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Figure S1. Screened substrates that can’t react with N-terminus of amino acid

2. Chemical experiments
2.1 General information

All reactions were carried out at room temperature under anhydrous atmosphere. Yields were
determined by HPLC. All materials and solvents were purchased from commercial suppliers and
used without further purification. The LRMS and HRMS were recorded on Finnigan LCQ/DECA
and Micromass Ultra Q-TOF (ESI) spectrometer, respectively.

The 'H and '3C spectra were taken on Bruker Avance - 400 and 500 NMR spectrometer
operating at 400 MHz for '"H NMR and 125 MHz for 3C NMR, respectively, using TMS as the
internal standard and CDCl;, MeOD-d,, Acetone-ds or DMSO-d; as the solvent. Chemical shifts
are given in & values of ppm. The abbreviations s is singlet, d is doublet, t is triplet and m is
multiplet. Coupling constants (J) were measured in hertz (Hz).

2.2 Substrate synthesis
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2-(2,2-Dimethoxyethoxy)quinoline (4). 2,2-dimethoxyethan-1-ol (3.89 g, 36.6 mmol) was
charged into a 250 ml round-bottom flask containing anhydrous DMF (50 ml). Sodium hydride
(1.76 g, 73.2 mmol) was added. After 30 minutes, 2-chloroquinoline (4 g, 24.4 mmol) was added
and the reaction was stirred at room temperature for 24 h. The grey solution was quenched with
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ice water (200 ml), extracted with EtOAc (200 ml x 2), washed with brine (200 ml x 2) and dried
over Na,S0Oy, and purified by column chromatography to afford 4 as a white solid in 81% yield
(4.608 g). '"H NMR (400 MHz, CDCl3) & 8.02 (d, /= 8.8 Hz, 1H), 7.85 (d, J= 8.5 Hz, 1H), 7.74 (d,
J=179Hgz, 1H), 7.64 (ddd, J= 8.3, 6.8, 1.5 Hz, 1H), 7.43 — 7.38 (m, 1H), 6.99 (d, /= 8.8 Hz, 1H),
4.86 (t, J = 5.3 Hz, 1H), 4.58 (d, J = 5.3 Hz, 2H), 3.51 (s, 6H). 13C NMR (100 MHz, CDCls) &
161.41, 146.29, 138.81, 129.46, 127.37, 127.26, 125.18, 124.11, 113.07, 101.84, 64.58, 53.95.
HRMS (ESI) [M+H]* found 234.1127, calcd for C13HsNO; 234.1125.

Alternative preparation method for compound 4: quinolin-2-ol (10.0 mmol) was charged into a
round-bottom flask containing anhydrous acetone (50 ml). Sodium carbonate (12.0 mmol) was
added. After 30 minutes, 2-bromo-1,1-dimethoxyethane (11.0 mmol) was added and the reaction
was stirred at reflux temperature for 48 h. The reaction mixture was quenched with ice water and
filtered. After washing by water, the precipitate was dried to give the compound 4 in almost

quantitative yield.

2-(2,2-Dimethoxyethoxy)-4-methylquinoline (4A). Following the procedure of 4 starting
from 2-chloro-4-methylquinoline, the product 4A was obtained as a white solid in 39% yield. 'H
NMR (400 MHz, CDCl;) & 7.89 (d, J = 8.2 Hz, 1H), 7.85 (d, J = 8.3 Hz, 1H), 7.63 (ddt, J = 8.2,
7.0, 1.3 Hz, 1H), 7.42 (ddt, J= 8.0, 7.0, 1.2 Hz, 1H), 6.85 (d, J= 1.3 Hz, 1H), 4.85 (td,J=5.2, 1.0
Hz, 1H), 4.56 (dd, J = 5.3, 1.0 Hz, 2H), 3.50 (d, J = 1.0 Hz, 6H), 2.64 (d, J = 1.1 Hz, 3H). 3C
NMR (100 MHz, CDCl3) 6 161.26, 146.92, 146.28, 129.20, 127.74, 125.48, 123.86, 123.61,
112.98, 101.87, 64.30, 53.93, 18.65. HRMS (ESI) [M+H]" found 248.1277, calcd for C;H;sNO;
248.1281.

2-(2,2-Dimethoxyethoxy)-8-methylquinoline (4B). Following the procedure of 4 starting
from 2-chloro-8-methylquinoline, the product 4B was obtained as a white solid in 64% yield. 'H
NMR (400 MHz, CDCl3) & 8.00 (d, J = 8.8 Hz, 1H), 7.59 (d, J= 8.1 Hz, 1H), 7.53 — 7.49 (m, 1H),
7.33 —7.29 (m, 1H), 6.99 (d, J = 8.8 Hz, 1H), 4.92 (t, J = 5.4 Hz, 1H), 4.59 (d, J = 5.4 Hz, 2H),
3.52 (s, 6H), 2.71 (s, 3H). HRMS (ESI) [M+H]* found 248.1277, calcd for C,,H;sNO; 248.1281.

6-Chloro-2-(2,2-dimethoxyethoxy)quinoline (4C). Following the procedure of 4 starting
from 2,6-dichloroquinoline, the product 4C was obtained as a white solid in 81% yield. 'H NMR
(400 MHz, CDCl3) 6 7.93 (d, J = 8.8 Hz, 1H), 7.78 (d, J = 8.9 Hz, 1H), 7.72 (d, J = 2.3 Hz, 1H),
7.57 (dd, J = 8.9, 2.4 Hz, 1H), 7.01 (d, J = 8.9 Hz, 1H), 4.85 (t, /= 5.3 Hz, 1H), 4.55 (d, J=5.3
Hz, 2H), 3.50 (s, 6H). HRMS (ESI) [M+H]" found 268.0734, calcd for C;3H;sCINO; 268.0735.

