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1. General Methods. All reagents and solvents were used as received. Reactions were
magnetically stirred and monitored by thin layer chromatography on Merck silica gel
60-F2s4 coated 0.25 mm plates, detected by UV. Flash chromatography was performed
with the indicated solvents on silica gel (particle size 0.064-0.210 mm). Yields reported
are for isolated, spectroscopically pure compounds. HPLC was performed on a
SHIMADZU LC-2010CHT chromatograph with a CLASS-VP™ analysis data system

1™ ODS-3 column (particle size 3 um, 150 x 4.6 mm i.d.) operated at

using the Inertsi
1.0 mL/min, 30 °C and monitored at wavelength of 254 nm with a linear gradient of 10
mM aqueous ammonium formate containing 0.1% formic acid (eluent A) and
acetonitrile (eluent B) from A: B = 95:5 to 20:80 (0 to 15 min) and 20:80 (15 min to 25
min), unless otherwise stated. 'H-, '°F- and '3*C-NMR spectra were recorded on Briiker
AVANCE III-400 spectrometer. Chemical shifts are given in ppm (d), referenced to
tetramethylsilane (TMS) for 'H-NMR and the *C-resonances of CDCl3 (d = 77.0 ppm)
for >*C-NMR as internal standards. The letters s, d, t, q, m, and br stand for singlet,
doublet, triplet, quartet, multiplet, and broad, respectively. Optical rotations were
recorded on a DIP-370 polarimeter (Jasco, Inc.). Melting points were recorded on a

Mettler Toledo MP70 Melting Point System and are not corrected. IR spectra were

recorded on a JASCO FT/IR-4100 spectrometer. All physicochemical data reported for
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the Ni(Il) complexes are due to the single diastereomers after purification by

chromatography or crystallization.

Alkylation of Glycine Complex (5)-4 with ICH,CH,CH,CF3s. To a solution of the Ni-Glycine
complex (5)-4 (20.0 g, 33.2 mmol, 1.0 equiv.) and 1,1,1-trifluoro-4-iodobutane (7.90 g, 33.2 mmol,
1.0 equiv.) in deoxygenated N,N-dimethyl-formamide (DMF) (140 mL, 7 v/w) was added 10 %
KOH methanol solution (18.6 mL, 33.2 mmol, 1.0 equiv.) at room temperature under an argon
atmosphere. The mixture was stirred at same temperature for 2 h, and then was poured water (46
mL) at same temperature to give precipitate. After 0.5 h, the mixture was added water (24 mL), and
was stirred for 15 h. After that, the precipitate was filtered, washed with DMF-H,O (36 mL, 2:1 v/v),
washed with water (40 mL) and dried in vacuo at 60 °C for 7 h to afford crude Nicomplex (20.8 g,
87.9%, a red solid) as a mixture of (S5,25)-6 and (S,2R)-7, the diastereomeric ratio of which was
determined to be (98.7 %de) by HPLC analysis in which the major (S,2S5)-6 was eluted at a retention
time (¢z) of 20.3 min and the minor (S,2R)-7 at 21.5 min under the conditions described in the
general methods.

(S,25)-6 (major isomer): M.p. 229-231 °C. [a]*p= +2616 (c = 0.2, CH;0H). 'H NMR
(400 MHz, CDCIl3): 6 = 8.89 (d, J= 1.6 Hz, 1H), 8.09 (d, /= 9.2 Hz, 1H), 7.77 (dd, J =

1.7, 8.1 Hz, 1H), 7.49-7.58 (m, 3H), 7.37 (d, J = 8.1 Hz, 1H), 7.29-7.30 (m, 1H), 7.11
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(dd, J=2.4,9.2 Hz, 1H), 6.88 (d, J= 7.5 Hz, 1H), 6.59 (d, J= 2.4 Hz, 1H), 434 (d, J =
12.6 Hz, 1H), 3.87 (dd, J = 8.0, 3.4 Hz, 1H), 3.51-3.57 (m, 2H), 3.35-3.39 (m, 1H), 3.21
(d, J = 12.6 Hz, 1H), 2.59-2.71 (m, 2H), 2.35-2.37 (m, 1H), 2.24-2.25 (m, 1H),
1.84-2.08 (m, 3H), 1.82-1.84 (m, 2H), 1.60-1.66 (m, 1H). 13C NMR (100 MHz, CDCL):
&= 18.0,23.5, 30.8 32.6 (J=29.0 Hz, q), 34.1, 58.3, 63.0, 69.7, 71.3, 124.1, 125.3 (J =
276.6 Hz, q), 125.7, 127.0, 127.1, 127.2, 129.3, 129.4, 129.8, 130.3, 132.1, 132.4,
132.7, 133.3, 133.5, 133.6, 134.8, 140.5, 170.4, 178.3, 179.9. 'F NMR (376 MHz,
CDCL): § = -66.8 (CF3). IR (KBr): v = 2977, 1674, 1650, 1535, 1463, 1398, 1251,

1188, 1077, 826 cm™. MS (ESI): m/z=710.1 [M + H]".

