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General Information

Proton nuclear magnetic resonance were recorded on Bruker-400MHz instruments
internally referenced to tetramethylsilane (0.0 ppm) or the residue of CDCl; (7.26
ppm) signal and DMSO-ds (2.50 ppm) signal. HRMS spectra were recorded on
P-SIMS-Gly of Bruker Daltonics Inc. Solvents were distilled using standard
techniques. Tetrahydrofuran was distilled over sodium under an atmosphere of
nitrogen. Toluene was distilled over calcium hydride under an atmosphere of nitrogen.
Methanol was dried by magnesium.

Preparation of the diketone (+)-4

NC CN CN
CHaly, NaOH, 145 °C | P |
Y

The phenylacetonitrile (46.0 mL, 0.40 mol, 2.0 eq) and diiodomethane (16.1 mL,
0.20 mol, 1.0 eq) were added to the powder NaOH (16.0 g, 0.40 mol, 2.0 eq), and the
mixture was stirred at 145 °C for 2 h. After cooling to room temperature, a mixture of
water/diethyl ether (1:1, 100 mL) was added and the aqueous phase was extracted
with Et;0 (3X100 mL). The combined organic layer was washed with brine, dried
over Na,SO,, filtrated and concentrated. Excess phenylacetonitrile was removed by
distillation under reduced pressure (4 mmHg), and the resulting crude
2,4-diphenylpentanedinitrile (32.1 g, 65%) was used in next step without purification.

CN CN KOH, EtOH/H,0 HOOC ~ COOH
reflux, 16 h

A mixture of 2,4-diphenylpentanedinitrile (32.1 g, 0.13 mol) in EtOH (350 mL),
5 N KOH (350 mL) was stirred reflux for 16 h. After cooling to room temperature,
ethanol was removed by evaporation, and the resulting mixture was extrated with
Et,0 (3x100 mL) and the organic layers were discarded. The aqueous layer was
acidified with concentrated hydrochloric acid to pH = 2-3 and extracted with EtOAc
(3X200 mL). The combined organic layer was washed with water and brine, dried
over Na,SOy, filtrated and concented. The resulting crude 2,4-diphenylpentanedioic
acid (36.8 g, 99.7 %) was used in next step directly without purification.

o)
HOOC  COOH H2S04
I i 4 I 85-90°C, 2 h O‘ O
O O _—
o}
5 4

H,S04 (98%, 49 ml) was added to 2,4-diphenylpentanedioic acid (7.30 g, 25.7
mmol) and the resulting mixture was stirred at 85-90 °C for 2 h. After cooling to room
temperature the mixture was poured to a beach containing crashed ice. The yellowish
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solid was collected by filtration and the filtrate was extracted with toluene three times.
The combined organic layer was washed with brine and dried over Na,SO4 and
concentrated with evaporation to give a yellowish solid. The combined solid diketone
(£)-4 (4.95 g, 78%) was pure enough for spectra characterization and was used in
next step without purification. "H NMR (400 MHz, CDCls): § 7.94 (d, J = 8.0 Hz, 2
H), 7.54-7.40 (m, 4 H), 7.39-7.28 (m, 2 H), 4.00 (t, J = 2.8 Hz, 2 H), 2.97 (t, J = 2.8
Hz, 2 H); >C NMR (100 MHz, CDCl3): & 194.3, 140.0, 134.5, 128.82, 128.79, 128.76,
128.2, 48.8, 32.2; HRMS (ESI) calcd for C;7H;30; [M++H] 249.0910, found
249.0905.

Resolution of diketone (+)-4 with (R)-BINOL

prempltatlon
T™ NaOH aq O‘JO
O‘ _toluene, 10h | (S)-(-)-4
(R)-BINOL, RT
O

()- 4 mother liquid
1M NaOH aq OQO
—_— =

o)
(RI-(+)-4

(R)-(+)-1,1'-Bi-2-naphthol (8.50 g, 30.0 mmol, 0.60 eq) was added to a solution
of diketone (4)-4 (12.40 g, 50.0 mmol, 1.0 eq) and toluene (250 mL). The resulting
mixture was stirred at room temperature for 10 h, filtrated and solid was washed with
cold toluene.