8-Bromo-2-(2,2-dimethoxyethoxy)quinoline (4D). Following the procedure of 4 starting
from 8-bromo-2-chloroquinoline and heating to 80 °C, the product 4D was obtained as a white
solid in 50% yield. '"H NMR (400 MHz, CDCl;) & 8.04 — 8.00 (m, 1H), 7.98 — 7.96 (m, 1H), 7.73 —
7.70 (m, 1H), 7.27 — 7.25 (m, 1H), 7.04 (d, J = 8.8 Hz, 1H), 4.99 (d, J = 5.4 Hz, 1H), 4.66 (d, J =
5.4 Hz, 2H), 3.53 (s, 6H). HRMS (ESI) [M+H]* found 312.016, calcd for C,3H;sBrNO5 312.018.
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2-(2,2-Dimethoxyethoxy)-6-(4-methoxyphenyl)quinoline (4G). (4-methoxyphenyl)boronic

acid (73 mg, 0.64 mmol), 6-bromo-2-(2,2-dimethoxyethoxy)quinoline (100 mg, 0.32 mmol),
Pd(OAC); (1.5 mg, 0.64 mmol%), Xphos (12 mg, 2.56 mmol%) and K5;PO,4 (136 mg, 0.64 mmol)
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were charged into a 50 ml round-bottom flask containing toluene (20 ml). The reaction was
nitrogen-flushed and then stirred at 100 °C overnight. Upon completion, the reaction mixture was
cooled and evaporated to dryness. The residue was diluted in water and extracted twice with
EtOAc, washed with brine and dried over Na,SO,, and purified by column chromatography to
afford 4G as white solid in 67% yield. '"H NMR (400 MHz, CDCI3) 6 8.02 (d, J = 8.8 Hz, 1H),
7.89 — 7.83 (m, 3H), 7.62 (d, J = 8.8 Hz, 2H), 7.02 (d, J = 8.8 Hz, 2H), 6.98 (d, J = 8.8 Hz, 1H),
4.85 (t,J=5.3 Hz, 1H), 4.57 (d, /= 5.3 Hz, 2H), 3.87 (s, 3H), 3.50 (s, 6H). HRMS (ESI) [M+H]*
found 340.147, calcd for C,oH»,NO,4 340.150.

2-(2,2-Dimethoxyethoxy)-6-(4-(trifluoromethyl)phenyl)quinoline (4H). Following the
procedure of 4G, the product 4H was obtained as a white solid in 90% yield. '"H NMR (400 MHz,
CDCl3) 6 8.11 — 8.01 (m, 1H), 7.97 — 7.83 (m, 3H), 7.83 — 7.68 (m, 4H), 7.07 — 6.97 (m, 1H), 4.90
—4.80 (m, 1H), 4.63 — 4.52 (m, 2H), 3.52 (s, 3H), 3.49 (s, 3H). HRMS (ESI) [M+H]" found
378.1315, caled for CyoH;9F3;NO;3 378.1312.

4-(2-(2,2-Dimethoxyethoxy)quinolin-6-yl)benzonitrile (4I). Following the procedure of 4G,
the product 41 was obtained as a white solid in 85% yield. '"H NMR (400 MHz, CDCl;) 8 8.05 (d,
J=28.9 Hz, 1H), 7.93 (s, 1H), 7.92 (d, J = 4.8 Hz, 1H), 7.87 — 7.83 (m, 1H), 7.80 — 7.73 (m, 4H),
7.02 (d, J = 8.8 Hz, 1H), 4.85 (t, J = 5.3 Hz, 1H), 4.57 (d, J = 5.3 Hz, 2H), 3.50 (s, 6H). HRMS
(ESI) [M+H]" found 335.1324, calcd for C,0H;9N,O3 335.1326.

Methyl 4-(2-(2,2-dimethoxyethoxy)quinolin-6-yl)benzoate (4J). Following the procedure
of 4G, the product 4J was obtained as a white solid in 88% yield. 'H NMR (400 MHz, CDCls) &
8.14 (d, J = 8.4 Hz, 2H), 8.05 (d, J = 8.9 Hz, 1H), 7.95 (s, 1H), 7.92 — 7.89 (m, 2H), 7.75 (d, J =
8.4 Hz, 2H), 7.01 (d, J = 8.8 Hz, 1H), 4.85 (t, /= 5.3 Hz, 1H), 4.57 (d, J = 5.3 Hz, 2H), 3.95 (s,
3H), 3.50 (s, 6H). HRMS (ESI) [M+H]* found 368.1423, calcd for C;;H»,NOs 368.1424.

2-(2,2-Dimethoxyethoxy)-7-(2-fluorophenyl)-4-methylquinoline (4K). Following the
procedure of 4G, the product 4K was obtained as a white solid in 87% yield. '"H NMR (400 MHz,
CDCly) 6 8.05 (s, 1H), 7.94 (d, J = 8.5 Hz, 1H), 7.65 (d, J = 8.5 Hz, 1H), 7.60 (t, /= 7.7 Hz, 1H),
7.42 —7.35 (m, 1H), 7.29 (d, J= 7.3 Hz, 1H), 7.25 - 7.19 (m, 1H), 6.87 (s, 1H), 4.87 (t, J=15.2 Hz,
1H), 4.58 (d, J = 5.2 Hz, 2H), 3.51 (s, 6H), 2.66 (s, 3H). 13C NMR (125 MHz, CDCl;) § 157.3,
156.5, 142.4, 142.0, 132.5, 126.6, 124.9, 124.3, 123.5, 120.6, 120.4, 120.1, 119.3, 111.7, 108.9,
97.5, 60.1, 49.6, 14.2. HRMS (ESI) [M+H]* found 342.1499, calcd for CyoH,FNO; 342.15.