The additional minor products were isolated by preparative thin layer chromatography on Merck
silica gel 60-F»s4 coated 1 mm plates.

(S,2R)-7 (minor isomer): 'H NMR (400 MHz, CDCl3): & = 8.50 (d, J= 9.2 Hz, 1H), 8.37 (d, J=2.0
Hz, 1H), 7.74 (dd, J = 2.0, 8.0 Hz, 1H), 7.03-7.23 (m, 4H), 7.20-7.23 (m, 2H), 7.00-7.03 (m, 1H),
6.72 (d, J =24, 1H), 4.24-4.30 (m, 2H), 3.71 (dd, J = 10.0, 3.2 Hz, 1H), 3.55 (dd, J = 8.8, 4.4 Hz,
1H), 3.35-3.38 (m, 1H), 2.62-2.67 (m, 2H), 2.25-2.30 (m, 2H), 1.80-2.00 (m, 2H), 1.64-1.79 (m,
3H), 1.25-1.35 (m, 2H). '*C NMR (100 MHz, CDCl3): § = 18.3, 23.1, 30.3 32.2 (J = 29.0 Hz, q),
35.1,59.5, 60.5, 69.2, 69.7, 125.0, 125.4 (J=276.6 Hz, q), 125.7, 126.6, 126.7, 127.6, 129.1, 129.5,
130.2, 130.5, 132.3, 132.5, 133.2, 133.3, 133.4, 133.8, 133.9, 141.3, 170.9, 178.9, 181.5. ’F NMR

S4



(376 MHz, CDCls): & = -66.6 (CF3). IR (KBr): v = 2945, 1676, 1644, 1584, 1464, 1395, 1247, 1135,

1029, 823 cm’".

Preparation of Fmoc-(.9-2-amino-6,6,6-trifluorohexanoic acid (8-9. To a solution of Ni

complex (5,25-6 (20.0 g, 28.1 mmol, 1.0 equiv.) in dimethoxyethane (DME) (100 mL, 5

viw) was added HCI (3 N, 46.8 mL, 5.0 equiv.), and the resulting mixture was heated at

50-60 °C for 2 h. Then, the reaction mixture was cooled to room temperature, and the

the reaction mixture was evaporated to remove DME. Water (400 mL) was added, and

white precipitate (HCI salt) appeared. The precipitate was filtered, washed with water

(20 mL X 2). The filtrate was total 80 mL.

To the above L-6,6,6-trifluoro-Norleucine HCI green solution were added

ethylenediaminetetraacetic acid disodium salt hydrate (10.5 g, 1.0 equiv) and

acetonitrile (60 mL) and the mixture was stirred for 0.5 h at room temperature. 48%

NaOH (9.5 g, 4.1 equiv) was added. Then, sodium carbonate (3.87 g, 1.3 equiv) and

Fmoc-OSu (9.48 g, 1.0 equiv.) were added to the resulting mixture. The mixture was

stirred for 3 h at room temperature, and then was concentrated. To the residue was

added ethyl acetate (100 mL) and HCI (6N, 20.0 mL), and the phases were separated.

Water layer was washed with ethyl acetate (40 mL) and the combined organic layer was
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washed with water (40 mL) and 10 % brine (40 mL). The combined organic solution was
dried with Na2SO4, and then the filtrate was concentrated to dryness and dried 1n vacuo
at 50 °C to afford (S)-9 (11.45 g, a white powder).

Fmoc amino acid (9-9 (11.45 g) was dissolved in ethyl acetate (100 mL) and toluene
(200 mL). The solution was concentrated. Toluene (100 mL) was added to the solution
and then concentrated. The solution was adjusted to 200 mL and left to stand for
overnight. The precipitate was filtered, washed with toluene (60 mL) and dried in vacuo
at 50 °C to afford (9-9 (10.7 g, 93.7 %, a white powder, 99.0% ee).