The inclusion complex solid was added to a mixture of toluene (250 mL) and
aqueous NaOH solution (1 M, 250 mL) and stirred at room temperature until all solid
was dissolved. After separation, the organic layer was washed with 1 N NaOH (2 X
250 mL), and the combined aqueous phase was extracted with toluene (2 X250 mL).
The combined organic layer was washed with water and dried over Na,SOs, filtered
and concentrated to give white solid (S)-(-)-4 (6.03g, 49%, 94.1% ee). The solid was

recrystallized from CH,Cl/EtOAc to give (S)-(-)-4 (5.25 g, 42%, 99.8% ee). [al?

—383 (c 0.30, CHCIl3). HPLC (Chiralcel OD-H, iospropanol/hexane = 3:97, flow: 1.0
mL/min, A = 254 nm).

The mother liquid was washed with 1 N NaOH (3 X250 mL), the aqueous phase
was extracted with toluene (2X250 mL), the combined organic layer was washed
with water and dried over Na,SOy , filtered and concentrated to afford (R)-(+)-4 (6.37
g, 51%, 83.9% ee). The obtained solid was recrystallized from CH,Cl,/EtOAc to give

(R)-(+)-4 (5.43 g, 44%, 99.5% ee). [a]5 = +383 (c 0.30, CHCl;). HPLC (Chiralcel

OD-H, iospropanol/hexane = 3:97, flow: 1.0 mL/min, A = 254 nm).
The combined aqueous phase was acidified with 1 N HCI to pH~4, and the solid
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was collected by filtration, washed with H,O and dried under air to give
(R)-(+)-1,1'-Bi-2-naphthol (8.24 g, 97%, 99.1% ee). HPLC (Chiralcel AD-H,
isopropanol/hexane = 10:90, flow: 0.5 mL/min, A = 254 nm).

Preparation of the imine (R)-6

O Phw
NH, 4A molecular sieves N
OQ toluene, reflux, 48 h \
+ N
! o
O

(R)-(+)-4 (R)-6

Under nitrogen atmosphere, a mixture of (R)-(+)-4 (1.24 g, 5.00 mmol, 1.0 eq),
benzylamine (2.0 mL, 20.0 mmol, 4.0 eq), flame dried molecular sieves (4A,
powdered, 6.00 g) and toluene (15 mL) was stirred at reflux temperature for 48 h.
After cooling to room temperature, the mixture was filtered through a pad of celite
and the solid cake was washed with toluene. The filtrate was concentrated with
evaporation and the resulting solid was recrystallized from EtOAc and CH,Cl, to give

the pure (R)-6 (1.77 g, 83%). [a]3 = +530 (c 0.34, CHCl;). 'H NMR (400 MHz,

CDCly): 8 8.21 (d, J = 7.6 Hz, 2 H), 7.47 (d, J = 7.6 Hz, 4 H), 7.39 (t, J = 7.6 Hz, 4 H),
7.33-7.15 (m, 8 H), 5.24 (s, 4 H), 4.72 (t, J = 3.2 Hz, 2 H), 2.59 (t, J = 3.2 Hz, 2 H);
13C NMR (100 MHz, CDCls): § 164.2, 140.3, 137.8, 132.9, 130.6, 128.5, 128.2, 127.6,
127.5, 127.2, 126.8, 55.2, 35.2, 31.2; HRMS (ESI) caled for CsHyN, [M'+H]
427.2169, found 427.2160.

Preparation of the amine 7a and 7b

NBn NHBn NHBn
NaBH,, THF/MeOH = 1:1 :
COoy — =71 Ly
@ 0 - 9
NBn NHBn NHBn
(R)-6 7a 7b

NaBH, (0.151 g, 4.00 mmol, 8.0 eq) was slowly added to a mixture of (R)-6
(0.213 g, 0.50 mmol, 1.0 eq) in THF (3.0 mL) and MeOH (3.0 mL) at 0 °C and stirred
at room temperature for 2 h. The mixture was quenched with 1 N HCI and neutralized
with aqueous sat. NaHCOs. The resulting mixture was extracted with EtOAc and the
combined organic layer was washed with brine and dried over Na,SOy, filtered and
concentrated with evaporation. The residue was purified by column chromatography
on silica (5% ethyl acetate/hexanes) to afford the desired product 7a (0.181 g, 84%)
and 7b (30 mg, 14%), as well as a small amount of uncharacterized mixtures.