2.3 Experimental data

N-methyl-2-(quinolin-2-ylamino)acetamide (6). 2-(2,2-dimethoxyethoxy)quinoline (200
mg, 0.86 mmol) reacted with hydrochloric acid in diethyl ether (5 mL). After that the solvent was
evaporated under anhydrous atmosphere. The residue was dissolved in anhydrous n-butanol (10
mL) directly without further purification and treated with 2-amino-N-methylacetamide (151 mg,
1.71 mmol) and Et;N (237 pL, 1.71 mmol). After stirring overnight at room temperature, the
reaction mixture was concentrated. H,O was added to the reaction mixture and the mixture was
extracted twice with EtOAc. The combined organic layer was washed with brine, dried over
Na,S0O,, and concentrated in vacuo. The residue was purified by reverse-phase silica gel column
chromatography (MeOH/H,0 = 0% to 80%) to give 6 as a white solid in 95% yield (172 mg). 'H
NMR (400 MHz, CDCl3) 6 7.86 (d, J = 8.9 Hz, 1H), 7.72 (d, ] = 8.4 Hz, 1H), 7.63 (d, J = 8.0 Hz,
1H), 7.57 (t, J = 7.5 Hz, 1H), 7.31 — 7.25 (m, 1H), 6.96 (s, 1H), 6.71 (d, J = 8.9 Hz, 1H), 5.67 (s,
1H), 4.24 (s, 2H), 2.84 (d, J = 4.9 Hz, 3H), 2.24 (s, 1H). *C NMR (125 MHz, CDCI3) 8 171.3,
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156.0, 147.4, 137.8, 129.8, 127.5, 126.2, 123.7, 122.8, 111.9, 45.9, 26.2. HRMS (ESI) [M+H]*
found m/z 216.1006, calcd for C,H4N30 215.1058.

Alternative quaternary ammonium salt preparation method: Concentrated sulfuric acid is
added dropwise to the sodium chloride solid to produce hydrogen chloride gas. This gas is then
passed to the acetone solution containing the 2-(2,2-dimethoxyethoxy)quinoline for reaction. After
the reaction is completed, the solvent is distilled for recovery. The obtained residue is a quaternary

ammonium salt for further amino coupling reaction.

(R)-N-methyl-2-(quinolin-2-ylamino)propanamide (6a). Following the procedure of 6
starting from (S)-2-amino-N-methylpropanamide, the product 6a was obtained as a white solid
(yield 92% for 2 steps). 'H NMR (400 MHz, CDCl;) & 7.80 (d, J = 8.8 Hz, 1H), 7.67 (d, J = 8.3
Hz, 1H), 7.59 (d, J="7.9 Hz, 1H), 7.53 (t,J = 7.3 Hz, 1H), 7.27 — 7.21 (m, 1H), 7.10 (s, 1H), 6.61
(d, J=8.8 Hz, 1H), 5.28 (d, J = 5.9 Hz, 1H), 4.72 (p, J = 6.7 Hz, 1H), 2.78 (d, J = 4.9 Hz, 3H),
1.52 (d, J = 7.0 Hz, 3H). 3C NMR (125 MHz, CDCl;) 8 174.3, 155.8, 147.4, 137.6, 129.7, 127.5,

126.1, 123.6, 122.6, 112.0, 50.7, 26.1, 18.1. HRMS (ESI) [M+H]* found m/z 230.1284, calcd for
19

C13H6N50 230.1288. [a] -141.5 (c = 0.188, CH;0H).
(S)-N,3,3-trimethyl-2-(quinolin-2-ylamino)butanamide (6b). Following the procedure of 6
starting from 2-amino-N,3,3-trimethylbutanamide, the product 6b was obtained as a white solid
(yield 66% for 2 steps). '"H NMR (400 MHz, CDCl;)  7.82 (d, J = 8.9 Hz, 1H), 7.69 (d, J = 8.4
Hz, 1H), 7.61 (s, 1H), 7.57 — 7.52 (m, 1H), 7.25 (t, /= 8.0 Hz, 1H), 6.70 (d, J = 8.9 Hz, 1H), 6.44
(s, 1H), 5.68 (s, 1H), 4.50 (d, J = 7.8 Hz, 1H), 2.80 (d, J = 4.9 Hz, 3H), 1.14 (s, 9H). 13C NMR
(125 MHz, CDCly) & 172.6, 156.3, 147.1, 137.8, 129.7, 127.5, 125.7, 123.6, 122.5, 112.05)54.4,

27.0, 26.1. HRMS (ESI) [M+H]* found m/z 272.1756, calcd for C;sH;oN3;0 272.1757. [a] -
178.7 (¢ =0.075, CH;0H).

(S)-N-methyl-2-phenyl-2-(quinolin-2-ylamino)acetamide (6c¢). Following the procedure of
6 starting from (S)-2-amino-N-methyl-2-phenylacetamide, the product 6¢ was obtained as a white
solid (yield 63% for 2 steps). "H NMR (400 MHz, MeOD-dy) & 7.88 (d, J = 8.9 Hz, 1H), 7.66 —
7.60 (m, 2H), 7.57 — 7.47 (m, 3H), 7.42 — 7.36 (m, 2H), 7.36 — 7.30 (m, 1H), 5.69 (s, 1H), 2.77 (s,
3H). BC NMR (125 MHz, MeOD-d,) 8 173.8, 156.1, 147.5, 138.6, 136.8, 128.9, 128.3, 127.7,
127.5, 127.1, 125.6, 123.7, 122.(?1,@112.4, 59.7, 25.1. HRMS (ESI) [M+H]* found m/z 292.145,

caled for CigH gN3;0 292.144. [a] -4.0 (c=0.121, CH;0H).
(S)-N-methyl-3-phenyl-2-(quinolin-2-ylamino)propanamide = (6d).  Following the
procedure of 6 starting from (S)-2-amino-N-methyl-3-phenylpropanamide, the product 6d was
obtained as a white solid (yield 72% for 2 steps). '"H NMR (400 MHz, Acetone-ds) & 7.86 (s, 1H),
7.63 (d, J=8.3 Hz, 2H), 7.50 (t, J = 7.5 Hz, 1H), 7.41 (s, 1H), 7.33 (d, J=7.5 Hz, 2H), 7.25 (t, J
=17.5Hz, 2H), 7.17 (s, 2H), 6.88 (d, J = 8.9 Hz, 1H), 6.50 (s, 1H), 5.11 — 5.02 (m, 1H), 3.30 (dd, J
=13.8, 5.9 Hz, 1H), 3.13 (dd, /= 13.7, 7.8 Hz, 1H), 2.70 (d, J= 4.7 Hz, 3H). 13C NMR (125 MHz,
Acetone-dg) 6 205.2, 172.3, 156.2, 147.8, 138.5, 136.7, 129.3, 129.0, 128.1, 127.4, 126.2, 126.1,

123.6, 121.8, 113.1, 56.0, 38.0, 25.2. HRMS (ESI) [M+H]" found m/z 306.1597, calcd for
i)

C1oH2N30 306.1601. [a]  29.9 (c = 0.126, CH;0H).