($)-9: M.p. 152-154 °C. 'H NMR (400 MHz, CD3OD): & = 7.77-7.79 (m, 2H),
7.64-7.69 (m, 2H), 7.32-7.40 (m, 2H), 7.28-7.30 (m, 2H), 4.36-4.37 (m, 2H), 4.18-4.24
(m, 2H), 2.18-2.23 (m, 2H), 1.92-1.95 (m, 1H), 1.64-1.77 (m, 2H). °F NMR (376 MHz,
CDCl3): 6 =-67.6 (CF3). IR (KBr): v =3265, 3067, 2926, 2858, 1654, 1476, 1445, 1049

cml. MS (ESI): m/z =431.1 [M + Na]".
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2. Synthesis of Fmoc-L-6,6,6-trifluoro-Norleucine 9 (> 5 g)

2.1. Preparation of (S,S)-6

Alkylation of 4 with 1,1,1-trifluoro-4-iodobutane

Cl
Cl

L

N 00 CF o)
(S : { T T (S) M COF N I/\/CF
N z . CE N 3
O N N Z / \ ,,,, 3
| base, DMF O0“ >N |N sy N O~ 'N |N (R)
Ph ©/Lph @APh
7
Cl G 6 Cl
Entry | Scale Conditions Yield HPLC results
1,1,1-Trifluoro-4-iodobutane (1.0 eq., 7.90 g) 98.44% purity
1 200¢g 20.8 g, 87.9%
DMF (7 v/w, 140 mL)
98.7% de
10%KOH/MeOH* (1.0 eq., 18.6 mL) _
yield
r.t. 2h
HPLC Analyses of alkylation of (S)-4
sample 18.1 min 20.3 min 21.5 min 27.3 min
(8)-4 (5,9)-6 (S,R)-7 )-8
Reaction 5 min 1.56 92.33 343 0.09
Reaction 1 h 1.06 93.29 3.41 0.10
Reaction 2 h 0.84 92.67 3.36 0.09
dry 0.62 98.44 0.56 0.02
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2.2. Disassembly of (S,S)-6

Disassembly of (S,5)-6

o]
cl
aqueous layer
C\N 0.0 3 N HClaq (5.0 equiv) filtration , Hoﬁ;
7 T - NiZ* AS) A _CFy
A '\lN o~ OFa  DME(5u). 501060°C, 5 \ HNT
d Ph (S)-8 HCI salt L-6,6,6-trifluoro-Norleucine HCI salt
Cl g
Entry | (S,S)-6 Conditions Results
3 N HCI (5.0 equiv, 46.8 mL), ) )
1 200¢g Starting material
DME (5 v, 100 mL)
98.44% purity 50t0 60°C,2h
completely converted to
98.7% de
TM though TM was not
detected by HPLC
HPLC Analyses of Disassembly of (S,S5)-6
sample (5)-4 (S,9)-6 S,R)-7 (S)-8
Reaction 1 h n.d. 0.17 n.d. 99.64
Reaction 2 h n.d. 0.01 n.d. 99.86
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2.3. Fmoc-protection of L-6,6,6-trifluoro-Norleucine 9

Fmoc-protection of L-6,6,6-trifluoro-Norleucine 9

Fmoc-OSu (1.0 equiv)
NaOH (4.1 equiv)

HOTO Na,COj3 (1.3 equiv) HOTO

2

" Hé:sl)/\/CF3 H,O/MeCN, rt FmocHN j"S)/\/CF3
L-6,6,6-trifluoro-Norleucine HCI salt Fmoc-L-6,6,6-trifluoro-Norleucine
Entry | Scale Conditions Results

MeCN (60 mL), EDTA (1.0
: 37e equiv, 10.5 g), 48% NaOH (4.1 |
equiv, 9.5 g), Na2CO3 (1.3 eq,
3.87¢g)

Fmoc-OSu (1.0 equiv, 9.48 g), rt,

16.5h

Fmoc-L-6,6,6-trifluoro-Norleucine AcOEt solution (theoretical yield 11.45 g)

2.4, Crystallization of Fmoc-L-6,6,6-trifluoro-Norleucine 9

Exp. # 1371-109 Crystallization of Fmoc-L-6,6,6-trifluoro-Norleucine 9

HO-_©O
js) recrystallization
F >
FmocHN™ 7~ >~CF3

Fmoc-L-6,6,6-trifluoro-Norleucine

Entry | Scale Conditions Yield Results
Toluene (300 mL)
1 1145¢ 93.7% 98.79% purity
(from (S,S)-6) 99.0% ee

Fmoc-L-6,6,6-trifluoro-Norleucine (10.73 g, 93.7% yield)
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3. HPLC analysis data

