi
1 Chiral
7 7 ————— [ """ [ T[T
7.5 10.0 12.5 15.0 17.5 20.0 225 25.0
min
1 Det.ACh1/254nm
PeakTable
Detector A Chl 254nm
Peakd# Ret. Time Area %
1 13.664 95.802
2 15.704 4.198
Total 100.000

18



Diastereomer 2 (13°), racemate
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C. X-Ray Crystallographic Analysis and Determination of Configurations of

Products
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Table 1. Crystal data and structure refinement for D610.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections

Completeness to theta = 67.679°

D610

C12 H13 F N2 O6
300.24

100(2) K

1.54178 A
Orthorhombic
P212121

a=5.5351(6) A o= 90°.
b =11.2034(12) A B=90°.
c=21.678(2) A y = 90°.

1344.3(3) A3

4

1.483 Mg/m?3

1.117 mm-!

624

0.280 x 0.150 x 0.130 mm3
4.078 to 72.323°.
-6<=h<=6, -13<=k<=13, -26<=I<=26
22572

2637 [R(int) = 0.0240]
99.9 %
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Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.753 and 0.6796

Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 2637/0/191

Goodness-of-fit on F2 1.094

Final R indices [I1>2sigma(l)] R1 =0.0250, wR2 = 0.0655

R indices (all data) R1=0.0253, wR2 = 0.0658
Absolute structure parameter 0.05(2)

Extinction coefficient n/a

Largest diff. peak and hole 0.167 and -0.248 e.A3

Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x 103)

for D610. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z U(eq)
F(1) 10814(2) 2448(1) 2094(1) 26(1)
0o(1) 6458(3) -571(1) 842(1) 39(1)
0(2) 3585(2) 486(1) 1233(1) 25(1)
o)) 5862(3) 3868(1) 2673(1) 39(1)
O(4) 9229(3) 4521(1) 2280(1) 46(1)
0O(5) 6784(2) 1154(1) 3076(1) 24(1)
0O(6) 10238(2) 2174(1) 3268(1) 21(1)
N(1) 5692(3) 170(2) 1206(1) 20(1)
N(2) 7823(3) 3743(1) 2429(1) 27(1)
C@1) 7460(3) 689(1) 1658(1) 18(1)
C(2) 6773(3) 1978(1) 1805(1) 15(1)
C@3) 6797(3) 2784(1) 1239(1) 15(1)
C(4) 8665(3) 2734(1) 807(1) 18(1)
C(5) 8650(3) 3487(1) 297(1) 20(1)
C(6) 6786(3) 4299(1) 216(1) 20(1)
C(7) 4930(3) 4356(2) 644(1) 20(1)
C(8) 4932(3) 3604(1) 1156(1) 18(1)
C(9) 8504(3) 2445(1) 2299(1) 17(1)
C(10) 8370(3) 1821(1) 2935(1) 17(1)
C(11) 10490(3) 1630(2) 3880(1) 26(1)

c(12) 8971(4) 2275(2) 4347(1) 32(1)




Table 3. Bond lengths [A] and angles [°] for D610.

F(1)-C(9)
O(1)-N(2)
0(2)-N(2)
0(3)-N(2)
O(4)-N(2)
0(5)-C(10)
0(6)-C(10)
0(6)-C(11)
N(1)-C(2)
N(2)-C(9)
C(1)-C(2)
C(2)-C(3)
C(2)-C(9)
C(3)-C(8)
C(3)-C(4)
C(4)-C(5)
C(5)-C(6)
C(6)-C(7)
C(7)-C(8)
C(9)-C(10)
C(11)-C(12)

C(10)-0(6)-C(11)
0(2)-N(1)-0(1)
0(2)-N(1)-C(1)
O(1)-N(1)-C(1)
0O(4)-N(2)-0(3)
0O(4)-N(2)-C(9)
O(3)-N(2)-C(9)
N(1)-C(1)-C(2)
C(3)-C(2)-C(1)
C(3)-C(2)-C(9)
C(1)-C(2)-C(9)
C(8)-C(3)-C(4)
C(8)-C(3)-C(2)
C(4)-C(3)-C(2)