Methyl quinolin-2-ylphenylalaninate (6e). Following the procedure of 6 starting from
methyl L-phenylalaninate, the product 6e was obtained as a white solid (yield 61% for 2 steps). 'H
NMR (400 MHz, CDCl3) 6 7.82 (dd, J = 8.8, 2.4 Hz, 1H), 7.75 (d, /= 8.1 Hz, 1H), 7.62 (d, J =
7.7 Hz, 1H), 7.60 — 7.54 (m, 1H), 7.35 — 7.26 (m, 4H), 7.21 (d, J = 7.3 Hz, 2H), 6.65 (dd, J = 8.8,
2.7 Hz, 1H), 5.27 — 5.21 (m, 1H), 5.19 (s, 1H), 3.77 (d, J = 2.8 Hz, 3H), 3.39 (ddd, J = 13.7, 5.5,
2.4 Hz, 1H), 3.27 (ddd, J = 13.9, 5.7, 2.5 Hz, 1H). 3C NMR (125 MHz, CDCl;) $ 173.3, 155.1,
147.1, 137.6, 136.6, 130.4, 129.6, 129.4, 128.5, 127.4, 126.9, 126.2, 123.6, 122.6, :11:61)2.1, 55.1,

52.2. HRMS (ESI) [M+H]* found m/z 307.1437, calcd for C;oH;gN,O, 307.1441. [a] -2.9 (c
=0.105, CH;0H).

(R)-2-(quinolin-2-ylamino)butanamide (6f). Following the procedure of 6 starting from 2-
aminobutanamide, the product 6f was obtained as a white solid (yield 85% for 2 steps). 'H NMR
(400 MHz, DMSO-dg) 6 7.85 (d, J = 8.9 Hz, 1H), 7.62 (d, J = 7.9 Hz, 1H), 7.48 — 7.43 (m, 3H),
7.15 (ddd, J=8.1, 4.8, 3.2 Hz, 1H), 7.06 (d, J=7.8 Hz, 1H), 6.99 (s, 1H), 6.93 (d, /= 8.9 Hz, 1H),
4.54 (q, J = 6.9 Hz, 1H), 1.90 — 1.76 (m, 1H), 1.76 — 1.63 (m, 1H), 0.94 (t, J = 7.4 Hz, 3H). 13C
NMR (125 MHz, DMSO-dg) 6 175.1, 157.0, 148.0, 136.6, 129.4, 127.9, 126.0, 123.5, 121.7, 113.9,
%5).4, 25.8, 10.8. HRMS (ESI) [M+H]" found m/z 230.1288, calcd for C;3H;sN;O 230.1288. [a]

-66.3 (c = 0.080, CH;0H).

Methyl quinolin-2-ylglycinate (6g). Following the procedure of 6 starting from methyl
glycinate, the product 6g was obtained as a white solid (yield 95% for 2 steps). 'H NMR (400
MHz, CDCl5) 6 7.83 (d, J=8.9 Hz, 1H), 7.71 (d, J = 8.4 Hz, 1H), 7.60 (d, /= 7.9 Hz, 1H), 7.57 —
7.51 (m, 1H), 7.23 (t, 1H), 6.72 (d, 1H), 5.24 (s, 1H), 4.38 (d, J = 5.1 Hz, 2H), 3.80 (s, 3H). 13C
NMR (125 MHz, CDCl;) 6 171.8, 155.7, 147.6, 137.4, 129.5, 127.4, 126.4, 123.7, 122.5, 112.1,
52.3,43.3,29.7. HRMS (ESI) [M+H]" found m/z 217.0973, calcd for C;,H;3N,0, 217.0972.

Methyl quinolin-2-yl-L-alaninate (6h). Following the procedure of 6 starting from methyl
D-alaninate, the product 6h was obtained as a white solid (yield 93% for 2 steps). 'H NMR (400
MHz, CDCls) 6 7.81 (d, J= 8.8 Hz, 1H), 7.68 (d, /= 8.3 Hz, 1H), 7.59 (d, J = 8.8 Hz, 1H), 7.53 (t,
J="1.7Hz, 1H), 7.25 - 7.21 (m, 1H), 6.67 (d, J = 8.8 Hz, 1H), 5.27 (s, 1H), 4.90 (p, J = 7.1 Hz,
1H), 3.77 (s, 3H), 1.56 (d, J = 7.1 Hz, 3H). 3C NMR (125 MHz, CDCl;) § 175.0, 155.3, 147 .4,
137.4, 129.5, 127.4, 126.4, 123.6, 122.5, 112.%0)52.3, 49.7, 18.6. HRMS (ESI) [M+H]* found m/z

231.1129, caled for C3H;5sN,0, 231.1128. [a] —23.7 (c=0.114, CH;0H).