3-1. General conditions for HPLC analysis of Ni(II) complexes

<HPLC conditions : for the Ni(II) complex>
Insturument: SHIMADZU LC-2010CHT chromatography system and a CLASS-VP™
analysis data system (SHIMADZU CORPORATION, Kyoto, Japan).
Column: Inertsil ODS-3, S-3 pm, ¢4.6 mm*150 mm
Eluent: A=0.01 M HCOONH4 in 0.1% HCOOH aq
B = acetonitrile
Gradient:

Time(min) | 0.0 15.00 | 20.00 | 23.00 | 30.00 | 30.01 | 37.00

A (%) 95 20 20 0 0 95 95

B (%) 5 80 80 100 100 5 5

Flow rate: 1.0 mL/min.
Column temperature: 30 °C
Detector: UV 254 nm
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3-2. General conditions for Chiral HPLC analysis of Fmoc amino acid

General conditions for Chiral HPLC analysis of Fmoc amino acid
<Chiral HPLC conditions : for Fmoc amino acid>
Insturument: SHIMADZU LC-2010CHT chromatography system and a CLASS-VP™
analysis data system (SHIMADZU CORPORATION, Kyoto, Japan).
Column: CHIRALPAK IC (DAICEL CHEMICAL), S-5 um, ¢ 4.6 mmx150 mm
Eluent: A= 0.1% H3PO4 in H,O
B =0.1% H3PO4 in MeCN
Flow rate: 0.5 mL/min.
Gradient: Isocratic (A: B=6:4)
Column temperature: 30 °C
Detector: UV 254 nm

Major isomer

T : 1371- 09113 major_miwa
7LD g
HAEE i1
NTILBES 142
EAR 110Ul
T—5%771)L : 1371- 09113 major miwalcd
ASVETFTIL : 5%t0 100% 100%6(37min).lcm
LR— 771 : SOL 254nmv2 Isr
:2017/10/20 19:04:05
L :2017/10/20 19:41:08
Xk 2
<o0Ov M ShL>
1371- 09113 mejor_miwa
mAU
1250 PDA Multi 2
1000
750
500
250
0 - A = AT
0 5 10 15 20 25 30 35
min
1PDA Multi 2/254nmd4nm
<E—o7—TIL>
PDA Ch2 254nm .
E=o# FERHEE | BE [0 -4 |BEEREE(USP) k(d=xV/E]
1 56 1167 0.015 295
2 21 1266 0.016 19196
3 2 1003 0013 | 274
4 .6 1311 017 Vv 19507
5 38 2182 1028 Vv 21901
6 5.7 1439 1018 52044
7 59 1167 .015 v 16950
8 8. 1369 .017 139125
9 94 ¥ 087 185617
0 202 7889763 99.659 178006
1 209 2693 .034 v 79699
2 233 1647 1021 v 81466
3 272 1869 .024 479312
4 217 3021 .038 405602
&&t 7916775 100.000
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Minor isomer

HoTILE : 1371- 09115_minor_miwa
B 7LD d
1S Al
NATINES 143
AEA 110 ul
T—I7 ) : 1371-09115_minor_miwa.lcd
XSy RI 7L : 5%to 100% 100%(37min).lcm
L= 77 :SOL 254nmv2.lsr
peigslid :2017/10/20 19:41:34
BRAT BB :2019/01/15 1937:22
b i
<J0O% M/ 34>
1371- 09115 _minor_miwa
mAU o
PDA Multi 2
750
500
250
0 A A Y A0 Y S Y
0 5 10 15 20 25 30 3B
min
1PDA Multi 2/254nm4nm
<E—oF—JI>
PDA Ch2 254nm _ }
E=2# | fRiSEE | ®HA By | 77 [EEREK(USP) hd=kyE
1] 2 1122 .016 182437
2] [ 1544 .022 \ 146
3] 2 256 036 ¥V 10979
4! . 185 .026 3
5] I 3292 046V 17205
6] 5 3647 052 4348
7 5 4203 059V 1023
8! 16. 1010 .014 0685.
9] 73 3911 .055 6167
0] 1. 3392 .048 42849
1] 0 389 .020 38210
2] 3 388 .020 3
3] 6 Z .156 16365
4| 5 2660 .038 227130
5] N 4348 .061 188191
6| .2 115728 1635 169165
7] 205 2285 0.03 v 53281
8! 215 688905 97.3 SV 160892
9| 219 1894 .02 30652
20/ 221 187 .026 147534
21| 243 1045 .015 31374
22| 246 8873 125 v 630
23| 26.1 173 .017 415833
24| 272 302 117 454295
25] 217 302 .018 509973
26| 299 256 .018 355772
=1l 7080159 100.000