7a, [a]? = +20 (c 0.52, CHCl3). '"H NMR (400 MHz, CDCls): § 7.92 (d, J = 7.2

Hz, 2 H), 7.56 (d, J = 7.6 Hz, 4 H), 7.37 (t, = 7.6 Hz, 4 H), 7.27 (t, J = 7.6 Hz, 2 H),
7.20-7.05 (m, 6 H), 4.38 (d, J = 13.6 Hz, 2 H), 4.17-4.06 (m, 4 H), 3.55-3.48 (m, 2 H),
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242 (t,J =3.2 Hz, 2 H); >C NMR (100 MHz, CDCls): § 140.9, 139.8, 135.6, 128.9,
128.4, 128.2, 128.1, 127.0, 126.9, 126.3, 61.6, 51.1, 34.0, 30.6; HRMS (ESI) calcd for
C3H3/N, [M™+H] 431.2482, found 431.2473.

7b, [a]? = +12 (c 0.30, CHCl;). 'H NMR (400 MHz, CDCL): § 7.80 (t, J = 4.4

Hz, 1 H), 7.56 (d, J = 7.2 Hz, 2 H), 7.50 (d, J = 7.2 Hz, 2 H), 7.38 (q, J = 7.6 Hz, 4 H),
7.33-7.24 (m, 2 H), 7.16-7.05 (m, 6 H), 7.00 (s, 1 H), 4.38 (d, J = 13.6 Hz, 1 H),
4.20-4.07 (m, 3 H), 4.05 (d, J = 13.6 Hz, 1 H), 3.68 (s, | H), 3.55 (t, J = 4.4 Hz, 1 H),
3.32 (s, 1 H), 2.71 (dd, J = 2.8 Hz, 12.0 Hz, 1 H), 2.06 (dd, J = 3.6 Hz, 12.0 Hz, 1 H);
3C NMR (100 MHz, CDCLy): & 140.9, 140.5, 139.1, 139.0, 138.1, 136.0, 130.7, 129.4,
128.6, 128.41, 128.39, 128.3, 128.1, 127.7, 127.2, 126.95, 126.93, 126.8, 126.6, 126.5,
63.6, 60.6, 52.5, 51.1, 36.4, 33.5, 24.3; HRMS (ESI) caled for CsHy N, [M'+H]
431.2482, found 431.2482.

Preparation of the amine 8

O NI/Bn DIBAL-H O l%lHBn
* ' toluene, 0°C Q O

Bn/lN I%IHBn

(Ry6 8

Under nitrogen atmosphere, the DIBAL-H (1.0 mol/L, 2.5 mL, 2.50 mmol, 5.0

eq) was slowly added to a mixture of (R)-6 (0.213 g, 0.50 mmol, 1.0 eq) in toluene
(5.0 mL) at 0 °C and stirred for 2 h. Saturated potassium sodium tartrate solution was
slowly added to the mixture to quench this reaction, after stirred for another 30 min at
rt. The solid was filtered off and washed with EtOAc. The mixture was extracted with
EtOAc, and the combined organic layer was washed with brine, dried over Na,;SOy,
filtered and concentrated. The crude product 8 (0.214 g, 99.5%) was pure enough for

spectra characterization and was used in next step without purification. [af]} = —24

(¢ 0.20, CHCI3). "H NMR (400 MHz, CDCls): & 7.50 (d, J = 7.2 Hz, 4 H), 7.45-7.35
(m, 4 H), 7.30 (t, J = 7.2 Hz, 2 H), 7.16-7.09 (m, 2 H), 7.09-7.02 (m, 4 H), 7.02-6.96
(m, 2 H), 4.20 (d, J = 13.2 Hz, 2 H), 4.08 (d, J = 13.2 Hz, 2 H), 3.62 (d, J = 2.0 Hz, 2
H), 3.37-3.25 (m, 2 H), 2.39 (t, J = 2.8 Hz, 2 H); °C NMR (100 MHz, CDCl3): &
140.6, 139.7, 137.3, 130.2, 128.9, 128.5, 128.4, 127.2, 127.1, 126.6, 62.7, 52.4, 36.2,
18.4; HRMS (ESI) calcd for C3;H3 N, [M*+H] 431.2482, found 431.2474.