Methyl quinolin-2-yl-L-valinate (6i). Following the procedure of 6 starting from methyl D-
valinate, the product 6i was obtained as a white solid (yield 91% for 2 steps). '"H NMR (400 MHz,
CDCly) 6 7.76 (d, J = 8.8 Hz, 1H), 7.67 (d, J = 8.4 Hz, 1H), 7.56 (d, J = 8.8 Hz, 1H), 7.54 — 7.49
(m, 1H), 7.24 — 7.19 (m, 1H), 6.67 (d, J = 8.8 Hz, 1H), 5.21 (d, /= 7.5 Hz, 1H), 4.87 (dd, J = 8.3,
5.4 Hz, 1H), 3.75 (s, 3H), 1.05 (dd, J = 6.8, 3.4 Hz, 6H). 3C NMR (125 MHz, CDCl;) 3 1;:461).1,

156.1, 147.7, 137.2, 129.4, 127.3, 126.5, 123.7, 122.3, 112.1, 59.0, 51.9, 31.3, 19.1, 18.5. [a]

-145.6(c = 0.148, CH;0H).

Methyl quinolin-2-yl-L-isoleucinate (6j). Following the procedure of 6 starting from methyl
D-isoleucinate, the product 6j was obtained as a white solid (yield 82% for 2 steps). '"H NMR (400
MHz, CDCl;) 6 7.84 (dd, J = 8.9, 2.2 Hz, 1H), 7.71 (d, J = 8.4 Hz, 1H), 7.59 (d, /= 7.9 Hz, 1H),
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7.54 (t,J=7.7 Hz, 1H), 7.23 (t, J= 7.3 Hz, 1H), 6.71 (dd, J = 8.9, 2.0 Hz, 1H), 5.02 (s, 1H), 4.83
(s, 1H), 3.77 (s, 3H), 2.14 — 2.01 (m, 1H), 1.70 — 1.53 (m, 1H), 1.03 (d, J = 3.0 Hz, 3H), 1.02 -
$4)

0.99 (m, 3H). HRMS (ESI) [M+H]* found m/z 273.1603, calcd for C;sH,1N,O, 273.1598. [a]
-8.1 (¢ =0.078, CH;0H).

Methyl quinolin-2-yl-L-serinate (6k). Following the procedure of 6 starting from methyl D-
serinate, the product 6k was obtained as a white solid (yield 88% for 2 steps). '"H NMR (400 MHz,
CDCly) 6 7.86 (d, J = 8.9 Hz, 1H), 7.68 (d, J = 8.4 Hz, 1H), 7.62 (d, J= 7.9 Hz, 1H), 7.59 — 7.53
(m, 1H), 7.28 — 7.25 (m, 1H), 6.77 (d, J = 8.9 Hz, 1H), 5.87 (s, 1H), 4.97 (s, 1H), 4.26 (dd, J =
10.9, 2.6 Hz, 1H), 3.98 (dd, J = 10.9, 6.2 Hz, 1H), 3.85 (s, 3H). 13C NMR (125 MHz, CDCl;) 3
171.8, 155.6, 146.2, 138.2, 130.0, 127.5, 125.6, 123.5, 123.0, 112.2?63 65.5, 58.0, 52.9. HRMS (ESI)

[M+H]* found m/z 247.1081, calcd for C;3H 5N,O5 247.1077. [a] 5.8 (¢=0.136, CH;0H).

Methyl quinolin-2-yl-L-threoninate (61). Following the procedure of 6 starting from methyl
L-threoninate, the product 61 was obtained as a white solid (yield 66% for 2 steps). 'H NMR (400
MHz, CDCl;) 6 7.86 (d, J = 8.8 Hz, 1H), 7.68 (d, J = 8.3 Hz, 1H), 7.62 (dd, J = 8.0, 1.2 Hz, 1H),
7.55 (ddd, J = 8.4, 7.0, 1.5 Hz, 1H), 7.28 — 7.24 (m, 1H), 6.77 (d, J = 8.8 Hz, 1H), 5.51 (s, 1H),
4.96 (dd, J=17.3, 3.8 Hz, 1H), 4.40 (qd, /= 6.4, 3.7 Hz, 1H), 3.82 (s, 3H), 1.35 (d, /= 6.4 Hz, 3H).
13C NMR (125 MHz, CDCls) 8 172.8, 156.0, 147.1, 137.6, 129.6, 127.4, 126.3, 123.8, 122.7,
112.4, 69.3, 51%9, 52.5, 20.4. HRMS (ESI) [M+H]* found m/z 261.1228, caled for C4H{7N,O3

261.1234.[0]  -113.8 (¢ = 0.052, CH;OH).

Methyl quinolin-2-yl-L-tyrosinate (6m). Following the procedure of 6 starting from methyl
L-tyrosinate, the product 6m was obtained as a white solid (yield 63% for 2 steps). 'H NMR (400
MHz, CDCl;) 6 7.85 (d, J= 8.9 Hz, 1H), 7.73 (d, J = 8.5 Hz, 1H), 7.61 (dd, J = 8.0, 1.2 Hz, 1H),
7.54 (ddd, J= 8.4, 7.0, 1.5 Hz, 1H), 7.26 (ddd, J = 8.0, 7.0, 1.1 Hz, 1H), 6.97 (d, J = 8.5 Hz, 2H),
6.68 (d, J= 8.5 Hz, 2H), 6.64 (d, /= 8.9 Hz, 1H), 5.47 (s, 1H), 5.03 (s, 1H), 3.75 (s, 3H), 3.25 (dd,
J=13.9,53 Hz, 1H), 3.13 (dd, J=13.9, 6.4 Hz, 1H). 3C NMR (125 MHz, CDCl;) 8 173.6, 155.5,
155.5,147.0, 138.1, 130.4, 129.9, 127.5, 127.3, 125.8, 123.6, 122.7, 115.6, 111.5, 515655, 52.3,37.2.

HRMS (ESI) [M+H]" found m/z 323.1388, calcd for C;oH;9N,O3 323.1390. [a] 124 (c =
0.106, CH;0H).

