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1. Procedures, Materials and Instrumentation

1.1 General Experiment Procedures

All reactions were carried out on the benchtop without special precautions towards air or moisture.
Reported concentrations refer to solution volumes at room temperature. Concentration of organic
solutions under reduced pressure was performed on a Biichi rotary evaporator using house vacuum
(~ 40 mm Hg). Reactions were monitored by HPLC. Column chromatography (using an ISCO and
visualizing at 210 nm and 254 nm) was performed with silica cartridges.

1.2 Materials

All commercially available reagents were purchased from Sigma—Aldrich, Alfa Aesar, Strem,
Oakwood, Chem-Impex Int'l. Inc., or TCI and used without purification, unless otherwise
indicated. Anhydrous solvents were used as received. Deuterated NMR solvents were purchased
from Cambridge Isotope Laboratories.

1.3 Instrumentation

Proton nuclear magnetic resonance ("H NMR) spectra and proton-decoupled carbon nuclear
magnetic resonance ('*C NMR) spectra were recorded at 25 °C (unless stated otherwise) on 400
or 500 MHz spectrometers. Chemical shifts for protons are reported in parts per million downfield
from tetramethylsilane and are referenced to residual proton resonances of the NMR solvent.
Chemical shifts for carbon are reported in parts per million downfield from tetramethylsilane and
are referenced to the carbon resonances of the NMR solvent. The solvent peak was referenced to
7.26 ppm for 'H and 77.16 ppm for 13C for CDCl;. Data are represented as follows: chemical shift,
integration, multiplicity (br = broad, s = singlet, d = doublet, t = triplet, q = quartet, qn = quintet,
sp = septet, m = multiplet), coupling constants (J) in Hertz (Hz).

High-resolution mass spectrometric data was obtained by either ESI or CI with a TOF spectrometer
in MeCN



2. Additional Reaction Optimization Data
2.1 Evaluation of Common Coupling Reagents for Challenging Amide Bond Formation

Before exploring conditions for chemoselectivity, we first evaluated a range of simple,
inexpensive, and common coupling conditions to investigate their reactivity in the coupling of
poorly reactive nucleophiles. We selected SOCl,, CDI, EDC, PivCl, and ethyl chloroformate in
our evaluation. Since all the reagents except EDC require preactivation of carboxylic acid to avoid
undesired reaction between activators and nucleophiles, we evaluated the preactivation conditions
in order to ensure high conversion of carboxylic acid to the activated species (acid chloride, mixed
anhydride, acyl imidazole, etc). Since the activated species readily hydrolyze on LC, it is difficult
to directly monitor the activation by tracking the activated species. Instead, we choose to aliquot
the reaction and quench it with phenethylamine solution to analyze the phenethylamine-derived
product and the residual starting material, which indirectly tells us the degree of activation.

OMe OMe OMe OMe
aliquot removed and
o Activation Conditioni o quenched by phenethylamini o o
OH OA* NP OH
NHBoc NHBoc NHBo’é NHBoc
5 derived from residual SM indicative
activated ester of incomplete activation
Entry Activation quenched pdt (LC area %) SM (LC area %)

1 SOCl, (1.2 eq), 4 eq. DIPEA, 0.1 eq. DMF ~ 87% 10%
2 CDI (1.1 eq), 0.2 eq. imidazole-HCI 98% 2%
3 PivCl (1 eq.), 1 eq. NMM 96% 2%
4 CIC(O)OEt (1 eq), 1 eq. NMM 95% 2%

Figure S1. Screen of the activation conditions. Conversion was determined by HPLC analysis of
the crude reaction mixture.

After screening, the most optimal activation conditions were shown in Figure S1. Base was found
to be necessary to quench acid byproduct from SOCI, reaction to suppress Boc deprotection,
although a small amount of deBoc impurity was still observed. The acid additive was found to
promote acyl imidazole formation using CDI. Clean formation of activated ester was observed
with PivCl and ethyl chloroformate using NMM as the base. After identifying the activation
conditions, we decided to evaluate the coupling with the Cbz-protected substrate to avoid the issue
with Boc deprotection under SOCI, conditions.



o
HoN
2a
(1.2 equiv.) Conditions CN MeQ
o OR i /©/ OR 0 Me, o
+ . N
OH MeCN, 23 °C, 12 h N b
CbzHN CbzHN
3b

CbzHN I Meome
1 o H 3a
2 0
2b
(1.2 equiv.)

Entry Activation Coupling for 2a 3a (LC area %)
1 SOCl, (1.2 eq), 4 eq. DIPEA, 0.1 eq. DMF 1.2 eq. 2a 62%
2 CDI (1.1 eq), 0.2 eq. imidazole-HClI 1.2eq.2a 32%
3 N/A EDC (1.2 eq). 1.2 eq. 2a 58%
4 PivCI (1 eq.), 1 eq. NMM 1.2 eq. 2a 75%
5 CIC(O)OEt (1 eq), 1 eq. NMM 1.2eq.2a 81%

Entry Activation Coupling for 2b 3b (LC area %)
1 SOCl, (1.2 eq), 4 eq. DIPEA, 0.1 eq. DMF 1.2 eq. 2b 15%
2 CDI (1.1 eq), 0.2 eq. imidazole-HClI 1eq. DIPEA, 1.2 eq. 2b 2%
3 N/A EDC (1.2 eq). 1 eq. DIPEA, 1.2 eq. 2b 66%
4 PivCl (1 eq.), 1 eq. NMM 1 eq. DIPEA, 1.2 eq. 2b 54%
5 CIC(O)OEt (1 eq), 1 eq. NMM 1 eq. DIPEA, 1.2 eq. 2b 61%

Figure S2. Evaluation of Common Coupling Reagents for Challenging Amide Bond
Formation

We evaluated those reagents in the coupling of a phenylalanine derivative 1 with electronically
deactivated aniline 2a or sterically deactivated amine 2b. Using the activation conditions which
we know will provide >90% activation, we saw incomplete conversion of 1. Several unidentified
side products were observed with SOCl,. While reaction was relatively clean with CDI, the
coupling between amines and acyl imidazole was slow. N-acylurea formation was observed with
EDC. Formation of carbamate side product resulting from amine attached the carbonate carbonyl
carbon was observed with ethyl chloroformate.

2.2 Additional Coupling Reagent Screen for Coupling with A Secondary Amine
Nucleophile (2b)



OMe Me OMe OMe

~ ;l OMe
Cl H, o
0 2b Conditions 0 Ml\éleo\\ 0
+ (1.2 equiv.) o ~S~0  f
OH DMAc, 23 °C, 30 min N OPr
BocHN n-ProH BocHN ‘3 BocHN

5 (1.2 equiv.) 6b 7
Entry Activator Additive Base Conversion 6b:7
1 TCFH Oxyma (1 equiv)  DIPEA (4 equiv) 98% >50:1
2 TCFH HOPO (1 equiv) DIPEA (4 equiv) 92% >50:1
3 TCFH NMI (1 equiv) DIPEA (4 equiv) 98% 1.8:1
4 TCFH DMAP (1 equiv) DIPEA (4 equiv) 94% 1:10
5 TCFH NMI (3.5 equiv) - 92% 1:10
6 EDC HOPO (1 equiv) DIPEA (4 equiv) 38% >50:1
7 EDC DMAP (1 equiv) DIPEA (4 equiv) 44% 1:40
Entry Activator Base Conversion  3a (LC area %) 3a4
PyClop DIPEA (4 equiv) 87% 50% >50:1
PFPDPP DIPEA (4 equiv) 82% 69% 8.6:1
10 HSTU DIPEA (4 equiv) 76% 49% 2.4:1
11 PyOxim DIPEA (4 equiv) 99% 94% 31:1
12 PyBroP DIPEA (4 equiv) 99% 88% >50:1
13 DEPBT DIPEA (4 equiv) 85% 78% 23:1
14 HBTU DIPEA (4 equiv) 99% 2% 2.9:1
15 DPPA DIPEA (4 equiv) 93% 49% 16:1
16 MNBA DIPEA (4 equiv) 98% 90% 27:1
17 PFTU DIPEA (4 equiv) 98% 83% 13:1
18 HATU DIPEA (4 equiv) 98% 93% 47:1
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Figure S3. Additional coupling reagent screen for the coupling of 5 with 2b and n-PrOH.
Conversion and selectivity were determined by HPLC analysis of the crude reaction mixture.

The selectivity of coupling was found to be highly dependent on the identity of nucleophilic
additives (Figure S1 entry 1-7). While N-oxide-based nucleophilic additives (HOPO and Oxyma)
promoted coupling with high N-selectivity, reactions with nitrogen-heterocycle-based additives
(NMI and DMAP) favor the formation of corresponding ester product 7. The same trend was
observed when EDC was used as the activator.

Among the additional commercial coupling reagents being screened (Figure S1 entry 8-17),
several reagents (PyOxim, PyBrop, MNBA, and HATU) offered both high conversion and product
ratio. These four reagents were tested in a different system shown below.

2.3 Additional Coupling Reagent Screen for Coupling with An Electron-Deficient Aniline
(22)



ol
H,N

Conditions
0 2a 2,6-lutidine (2 equiv) 0 CN o
+ (1.2 equiv.) > +
OH oH MeCN, 23 °C, 12 h N OPr
CbzHN n-Prof CozHN M CbzHN
1 (1.2 equiv.) 3a 4
Entry Activator Conversion 3a (LC area %) 3a4

1 HATU 73% 32% 1:1.2
2 PyBroP 48% 26% 2.2:1
3 PyOxim 41% 8% 1:3.8
4 MNBA 26% 0.5% -

Figure S4. Additional coupling reagent screen for the coupling of 1 with 2a and n-PrOH.
Conversion and selectivity were determined by HPLC analysis of the crude reaction mixture.

Although the four coupling reagents showed promising results in Figure S1, lower conversion and
selectivity were observed in coupling with 4-cyanoaniline.

2.4 Base Screen for Coupling with An Electron-Deficient Aniline (2a)

o
H,N

Conditions

0 2a Base o CN o
+ (1.2 equiv.) > +
OH OH TCFH (1.2 equiv) N OPr
CbzHN n-pr Oxyma (0.2 equiv)  cp pyy M CbzHN
1 (1.2 equiv.) MeCN, 23 °C, 12 h 3a 4
Entry Base 3a (LC area %) 3a:4

1 2,6-lutidine (2 equiv) 96% >50:1
2 2,6-lutidine (3 equiv) 95% 42:1
3 NMM (2 equiv) 93% >50:1
4 NMM (3 equiv) 80% 9:1
5 DIPEA (2 equiv) 91% >50:1
6 DIPEA (3 equiv) 65% 7.4:1

Figure S5. Base screen for the coupling of 1 with 2a and n-PrOH. Conversion and selectivity were
determined by HPLC analysis of the crude reaction mixture.
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The basicity of the reaction mixture has strong impact on reaction performance. Stronger base and
higher equivalency of base led to lower selectivity and less clean reaction. The optimal base was
found to be weakly basic 2,6-lutidine (2 equiv).

2.5 Additional Aldehyde Screen

0
" 0
N H i PvB
o g BocHN o
: - i Boc :
N Soome EE,),'P(,;)f (%q:omv) n ° Lo e
Cm H, § : DMAC, 23 °C, 1 h 1 20T OFH, Oxyma
o —imnelomation? amda couplng. | IV o
.2 equiv.) ] S0+
via b N/\
i~ NH2 <MeoMe Ne Ar| BocHN BocHN ' Ph
_ N ph N 6b 8
(1.2 equiv.) H o)
desired undesired
para and meta-substituted aldehydes
Entry R LCAP (6b) 6b:8 Entry R LCAP (6b) 6b:8
1 noaldehyde ND 1:43 7 m-CF4 74 10.1:1
2 p-OMe 57 2.7:1 8 p-CF3 79 10.8:1
3 p-Me 56 3.2:1 9 p-CN 72 10.9:1
4 H 73 4.3:1 10 m-NO, 81 11.3:1
5 p-Br 76 6.2:1 11 p-NO, 75 12.3:1
6 m-Br 72 8.7:1
ortho-substituted and miscellaneous aldehydes
Entry R LCAP (6b) 6b:8
12 4-hydroxybenzaldehyde 12 1:1.4
13 3,5-dichlorosalicyaldehyde 7 1:1.1
14 3-hydroxybenzaldehyde 25 241
15 2,4-dimethoxybenzaldehyde 56 2.71
16 2-methoxybenzaldehyde 68 3.51
17 salicyaldehyde 39 7.21
18 isophthalaldehyde 75 7.6:1
19 terephthalaldehyde 74 8.2:1
20 2-fluorobenzaldehyde 80 9.21
21 2-bromobenzaldehyde 73 12:1
22 2-trifluoromethylbenzaldehyde 79 15:1
23 2-nitrobenzaldehyde 77 16:1
24 2-cyanobenzaldehyde 42 17:1
25 2-bromo-4-chlorobenzaldehyde 86 221
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Figure S6. Additional aldehyde screen for the coupling of 5 with 2b and phenethylamine and
Hammett correlation between the electronics of aryl aldehydes and selectivity. Conversion and
selectivity were determined by HPLC analysis of the crude reaction mixture.