1.3534(18)
1.2208(19)
1.2204(19)
1.215(2)
1.212(2)
1.192(2)
1.3210(19)
1.4676(18)
1.5021(19)
1.528(2)
1.527(2)
1.523(2)
1.531(2)
1.394(2)
1.396(2)
1.391(2)
1.387(2)
1.387(2)
1.392(2)
1.547(2)
1.501(3)

116.32(13)
124.10(15)
118.60(13)
117.27(14)
127.36(17)
118.45(16)
114.18(14)
109.87(12)
113.06(12)
110.85(12)
108.26(12)
119.23(14)
119.29(13)
121.47(13)
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C(5)-C(4)-C(3) 120.26(14)

C(6)-C(5)-C(4) 120.28(14)
C(7)-C(6)-C(5) 119.70(14)
C(6)-C(7)-C(8) 120.33(15)
C(7)-C(8)-C(3) 120.20(14)
F(1)-C(9)-N(2) 106.92(12)
F(1)-C(9)-C(2) 111.22(12)
N(2)-C(9)-C(2) 107.42(12)
F(1)-C(9)-C(10) 109.84(12)
N(2)-C(9)-C(10) 104.75(12)
C(2)-C(9)-C(10) 116.08(12)
0(5)-C(10)-0(6) 128.67(14)
0(5)-C(10)-C(9) 123.10(14)
0(6)-C(10)-C(9) 108.23(12)
0(6)-C(11)-C(12) 110.88(14)

Symmetry transformations used to generate equivalent atoms:

Table 4. Anisotropic displacement parameters (A2x 103) for D610. The anisotropic

displacement factor exponent takes the form: -2rx2[ h2 a*2U + ... + 2 hka* b* U12]

Ull U22 U33 U23 U13 U12
F(1) 14(1) 45(1) 19(1) 4(1) 1(1) 7(1)
0(1) 48(1) 36(1) 34(1) -20(1) -8(1) 9(1)
0(2) 21(1) 29(1) 24(1) 1(1) -6(1) -3(1)
0(3) 54(1) 34(1) 29(1) -9(1) -2(1) 20(1)
0(4) 71(1) 24(1) 43(1) 12(1) -28(1) -23(1)
0(5) 26(1) 26(1) 19(1) 3(1) 0(1) -8(1)
0(6) 22(1) 26(1) 16(1) 4(1) -4(1) -3(1)
N(1) 26(1) 16(1) 17(1) 1(1) -2(1) -2(1)
N(2) 43(1) 18(1) 19(1) 0(1) -12(1) -2(1)
c(1) 18(1) 18(1) 18(1) 0(1) -2(1) 0(1)
c(2) 14(1) 17(1) 14(1) 0(1) 1(1) 0(1)
c(@) 16(1) 15(1) 14(1) -2(1) -1(1) -3(1)
C() 16(1) 20(1) 17(1) -2(1) 0(1) 1(1)
C(5) 21(1) 24(1) 14(1) -2(1) 3(1) -2(1)

C(6) 26(1) 18(1) 15(1) 1(1) -1(1) -3(1)



C(7)
C(8)
C(9)
C(10)
C(11)
C(12)

22(1)
16(1)
15(1)
19(1)
29(1)
49(1)

17(1)
19(1)
18(1)
17(1)
31(1)
30(1)

21(1)
18(1)
17(1)
15(1)
17(1)
18(1)

1(1)
-1(1)
1(1)
1(1)
7(1)
-2(1)

-2(1)
3(1)
0(1)
0(1)
-7(1)
-1(1)

3(1)
0(1)
-2(1)
2(1)
-2(1)
-9(1)

Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A2x 10 3)

for D610.
X y z U(eq)