Methyl quinolin-2-yl-L-tryptophanate (6n). Following the procedure of 6 starting from
methyl L-tryptophanate, the product 6n was obtained as a white solid (yield 70% for 2 steps). 'H
NMR (400 MHz, CDCl3) 6 8.27 (s, 1H), 7.80 (d, /= 8.9 Hz, 1H), 7.76 (d, /= 8.4 Hz, 1H), 7.61 (d,
J=17.9 Hz, 2H), 7.59 — 7.54 (m, 1H), 7.35 (d, /= 8.1 Hz, 1H), 7.28 — 7.24 (m, 1H), 7.20 (t, J=7.1
Hz, 1H), 7.13 (t,J=17.5 Hz, 1H), 7.01 (d, J=2.1 Hz, 1H), 6.57 (d, J = 8.8 Hz, 1H), 5.34 — 5.29 (m,
1H), 5.27 (d, J = 8.2 Hz, 1H), 3.73 (s, 3H), 3.54 (dd, J = 14.6, 5.2 Hz, 1H), 3.45 (dd, J = 14.6, 5.6
Hz, 1H). 3C NMR (125 MHz, CDCl;) 8 173.9, 155.4, 147.5, 137.4, 136.2, 129.5, 127.8, 127.4,
126.4, 123.6, 122.9, 122.5, 122.1, 119.6, 118.8, 112.2, 111.2, 110.2?63 54.6,52.2,27.9. HRMS (ESI)

[M+H]* found m/z 346.1560, calcd for C;1H2N30, 346.1550. [a] 2.5 (¢ =0.120, CH;0H).

Methyl quinolin-2-yl-D-methioninate (6p). Following the procedure of 6 starting from
methyl L-methioninate, the product 6p was obtained as a white solid (yield 96% for 2 steps). 'H
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NMR (400 MHz, CDCl3) & 7.82 (d, J = 8.8 Hz, 1H), 7.68 (d, J = 8.4 Hz, 1H), 7.59 (d, J = 7.9 Hz,
1H), 7.53 (t, J = 7.7 Hz, 1H), 7.24 (t, J = 7.4 Hz, 1H), 6.70 (d, J = 8.8 Hz, 1H), 5.42 (s, 1H), 5.06
(q, J = 7.2 Hz, 1H), 3.78 (s, 3H), 2.65 (td, J = 7.9, 3.4 Hz, 2H), 2.35 (dq, J = 13.5, 7.4 Hz, 1H),
2.16 (dd, J = 14.3, 7.5 Hz, 1H). 3C NMR (125 MHz, CDCl;) § 173.9, 155.4, 147.3, 137.5, 129.6,
127.4, 126.4, 123.7, 122.6, 112.0, 53.2, 52.4, ;I%.o, 30.3, 15.5. HRMS (ESI) [M+H]* found m/z

291.1167, calcd for C;5H gN,0,S 291.1162. [a] -4.2 (¢ = 0.095, CH;0H).

Methyl N°-(quinolin-2-yl)lysinate (6r). Following the procedure of 6 starting from methyl
lysinate, the product 6r was obtained as a white solid (yield 53% for 2 steps). 'H NMR (400 MHz,
D,0) 8 7.94 (s, 1H), 7.63 (t, 1H), 7.59 (d, J = 7.5 Hz, 1H), 7.53 (s, 1H), 7.35 (t, /= 7.6 Hz, 1H),
6.76 (s, 1H), 4.06 (t, J = 6.4 Hz, 1H), 3.70 (s, 3H), 3.33 (t, J = 6.7 Hz, 2H), 2.00 — 1.80 (m, 2H),
1.67 (p, J = 7.2 Hz, 2H), 1.55 — 1.34 (m, 2H). '3C NMR (125 MHz, D,0) 8 170.6, 152.5, 141.9,
135.6, 132.5, 128.7, 125.4, 121.1, 117.0, 113.8, 53.6, 52.7, 41.6, 29.4, 26.9, 21.7. HRMS (ESI)
[M+H]* found m/z 288.17, calcd for C;4H,,N30, 288.1707.

2-Amino-N-methyl-6-(quinolin-2-ylamino)hexanamide (6s). Following the procedure of 6
starting from 2-(2,2-dimethoxyethoxy)-4-methylquinoline, the product 6A was obtained as a white
solid (yield 50% for 2 steps). 'H NMR (500 MHz, CDCl;) & 7.80 (d, J = 8.9 Hz, 1H), 7.65 (d, J =
8.4 Hz, 1H), 7.57 (d, J = 7.9 Hz, 1H), 7.54 — 7.46 (m, 1H), 7.19 (t, J = 7.7 Hz, 1H), 6.63 (d, J =
8.9 Hz, 1H), 3.56 — 3.49 (m, 2H), 3.40 — 3.33 (m, 1H), 2.80 (d, J = 4.9 Hz, 3H), 1.73 — 1.67 (m,
2H), 1.61 — 1.57 (m, 2H), 1.54 — 1.48 (m, 2H). 13C NMR (125 MHz, CDCl;) 4 175.5, 156.9, 147.8,
137.3,129.5, 127.4, 125.8, 123.2, 121.9, 111.2, 77.2, 76.9, 76.7, 55.0, 41.3, 34.7, 29.3, 25.7, 23.1.
HRMS (ESI) [M+H]* found m/z 287.1864, calcd for C;sH,3N40 287.1866.

N-methyl-2-((4-methylquinolin-2-yl)amino)acetamide (6A). Following the procedure of 6
starting from 2-(2,2-dimethoxyethoxy)-4-methylquinoline, the product 6A was obtained as a white
solid (yield 91% for 2 steps). 'H NMR (400 MHz, CDCl;) & 7.81 (s, 1H), 7.73 (s, 1H), 7.58 (s,
1H), 7.30 (s, 1H), 7.05 (s, 1H), 6.55 (s, 1H), 5.63 (s, 1H), 4.21 (s, 2H), 2.83 (d, J = 4.5 Hz, 3H),
2.56 (s, 3H). 3C NMR (125 MHz, DMSO-dy) 8 170.9, 156.7, 147.8, 144.1, 129.3, 126.4, 124.2,
123.8, 121.9, 113.5, 44.3, 26.0, 18.7. HRMS (ESI) [M+H]" found m/z 230.1291, calcd for
Ci3H6N;0 230.1288.