As discussed in the main text, the selectivity increased as the aldehydes became more electron-
deficient (entry 1-11). Aldehydes containing free phenols generally afforded complex reaction
mixture with the formation of multiple side products (entry 12-14, 17), and the selectivity was
poor. Ortho-substitution provides slightly enhanced selectivity comparing to substitution at meta
or para-position. For example, 2-methoxybenzaldehyde (entry 16, 3.5:1) afforded higher
selectivity than 4-methoxybenzaldehyde (entry 2, 2.7:1). The same trend also holds for bromo-,
trifluoromethyl-, and nitrobenzaldehyde, and the highest selectivity is observed when the bromo,
trifluoromethyl, and nitro group is at the ortho-position. 2-Bromo-4-chlorobenzaldehyde was
found to be the most optimal one.
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3. Safety Evaluation of TCFH and Oxyma

TCFH CAS#94790-35-9

Enthalpy (normalized): 25.153 J/g
Onsetx 99.33 °C

Heat Flow (Normalized) Q(W/g)

Peak temperature: 104.12 °C

Enthalpy (normalized): 503.55 J/g
55°C

Peak temperature: 378.46 °C

0.5
0.0 T T
0 100 200 400
Exo Up Temperature T(°C)
Figure S7. DSC for TCFH.
Melting point 95°C
Exotherm initiates at 250°C
TCFH is not expected to be shock sensitive based on Yoshida correlation
OXYMA CAS# 3849-21-6
4 2000
- 1500
]
%’, - 1000
Em Peak temperature: 132.36 °C F 500
2
Change: 157.55 Jig
Lo
Change: 1994.0 Jig
Enthalpy (normalized): 1836.0 Jig
Onset x: 129.85 °C
4 ; ; -500
0 100 200 400
Exo Up Temperature T(°C)

Figure S8. DSC for Oxyma.

Oxyma is highly energetic and Yoshida positive.
Melting Point: 130°C

(6/7) [es6oyu] (pozilewsoN) Adieyua



No sign of decomposition or explosion was observed in drop weight experiments. Negative results
for 3 of 3 experiments at 30N.

ARC and DSc isothermal ages showed no evidence of degradation at 70 °C (vs. operating
temperature of 25 °C), therefore TCFH and Oxyma are safe to use on large scale.

Oxyma and DIC can generate HCN during amide coupling

m ‘PrNY g"r’r ‘PrNYNH"Pr

sl

,“é-
o ipN=C=N @ Proton &
O PN (i’N.Pr N'Q‘H N'o &
1 — Trans A “'
3 NC” COnEt o Et
NC” CO,Et 2 NGE o
2 6 7
(S] -0
-0 N i -
N - ' + N=—H
C @~NPr —— /“\N>:N i
EtO.L7¥N EtO.C” |
NCTY; ipr B
8 9
Analogous mechanism unlikely for TCFH / Oxyma system o
Cl

| PFg ®

)\ Cl M NLCI M MegN NM82
+ e e U
/—\\ N I/ M 2[\ NM > (2] \l/ () \(

| PIES proton transfer with base
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NC)\OEt NC” OEt NC” OEt

S
Unfavorable @N,O ® Cl
cyclization EO.C @\FNMeg
—_—— - 2 )I}I\Me

NC Me

Figure S9. Pathway for possible HCN generation from Oxyma and CN™ testing strip result.

DIC and Oxyma have been reported to react and generate HCN in coupling reaction via a
mechanism shown in Figure S7.! However, the analogous mechanism is unlikely for TCFH and
Oxyma. Indeed, when CN~ testing strip was used to measure CN- concentration in the reaction
mixture, no CN~ was detected (limit of detection is 5 ppm).



4. Synthetic Procedures and Characterization Data
4.1 Synthesis and Characterization of Products

S Condition A:
HN TCFH (1.2 equiv.)
Oxyma (0.2 equiv.)
Q 2 6-lutidine (2 equiv.) 0
oH 2 MeCN, 23 °C, 16 h 4
CbzHN +  (1.2equiv.) > N
CbzHN )h
1 n-PrOH 3

(1.2 equiv.)
General Procedure A: General Procedure for Coupling of Cbz-Phe-OH (1) with anilines in
the presence of n-PrOH
For product spotaneously crystallizing out during reaction:
To a 40 mL vial equipped with a stir bar was added Cbz-Phe-OH (1) (6.7 mmol, 1 equiv), MeCN
(18 mL), 2,6-lutidine (13.4 mmol, 2 equiv), n-propanol (8.0 mmol, 1.2 equiv), and anilines (8.0
mmol, 1.2 equiv). To the reaction mixture was added Oxyma (1.3 mmol, 0.2 equiv). The solution
was cooled to 0 °C in an ice bath. To the solution was added TCFH (7.4 mmol, 1.1 equiv). The
reaction mixture was stirred at 0 “C for 10 min. The reaction was then warmed to 25 °C and stirred
at 25 °C for 16 hours. Aliquot was diluted with MeOH:H20O (1:1), filtered, analyzed by HPLC to
determine product ratio. The slurry was slowly transferred to 150 mL water to precipitate out all
the product. The slurry was stirred at 25 °C for 30 min and filtered to afford the crude product.
After the crude product was dried under vacuum, it was washed with 15 mL hexanes:MTBE (1:1)
twice to remove impurities and afford clean product.

General Procedure B: General Procedure for Coupling of Cbz-Phe-OH (1) with anilines in
the presence of n-PrOH

For product that remains soluble in reaction mixture:

To a 40 mL vial equipped with a stir bar was added Cbz-Phe-OH (1) (6.7 mmol, 1 equiv), MeCN
(18 mL), 2,6-lutidine (13.4 mmol, 2 equiv), n-propanol (8.0 mmol, 1.2 equiv), and anilines (8.0
mmol, 1.2 equiv). To the reaction mixture was added Oxyma (1.3 mmol, 0.2 equiv). The solution
was cooled to 0 °C in an ice bath. To the solution was added TCFH (7.4 mmol, 1.1 equiv). The
reaction mixture was stirred at 0 “C for 10 min. The reaction was then warmed to 25 °C and stirred
at 25 °C for 16 hours. Aliquot was diluted with MeOH:H20O (1:1), filtered, analyzed by HPLC to
determine product ratio. The reaction mixture was transferred to a separatory funnel. To the sep
funnel was added 100 mL EtOAc. The organic layer was washed with 30 mL 10 wt% citric acid,
30 mL sat. NaHCO3, and 30 mL sat. NaCl. The organic layer was dried over Na,SO4 and
concentrated in vacuo. The crude product was purified on a 120 g SiO, column (0-80%
EtOAc/hexanes).
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OMe OMe

HN” Condition B:
/k TCFH (1.2 equiv.)
Oxyma (0.2 equiv.)
0 DIPEA (4 equiv.) o
2 DMAc, 23 °C, 3 h y
OH +  (1.2equiv) > N
BocHN BocHN ,k
5 n-PrOH 6
(1.2 equiv.)

General Procedure C: General Procedure for Coupling of Boc-Tyr(Me)-OH (5) with amines
in the presence of n-PrOH

To a 40 mL vial equipped with a stir bar was added Boc-Tyr(Me)-OH (5) (8.2 mmol, 1 equiv),
DMAc (12.5 mL), DIPEA (32.8 mmol, 4 equiv), n-propanol (9.9 mmol, 1.2 equiv), and amines
(9.9 mmol, 1.2 equiv). To the reaction mixture was added Oxyma (1.64 mmol, 0.2 equiv). The
solution was cooled to 0 °C in an ice bath. To the solution was added TCFH (9.9 mmol, 1.2 equiv).
The reaction mixture was stirred at 0 °C for 30 min. The reaction was then warmed to 25 “C and
stirred at 25 °C for 16 hours. Aliquot was diluted with MeCN:H20 (1:1), filtered, analyzed by
HPLC to determine product ratio. The reaction mixture was transferred to a separatory funnel. To
the sep funnel was added 100 mL EtOAc. The organic layer was washed with 30 mL 10 wt% citric
acid, 30 mL sat. NaHCO3, and 30 mL sat. NaCl. The organic layer was dried over Na,SO4 and
concentrated in vacuo. The crude product was purified on a 120 g SiO, column (0-80%
EtOAc/hexanes).

OMe HN” OMe OMe
)v 1). ArCHO (1.4 equiv)
DIPEA (5 equiv)
o 2 DMAc, 23 °C, 1 h o o
+ (1.2 equiv.) o +
OH 2). TCFH (1.2 equiv) N’ N
BocHN pr N NH2 Oxyma (0.2 equiv) BocHN )P BocHN Ph
5 (1.2 equiv.) 6 8

General Procedure D: General Procedure for Coupling of Boc-Tyr(Me)-OH (5) with amines
in the presence of competing primary amines

To a 40 mL vial equipped with a stir bar was added, DMAc (12.5 mL), amines (2) (9.9 mmol, 1.2
equiv), DIPEA (41.1 mmol, 5 equiv), phenethylamine (9.9 mmol, 1.2 equiv), and benzaldehyde or
2-bromo-4-chlorobenzaldehyde (11.5 mmol, 1.4 equiv). The solution was stirred at 25 “C for 2
hours. To the reaction mixture was added Oxyma (1.64 mmol, 0.2 equiv) and Boc-Tyr(Me)-OH
(5) (8.2 mmol, 1 equiv). The solution was cooled to 0 °C in an ice bath. To the solution was added
TCFH (9.9 mmol, 1.2 equiv). The reaction mixture was stirred at 0 °C for 30 min. The reaction
was then warmed to 25 °C and stirred at 25 °C for 16 hours. Aliquot was diluted with MeCN:H20
(1:1), filtered, analyzed by HPLC to determine product ratio. The reaction mixture was transferred
to a separatory funnel. To the sep funnel was added 100 mL EtOAc. The organic layer was washed
with 30 mL 10 wt% citric acid (x2), 30 mL sat. NaHCO3, and 30 mL sat. NaCl. The organic layer
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was dried over Na,SO4 and concentrated in vacuo. The crude product was purified on a 120 g
Si0, column (0-80% EtOAc/hexanes).
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N
cbziN  H

3a
Benzyl (S)-(1-((4-cyanophenyl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate (3a)

The compound was prepared using General Procedure A on 6.68 mmol scale with 87% isolated
yield (2.33 g, 5.83 mmol) as a light brown solid.

Product selectivity: 15:1. (3a:4). HPLC retention time: 3a: 6.39 min; 4:6.82 min.

Enantiomeric excess of product: 100% (S)-3a: 5.32 min, (R)-3a: 6.92 min

"H NMR (500 MHz, DMSO) 6 10.85 (s, 1H), 7.93 — 7.72 (m, 5H), 7.46 — 7.10 (m, 10H), 4.97 (s,
2H), 4.48 (td, J=10.1, 4.7 Hz, 1H), 3.09 (dd, J = 13.6, 4.4 Hz, 1H), 2.88 (dd, /= 13.4, 10.6 Hz,
1H).

13C NMR (126 MHz, DMSO) § 171.5, 156.0, 143.2, 137.6, 136.9, 133.2, 129.3, 128.3, 128.0,
127.7,127.5, 126.4, 119.3, 119.0, 105.1, 65.4, 57.2, 37.2.

HRMS (ESI) m/z calculated for C,4H»,N303 [M+H]+: 400.1656; found: 400.1651.

o /©/CF3
N

cbziN M

3c
Benzyl (S)-(1-0x0-3-phenyl-1-((4-(trifluoromethyl)phenyl)amino)propan-2-yl)carbamate
(3¢)
The compound was prepared using General Procedure A on 6.68 mmol scale with 85% isolated
yield (2.50 g, 5.65 mmol) as a light brown solid.
Product selectivity: 44:1. (3c:4). HPLC retention time: 3¢: 6.94 min; 4:6.82 min.
Enantiomeric excess of product: 99.4% (S)-3c: 6.45 min, (R)-3¢: 9.84 min
'H NMR (500 MHz, DMSO) 4 10.53 (s, 1H), 7.83 (d, J = 8.5 Hz, 2H), 7.78 (d, J = 8.2 Hz, 1H),
7.69 (d, J = 8.6 Hz, 2H), 7.42 — 7.06 (m, 10H), 4.98 (s, 2H), 4.46 (td, J = 9.8, 4.8 Hz, 1H), 3.06
(dd, J=13.7,4.6 Hz, 1H), 2.89 (dd, J=13.6, 10.3 Hz, 1H).
1F NMR (471 MHz, DMSO) 6 -60.35.
13C NMR (126 MHz, DMSO) & 171.2, 156.0, 142.4, 137.6, 136.9, 129.2, 128.3, 128.1, 127.7,
127.6, 126.4, 126.0 (q, J = 3.7 Hz), 124.4 (q, J = 269.7 Hz), 123.4 (q, J = 32.0 Hz), 119.2, 65.4,
57.1,37.3.
HRMS (ESI) m/z calculated for C,4H»,F3N,0O5 [M+H]+: 443.1577; found: 443.1576.
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Benzyl (S)-(1-((4-fluorophenyl)amino)-1-oxo0-3-phenylpropan-2-yl)carbamate (3d)
The compound was prepared using General Procedure A on 6.68 mmol scale with 83% isolated
yield (2.18 g, 5.54 mmol) as a light red solid.
Product selectivity: >50:1. (3d:4). HPLC retention time: 3d: 6.56 min; 4:6.82 min.
Enantiomeric excess of product: >99.9% (S)-3d: 4.34 min, (R)-3d: 3.83 min
'"H NMR (500 MHz, DMSO) 6 10.17 (s, 1H), 7.71 (d, J = 8.3 Hz, 1H), 7.62 (dd, J = 8.9, 5.0 Hz,
2H), 7.38 — 7.25 (m, 9H), 7.24 — 7.12 (m, 4H), 4.98 (s, 2H), 4.42 (td, /= 9.7, 4.9 Hz, 1H), 3.04
(dd, J=13.7,4.6 Hz, 1H), 2.87 (dd, J=13.6, 10.2 Hz, 1H).
19F NMR (471 MHz, DMSO) 6 -119.18.
I3C NMR (126 MHz, DMSO) & 170.4, 158.06 (d, J = 239.9 Hz), 156.0, 137.8, 136.9, 135.2,
135.2,129.2, 128.3, 128.1, 127.7, 127.5, 126.4, 121.09 (d, J= 7.8 Hz), 115.27 (d, J = 22.2 Hz),
65.3,56.9, 37.5.
HRMS (ESI) m/z calculated for C,3H,FN,O3 [M+H]+: 393.1609; found: 393.1608.