S12



Chiral HPLC chart of mixture of (S)- and (R)-Fmoc-amino acid

1325-082-CHIRAL
mAl
F 1 Fmoc-D-6.6.6-trifluoro-
150+ Fmoc-L-6,6,6-trifluoro- e . )
Norleucine (19.7 min)
Norleucine (17.7 min)
5001 \
250
0 g srapel 5 PR S 2 . a2
0 5 10 15 x 25
man
Chiral HPLC chart of (S)-Fmoc-amino acid
HUIIN4 : 1371~109_dry solid-4_miwa
H 7 VD : HPLCS
rAEF 1
IMTNVES 11
EAR :10uL
T=R771) : 1371-108_dry solid~4_miwa.lod
AIYRTZ7A IV : AA-1(CHIRAL).lcm
L=k 74 L :171110_report.lcr
ST B B :2017/11/10 18:26:34
fRAT B iy :2017/11/10 19:21:08
aAVR :
OBRNITL>
1371-109_dry solid-4_ miwa
mAU
£ PDA Multi 1
500
250
GA e P F e e/ Ly 8 R
L S I T ¥
0 5 10 15 20 25 30
min
E—=oF—TIU>
PDA Ch1 254nm 4nm
E—H# ikl i =
.054 10254 0.058
774 1505 0.008
.400 102697 0.579
4 .626 4870 0.027
5 10.789 3284 0.0
6 11.720 3440 0.0
7 .614 13248 0.075
8 ,903 11871 0.067 .
» 9 408 17503569 S
10 19.396 87024 0.491 Rt
&l 17741762 100.000
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4. Copies of 'H, 13C and YF-NMR spectra

"H-NMR (400 MHz, CDCI;) of (S,2S)-Ni-complex 6 (major isomer)

8. 89
8. 89

<3 8

\/ \\/ ///// \\\*%\ \W/\

///

:

T YIE

TR

BC-NMR (100 MHz, CDCI;) of (S,25)-Ni-complex 6 (major isomer)

371-09113(A) : 30mg

il

_.,“ N

T ]
134 132 130 128 126 124 ppm

el

T
5.0
1 (ppm)

T
4.

i

5 4.0

34

T T
3.5 3.0

33 ppm

M

T T T T T T T T T T T
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T
80
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F-NMR (376 MHz, CDCI3) of (S,2S5)-Ni-complex 6

1371-09113(p);

30mg

EXPNO
PROCNO

Data Parameters
Jun19-2018
13

1

F2 - Acquisition Parameters

Date,

SI

T T T
-66.6 -66.8 -67.0

ppm

o -

-20

T
-40

T
-60

T
-80

T T
-100 -120
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20180619
12.17 h
spect

2108618_0909 (
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131072

cpcl3

32

4
89285.711 Hz
1.362392 Hz
0.7340032 sec

209.13
5.600
6.50
295.9
1.00000000
376.4607164 MHz

19F

sec

15.00
7.00000000 W

F2 - Processing parameters
65536
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376.4986886 MHz
EM

0.30 Hz
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"H-NMR (400 MHz, CDCls) of (S,2R)-Ni-complex 7 (minor isomer)

THAOADMOMON: AN DN WD
CORHOVOITORVLVLVOMNOO ™M
DITOOCEFFOOUVVVNNNNN OO

1371-09115(B); 1lOmg

295.6 K
1.00000000 sec|

1
400.1324708 MHz

.00 usef
16.50000000 W

| F2 - Processing parameters

r
J
| / sE 400.1300087 MHz
WOW EM
| ssB o
18 0.30 Hz
=3 o
pC / 1.00

8.5 8.0 7.5 4

) )LL)\ \ ) \
/oTo\ [v\\ o |m|/o" () © (i) fn) oo/ aal\of T\[ ‘v\|
3(3| S8 13|38 |8 2 38|18 2 =& (S
s -l allo =] o vl o CHEEH < o

BC-NMR (100 MHz, CDCl;) of (S,2R)-Ni-complex 7 (minor isomer)

1371-09115(B); 10mg

Vi

1 I L

T T T T T T T T T
180 170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20
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F-NMR (376 MHz, CDCI3) of (S,2R)-Ni-complex 7 (minor isomer)

1371-09115(B);

10mg

Current Data Paramete
N, Jun19-20

CNO

D
SOLVENT
NS
DS
SWH

295.6 K
1.00000000 sec

376.4607164

sec

3 15.00 u
PLAW1 27.00000000 W

- Processing parameters
36

o

-20

T
-120
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'"H-NMR (400 MHz, CD30D) of (S)-Fmoc-amino acid 9

Jan18-2019-3
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