N-methyl-2-((8-methylquinolin-2-yl)amino)acetamide (6B). Following the procedure of 6
starting from 2-(2,2-dimethoxyethoxy)-8-methylquinoline, the product 6B was obtained as a white
solid (yield 45% for 2 steps). 'H NMR (400 MHz, CDCl3) & 7.85 (d, J= 8.8 Hz, 1H), 7.50 (dd, J =
8.0, 1.4 Hz, 1H), 7.46 (d, J=17.1 Hz, 1H), 7.24 (s, 2H), 7.19 (dd, J= 7.9, 7.1 Hz, 1H), 6.72 (d, J =
8.8 Hz, 1H), 5.50 (s, 1H), 4.22 (d, J = 5.2 Hz, 2H), 2.83 (d, J = 4.9 Hz, 3H), 2.65 (s, 3H). 13C
NMR (125 MHz, CDCl;) 6 171.9, 155.2, 146.1, 138.0, 134.0, 130.1, 125.5, 123.4, 122.5, 111.6,
46.5,26.0, 17.9. HRMS (ESI) [M+H]* found m/z 230.1282, calcd for C;3H;cN;0 230.1288.

2-((6-Chloroquinolin-2-yl)amino)-N-methylacetamide (6C). Following the procedure of 6
starting from 6-chloro-2-(2,2-dimethoxyethoxy)quinoline, the product 6C was obtained as a white
solid (yield 53% for 2 steps). 'H NMR (400 MHz, MeOD-dy) & 7.86 (d, J = 9.0 Hz, 1H), 7.65 (s,
1H), 7.59 (d, J=9.0 Hz, 1H), 7.46 (d, /= 8.9 Hz, 1H), 6.88 (d, J = 8.8 Hz, 1H), 4.13 (s, 2H), 2.76
(s, 3H). 3C NMR (125 MHz, DMSO-dy) 8 170.6, 157.3, 146.6, 135.9, 129.6, 128.0, 126.6, 125.6,
124.4, 114.9, 44.3, 26.0. HRMS (ESI) [M+H]* found m/z 250.0739, calcd for C;,H;3CIN;O
250.0742.



2-((8-Bromoquinolin-2-yl)amino)-N-methylacetamide (6D). Following the procedure of 6
starting from 8-bromo-2-(2,2-dimethoxyethoxy)quinoline, the product 6D was obtained as a white
solid (yield 42% for 2 steps). 'H NMR (400 MHz, CDCl;) 4 7.90 (dd, J= 7.6, 1.2 Hz, 1H), 7.81 (d,
J=8.9 Hz, 1H), 7.59 (dd, /=79, 1.1 Hz, 1H), 7.13 (t, /= 7.8 Hz, 1H), 6.76 (d, J = 8.9 Hz, 1H),
6.10 (s, 1H), 4.23 (d, J = 6.0 Hz, 2H), 2.85 (d, J = 4.9 Hz, 3H). 13C NMR (125 MHz, CDCl;) 3
171.5, 156.7, 144.4, 137.9, 133.1, 127.3, 124.8, 123.0, 121.2, 113.2, 46.8, 26.0. HRMS (ESI)
[M+H]* found m/z 294.0245, calcd for C;,H3BrN;0 294.0237.

2-((3-Chloroisoquinolin-1-yl)amino)-N-methylacetamide (6E). Following the procedure of
6 starting from 3-chloro-1-(2,2-dimethoxyethoxy)isoquinoline, the product 6E was obtained as a
white solid (yield 52% for 2 steps). 'H NMR (400 MHz, CDCl;) & 7.86 (d, J= 8.4 Hz, 1H), 7.65 —
7.58 (m, 2H), 7.50 — 7.42 (m, 1H), 7.01 (s, 1H), 6.49 (s, 1H), 6.39 (s, 1H), 4.29 (d, /= 5.0 Hz, 2H),
2.91 (d, J= 4.8 Hz, 3H). 3C NMR (125 MHz, CDCl;) 8 170.5, 154.7, 143.8, 138.7, 130.8, 126.4,
126.2, 122.0, 116.6, 109.4, 45.4, 26.3. HRMS (ESI) [M+H]* found m/z 250.0739, calcd for
C12H;CIN;0 250.0742.

N-methyl-2-((6-phenylquinolin-2-yl)amino)acetamide (6F). Following the procedure of 6
starting from 2-(2,2-dimethoxyethoxy)-6-phenylquinoline, the product 6F was obtained as a white
solid (yield 75% for 2 steps). 'H NMR (400 MHz, CDCl3) 8 7.90 (d, J = 8.8 Hz, 1H), 7.82 (t, 2H),
7.76 (d,J=9.1 Hz, 1H), 7.67 (d, J= 8.0 Hz, 2H), 7.47 (t,J = 7.6 Hz, 2H), 7.36 (t, /= 7.4 Hz, 1H),
6.83 (s, 1H), 6.72 (d, J = 8.8 Hz, 1H), 5.50 (s, 1H), 4.23 (d, J = 5.1 Hz, 2H), 2.84 (d, J = 4.9 Hz,
2H). BC NMR (125 MHz, CDCl;) § 171.2, 156.0, 146.7, 140.7, 138.0, 135.7, 129.3, 128.9, 127.1,
127.1, 126.5, 125.4, 123.9, 112.3, 45.9, 26.2. HRMS (ESI) [M+H]* found m/z 292.1449, calcd for
CigHsN;0 292.1444.