W,

CbzHN Me

CbzHN

Benzyl (S)-(l-(methyl(phenyl)amino)-l-0x0-3-phenylpr0pan-2-yl)carbamate 3e)

The compound was prepared using General Procedure B on 8.35 mmol scale with 92% isolated
yield (2.98 g, 7.67 mmol) as a light orange oil.

Product selectivity: >50:1. (3e:4). HPLC retention time: 3e: 6.61 min; 4: 6.85 min.

Enantiomeric excess of product: 100% (S)-3e: 7.17 min, (R)-3e: 7.68 min

'H NMR (500 MHz, CD;0D) 6 7.44 —7.11 (m, 12H), 7.06 — 6.75 (m, 4H), 4.99 (s, 2H), 4.83 (s,
1H), 4.45 (t, J=17.3 Hz, 1H), 3.18 (s, 3H), 2.92 (dd, /= 13.3, 6.8 Hz, 1H), 2.69 (dd, J=13.3, 8.1
Hz, 1H).

13C NMR (126 MHz, CD;0D) 6 173.7, 157.9, 144.0, 138.2, 138.1, 130.8, 130.2, 129.4, 129.3,
128.9, 128.7, 127.8, 67.5, 54.8, 39.4, 38.1.

HRMS (ESI) m/z calculated for C,4H,sN,O; [M+H]+: 389.1860; found: 389.1858.

o

CbzHN
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Benzyl (S)-(1-((2,6-dimethylphenyl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate (3f)

The compound was prepared using General Procedure A on 8.35 mmol scale with 90% isolated
yield (3.03 g, 7.53 mmol) as a light yellow solid.

Product selectivity: >50:1. (3f:4). HPLC retention time: 3f: 6.56 min; 4: 6.85 min.

Enantiomeric excess of product: 99.9% (S)-3f: 8.42 min, (R)-3f: 7.14 min

"H NMR (500 MHz, DMSO) 6 9.47 (s, 1H), 7.71 (d, J = 8.4 Hz, 1H), 7.44 — 7.20 (m, 10H), 7.11
—7.02 (m, 3H), 5.04 (d, J=12.7 Hz, 1H), 4.97 (d, J=12.7 Hz, 1H), 4.51 (td, /J=9.8, 5.1 Hz, 1H),
3.14 (dd, J=13.7,4.9 Hz, 1H), 2.93 (dd, J=13.5, 10.3 Hz, 1H), 2.07 (s, 6H).

13C NMR (126 MHz, DMSO) 8 170.1, 156.0, 138.0, 137.1, 135.3, 134.8, 129.3, 128.2, 128.1,
127.7, 127.6, 127.5, 126.4, 126.3, 65.2, 56.5, 37.5, 17.9.

HRMS (ESI) m/z calculated for C,5sH,7N,0O; [M+H]+: 403.2016; found: 403.2015.

o Et
b
H Et
39
Benzyl (S)-(1-((2,6-diethylphenyl)amino)-1-o0xo0-3-phenylpropan-2-yl)carbamate (3g)
The compound was prepared using General Procedure A on 6.68 mmol scale with 80% isolated
yield (2.31 g, 5.34 mmol) as a light yellow solid.
Product selectivity: 8.4:1. (3g:4). HPLC retention time: 3g: 6.92 min; 4: 6.84 min.
Enantiomeric excess of product: >99.9% (S)-3g: 5.08 min, (R)-3g: 4.87 min
'"H NMR (500 MHz, DMSO) & 9.44 (s, 1H), 7.70 (d, J= 8.6 Hz, 1H), 7.45 — 7.36 (m, 2H), 7.37 —
7.22 (m, 8H), 7.20 — 7.14 (m, 1H), 7.08 (d, J = 7.6 Hz, 2H), 5.05 (d, J = 12.8 Hz, 1H), 4.96 (d, J
=12.8 Hz, 1H), 4.53 (td, J=10.0, 4.9 Hz, 1H), 3.13 (dd, J=13.6, 4.8 Hz, 1H), 2.92 (dd, J=13.5,
10.4 Hz, 1H), 2.47 — 2.33 (m, 4H), 1.05 (t, /= 7.5 Hz, 6H).
13C NMR (126 MHz, DMSO) § 171.0, 156.0, 141.6, 138.0, 137.1, 133.6, 129.2, 128.2, 128.1,

127.6, 127.4, 127.1, 126.3, 125.9, 65.2, 56.4, 37.3, 24.2, 14.6.
HRMS (ESI) m/z calculated for C,;H3;N,O; [M+H]+: 431.2329; found: 431.2329.

CbzHN

N

coziN  H gy

3h
Benzyl (S)-(1-((2-(tert-butyl)phenyl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate (3h)
The compound was prepared using General Procedure A on 6.68 mmol scale with 82% isolated
yield (2.35 g, 5.46 mmol) as a light yellow solid.
Product selectivity: 8.6:1. (3h:4). HPLC retention time: 3h: 6.98 min; 4: 6.84 min.
Enantiomeric excess of product: >99.9% (S)-3h: 3.34 min, (R)-3h: 3.20 min
'H NMR (500 MHz, DMSO) 8 9.31 (s, 1H), 7.71 (d, J = 8.6 Hz, 1H), 7.47 — 7.11 (m, 13H), 7.06
—6.88 (m, 1H), 5.03 (d, J = 12.7 Hz, 1H), 4.97 (d, J = 12.7 Hz, 1H), 4.54 (td, J = 10.4, 4.5 Hz,
1H), 3.17 (dd, J=13.7, 4.4 Hz, 1H), 2.90 (dd, J = 13.5, 10.7 Hz, 1H), 1.29 (s, 9H).
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13C NMR (126 MHz, DMSO) & 171.2, 156.0, 146.0, 138.0, 137.0, 135.7, 130.8, 129.3, 128.2,
128.1, 127.7, 127.5, 126.7, 126.5, 126.3, 65.3, 56.6, 37.0, 34.5, 30.6.
HRMS (ESI) m/z calculated for C,;H3;N,O; [M+H]+: 431.2329; found: 431.2331.

OMe

MeO
O Me \\\Q

N

(@)

BocHN

6b
Methyl (S)-1-((S)-2-((tert-butoxycarbonyl)amino)-3-(4-methoxyphenyl)propanoyl)-2-
methylpyrrolidine-2-carboxylate (6b)
The compound was prepared using General Procedure C on 8.2 mmol scale with 97% isolated
yield (3.34 g, 7.94 mmol) as an orange oil.
Product selectivity: >50:1. (6b:7). HPLC retention time: 6b: 6.23 min; 7: 6.77 min.
d.r. of product: >99:1 (S,S)-6b: 14.30 min, (R,S)-6b: 14.40 min
'"H NMR (500 MHz, CD;0D) 6 7.18 (d, J = 8.4 Hz, 2H), 6.85 (d, J = 8.5 Hz, 2H), 6.47 (m, 0.5H,
partially H/D exchange at NH), 4.50 — 4.34 (m, 1H), 3.89 — 3.80 (m, 1H), 3.76 (s, 3H), 3.67 (s,
3H), 3.38 (m, 1H), 2.94 (dd, /= 13.8, 6.6 Hz, 1H), 2.69 (dd, J=13.8, 7.9 Hz, 1H), 2.13 — 1.83 (m,
4H), 1.51 (s, 3H), 1.37 (s, 9H).
I3C NMR (126 MHz, CD;0D) & 175.6, 172.2, 160.0, 157.5, 131.6, 130.3, 114.8, 80.5, 67.6, 55.7,
55.5,52.7,39.3,37.7, 28.6, 24.9, 21 4.
HRMS (ESI) m/z calculated for C,,H33N,06 [M+H]+: 421.2333; found: 421.2333.

OMe

BocHN

6  oH
Methyl (2S,4R)-1-((S)-2-((tert-butoxycarbonyl)amino)-3-(4-methoxyphenyl)propanoyl)-4-
hydroxypyrrolidine-2-carboxylate (6i)
The compound was prepared using General Procedure C on 8.2 mmol scale with 91% isolated
yield (3.15 g, 7.46 mmol) as a yellow oil.
Product selectivity: >50:1. (6i:7). HPLC retention time: 6i: 5.31 min; 7: 6.77 min.
d.r. of product: >99:1 (S,S)-6i: 5.31 min, (R,S)-6i: 5.25 min
"H NMR (500 MHz, CD;0D) § 7.29 — 7.08 (m, 2H), 6.93 — 6.64 (m, 2H), 4.60 — 4.30 (m, 3H),
3.76 (s, 3H), 3.74 — 3.56 (m, 4H), 3.51 — 3.34 (m, 1H), 3.00 — 2.85 (m, 1H), 2.84 — 2.71 (m, 1H),
2.28 —2.09 (m, 1H), 2.05 - 1.90 (m, 1H), 1.38 (s, 9H).
13C NMR (126 MHz, CD;0D) & 173.9, 173.2, 160.1, 157.5, 131.7, 130.1, 114.8, 80.6, 70.9, 59.5,
56.1,55.7,55.3,52.7, 38.3, 38.2, 28.7.
HRMS (ESI) m/z calculated for C,1H3;N,O; [M+H]+: 423.2126; found: 423.2122.
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6j
Methyl N-((S)-2-((tert-butoxycarbonyl)amino)-3-(4-methoxyphenyl)propanoyl)-N-methyl-
L-valinate (6j)
The compound was prepared using General Procedure C on 8.2 mmol scale with 84% isolated
yield (2.90 g, 6.86 mmol) as a light orange solid.
Product selectivity: 20:1. (6j:7). HPLC retention time: 6j: 6.64 min; 7: 6.74 min.
d.r. of product: >99:1 (S,S)-6j: 6.64 min, (R,S)-6j: 6.60 min
"H NMR (500 MHz, CD;0D) & 7.12 (d, J= 8.4 Hz, 2H), 6.82 (d, /= 8.5 Hz, 2H), 4.76 (d, /= 10.7
Hz, 1H), 4.70 (t, J = 7.6 Hz, 1H), 3.76 (s, 3H), 3.70 — 3.63 (m, 3H), 2.97 — 2.73 (m, 5H), 2.23 —
2.06 (m, 1H), 1.38 (d, /= 5.2 Hz, 9H), 0.94 (d, J = 6.5 Hz, 3H), 0.84 — 0.60 (m, 3H).
BCNMR (126 MHz, CD;0D) 6 175.5, 172.0, 160.1, 157.5, 131.5, 129.8, 114.9, 80.5, 63.2, 55.7,
53.6,52.3,38.4,31.7, 28.6, 28.4, 20.0, 18.9.
HRMS (ESI) m/z calculated for C,,H3sN,O¢ [M+H]+: 423.2126; found: 423.2122.

OMe

BocHN O

6k
Methyl (S)-2-(2-((tert-butoxycarbonyl)amino)-3-(4-methoxyphenyl)propanamido)-2-
methylpropanoate (6Kk)
The compound was prepared using General Procedure C on 8.2 mmol scale with 94% isolated
yield (3.06 g, 7.76 mmol) as a light yellow solid.
Product selectivity: >50:1. (6k:7). HPLC retention time: 6k: 5.90 min; 7: 6.74 min.
Enantiomeric excess of product: >99.9% (S)-6k: 3.26 min, (R)-6k: 3.14 min
'"H NMR (500 MHz, DMSO) 6 8.29 — 8.17 (m, 1H), 7.27 — 7.10 (m, 2H), 6.82 (d, J = 8.4 Hz, 2H),
6.72 — 6.20 (m, 1H), 4.19 — 3.91 (m, 1H), 3.71 (s, 3H), 3.55 (s, 3H), 2.84 (dd, J = 13.8, 4.4 Hz,
1H), 2.64 (dd, J=13.6,9.9 Hz, 1H), 1.46 — 1.22 (m, 15H).
13C NMR (126 MHz, DMSO) 6 174.3, 171.1, 157.8, 155.1, 130.2, 129.8, 113.4, 77.9, 55.5, 54.9,
54.9,51.7,36.7, 28.1, 24.8.
HRMS (ESI) m/z calculated for C,0H3;N,O¢ [M+H]+: 395.2177; found: 395.2175.
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tert-Butyl (S)-(1-(tert-butylamino)-3-(4-methoxyphenyl)-1-oxopropan-2-yl)carbamate (61)
The compound was prepared using General Procedure C on 8.2 mmol scale with 97% isolated
yield (2.8 g, 7.99 mmol) as a light yellow solid.