Preparation of the amine 10

NHBn NH,
H, (1 atm), Pd/C, MeOH

S COx

NHBn NH,
7a s2
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The reaction was conducted by following the known procedure with slight
modification:!"! A 10 ml flask containing a mixture of 10% Pd/C (0.130 g), 7a (0.213
g, 0.50 mmol) in MeOH (4 mL) was purged with H, and stirred at 45 °C for 24 h with
a hydrogen balloon. After cooling to room temperature, the mixture was filtered
through a pad of celite, washed with EtOAc and concentrated to afford the desired
diamine S2 (0.121 g, 97%) which was used in next step without further purification.

NH, NHBoc
(Boc),0, EtsN
OQ ! 1 4-dioxane/H,0, 35 °C !
NH, NHBoc
s2 10

A mixture of diamine S2 (0.121 g, 0.48 mmol, 1.0 eq), di-tert-butyl dicarbonate
ester (0.3 mL, 1.45 mmol, 3.0 eq), triethylamine (0.20 mL, 1.45 mmol, 3.0 eq) in
1,4-dioxane/H,O (2:1, 7.5 mL) was stirred at 35 °C for 12 h. After cooling to room
temperature, the 1,4-dioxane was removed by evaporation. The residue was extracted
with EtOAc, washed with brine, dried over Na,SO,, filtered and concentrated. The
crude product was purified by column chromatography on silica (5% ethyl
acetate/hexanes) to afford the desired product 10 (0.202 g, 93%). A pair of
stereomers (~7:1) was observed by *H NMR at room temperature presumable
due to the partially inhibited rotation of the amide functionality. The high
temperature (70 °C, DMSO-ds) *H NMR clearly showed a single isomer.

[a]5 = +65 (c 0.52, CHCl;).

"H NMR (400 MHz, CDCl3): 6 7.35-7.26 (m, 2 H), 7.24-7.15 (m, 4 H), 7.14-7.01
(m, 2 H), 5.24 (dd, J = 5.6 Hz, 10.0 Hz, 2 H), 4.50 (d, J = 10.0 Hz, 2 H), 3.45-3.28 (m,
2 H), 2.44 (t, J=3.2 Hz, 2 H), 1.55 (s, 18 H); "H NMR (400 MHz, 70 °C, DMSO-d):
0 7.25-7.13 (m, 6 H), 7.05-6.97 (m, 2 H), 5.62 (s, 2 H), 5.08 (dd, J =5.2 Hz, J = 8.8
Hz, 2 H), 3.36-3.25 (m, 2 H), 2.36 (t, J = 3.2 Hz, 2 H), 1.51 (s, 18 H); BC NMR (100
MHz, CDCls): 8 156.0, 136.7, 135.7, 130.6, 127.4, 127.2, 126.7, 79.7, 54.5, 36.7, 29.5,
28.6; HRMS (ESI) calcd for C;7H3504N; [M++H] 451.2591, found 451.2587.

Preparation of the amine 11

NHBN NH>
H H, (1 atm), Pd/C, g

Ol S
LS,

NHBn NH,
8 S3

A 10 ml flask containing a mixture of 10% Pd/C (0.130 g), 8 (0.215 g, 0.50
mmol) in MeOH (4 mL) was purged with H, and stirred at 45 °C for 24 h with a
hydrogen balloon. After cooling to room temperature, the mixture was filtered
through a pad of celite, washed with EtOAc and concentrated to afford the desired
diamine S3 (0.120 g, 96%) which was used in next step without further purification.
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NH NHB
T 2 (Boc),0, EtsN 7 ooC

OQ O 1,4-dioxane/H,0, 35 °C OQ !

NH, NHBoc
s3 1

A mixture of diamine S3 (0.120 g, 0.48 mmol, 1.0 eq), di-tert-butyl dicarbonate
ester (0.30 mL, 1.45 mmol, 3.0 eq), triethylamine (0.20 mL, 1.45 mmol, 3.0 eq) in
1,4-dioxane/H,O (2:1, 7.5 mL) was stirred at 35 °C for 12 h. After cooling to room
temperature, the 1,4-dioxane was removed by evaporation. The residue was extracted
with EtOAc, washed with brine, dried over Na,SQOy, filtered and concentrated. The
crude product was purified by column chromatography on silica (5% ethyl
acetate/hexanes) to afford the product 11 (0.178 g, 83%). A pair of isomers due to
partially inhibited rotations were observed.

[a]5 =+55 (c 0.32, CHCL;).