H(1A) 9108 663 1482 21
H(1B) 7454 210 2042 21
H(2) 5102 1981 1980 18
H(4) 9952 2183 862 21
H(5) 9922 3446 4 24
H(6) 6781 4814 -133 24
H(7) 3651 4911 589 24
H(8) 3659 3650 1448 21
H(11A) 12205 1656 4009 31
H(11B) 9988 783 3861 31
H(12A) 9491 3110 4372 49
H(12B) 9159 1895 4751 49
H(12C) 7271 2243 4221 49
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D. NMR Spectra of the Michael Products
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Major diastereomer (3c)
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Major diastereomer (3d)
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Major diastereomer (3e)
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Major diastereomer (3f)
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Major diastereomer (3g)

NONTNNO—ONOMNOWMNMNIONDO
QVOITNODONOOTTNNOODN
"’.“?"?“?"?“'ZN. ............ e

~

l\l\l\l\l\l\l\l\l\l\l\l\

N

7

mmmmmmmNNNNNN

NI NLOLY

NW///*/

d

w—
o

I
ppm 7

o



8L9°€L

968 0h——_
YO L—

L8€°S9

Zv9eL
CTOCTN

000°22>
ySeil—

Ir9'LLL

€v0'sel

vLL0EL
668°LEL

6607091

—o

ppm 160

44



-131.3131.4131.5131.6

€2LvLL

-40

T
-30

45



Minor diastereomer (3g’, traces of major diastereomer)
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Major diastereomer (3h)
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Minor diastereomer (3h”)
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Diastereomeric mixture (3i)
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Major diastereomer (3j)
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Minor diastereomer (3j°)
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Diastereomeric mixture (3Kk)
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Major diastereomer (3l)
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Minor diastereomer (31°)
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Diastereomeric mixture (3m)
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E. NMR Spectra of the Derivatives and Mannich Addition Product

Ethyl 2,4-bis((tert-butoxycarbonyl)amino)-3-phenylbutanoate (7)
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(S)-Ethyl 2-((tert-butoxycarbonyl)imino)-4-nitro-3-phenylbutanoate (8)

ho12
0,00

=131

B.5 8.0 7.5 70 6.5 6.0

78



n T T T o in
I
.l
T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 1% 180 170 160 150 140 130 120 110 100 50 40 30 10 0
f1 (ppm}

79



(2S,3S)-Ethyl 2-((tert-butoxycarbonyl)amino)-2-fluoro-4-nitro-3-phenylbutanoate (9)
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((2S)-1-fluoro-1,3-dinitropropan-2-yl)benzene (10, pure major diastereomer)
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((2S)-1-fluoro-1,3-dinitropropan-2-yl)benzene (10°, pure minor diastereomer)

VW—0WOWMNHNO OTMWWOWAHONOT—NMWONMWOTWNHRWNNOOMN ownN
<o MNANNNOW MOANNMANDTNOONTANONNTM—ONWNOVON WO DN
MmHHOONNN Ph MONNAARONNNN———~~~~=0050005099 S99

I.rl I_'_l
2 1.18 3.07
e - L o
3.42 1 1.1 3.06
T T T T T H T T T
ppm 7 6 5 4 3 2 1 0

86



€0¥°00¢2
02€°002
€22°002-
0617002~

1 [ [

-200.2200.3200.4200.5

~=t

T I I T T T T T | T I
-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

-90

T
-60 -70

-50

T
-40

87



CLo:EL

28 Sb—
8/8'Sh—

€88 19—

120 21——=
08z il —

95728
960'68——

25282 l——_
920°6el—

8L0°€EEL—

oo

o

el

o

ppm 150

88



((2S)-1-Fluoro-1,3-dinitropropan-2-yl)benzene (11, pure major diastereomer)
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Ethyl 3-((tert-butoxycarbonyl)amino)-2-fluoro-2-nitro-3-phenylpropanoate (13, diastereomeric mixture)
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