Product selectivity: >50:1. (61:7). HPLC retention time: 61: 6.28 min; 7: 6.74 min.

Enantiomeric excess of product: 97.1% (S)-61: 3.11 min, (R)-61: 3.33 min

"H NMR (500 MHz, DMSO) & 7.42 —7.28 (m, 1H), 7.22 — 7.09 (m, 2H), 6.81 (d, J= 8.4 Hz, 2H),
6.67 —6.15 (m, 1H), 4.13 — 3.87 (m, 1H), 3.70 (s, 3H), 2.85 — 2.72 (m, 1H), 2.70 — 2.56 (m, 1H),
1.31 (s, 9H), 1.22 (s, 9H).

13C NMR (126 MHz, DMSO) 8 170.8, 157.7, 155.0, 130.2, 129.9, 113.3, 77.9, 56.1, 54.9, 50.0,
37.1,28.4,28.1.

HRMS (ESI) m/z calculated for C,oH3;N,O4 [M+H]+: 351.2279; found: 351.2275.

OMe
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6m
tert-Butyl (S)-(3-(4-methoxyphenyl)-1-oxo-1-((2-phenylpropan-2-yl)amino)propan-2-
yl)carbamate (6m)
The compound was prepared using General Procedure C on 8.2 mmol scale with 92% isolated
yield (3.1 g, 7.51 mmol) as a light yellow solid.
Product selectivity: >50:1. (6m:7). HPLC retention time: 6m: 6.66 min; 7: 6.74 min.
Enantiomeric excess of product: 99.6% (S)-6m: 5.14 min, (R)-6m: 4.83 min
'"H NMR (500 MHz, DMSO) 6 7.96 (s, 1H), 7.34 — 7.11 (m, 7H), 6.84 (d, /= 8.5 Hz, 2H), 6.81 —
6.24 (m, 1H), 4.24 — 4.02 (m, 1H), 3.72 (s, 3H), 2.85 (dd, J = 13.6, 5.3 Hz, 1H), 2.74 — 2.58 (m,
1H), 1.51 (d, J=28.7 Hz, 6H), 1.35 (s, 9H).
13C NMR (126 MHz, DMSO) é 170.7, 157.8, 155.3, 147.5, 130.3, 129.9, 127.7, 125.7, 124.7,
113.4,77.9, 56.2, 54.9, 54.9, 36.5, 30.1, 28.7, 28.1.
HRMS (ESI) m/z calculated for C,4H33N,04 [M+H]+: 413.2435; found: 413.2434.
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tert-Butyl ((S)-1-(((3R,5R,7R)-adamantan-1-yl)amino)-3-(4-methoxyphenyl)-1-oxopropan-
2-yl)carbamate (6n)

The compound was prepared using General Procedure C on 8.2 mmol scale with 88% isolated
yield (3.08 g, 7.19 mmol) as a light yellow solid.

Product selectivity: >50:1. (6n:7). HPLC retention time: 6n: 7.24 min; 7: 6.74 min.

Enantiomeric excess of product: 96.7% (S)-6n: 8.57 min, (R)-6n: 7.75 min

'"H NMR (500 MHz, DMSO) 6 7.27 — 7.09 (m, 3H), 6.81 (d, /= 8.3 Hz, 2H), 6.67 — 6.11 (m, 1H),
4.14 - 3.86 (m, 1H), 3.70 (s, 3H), 2.80 (dd, J = 13.6, 4.7 Hz, 1H), 2.64 (dd, J=13.5, 9.5 Hz, 1H),
2.00 (s, 3H), 1.89 (s, 6H), 1.61 (s, 6H), 1.31 (s, 9H).

13C NMR (126 MHz, DMSO) 5 170.6, 157.7, 155.0, 130.2, 129.9, 113.3, 77.9, 56.1, 54.9, 50.7,
40.9, 37.1, 36.0, 28.8, 28.1.

HRMS (ESI) m/z calculated for C,5sH37N,O4 [M+H]+: 429.2748; found: 429.2746.

OMe
Q Me
N Me
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60
O
MeO

tert-Butyl ((2S)-1-((2-hydroxy-3-(4-(2-methoxyethyl)phenoxy)propyl)(isopropyl)amino)-3-
(4-methoxyphenyl)-1-oxopropan-2-yl)carbamate (60)

The compound was prepared using General Procedure C on 8.2 mmol scale with 74% isolated
yield (3.31 g, 6.07 mmol) as an orange oil. The product is a mixture of diastereomers because the
amine nucleophile is a racemic mixture (6.82 min and 6.89 min on achiral LC)

Enantiomeric ratio of product: (S,R)+(S,S)-60: 96.2% (6.80 min and 7.29 min), (R,R)+(R,S)-60:
3.8% (7.68 min and 9.17 min)

'H NMR (500 MHz, MeOD) the product exists as a mixture of diastercomers and rotamers & 7.21
—7.07 (m, 4H), 6.94 — 6.72 (m, 4H), 4.95 — 4.84 (m, 1H), 4.39 — 3.98 (m, 2H), 4.00 — 3.78 (m,
2H), 3.78 — 3.45 (m, 6H), 3.43 — 3.33 (m, 1H), 3.28 — 3.15 (m, 1H), 3.06 — 2.66 (m, 4H), 1.53 —
1.30 (m, 9H), 1.29 — 0.70 (m, 6H).

13C NMR (126 MHz, MeOD) the product exists as a mixture of diasterecomers and rotamers &
175.6, 175.3, 175.2, 174.8, 160.2, 160.1, 160.1, 159.9, 158.7, 158.6, 158.5, 157.7, 157.4, 157.3,
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132.8, 132.5, 131.6, 131.6, 131.5, 130.8, 130.0, 129.9, 115.6, 115.5, 115.5, 115.0, 115.0, 114.9,
114.7, 80.7, 80.6, 80.3, 74.9, 71.7, 71.4, 71.0, 70.8, 70.6, 70.6, 70.5, 58.7, 55.7, 55.6, 54.3, 54.2,
53.4, 53.3, 50.5, 50.4, 46.1, 46.0, 39.4, 39.2, 39.2, 38.9, 36.1, 28.7, 21.5, 21.4, 21.3, 20.8, 20.5,
20.4,20.3, 20.2.

HRMS (ESI) m/z calculated for C30H4sN,O; [M+H]+: 545.3222; found: 545.3221.

OMe
o MeO
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S

BocHN

6b
Methyl (S)-1-((S)-2-((tert-butoxycarbonyl)amino)-3-(4-methoxyphenyl)propanoyl)-2-
methylpyrrolidine-2-carboxylate (6b)
The compound was prepared using General Procedure D (using 2-bromo-4-chlorobenzaldehyde)
on 8.2 mmol scale with 90% isolated yield (3.11 g, 7.39 mmol) as an orange oil.
Product selectivity: 22:1. (6b:8). HPLC retention time: 6b: 11.16 min; 8: 11.63 min.
d.r. of product: >99:1 (S,S)-6b: 14.30 min, (R,S)-6b: 14.40 min
"H NMR (500 MHz, CD;0D) ¢ 7.18 (d, J= 8.4 Hz, 2H), 6.85 (d, J = 8.5 Hz, 2H), 6.47 (m, 0.5H,
partially H/D exchange at NH), 4.50 — 4.34 (m, 1H), 3.89 — 3.80 (m, 1H), 3.76 (s, 3H), 3.67 (s,
3H), 3.38 (m, 1H), 2.94 (dd, J=13.8, 6.6 Hz, 1H), 2.69 (dd, J=13.8, 7.9 Hz, 1H), 2.13 — 1.83 (m,
4H), 1.51 (s, 3H), 1.37 (s, 9H).
BC NMR (126 MHz, CD;0D) 8 175.6, 172.2, 160.0, 157.5, 131.6, 130.3, 114.8, 80.5, 67.6, 55.7,
55.5,52.7,39.3,37.7, 28.6, 24.9, 21 4.
HRMS (ESI) m/z calculated for C,,H33N,06 [M+H]+: 421.2333; found: 421.2333.

OMe

BocHN

6  OH
Methyl (2S,4R)-1-((S)-2-((tert-butoxycarbonyl)amino)-3-(4-methoxyphenyl)propanoyl)-4-
hydroxypyrrolidine-2-carboxylate (6j)
The compound was prepared using General Procedure D (using 2-bromo-4-chlorobenzaldehyde)
on 8.2 mmol scale with 92% isolated yield (3.19 g, 7.55 mmol) as a clear oil.
Product selectivity: 33:1. (6j:8). HPLC retention time: 6j: 5.32 min; 8: 6.37 min.
d.r. of product: >99:1 (S,S)-6j: 5.32 min, (R,S)-6j: 5.26 min
"H NMR (500 MHz, CD;0D) 6§ 7.29 — 7.08 (m, 2H), 6.93 — 6.64 (m, 2H), 4.60 — 4.30 (m, 3H),
3.76 (s, 3H), 3.74 — 3.56 (m, 4H), 3.51 — 3.34 (m, 1H), 3.00 — 2.85 (m, 1H), 2.84 — 2.71 (m, 1H),
2.28 —2.09 (m, 1H), 2.05 - 1.90 (m, 1H), 1.38 (s, 9H).
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13C NMR (126 MHz, CD;0D) & 173.9, 173.2, 160.1, 157.5, 131.7, 130.1, 114.8, 80.6, 70.9, 59.5,
56.1,55.7,55.3,52.7, 38.3, 38.2, 28.7.
HRMS (ESI) m/z calculated for C,1H3;N,O; [M+H]+: 423.2126; found: 423.2122.
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6p
tert-Butyl (S)-(1-(benzyl(methyl)amino)-3-(4-methoxyphenyl)-1-oxopropan-2-yl)carbamate
(6p)
The compound was prepared using General Procedure D (using benzaldehyde) on 8.2 mmol scale
with 94% isolated yield (3.07 g, 7.71 mmol) as a yellow oil.
Product selectivity: >50:1. (6p:8). HPLC retention time: 6p: 6.77 min; 8: 6.37 min.
Enantiomeric excess of product: >99.9% (S)-6p: 4.10 min, (R)-6p: 3.93 min
'"H NMR (500 MHz, CD;0D, the product exists as 2.3:1 rotamer) & 7.25 (q, J = 8.5 Hz, 3H), 7.17
—6.99 (m, 4H), 6.79 (d, J=8.5 Hz, 2H), 4.77 (t,J = 7.5 Hz, 1H), 4.54 (t,J = 13.0 Hz, 1H), 4.50 —
4.39 (m, 1H), 3.75 (d, J = 3.4 Hz, 3H), 2.96 — 2.83 (m, 2H), 2.80 (d, J = 20.5 Hz, 3H), 1.39 (d, J
=33.7 Hz, 9H).
I3C NMR (126 MHz, CD;0D, the product exists as 2.3:1 rotamer) & 174.4, 160.1, 157.6, 137.9,
137.8, 131.5, 130.3, 129.9, 129.8, 129.5, 128.9, 128.6, 128.3, 128.0, 114.9, 80.6, 55.6, 54.1, 53 .4,
53.3,52.2,39.1, 38.7, 35.3, 34.4, 28.7, 28.6.
HRMS (ESI) m/z calculated for C,3H3;N,O4 [M+H]+: 399.2279; found: 399.2276.
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tert-Butyl (S)-(3-(4-methoxyphenyl)-1-oxo-1-(4-phenylpiperazin-1-yl)propan-2-
yl)carbamate (6q)
The compound was prepared using General Procedure D (using benzaldehyde) on 8.2 mmol scale
with 93% isolated yield (3.66 g, 7.66 mmol) as a yellow oil.
Product selectivity: 38:1. (6q:8). HPLC retention time: 6q: 6.59 min; 8: 6.37 min.
Enantiomeric excess of product: >99.9% (S)-6q: 2.91 min, (R)-6q: 3.61 min
"H NMR (500 MHz, CD;0D) 8 7.25 — 7.08 (m, 4H), 6.84 (dd, J=22.1, 8.4 Hz, 5H), 4.76 (t, J =
7.5 Hz, 1H), 3.91 — 3.74 (m, 1H), 3.64 (s, 3H), 3.59 — 3.36 (m, 3H), 3.17 — 3.05 (m, 1H), 3.05 —
2.76 (m, 4H), 2.38 — 2.18 (m, 1H), 1.41 (s, 9H).
13C NMR (126 MHz, CD;0D) ¢ 172.4, 160.2, 157.4, 152.5, 131.7, 130.1, 129.9, 121.6, 117.9,
115.1, 80.6, 55.6, 52.7, 50.5, 50.4, 46.7, 43.2, 39.2, 28.7.
HRMS (ESI) m/z calculated for C,sH34N3;04 [M+H]+: 440.2544; found: 440.2544.
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OMe