'H NMR (400 MHz, CDCls): & 7.81 (d, J = 7.6 Hz 2 H), 7.58-7.50 (m, 2 H), 7.47
(d,J=4.0 Hz, 4 H), 5.34 (d, J = 6.4 Hz, 2 H), 4.98 (d, J = 6.4 Hz, 2 H), 3.73 (s, 2 H),
2.46 (s, 2 H), 1.85 (s, 18 H); '"H NMR (400 MHz, 70 °C, DMSO-dg): & 7.28 (dd, J =
0.7 Hz, ] =7.6 Hz, 2 H), 7.20 (td, J = 1.6 Hz, I = 7.6 Hz, 3 H), 7.11 (td, J= 1.6 Hz, J
=7.6 Hz, 3 H), 7.06 (dd, ] = 1.2 Hz, ] = 7.6 Hz, 2 H), 4.51 (d, J = 8.0 Hz, 2 H), 3.10
(s, 2 H), 222 (t, ] =2.8 Hz, 2 H), 1.49 (s, 18 H); °C NMR (100 MHz, CDCl3): &
155.0, 139.1, 133.7, 130.5, 129.8, 128.1, 127.4, 79.6, 55.4, 38.1, 28.5, 19.3. HRMS
(ESI) calcd for C27H3504N2 [M++H] 4512591, found 451.2583.
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HPLC (Chiralcel OD-H, 3% 2-propanol in hexane, flow: 1.0 mL/min).

The diketone (+)-4
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A O
- A
il
] W
n
-1 L --
z 1 I| i
= g 4 o i
E 100 - P
L] - 1
5 = | | [
i H | 1
g = |
50 — [ 1|
E [
] I.‘ |
1 | ¥
0 .y = =
0 5 10 15 20 25 30 35 40 45 50
Retention Time (min)
Chrom Type: HPLC Channel 1:
Peak Quantitation: AREA
Calculation Method: AREA%
No. RT Ares Cone 1 BC
1 35.73 13554800 51.784 BV
2 38.93 12620939 48.216 VB
26175739 100.000
The diketone (-)-4 (94.1% ee)
Chrom Type: HPLC Channel : 1
E .
3 i*.‘
150 ﬁl
-
- ] i
g E ‘|
1
B 100 —; ‘ |‘
b ]
0 - I
e b |
8 ] R
o ] |
: 50 | ".
3 i\
I | \
0 — — _ S . N o —
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
0 5 10 15 20 25 30 35 40 45 50 55
Retention Time (min)
Chrom Type: HPLC Channel : 1

Peak Quantitation: AREA

Calculation Method: AREA%

No. RT Area Conc 1 BC
1 34.77 471183 2.964 BV
2 36.69 15423801 97.036 VB

15894684 100.000

S9



The diketone (-)-4 (99.8% ee)
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The diketone (+)-4 (99.5% ee)
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(R)-BINOL (99.1% ee).

140 5 |
3 i
E \
« e ® |
3 |
- 100 - OH “
E E OH ||
80
Iy 3 “
5 |
a o
§ so—g ||
o _E ‘
2 40 [
E .
20 - |
3 [
E [
! _ W ..
_||\|\‘\‘\|\||||‘\|\|I‘I‘\‘\‘I‘I|\|\‘I‘I|\|\‘\‘\|\||‘\‘\|\||‘I‘\‘I‘I‘I|\‘\‘||\|\‘\‘\|\|\‘I‘\|\|I‘I‘\|\‘I‘

0 5 10 15 20 25 30 35 40 45 50

Retention Time (min)

Chrom Type: HPLC Channel : 1
Peak Quantitation: AREA
Calculation Method: AREA%

No. RT Area Conc 1 BC

. 43.31 8286368 995771 BB

A 48.59 35160 0.423 BB
8321528 100.000

S12



996
€L6
186"

166
866 "
§00

09¢ "
61¢
€26 "
e
e
96¢
09¢
eV ”
157
4
991
691
i
L8V
€08
908
€66 "
€96 "

wh—1-diketone

2
1
2
7]
L

2
LA
A

L —
.hl\
.h\
L

4
4

€
3t
i

1
19

4

L=\

AT

L~
L

I

I

oz

Fooz

0°C
6°¢
lem T

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

10. 0

S13



wh—diketone b 2 82338 o =
- S Tens 2 a8
E S SBRRY g s
[~
|
I
O

4 O

|
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
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm)