0

NBn,

BocHN
6r

tert-Butyl (S)-(1-(dibenzylamino)-3-(4-methoxyphenyl)-1-oxopropan-2-yl)carbamate (6r)
The compound was prepared using General Procedure D (using benzaldehyde) on 8.2 mmol scale
with 90% isolated yield (3.50 g, 7.38 mmol) as a light yellow solid.
Product selectivity: 20:1. (6r:8). HPLC retention time: 6r: 7.37 min; 8: 6.37 min.
Enantiomeric excess of product: >99.9% (S)-6r: 4.96 min, (R)-6r: 4.76 min
'"H NMR (500 MHz, DMSO) 6 7.42 — 7.19 (m, 7H), 7.17 — 7.06 (m, 4H), 6.91 (d, J = 8.5 Hz, 2H),
6.74 (d, J=8.5 Hz, 2H), 4.79 (d, J=17.0 Hz, 1H), 4.68 (d, /= 15.2 Hz, 1H), 4.51 (q,J=7.9 Hz,
1H), 4.43 (d,J=17.1 Hz, 1H), 4.31 (d, J = 15.3 Hz, 1H), 3.70 (s, 3H), 2.82 — 2.67 (m, 2H), 1.46
—0.97 (m, 9H).
13C NMR (126 MHz, DMSO) ¢ 172.6, 157.8, 155.5, 137.3, 137.2, 130.3, 129.6, 128.6, 128.2,
127.3,127.2,126.9, 126.7, 113.5, 78.2, 54.9, 52.2, 49.9, 48.3, 36.4, 28.1.
HRMS (ESI) m/z calculated for C,0H35sN,O4 [M+H]+: 475.2592; found: 475.2592.

OMe

o /©/0Me

N
BocHN H
6s
tert-Butyl (S)-(3-(4-methoxyphenyl)-1-((4-methoxyphenyl)amino)-1-oxopropan-2-
yl)carbamate (6s)
The compound was prepared using General Procedure D (using 2-bromo-4-chlorobenzaldehyde)
on 8.2 mmol scale with 71% isolated yield (2.32 g, 5.79 mmol) as a light pink solid.
Product selectivity: 6.8:1. (6s:8). HPLC retention time: 6s: 11.25 min; 8: 11.62 min.
Enantiomeric excess of product: 99.2% (S)-6s: 3.04 min, (R)-6s: 2.86 min
'H NMR (500 MHz, DMSO) & 9.84 (s, 1H), 7.49 (d, J = 8.9 Hz, 2H), 7.22 (d, J = 8.4 Hz, 2H),
6.98 (d, J= 8.2 Hz, 1H), 6.88 (d, /= 8.9 Hz, 2H), 6.84 (d, J = 8.3 Hz, 2H), 4.36 — 4.01 (m, 1H),
3.71(d,J=5.3 Hz, 6H), 2.92 (dd, J=13.7, 4.5 Hz, 1H), 2.83 — 2.71 (m, 1H), 1.33 (s, 9H).
3C NMR (126 MHz, DMSO) & 170.3, 157.8, 155.3, 155.2, 132.1, 130.2, 129.8, 120.8, 113.8,
113.5, 78.0, 56.7, 55.1, 54.9, 36.8, 28.1.
HRMS (ESI) m/z calculated for C,,H;gN,OsNa [M+Na]+: 423.1896; found: 423.1890.
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OMe

0 MeMe
N)Q/tBu

BocHN H

6t
tert-Butyl (S)-(3-(4-methoxyphenyl)-1-o0xo0-1-((2,4,4-trimethylpentan-2-yl)amino)propan-2-
yl)carbamate (6t)
The compound was prepared using General Procedure D (using 2-bromo-4-chlorobenzaldehyde)
on 8.2 mmol scale with 81% isolated yield (2.69 g, 6.62 mmol) as a light yellow solid.
Product selectivity: 6.3:1. (6t:8). HPLC retention time: 6t: 7.23 min; 8: 6.37 min.
Enantiomeric excess of product: 99.5% (S)-6t: 6.43 min, (R)-6t: 6.13 min
'"H NMR (500 MHz, DMSO) 6 7.25 — 7.08 (m, 3H), 6.81 (d, J= 8.3 Hz, 2H), 6.68 (d, J = 8.8 Hz,
1H), 4.12-3.92 (m, 1H), 3.70 (s, 3H), 2.82 (dd, J=13.7, 4.7 Hz, 1H), 2.63 (dd, J=13.5, 10.1 Hz,
1H), 1.77 (d, J=14.6 Hz, 1H), 1.58 (d, J = 14.6 Hz, 1H), 1.40 — 1.17 (m, 15H), 0.93 (s, 9H).
BC NMR (126 MHz, DMSO) $ 170.6, 157.7, 155.1, 130.2, 130.0, 113.4, 77.9, 56.4, 54.9, 53.9,
50.3,36.7,31.2,29.2,28.7, 28.1.
HRMS (ESI) m/z calculated for C,3H39N,O4 [M+H]+: 407.2905; found: 407.2902.

TCFH (1.2 equiv.)
Oxyma (0.2 equw

. HO_  OH DIPEA (4 equiv.)
0 . DMAc, 23 °C, 3 h
H3N
OH ClI~ Me
BocHN 7 BocHN Me

5 2u 7
80%

To a 40 mL vial equipped with a stir bar was added Boc-Tyr(Me)-OH (5) (1.25 g, 4.11 mmol, 1
equiv), DMAc (6.25 mL), DIPEA (2.87 mL, 16.4 mmol, 4 equiv), and fingolimod hydrochloride
(1.59 g, 4.52 mmol, 1.1 equiv). To the reaction mixture was added Oxyma (0.117 g, 0.82 mmol,
0.2 equiv). The solution was cooled to 0 °C in an ice bath. To the solution was added TCFH (1.38
g, 4.93 mmol, 1.2 equiv). The reaction mixture was stirred at 0 °C for 30 min. The reaction was
then warmed to 25 °C and stirred at 25 °C for 16 hours. Aliquot was diluted with MeCN:H20
(1:1), filtered, analyzed by HPLC to determine product ratio. The reaction mixture was transferred
to a separatory funnel. To the sep funnel was added 100 mL EtOAc. The organic layer was washed
with 30 mL 10 wt% citric acid, 30 mL sat. NaHCO3;, and 30 mL sat. NaCl. The organic layer was
dried over Na,SO4 and concentrated in vacuo. The crude product was purified on a 120 g SiO,
column (0-80% EtOAc/hexanes) to afford a yellow oil with 80% isolated yield (1.93 g, 3.30
mmol).

Product selectivity: 23:1. (6u:bis-pdt). HPLC retention time: 6u: 8.29 min; bis-pdt: 9.26 min.

"H NMR (500 MHz, CD;0D) & 7.17 (d, J= 8.5 Hz, 2H), 7.11 — 6.99 (m, 4H), 6.80 (d, J = 8.4 Hz,
2H), 4.23 (dd, J=8.2, 6.9 Hz, 1H), 3.75 (d, J = 11.3 Hz, 1H), 3.72 — 3.65 (m, 4H), 3.60 (dd, J =
17.4,11.3 Hz, 2H), 3.00 (dd, /= 13.7, 6.8 Hz, 1H), 2.81 (dd, /= 13.6, 8.4 Hz, 1H), 2.54 (t, J="7.6
Hz, 2H), 2.40 (dd, /= 10.5, 5.8 Hz, 2H), 1.92 (dd, J=10.5, 6.3 Hz, 2H), 1.63 — 1.52 (m, 2H), 1.38
(s, 9H), 1.34 — 1.21 (m, 10H), 0.89 (t, J = 6.9 Hz, 3H).
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13C NMR (126 MHz, CD;0D) & 174.7, 160.0, 157.8, 141.2, 140.9, 131.4, 130.4, 129.3, 114.9,
80.8, 64.2, 64.1, 62.4, 58.3, 55.6, 38.2, 36.5, 34.5, 33.0, 32.8, 30.6, 30.4, 30.3, 29.9, 28.7, 23.7,
14.4.

HRMS (ESI) m/z calculated for C54Hs3N,O6 [M+H]+: 585.3898; found: 585.3900.

1). 2-Br-4-C1-PhCHO
(1.4 equiv)
DIPEA (4 equiv)
m DMAc, 23 °C.2h m mBocHN
2). TCFH (1 Zequw

BocHN Oxyma ( 0 2 equiv) BocHN BocHN

bis-pdt
77%

12:1 mono:bis OMe
(S)-2-(4-(2-((tert-butoxycarbonyl)amino)-3-(4-methoxyphenyl)propanamido)phenyl)ethan-
1-aminium formate (6v)
To a40 mL vial equipped with a stir bar was added, DMAc (10 mL), 2-(4-aminophenyl)ethylamine
(1.04 mL, 7.88 mmol, 1.2 equiv), DIPEA (4.59 mL, 26.3 mmol, 4 equiv), and 2-bromo-4-
chlorobenzaldehyde (2.02 g, 9.20 mmol, 1.4 equiv). The solution was stirred at 25 “C for 2 hours.
To the reaction mixture was added Oxyma (0.187 g, 1.31 mmol, 0.2 equiv) and Boc-Tyr(Me)-OH
(5) (2.0 g, 6.57 mmol, 1 equiv). The solution was cooled to 0 °C in an ice bath. To the solution
was added TCFH (2.21 g, 7.88 mmol, 1.2 equiv). The reaction mixture was stirred at 0 °C for 10
min. The reaction was then warmed to 25 °C and stirred at 25 °C for 16 hours. Aliquot was diluted
with MeCN:H20 (1:1), filtered, analyzed by HPLC to determine product ratio. The resulting slurry
was slowly added to 120 mL water to precipitate out all the product. The solid was collected via
filtration (no loss to liquor). The solid was transferred to a 250 mL flask. To the flask was added
120 mL 2-MeTHF and 30 mL 15 wt% NaHSO4 until a clear biphasic mixture was obtained. The
aqueous layer was removed and was back-extracted with 30 mL 2-MeTHF. The two MeTHF layers
were combined and dried over Na,SO4. The crude product was purified on 80 g C18 column
(100% H,0 w/ 0.1% formic acid to 50% H,O w/ 0.1% formic acid/MeCN) to afford a white solid
with 77% isolated yield (2.10 g, 5.08 mmol) as a white solid.
Product selectivity: 12:1. (6v:bis-pdt). HPLC retention time: 6v: 4.64 min; bis-pdt: 6.75 min.
'H NMR (500 MHz, DMSO) & 10.11 (s, 1H), 8.46 (br, 2H), 7.54 (d, /= 8.3 Hz, 2H), 7.23 (d, J =
8.2 Hz, 2H), 7.14 (d, J = 8.3 Hz, 2H), 7.02 (d, J = 8.1 Hz, 1H), 6.81 (d, J = 8.4 Hz, 2H), 4.39 —
4.06 (m, 1H), 3.69 (s, 3H), 3.19 — 2.71 (m, 6H), 1.30 (s, 9H).
3C NMR (126 MHz, DMSO) 6 170.7, 165.7, 157.8, 155.4, 137.5, 132.7, 130.3, 129.8, 128.8,
119.5, 113.4, 78.0, 56.8, 54.9, 40.4, 36.6, 32.8, 28.1.
HRMS (ESI) m/z calculated for C,3H3,N304 [M+H]+: 414.2388; found: 414.2384.

OMe

1). 2-Br-4-CI-PhCHO NH
(1.4 equiv) 2
DIPEA (4 equiv)
JJ\ DMAc, 23 °C, 2 h [e)
o}
). TCFH (1.2 equiv) N L o
BocHN Oxyma (0.2 equiv) BocHN 7 H “n-Bu

89% (>50:1 mono:bis)
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Butyl ((S)-2-((tert-butoxycarbonyl)amino)-3-(4-methoxyphenyl)propanoyl)-L-prolyl-L-
lysinate formate (6w)

To a 40 mL vial equipped with a stir bar was added, DMAc (3.85 mL), 2w (0.747 g, 1.99 mmol,
1.1 equiv), DIPEA (1.58 mL, 9.03 mmol, 5 equiv), and 2-bromo-4-chlorobenzaldehyde (0.56 g,
2.53 mmol, 1.4 equiv). The solution was stirred at 25 °C for 2 hours. To the reaction mixture was
added Oxyma (0.051 g, 0.36 mmol, 0.2 equiv) and Boc-Tyr(Me)-OH (5) (0.55 g, 1.81 mmol, 1
equiv). The solution was cooled to 0 °C in an ice bath. To the solution was added TCFH (0.608 g,
2.17 mmol, 1.2 equiv). The reaction mixture was stirred at 0 “C for 10 min. The reaction was then
warmed to 25 °C and stirred at 25 °C for 2 hours. Aliquot was diluted with MeCN:H20 (1:1),
filtered, analyzed by HPLC to determine product ratio. The crude reaction mixture was directly
loaded to a reverse phase column and purified on 80 g C18 column (100% H,O w/ 0.1% formic
acid to 50% H,0O w/ 0.1% formic acid/MeCN) to afford a white solid with 89% isolated yield (0.98
g, 1.61 mmol) as a white solid.

Product selectivity: >50:1. (6v:bis-pdt). HPLC retention time: 6v: 5.05 min; bis-pdt: 7.12 min.
'H NMR (500 MHz, CD;0D) the product exists as 4:1 rotamer 6 8.51 (s, 1H), 7.27 — 7.10 (m, 2H),
6.99 — 6.76 (m, 2H), 4.54 — 4.25 (m, 3H), 4.22 — 3.99 (m, 2H), 3.84 — 3.66 (m, 4H), 3.59 — 3.38
(m, 1H), 3.07 — 2.81 (m, 3H), 2.73 (dd, J = 14.1, 9.0 Hz, 1H), 2.29 - 2.16 (m, 1H), 2.10 — 1.91 (m,
4H), 1.78 — 1.47 (m, 7H), 1.46 — 1.27 (m, 11H), 0.95 (t, ] = 7.4 Hz, 3H).

13C NMR (126 MHz, CD;0D) only the major rotamer peaks are shown & 174.4, 173.4, 173.1,
169.8, 160.0, 157.6, 131.5, 130.3, 115.3, 114.9, 80.6, 66.1, 61.5, 55.8, 55.7, 55.5, 53.1, 40.5, 37.6,
31.8,30.5, 28.8, 28.7,27.7, 26.0, 23.6, 20.1, 14.0.

HRMS (ESI) m/z calculated for C3yH4N4O; [M+H]+: 577.3596; found: 577.3597.

Me +
I -
NH, HN._Ph 1). PhCHO (2.6 equiv) NH; 5o
DIPEA (4 equiv)
o) 2p DMAc, 23 °C, 3 h 0
+ (1.2 equiv.) I ~
OH A~ NH, 2). TCFH (1.2 equiv) N“Ph
BocHN Ph Oxyma (0.2 equiv) BocHN Me
9 (1.2 equiv.) 9p

84%

tert-Butyl (S)-(6-amino-1-(benzyl(methyl)amino)-1-oxohexan-2-yl)carbamate formate (9p).

To a 40 mL vial equipped with a stir bar was added DMAc (16 mL), N-methyl benzylamine (1.26
mL, 9.74 mmol, 1.2 equiv), Boc-Lys-OH (2 g, 8.12 mmol), phenethylamine (1.23 mL, 9.74 mmol,
1.2 equiv), DIPEA (5.67 mL, 32.5 mmol, 4 equiv), and benzaldehyde (2.14 mL, 21.11 mmol, 2.6
equiv). The solution was stirred at 25 “C for 3 hours to afford a nearly homogeneous solution. To
the reaction mixture was added Oxyma (0.23 g, 1.62 mmol, 0.2 equiv). The solution was cooled
to 0 °C in an ice bath. To the solution was added TCFH (2.73 g, 9.74 mmol, 1.2 equiv). The reaction
mixture was stirred at 0 °C for 10 min. The reaction was then warmed to 25 °C and stirred at 25
°C for 3 hours. Aliquot was diluted with MeCN:H20 (1:1), filtered, analyzed by HPLC to
determine product ratio. The crude reaction mixture was diluted with 200 mL EtOAc and washed
with 10 wt% Na,SO,4 (2x 30 mL). The organic layer was dried over Na,SO, and concentrated. The
crude product was purified on a 150 g C18 column (100% H,O w/ 0.1% formic acid to 30% H,O
w/ 0.1% formic acid/MeCN) to afford a white solid with 89% isolated yield (2.68 g, 6.83 mmol)
as a white foamy solid.
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'H NMR (500 MHz, D,0) the product exists as 1:1 rotamer & 8.47 (s, 1H), 7.56 — 7.17 (m, 5H),
4.75 — 4.43 (m, 2H), 3.39 — 3.07 (m, 2H), 3.07 — 2.82 (m, 3H), 1.84 — 1.65 (m, 2H), 1.64 — 1.51
(m, 2H), 1.44 (d, J=31.1 Hz, 9H).

3C NMR (126 MHz, CD;0D) the product exists as 1:1 rotamer & 174.7, 170.1, 163.7, 157.9,
157.7,138.2,138.1, 130.0, 129.9, 129.8, 129.7, 129.5, 128.8, 128.5, 128.2, 128.1, 80.6, 80.6, 54.1,
52.3,51.8, 51.6, 41.9, 40.4, 40.4, 38.6, 36.4, 35.4, 34.7, 34.6, 32.9, 32.3, 28.7, 28.7, 28.2, 28.2,
23.7,23.7.

HRMS (ESI) m/z calculated for C;9H3,N303 [M+H]+: 350.2438; found: 350.2436.

S-29



L

0.5

1.0

9P-OSWQA 0S°C —
98'C
88'C

1.5

2.0

2.5

68°C

HHHA

3.0

16
L0°€
80°€
or'e
e
9b'b
Aad
e
8ty
6v'

05
16—

YL
6T°L
0zL
1L
9T'L
xara
6TL
€L
€L
£
8€°L 7

Lol

8LL
6LL
18°L
S8°L
98°L

5801 —

Foot
L ¢o

|

CN

CbzHN

3a

T

WSA

7.0

7.5

8.0

9.5

1 (ppm)

'"H NMR (500 MHz) spectrum of 3a in DMSO-dg

o
=)
=1
o
Ial
rre— —
<
)
75— -
o
E3
TS
o
FR
=3
R
ES=
£
[=%
=
o
=
1501 —
=1
L2
bt
EIT
611 re
Vet
15 _/ —
rerf =
o.mﬁ§ —
921
m.mﬁ% _
zeer Jf =
GOET -
Saer],
TEPT
2
=
0957 — =
o
L3
2
o
TZT—
o
2
=3
o
(=)

3C NMR (126 MHz) spectrum of 3a in DMSO-dg

S-30



et
n
o .
<
LS )
S
1
=l
o
FR
<
Fe
1 [ L
‘ -
\O —_
- Fa o] e — Lo
- | 9POSWOS'6!
] - O
9P-OSNQ 05T — ~ N "
98T 1
mmvNW ———— ﬁ 07T | o
68 > 3t oorFe
. N A
o — - =
so'e | -
s =
MMM T v'59— —
o 9 Le
¥
by en
Sbb " ¢ 0
o'y N ——— HT 860 [ 3 o lg
Ly
by m
o'y W 00z | g
- 4 DR
B rol
mE 5 g
s 0 <
z Q. Fo
S
3 [77)
[© 7611
A~~~ o€ty =
o n N . e
e re H S'€2T
we ez
s 'sz1 o
. S - e
oe'L ] 7 o 0927 =
3 T 101 bzl —
beL W{ T 1 =) 9421 = o
9L w Fe e oy —— s
. . “r a
oo — W vt - 18zt
9 — — o €821
6ot ra R T6CT
ot 69E1 7 e
L ™ §oet g
v8'L L | 0 [
(@] e N
o
L3
= —
- T
- 095T — °
n o
Lo 2
o
ZLT o 2 _
™ - BS
e} ﬁ =
1
360 - S
€501 — =z % S =
I ° &
N )
Qo A
(@) 2
1 ra
b
=i
< Ls
Fe

BC NMR (126 MHz) spectrum of 3¢ in DMSO-dg

S-31



-60.35

T T T T T T T T T T T T T T T T T T T T T
-60 70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240 -250 -260 -270 -280 -290 -300

1 (ppm)

19F NMR (471 MHz) spectrum of 3¢ in DMSO-dg

S-32



9P-OSWA 05°T —

S8'T
8T W
88'C

06
20'e
€0e
S0'E
90°€

134
W
3
(224
86

6€t
ow.vw

YL
STL
e
12¢
we
e
8T'L
6T'L
0€'L
0€'L
€€°L
bE'L
09°2
192
9L
£9'L
oLL
we

Lro1T —

| /

I

I
CbzHN

3d

f1 (ppm)

e

L]
e I \O
l‘ﬂomv.OmSa Mwm~ \/M./ IOﬂ
m g A2
M 695 — —_— ° w

D o
-m €89 — — .m
R— g
& N
5 ® %
£ . m
= =
Q 28 Q
o s Q
= i
—_ Fa— A~
N N
= -
S — =
— S
= * 8
NS —— .

g
- :
N 079ST ~_ ———— N
o = 1z o

°

0L — . \ﬂ

L8

°

S-33



-119.18

T
-60 -70 -80 -90

T T T T T T T T T T T T T T T T T T T T T
-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240 -250 -260 -270 -280 -290 -300
1 (ppm)

19F NMR (471 MHz) spectrum of 3d in DMSO-dg

S-34



2U03DY pTT—

19T
mw.NW
0Lz

we’

06'C
16T
£6'T
(x4 \

8T'E \\‘
QoE€ad 1€

£
e W
g
€8 —
66’y —

98'9
(8'9
10
2&/

1€
w€L
9€°L

e
e
8Tt
mNNN

/]

N,
Feon
H\Nﬁm

Foot

Fort
Tt

0%
61T

4.0

45
1 (ppm)

'"H NMR (500 MHz) spectrum of 3e in CD;0D

T
5.5

6.0

T T T T T
7.5 7.0 6.5

8.0

8.5

T8~
b6~

L

QOEQD 66t

8'vs —

59—

6451 —

e —

f1 (ppm)

BC NMR (126 MHz) spectrum of 3e in CD;0D

S-35



Foes

0
9P-OSWQA 05T —

16T
mm.NW

6T
96'C A

e
£TE
sT'E
Els
6v'

0S'y

5%

432

P .

s

- F 1ot
Foot

T

40 35 30 25 20 15 1.0 05 0.0

4.5

b5y
96

mm,vW
€0's

mu.m\
v0'L
v0'L 4
S0
90°
202
€L
ST
82
0€°L
1€
€672

I

— = w0
—_— i

5.5
1 (ppm)

6.0

6.5

SE'LN
seL~E
[

0L~ .

we"

16— =

ﬂL Wog

—F-001

Me

ZT

OMe
3f

CbzHN

105 100 95 9.0 85 80 75

11.0

2.0 11.5

o
)
]
61— o
FR
=]
Fa
e} .
he] TIE= — S
7 9P-OSWd S <
N °
= -
D 595 — =
S
= 59—
S Le
G
] )
m 8 T
m.w g
==
& :
~
> E
H €921
v.owL
S ot s
9zt -
S ruen
[a») 1871
(V2 T'8TE -
BVET
R €561 —
TZET =)
M v r
N o
H ra
- 0°95T — =
o
o
2
o
ToLT— _ LR
o
L&
2
=3
L&
a
=3
LS
]

BC NMR (126 MHz) spectrum of 3f in DMSO-dg

S-36



€0°T
S0'T W
90°T

o'z

W' [

€7 * E

9P-0SWQ 05°C

i
v
~

ez —
e <
e
bT'E

PEAN
I
[l
|
MJ

0L

Fore

Fee

== Tz07

For

Fot

70'T
107

8EL—
oL 7
69° L~
ot

/J/f

a3

ZIT

o Et
3g

b6 — —

CbzHN

1.5

ds

4.5

5.0

7.0

7.5

8.5

9.0

1 (ppm)

'"H NMR (500 MHz) spectrum of 3g in DMSO

9vT —

T —

£Le—

9P-OSIWAd S*6€

50

9§ —

89—

J

60

70

80

f1 (ppm)

6'SCT
-921

Tzt k

[azas
9Lzt
1821
143
ezt
9°EET
TLET
0'8ET \\

9°THT

095T —

J

|

|

|

0T —

T
190

T
00

BC NMR (126 MHz) spectrum of 3g in DMSO-dg

S-37



HiH

0.0

0.5

1.0

9P-0SWQ 057 —

88°C
06'C W

06T
6T 7

STE
Els
8T'€
6TE
5%
444
Sy
(522

ss
95’y V.

F oot
Feso

Foot

10T

1.5

3.0

4.0

4.5

1€6 —

tBu

ZT

CbzHN

3h

=660

W 20T
Tm.mﬁ

Foeco

HT 00°T

6.0

7.0

7.5

8.0

8.5

f1 (ppm)

Lo
o
B4
o
FR
LR
1508
© SSvE~
L] YOLE~ I S
7 oP-oSwazss °
=]
= i
D 8595 — —
o
— +3
e 8259 — -
= o
a’. ™~
G
O o
m +&
= .
+~ £
Q e
[0 =
(oF S
w2
~
N L2
A
H ve9zT
wthL
s2-921 | o
/21 LR
o 89'£21
S 1827
STHLT = o
& sz6eT — _ =
A 061
R VLSET . _
66'95T — e
M 108517 LS
3
7 TO9bT — —
=3
L3
= B
- 86'5ST — —
o
o
2
o
LR
i — I S
o
|-
2
°
o
2

00

3C NMR (126 MHz) spectrum of 3h in DMSO-d;

S-38



aogad

ve s
€1
51
81
88'1
68°T
06°1
€61
b6°T
S6'1
161
86°T 1

007
(13 -

wz
90°
£0°T
80°7
60°Z
60°7
197
697
oz
we
6T

£€6'C
S6'T
96°C

Tee /
SE'€
LEE
6E°E
£9°€ /

9L'E
18'€
z8°€
£8°€
€8¢

L

P A

Jgf

oow it

#

A
£l

T

3

T T
2.5

2.0

4.0 3.5 3.0

45
1 (ppm)

v1e

982~

L0E~
€6

@

P

LTS\ -
5SS
£'SS V.