S14



000 "0-—

186 *
686"
166 °

60L "
LIL”
6gL”

8€g "

881"
€61°
L0g "
922 "
663"

544

it
192"

§Lg
€68
11€
cLe
16¢
[Usg
99¥
§81
€03
[e44

wh—2-2

VTS ——

.Bi
Nn

|
N
Bn”

(R)-6

== —

Foo0z

Feov

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

10. 0

S15



Ve
91

81

28"
¥e
18
19
12
¥S
L8
98
SL°
0€

ST

wbh—1-49-recry

e —
6e —

66 —

921
‘Lgl
‘Lgl
‘Lol

‘851
821 .\.
‘061

eel

LE1T —

orr —

YT —

(R)6

-—

190 180 170 160 150 140 130 120 110

200

£1 (ppm)

S16



5-NOESY

123 32

1 D:\Bruker‘bruker yuansimindg

H'j H;L _ 'E
' g
Q
U
Hp . - :
WoN
Ly | '
/ -
N
é .
[
a
— ©
§ L
§ w i 0
‘u ] -
— o
] +
I I I I ‘ ‘ 1 1
6 2 F2 [ppm]

S17



0eg”

807 ¢
91V~
§er -

861 €
€
€
€

€01 "
SIT°
.«u\.
T~
o

908
918
¥es

9¢1
65¢
€66

880"
S0T -~
621"
vl
Eide

091

8L1"

09¢
¥Le
€62
¥6e
TLE
16€

¥eg -
€LG”
806
926"

wh—2-43-a

S

|l

NHBn

NHBn

7a

Foo0z

E002

o0

Fooz I

"

SSvo
< <3S

7

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

10.0

S18



GLG 06 —
686 €€ —

L9016 —

9%9 19 —

89¢ 921
788921
886 921

8€1 821

L61 821
17y 821
206 821
219 "6el —

GEB6ET ~
8€6 "0V —

wh-1-181

NHBn

NHBn

7a

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

190

S19



070z
080 G\ —_

wi7

18977
V69 G V. /
el

118 — —
655 '€

6VS "¢ W. —
19 ¢ —
w9t

VEO T

890 ¥

180 % W.

260 ¥ T
0217

161

€81 °

99¢

00%

9669
€80 'L
€60 "L
660 "L
901 "L
0212
621 "L
18171
09z "L
€177
26 L
667 'L
V1€ LA
258 L

1.8 L — |W
06€ "L e

80 "L
26V L
o1¢ suﬁ T
L~=
s

sy
0L8"

a:
N% @W. ]
€18°L

NHBn
NHBn
7b

wh—2-79-¢c

2.0 1.5 1.0 0.5 0.0

2.5

3.0

3.5

4.0

4.5

5.0
S20

;\i—iv:c\io'o'
8.5 8.0 7.5 7.0 6.5 6.0 5.5
£1 (ppm)

9.0

9.5

10.0



Lve Ve —

P16°€e —
92V "9€ —

L0T TS ~
€SV 28 —

2LG 09 —
106°€9 —

wh—2-43-b

NHBn

b

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

£1 (ppm)

S21



L89°T—

J

|
B

6L6°C
186°C W-
¥6€ 0

Fooz |

60€ "€
§1ee v-

¥29 ¢
629 € v-

moo.w
00T ¥ V
981 'V —=
612V <

Fooz
Fooz |

JUL JL
T

9869
£00 "L
800 "L
€0 'L
860 'L
250 "L o
650 'L
2L0°L
201 'L

901 "L — = 86
611 °L 6"
celL 10

661 L
o .hu\
092 "L

28271 i
00€ "L
81E "L

616 7L
86¢ "L
21y L

91y "L S
267 24 % o
01g L4 Zm ©

oTm
|
< ©
S
3 o3 = aied ~

wbh—2-DIBAL

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

5.0
£1 (ppm)
S22

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

9.5

10. 0



G696 81 —

LL1 796 —

¢y s —

16929 —

209 921
Y01 "L2T W
291 °L21

L9€ "8¢21

"