949 —

508 —

f1 (ppm)

199~
69'9 —
¥8'9 .
9897

UL~
61,

S J—

OMe

MeQO

BocHN

T
5.0

o

Fooz

Fset

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

8HIT —

110

E€0ET ~

1p0

130

'"H NMR (500 MHz) spectrum of 6b in DMSO-dg

9TET

S /ST —
0091 —

TuUr—
96T —

160

140

150

180 170

190

BC NMR (126 MHz) spectrum of 6b in DMSO-dy

S-39



vE'T
8E'T
96°T
L6'T
86'T
66T
00T
10
20T
oz'e
(44
1T
we

€27
€22
v2'T |

¥T'T
vz
974
e
64T
18°C F
¥6Z |
96°C
L6'T
867
doead 1€ 1 W
N«.MJW
£
PPE
Sh°E
£5°€
65°€ 1\
09e ¥
e/

we
e
9LE
b
66
30"
s
PSP \

OTHZ8'Y —

P8O~
589"
AN
pIL—

ﬂ.nx
e

e

/ (] IS I

rr

o

Me
0,
i OH

OMe
BocHN

11
0T |
10
20'€
ﬁNm.N

T T T
4.5 4.0

6.

wB.N

Fest

T T T T T
7.0

9.0

9.5

6.0 5.5 5.0

5

7.5

8.0

8.5

1 (ppm)

'"H NMR (500 MHz) spectrum of 6i in DMSO-dg

T8

€8¢

s

€55 ”
L'8S —
ros
565~

60—

908 —

f1 (ppm)

8bIT —

T'0ET —
e

T
110

§LST—
09T —

TELT~

170

GELT

1P0

BC NMR (126 MHz) spectrum of 6i in DMSO-d;

S-40



290
+9°0

600~
180~
£€6°0 7
veo”

8E'T

L

6€'T

otz
f434
(254
€17
1354
(%4

e
08T
8T

€8T
[3:34
¥8'T
8T

88T
Qoead 1€ 7

189~
89"
LVEN
€L

v

A

I

OMe

_d
= Feoe
=

M\

-

Me

OMe

OMe

Me
6j

BocHN

= Feoe
——  Tfore

— 60
_

6.

3.5

4.0

4.5

5.0

5.5

6.0

.5

7.0

7.5

8.0

8.5

9.0

1 (ppm)

'"H NMR (500 MHz) spectrum of 6j in DMSO-ds

68T~
007"

P8~
98z~ 3

1€

b'8E — — =

QoEad o4

508 — -—

6vIT —

8'62T — —

STET—

§°LST— -—
09T — —

T T T T
150 140 130 120 110

T
160

f1 (ppm)

3C NMR (126 MHz) spectrum of 6j in DMSO-dg

0zLT— —

§'SLT— -——

T T
180 170

T
190

00

S-41



2as
0F'1

0.5

1.0

€T \

SET

9P-0SWA 05T

29T
¥9°C W

59T

L 1oy
T

1.5

97—
[4:x4
€87
S8'T
98'C

S5 —
TLE—
L6°€

80t
60t
Tt
h384
(484
(384

o~
6297
899

oro\
189 —
g9/

9T'L
DNV

we \“
€L

18~
sz8 "

/4

~JJ

J S

Me
M
)anowle
0

ZT

OMe
(0]
BocHN
6k

Feso

F roe
T ooe

%S.ﬁ

WSAN

W 00T

3.0

4.0

4.5
1 (ppm)

'"H NMR (500 MHz) spectrum of 6k in DMSO-dg

5.0

5.5

6.0

7.0

8.0

9.5

o
o
=1
FR
vz —
T8z — o
o
IP-OSWA G6E — ~
= m
65
AN
S
o
3
o
FR
6LL— — =
-0
F&
£
o
£
L8«
2
o
r=
PETT—
o
LR
S
8671~ L]
zoeT —
o
<
=
o
ra
T'SST— —
85T — — 1)
)
2
R
T — — [~
£pLT— —
o
=
o
o
3

200

BC NMR (126 MHz) spectrum of 6k in DMSO-dy

S-42



1.22

I S
J j f /— s S
OMe
Me
Q Me
N Me
BocHN
6l
AL | e ol JL
T T £ EX) 41
16.0 9‘.5 9‘.0 8‘.5 8‘.0 7‘.5 7‘.0 é.S 6‘.0 5‘45 5‘.0 4‘.5 4‘.0 3‘ 5 3‘ 0 Z‘.S 2‘0 1‘ 5 1‘40 6.5 d.O 6 5
1 (ppm)
"H NMR (500 MHz) spectrum of 61 in DMSO-dg
T T v T i (Y R
Ll i
00 199 180 170 160 150 140 | 130 120 11  100|| o 8| 70 e 5 40 |30 | 20 10 0
f1|(ppm)

BC NMR (126 MHz) spectrum of 61 in DMSO-d,

S-43




SET
60T~
ST

9P-OSWA 05°C
99T
89°C
69°C

T~

£8°C
¥8'C
98T
18T

we—
60t

9T /
JASY
ay
8T
61
44

Sr

Toe's

Foos

Fseo
Tss0

Tooe
Feeo

T
4.0

45
1 (ppm)

'"H NMR (500 MHz) spectrum of 6m in DMSO-dg

7.5

OMe
BocHN

8{0

8.5

20

|

70

6LL—

80

1 (ppm)

100

PETT—

pazas

st AY
e —
6621 —

110

€0ET

SUPT —

150

€551 —
8°L5T—

01—

BC NMR (126 MHz) spectrum of 6m in DMSO-dy

S-44



PRV Il T

] J— I

OMe

0
HN/@

BocHN
6n

he

m L v ““ ik L/‘

T ETE Bl £ Wg T
16.0 9‘.5 9‘.0 8‘.5 8‘.0 7‘45 7‘.0 6‘.5 6‘40 5‘.5 5‘.0 4‘.5 1‘ 0 3‘.5 3‘.0 Z‘.S 20 1‘.5 1‘.0 d.S 0.0 -C‘LS -1‘.(
1 (ppm)
"H NMR (500 MHz) spectrum of 6n in DMSO-dg
z
I % i\ NV /
| |
| | | l ’ J
L] L
100 [180| [ 170 [ 160 150 [ 130 |[30 120 | 110 100 [ Bo g0 |[[70 [[ 60 [0 [ 3 0 10 o
f1 (ppm)

BC NMR (126 MHz) spectrum of 6n in DMSO-dy

S-45



Lo 70z
7 €07
v0z
507
802
o :
S €12
vIZ
ST
282
1 T'9€ | =—
ro 6'8€ |
B 76
920
a0\ = 76€ K
260~ b6€
€60~ vo |2 0'9%
AT~ T'9b
8T'T -7 T— Q0E£ad 0'6t
o1/ T 05 I
bE'T — 06 | 1 5°0S
6€'T u\ ) Rl Imw eesf
6€'T 1 PEs o
MMM ] H €55 I —
1 e 9'55 \! —
16 1 re O ree X
wel O 85~
ere ) S0L
" =
(23 [ o0z
£oe = s
QOEQD TEE N . — - _
At a0 A
SEE 3 F e o/
%
PSE = o950 G SN —
N - s
69°€ Fsco | in
e F - re
L rz6's
Ay -
wef N = T | o
88°€ = [T a 153
68°¢ = Legt e O
€6 7 = o o
b = et
o] n 7
< LvTT
D 6%TT
N 0STT W.
\ 3 160 H 0'sTT —
F LS S'STT N
M S'STT
9STT
o 6671
n 00T
s =] goer\
(Vo) STET
- 9TET -
9TET
Lo R STET
© 8Z€T
o9 M
8L'9
189 n 7 .
- ) €8T
Mm.w [ vLST
- H LSt
589 L — I 5851
S8'9 % —_—— [ — i _
o o - o o'8s1 —
o1t s NS 8t ptm—
1L j [ —— To,v 66t
jaons = A oot
oy 1091
€L 4 L oot
bIL ~ 8'bLT / '
STz TS .
o £5LT \
O £ . oSt
o o
(0] Zz ©
= I Q
O g W
1
m o

140

170

120 110

130

150

160

190 180

00

f1 (ppm)

3C NMR (126 MHz) spectrum of 60 in MeOH-d,

S-46



ST'T
€T
91 m// P—

T

8LT

8T /

L8"

R

//

88'C —F
16T \
wT

Qog@d TE'E —

Wy
mv.v/
&b /

75p~E

/

bStr
5

sty F

wy

8Ly
OZH €8'

8L9~
089"
€04\
v0'L
90°L

80°L
[4¥3
YL
vT'L

9T'L
8L

I

OMe

N"Ph
Me
6p

BocHN

8°0

780

Tooz

0
0'E

9'8T

N,va
PPE
€68 —

8
16e

Q0O£AD 0'6%

€€
VMmW
1S5
9'sS

908 —

611

0821
52

f1|(ppm)

9821
6821 |
5621 |

8671
6671

£0£1
c1e1/

§LET
6°L€T >

'"H NMR (500 MHz) spectrum of 6p in MeOH-d,

95T —
1091 —

Yo —

BC NMR (126 MHz) spectrum of 6p in MeOH-d,4

S-47



T
0€'T
(44
bE'T
08T
18T

0.0

0.5

1.0

LW Iy

8T
€87
¥8'Z
587 |
287 4

887
68C
06° 1
962
L6°C
66
00°€
S.TW
01°€
renE

Qogad TEEb
e /

Five

1.5

2.5

) -

=

4.0

T
4.5
1 (ppm)

7 g
OTH €8'%

189
€8'9 W

SET—
Nm.m\
PN
STL—

oz'L
1L
€L

ﬂ I

OMe
BocHN

T
5.0

'H NMR (500 MHz) spectrum of 6q in MeOH-d,4

L8 —

z6e —
TEr

L9
aoead 0°'6¢ /

+'0S

5'0S V.
L2366 —
9'55 ~

908 —

iisd
611
9TZI~

6621~
TOET -
r1er

§T68T —

vLST—
09T —

v —

f1 (ppm)

BC NMR (126 MHz) spectrum of 6q in MeOH-d,

S-48



60'T fr —

bE'T =1
N

9P-0SWA 05°C

ﬁ.N/
we - {
(744

s
\!‘L

SLT
EVad
8T

OTH Ze'€ — —_—

0.0

1.0

1.5

2.5

0

6Tt
434
W
mv.v/
6v'
05+ X
444 \“
£S'p
9%
69
Ly
08'v

€09
SL9
06'9
769
oT's

SN
LA
I—«SN;OVE

4.5

5.5

1 (ppm)

YL
YL
STL
xara
6T°L
0€L
44
€€°L
9€°L
8€°L

I
|

B R

NBn2

OMe
BocHN

H/:.N
Reoe

8°€
WNK

'H NMR (500 MHz) spectrum of 6r in DMSO-dg

o
o
S
o
FR
T8c— o
9P-OSWE-S'6! LS
€8 — —
. p— N LR
e —
&b —
o
o
o
=
o
F&
o
e
£
a
o &
L~
S
bad
o
LS
=
SETT—
921 2
o
vzt
et
parras .
98T -, o
96T
OET
TLer
cusr> ?
-
o
L3
a
5551 — —
TIaT— — =
L3
3
o
IS
=
9uUT— —
8
=
o
kS
=

BC NMR (126 MHz) spectrum of 6r in DMSO-ds

S-49



ST

TET

9P-OSWA 05°C

SLT /
e
8T

08T
06'C
16T
£6'T
¥6'C

TLEN

e

we

ey
STy
mw.v\

¥8'6 —

[

OMe

OMe

BocHN

0T
6T
78'0
Rere
pesT

WNm.o

T T T T T T T
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

7.0

7.5

8.0

8.5

1 (ppm)

'"H NMR (500 MHz) spectrum of 6s in DMSO-dg

187 —

20

30

A0

70

082 —

90

f1 (ppm)

SEIT~
eI

110

8021 —

120

T0eT
rzer

£0LT—

3C NMR (126 MHz) spectrum of 6s in DMSO-d;

S-50



9P-OSWA 05°C

09T
(444
€97
S9T—

08¢
18T
€8T
¥8'T
OTH T€'€ —

ore—
0%
(434

£0%
$0'b
90t

89'9
699 V

SUL—F
m:\

SS

Ve

R p——

OMe
(0] Mﬁwe
NK/tBu
BocHN
6t

TNAmﬁ

Fse0
F oot

Fseo
F 1ot

W 90°€
W 00°T

5.5

f1 (ppm)

'"H NMR (500 MHz) spectrum of 6t in DMSO-dg

)
S
o
FR
8T
AN —_— o
ey Ikl
z6e 7,
zIe
9P-OSWA §°6€ — =2
€05~ J—— LR
6€5~\
605 ~ —
v95 —
o
T
o
r~
i —
=
-
o
ro
£
o8
oS
=
=
=)
L2
bt
PETT—
o
FS
00ET Ca
oo > a
=)
[
=)
v
=)
TSST— —
51— -— o
o
2
o
LR
9001 — S
o
rs
(=3
o
2

'00

BC NMR (126 MHz) spectrum of 6t in DMSO-dg

S-51



A Fo
80
o] B
1
et 4( ! bbT— |
0e'T
86T — — Fuoe|o Le
95T : Fe
251 rer—
657 — . 8t
06'T —— 0T 667 # o
76T 606 | 1n €t Fa
il — = Ve —
€T ﬁ m.Nm\ -
6€T ' T \O
ow.L f = W ©TLS 1% m.mw w\%\ )
' o~ T 59g 1
€57 g
ﬁ . . o — O
95T = = L
6L'C | L T 2] Lo N
i N ‘ = =
i 955 —
€8'7~% = »0'T €85~ -—
N . oo SR PO = e 0
MW.M\ N & Frorfe = [ — =
. p—
w0t o=
Qogad 1€ — - = = LR =
€ n
09 W _ = wifo O °
10e7~ = W Jon [ Gt
coe N < | s ) . o ©
808 — - m
vLe o
o€ [¥ m
wy
E.VW - - e m & m
€y TS T
74 L g 15} s Q
<8 a
) = O
= 57 o
OzH e8'p — — ml = 7]
o
P <
N o)
.
. Z
Fa M 61T —
o)
L
S S
o
v —
() (5 BTT<C S N—’
v0ET — — ra
= R p1er R
n
S =
°
69~ GORT~, - L N
. . . .
189~ — \ / = Fsoz o N et
€0t L2
50 > — PR Ty [N H . C
er — — ———~ " A g o
Py \
or's
. 0
oy w FN 51— _— 3
0091 — -— rs
=]
© o
(@] ZT [© S
T 5
O ThiT— —
[0} = Lo =)
= I L2
5 g
m LS °
o

S-52



10.11
8.46

NNNNNN

N Y

\ 2.50 DMSO-d6

428
427
413

OMe

130

o2

BocHN H \n/O -
6v
o) |
1 ]
]
I |
l ' 1 . “ J l
- r I\ I J
g g I 3337 T g !
‘2 0 1‘1 5 1‘1.0 16 5 16.0 9‘.5 9‘.0 8‘.5 8‘.0 7‘.5 7‘.0 é.S é.O 5‘.5 5‘.0 4‘.5 4‘.0 3‘.5 3‘ 0 2‘ 5 2‘ 0

1 (ppm)

'"H NMR (500 MHz) spectrum of 6v in DMSO-d,

~ @< ol to woow
5 5 NN S diglap ER 2 0] no® | o
T bl poaaos b=} R i Ba | &
(- I I / (- 1 /)
|
|
| ‘ ‘
| A
T T T T T T T T T T T I T T T i
00 0 18 70 160 150| 14 L3 120 110 op D! 7Q 60 50 H
f1{(ppm)

3C NMR (126 MHz) spectrum of 6v in DMSO-dg

S-53




vou
560

Q.L
96T
ob'T =
$S°T
91
#9°T
591 L
6911 .
021 w.mw/
867

667 Fooel e

507
907

0.0

0.5

1.0
1N
NS
G

1.5
N

- 10T
127

9z
ol

2p

167
ezl
P67
96°
00°€
ﬁQMJW
€0°€

doead 06y ~\_
T'ES

§'sS
n.mme
8'sS

S'T19—

2.5

0

QOEQd TE'E /W
i\

¥S'E

SSEC
mm.M%
95'€
e
8L°€

99—

ﬁ‘ ik

—
5
T
3.5

908 —

@.0

r4%2

ET'p —%

—
i N .
——==
N
N
\
M
|

9zt
2z
82
62 |
ve'r
et
ot ]
=
so'v ]
o't |
1yt
8v't
05t
OQH 8%~

[}
)
(P
T
——
-
4.5
1 (ppm)

'"H NMR (500 MHz) spectrum of 6w in MeOH-d,4

L
5.0

f
Pt~
STt
9T |

T
5.5

6PTT~
s

T
6.0

(0]
N
65

E€0ET ~
STET

069~

L~ O

+8'9

) 1o 3 N
:

mzw I— \n P

=
T
7.0

6T°L
1L

+
N
Jfr:)
O
75

T
8.0

98T —
0°09T —

n
58— - AW 560 [os

160 150 140 1‘30 120 110 L ooy
13C NMR (126 MHz) spectrum of 6w in MeOH-d,4
S-54

170

OMe

ZT
“
7 8691~
TEeLT
'S
LS (S o
pd
I
[&]
o
m

180

190




[
gt
bS'T
SS°'T %

95T —

0T =
7T
€T
YT
18T
mm.N/
66'C

10°€

STE~C
€0E—

og'e
€€
®€e

L5
mm.vW
65y
09 %

IV
Vm,v%

oza 6Ly

6TL
0€L
€L
£€°L
LE°L
8€L
8€°L
ob'L

_v:.m

T
0.0

T
0.5

1.0

1.5

2.0

T
3.0 2.5

T
3.5

T T T T
5.5 5.0 4.5 4.0

6.0

T
6.5

7.0

1 (ppm)

'"H NMR (500 MHz) spectrum of 9p in D,O

7
L
L
oL
Sb'L
L
8v'L

e ————

16’8 —

—1

T
715

T
8.0

T
8/5

9.0

L€
L'€T
[a:14
[ 14
482
18T

€€
62
9'vE
LbE /
b'SE
o€ V
9'8E ~_
¥'0p
vob W
6Th

QOEQD 0'6%

8IS~

€257
a

T'bs

9'08
9'08 v

1'8TT
[4:1at
S'8TT
8'8CT
S'6CT
L'621
8'6ZT
6'6ZT
0°0€T

T'8ET
T8ET >

LUST~
6517

L€9T —
ToLT—

LbLT—

180 170 160 150 140 130 120 110

190

f1 (ppm)

BC NMR (126 MHz) spectrum of 9p in MeOH-d,

S-55



5. LC Chromatograms for Enantiomeric Purity Analysis
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Conditions

100.00%  0.00%

100.00%

LUX Cellulose 4; 4 6 x 150mm; 3um
(P/N: 0OF-4430-E0)

0.1% H,PO, (ag)
Acetonitirle
25¢

15 mL/min

Time
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10.00
1001
1500

£

8 8 8 8

2 8 3 8

3¢

99.69%

0.31%
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e Column Chiralcel OJ-3 —4.6 x 150 mm; 3pm
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e Mabile Phase B 25mM IBA in MeCH
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Method Porometers
Column LUX Celiulose 4; 4.6 X 150mm; 3um
g (P/N: 00F-4430-£0)
Mobile Phase A 0.1% H,PO, (2a)
Mobile Phase B Acetonitrile
o Column Temp 25¢
- Flow Rate. 15 mL/min
7 5 Racemic Gradient Time %A %B
g Conditions
Initial 50 50
= 1000 30 70
1001 50 50
15.00 50 50
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Column
Ll
Mobile Phase A 0.1% H,PO, (ag)
Mobile Phase B Acetonitirle
- Racemic Column Temp 25¢
: - Flow Rate. 1.5 mlymin
L i = Gradient Time A %8
Conditions
= Initial 50 0
ES
10,00 30 70
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J @ 2001 2 -2
1 1500 50 50
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i g " Column Chiraloak AD-3 — 4.6 x 150 mm; 3um
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Mobile Phase B 25mM IBA in EtOH
8 P
Column Temp 40C
1 .
Racemic Flow Rate 3.0 mL/min
=
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r

) Column Chiralcel OJ-3 — 4.6 150 mm; 3um
PiN: 17524
5 Mobile Phase A 0,
i Mobile Phase B 25mM IBAIn IPA
p Column Temp 40C
Racemic Flow Rate 3.0 ml/min
7 ' Gradient Time %A %8B
-t Conditions
e Initial % 1
it
St 5.00 60 40
st
£.00 &0 40
Pressure 2500 psi
e
- I ™S ™ - S
TR Tk T ik Ei pi EiH = = ] = 5 ptH
VIR 3h 100.00% 0.00% 100.00%
234 camaiett
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T Column Chiralpal IC— 4 6 % 150 mm; 3um
502 P/N:B3524
Mobile Phase A €0,
atez
Mobile Phase B 2% H,0 +0.2% NH,OH in Methanol
o
Column Temp 40C
A Racemic Flow Rate 20mLmin
PR Gradient Time A B
Conditions
i Initial 99 1
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Pressure 2900 psi
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Tt e BEAD
52 s Column Chiralpak 16-3— 4.6 x 150 mm; 3um
2ma) P/N:87524
ama! Mobile Phase A €0,
25 Mobile Phase B 2% H,0 = 0.2% NH,OH in Methanol
2 Column Temp 40C
y Racemic
bt Flow Rate 2.0 mL/min
b Gradient Time %A %8
T ma Conditions
1021 Initial EC] 1
s 500 0 40
“ b 6.00 50 40
= Pressure 2900 psi
152
il I I T
55 ) ) 1) 35 Ery 5 iE 5 I 1 C1' ol 98.56% Laaz 97.12%
4 B2 MDk2
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# Time Type Area Height Width Area% Symmetry
i 4.832| BB 10.1 1.6 0.0783 0.204 0.933
2 5.143| BB 4919.4 730.6 0.1026 99,796 0.756
LUX Cellulose 4; 4.6 x 150mm; 3pm
(P/N: 0Q00F-44S0-EQ)
Mobile phase A: MeCH
Mobile phase C: H20 w/ 0.1% H3P04
Column temp. = 25 °C, Flow rate = 1.5 mlL/min, Post time = 0 min
Time / min £y iC
Q 50 50
10 70 30
10.1 50 50
15 50 50
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1 7.752| MM 4.9 5.6 0.1387 1.628 0.858
§.566 | BB 2835.5 300.9 0,1439 98.372 0.784
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Column Chiralcel 0-3 — 4.6 x 150 mm; 3pm
12323 P/N: 17524
s Mobile Phase A Co,
Mobile Phase B 2% H20 +0.2% NH40H in Methanal
e
Column Temp a0c
i Racemic
Flow Rate 2.0 mL/min
e Gradient Time %A %8
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Chiralpak IC—4.6 x 150 mm; 3pm

s P/N: 83524
gl Mobile Phase A [xe
2]
2] Mobile Phase B 2% H,0 +0.2% NH,OH in Methanol
4 Column Temp 40C
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22033 . Flow Rate 2.0 mL/mi
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A Gradient Time - %6
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Column

Mobile Phase A
Mabile Phase B
Column Temp
Flow Rate

Gradient
Conditions

Pressure

Chiralcel 0J-3 — 4.6 x 150 mm; 3um
B/N: 17524

o,

25mM IBA in Methanal

40C

3.0 mL/min

Time %A %B
Initial 99 il
5.00 60 40
6.00 60 40
2900 psi

I N T P
6q 100.00%

5234 sampias
20240607 62342018

1.

0.00% 100.00%

zm

s

Y
B 0 £ sl EL)

[13 £ 1000 0] 2m
1
364
202
# m|
=
X
o
a. ko 2k ) g slo ) 2] 1) ) ] 0] 2m
202406076234 3
1002
El o
1002
Tima
a ko] B o) ) elo 2 1) ) =] 0] 2m

pr
UV and Extracted MS (+) & MS ()



Column Lux Cellulose 4 — 4.6 x 150 mm; 3um

P/N: DOF-4450-E0
Mobile Phase A Cco,
Maobile Phase B 25 mM IBA in EtOH
Column Temp 40C
Racemic gy pate 3.0 mL/min
Gradient Time A ]
(Conditions
Initial 99 1
12.00 60 40
Pressure 2900 psi
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DAD1A. 310.02

]
2% OMe
140
m-’:
100-]
o (¢} MeMe
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i BocHN H '
20 6t s =
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i 4 -] £ 10

# Time Type Area Height Width Area% Symmetry
1 6,127 | MF 3.7 5.5E-1 0,1133 0,269 0.461
2 5.4258 | FM 1410.5 188.7 10,1245 99,736 0.771
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6. References:

(1). It has been previously shown that Oxyma and DIC can react to generate HCN (M.
Erny, M. Lundqvist, J. H. Rasmussen, O. Ludemann-Hombourger, F. Bihel, J. Pawlas,
Org. Process Res. Dev. 2020, 24, 1341-1349.). It was found that only carbodiimides
bearing secondary alkyl substituents would undergo side reaction with Oxyma to produce
CN- (S. R. Manne, D. C. Akintayo, O. Luna, A. El-Faham, B. G. de la Torre, F.
Albericio, Org. Process Res. Dev., 2022, 26, 2894-2899).
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