™

T

thAmﬁ \
@S‘wmﬁ .\-
€€¢ 0€T

€VE LET ~
L99 "6€T ~
LYY ov1T —

wh—1-182

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

190

S23



€6G°1

g T
686G 1 v

(45 and
6€V°C WY
Ly e

186 °€
88¢ €
¥6€ "¢
107 '€
807 "€

88V T~
€18 v~

812§
[asan]
€ve s
L6526

090"
VL0
€80
LLT”
281
061
002
09¢
L9¢
9Lg
682 "L

e

e e S

wh—2-40

NHBoc

/s

NHBoc

10

CDCl,, 25 °C

0.5

1.0

1.5

Wlmm.wﬂ B

Foozl

2.5

3.0

T
IN'
4.5

5.0
£1 (ppm)

%I €072 |

T
5.5

6.5

7.0

T

8.5

T
9.5

T
10. 0

S24



€082
6LY AN./. F
567 2 — |& = 007%
006 °Z _
706 ¢
128 2
667 € ~_ ————— g1
TZE T —
620 °¢
860 °¢ .
LV0 Amv ~ ..ﬁ Faz
090 °¢
| Fuo]
680 "9 ~_ _ ..
e N — EX
1869
696 .@W. .
92679 ~ Ad 1077
19T "L~ _ 629
€81°L o9
06T "2 O
o
(8]
Oy s
[$] m N
Q T
T z .8
Z e M
() £
[m]
5
[22]
=
a8
(=]
ki
¢
2

\M Frrer

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

6.0 5.5

6.5

9.5 9.0 8.5 8.0 7.5 7.0

10.0

£1 (ppm)

S25



0S¢
86¢
99¢
16¥
S61
008

§0S”
606

RS RS RN RS RSN

vis

L0€”
yIe”
12€°¢
62¢ ¢

650
€L0°
280°G
660

§19°

666 °C
§00
€10°
610"
€20 "
§91°
081"

881

wh—2-40 (DMS0)

PROTON

B oded el

B e e e S

NHBoc

NHBoc

10

DMSO-dg, 70 °C

Tm LT

10z

Fooz|

Feoz

WNOAN

F o0z

Feo|

0.5

1.0

1.5

2.5

3.0

T
4.5

o
o

T
5.5

6.5

7.5

8.5

9.5

T
10.0

£1 (ppm)

S26



69¢
€18

92L

80 ~
60—

9 —

869

999
281
0er
879

259
004

800

wh—2-40

6L —

92T ~_
Pl
Pl
0e1 "~
GET ~
961 —

98T —

NHBoc

NHBoc

10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

190

S27



1.0

1.5

€66

¥or

0€L

€L6°
686

9€¢”
g

[t
[
[4a<n
yeg”
Trs "
sy
298 ”
009
L6L"
918"

wb—-DIBAL-Boc

11—

7—

o

NHBoc

wam ‘81

WSAN -

2.0

2.5

3.0

L]

Woo.w L

4.5

|

|
M
T
_:' T’cil

5.5 5.0

6.5

7.0

>SS D
—aied

I

11
CDCls, 25 °C

8.0

8.5

9.5

T
10.0

£1 (ppm)

S28



996 T —

81—

008 ¢ —

9LV T ~_
1677~

0€0 "L
6V0 "L
960 "L
€I1°L
ze1L
881°L
902 "L
¥ee L
§9¢ "L
¥8¢ "L
916 "L
LeG°L

VY Ngre=——"""

wb—-DIBAL-Boc

NHBoc

11

DMSO-dg, 25 °C

W@?Nu

Woo& -

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
£1 (ppm)

10. 0

S29



.

[
L1g”
§2¢ "
167 °
S6V ¢
00¢ "
§0¢ -
606 "
ces”
001 °€
c01°¢

L I RN RS RN RN RS RN RN ES RN

L6V 7~
L7

670"
690 °
890"
260"
660
601"
€11
821"
zer”
181"
681"
00g "
¥0¢*
81¢"
[4e
8L¢"
§6¢

e e e i e e e e e ey S S o

105L13 WB DIBAL Boc 70 °

PROTON

1"

DMSO-dg, 70 °C

Fust

007

F 987C

907

T

D=0

N>

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
£1 (ppm)

9.0

9.5

S30



162 61 —

690 '8¢ —

P6e 686 —

G€9 6L —

9L "L3T ~_
611871 —
LLL°621 =F
8L 08T

€89 €€~

01T 66T —

€€0 "681 —

wb—-DIBAL-Boc

NHBoc

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

180

190

£1 (ppm)

S31