2-((6-(4-Methoxyphenyl)quinolin-2-yl)amino)-N-methylacetamide (6G). Following the
procedure of 6 starting from 2-(2,2-dimethoxyethoxy)-6-(4-methoxyphenyl)quinoline, the product
6G was obtained as a white solid (yield 54% for 2 steps). 'H NMR (400 MHz, DMSO-dy) 6 7.91
(d, J=9.0 Hz, 1H), 7.87 (d, /= 1.9 Hz, 1H), 7.75 (dd, J = 8.7, 2.0 Hz, 1H), 7.65 (d, J = 8.7 Hz,
2H), 7.51 (d, 1H), 7.28 (t, J = 5.5 Hz, 1H), 7.01 (d, J = 8.7 Hz, 2H), 6.89 (d, J = 8.9 Hz, 1H), 4.00
(d, J = 5.5 Hz, 2H), 3.78 (s, 3H), 2.60 (d, J = 4.0 Hz, 3H). 3C NMR (125 MHz, DMSO-d;) 3
170.8, 159.0, 157.0, 147.1, 136.9, 133.3, 132.8, 128.1, 128.0, 126.6, 124.7, 123.8, 114.8, 114.1,
55.6,44.5,26.0. HRMS (ESI) [M+H]" found m/z 322.1549, calcd for C;9H;N30, 322.155.

N-methyl-2-((6-(4-(trifluoromethyl)phenyl)quinolin-2-yl)amino)acetamide (6H).
Following  the procedure of 6  starting from  2-(2,2-dimethoxyethoxy)-6-(4-
(trifluoromethyl)phenyl)quinoline, the product 6H was obtained as a white solid (yield 65% for 2
steps). 'H NMR (400 MHz, DMSO-dy) 6 8.06 (d, J = 1.8 Hz, 1H), 7.96 (t, 3H), 7.86 (dd, J = 8.7,
2.0 Hz, 1H), 7.80 (d, J = 8.3 Hz, 2H), 7.57 (d, 1H), 7.41 (t, J = 5.8 Hz, 1H), 6.93 (d, J = 8.9 Hz,
1H), 4.02 (d, J = 5.4 Hz, 2H), 2.60 (d, J = 3.9 Hz, 3H). *C NMR (125 MHz, DMSO-dy) & 170.6,
157.5, 148.1, 144.4, 137.1, 131.7, 128.3, 127.5, 126.8, 126.3, 126.2, 126.2, 126.2, 123.8, 114.5,
44.4,26.0. HRMS (ESI) [M+H]" found m/z 360.1317, calcd for C;9H;7FN30 360.1318.

2-((6-(4-Cyanophenyl)quinolin-2-yl)amino)-N-methylacetamide (6I). Following the
procedure of 6 starting from 4-(2-(2,2-dimethoxyethoxy)quinolin-6-yl)benzonitrile, the product 61
was obtained as a white solid (yield 78% for 2 steps). 'H NMR (400 MHz, DMSO-d;) & 8.11 (s,
1H), 7.94 (dt, J=19.1, 9.6 Hz, 7TH), 7.59 (d, J = 8.8 Hz, 1H), 7.49 (t, /= 5.6 Hz, 1H), 6.96 (d, J =
9.1 Hz, 1H), 4.04 (d, J= 5.2 Hz, 2H), 2.62 (d, J = 4.4 Hz, 3H). 3*C NMR (125 MHz, DMSO-d) &



170.6, 157.6, 148.3, 144.9, 137.1, 133.3, 131.3, 128.2, 127.6, 126.9, 126.5, 123.7, 119.5, 114.5,
109.7, 44.4, 26.0. HRMS (ESI) [M+H]* found m/z 317.1401, calcd for C;oH;7N4O 317.1397.
Methyl 4-(2-((2-(methylamino)-2-oxoethyl)amino)quinolin-6-yl)benzoate (6J). Following
the procedure of 6 starting from methyl 4-(2-(2,2-dimethoxyethoxy)quinolin-6-yl)benzoate, the
product 6J was obtained as a white solid (yield 57% for 2 steps). 'H NMR (400 MHz, DMSO-dj)
6 8.09 (d, J=2.0 Hz, 1H), 8.05 (d, /= 8.4 Hz, 2H), 7.98 (d, /= 8.9 Hz, 1H), 7.94 — 7.88 (m, 4H),
7.59 (d, J=8.7 Hz, 1H), 7.44 (t, J= 5.5 Hz, 1H), 6.95 (d, /= 8.9 Hz, 1H), 4.04 (d, /= 5.6 Hz, 2H),
3.88 (s, 3H), 2.62 (d, J = 4.6 Hz, 3H). 13C NMR (125 MHz, DMSO-d;) 8 170.7, 166.6, 157.5,
148.1, 145.0, 137.1, 131.9, 130.3, 128.3, 128.2, 127.0, 126.8, 126.3, 123.8, 114.4, 56.5, 52.6, 26.0.
HRMS (ESI) [M+H]* found m/z 350.1501, calcd for C,0H0N303 350.1499.
2-((7-(2-Fluorophenyl)-4-methylquinolin-2-yl)amino)-N-methylacetamide (6K).
Following the procedure of 6 starting from 2-(2,2-dimethoxyethoxy)-7-(2-fluorophenyl)-4-
methylquinoline, the product 6K was obtained as a white solid (yield 70% for 2 steps). 'H NMR
(400 MHz, MeOD-dy) 6 7.83 (d, J = 8.5 Hz, 1H), 7.80 (s, 1H), 7.54 (t, J = 7.8 Hz, 1H), 7.41 (d, J
= 8.5 Hz, 1H), 7.39 — 7.35 (m, 1H), 7.27 (d, J = 7.5 Hz, 1H), 7.25 — 7.20 (m, 1H), 6.70 (s, 1H),
4.14 (s, 2H), 2.76 (s, 3H), 2.56 (s, 3H). 13C NMR (126 MHz, MeOD) 8 172.4, 160.3, 158.4, 156.5,
146.9, 144.3, 136.1, 130.1, 128.6, 125.4, 123.8, 123.0, 122.7, 122.3, 115.3, 112.2, 43.7, 24.5, 16.8.
HRMS (ESI) [M+H]" found m/z 324.1507, calcd for C;oH;9FN;0 324.1507.
N-(2-(2,5-dimethoxyphenyl)-2-hydroxyethyl)-2-(quinolin-2-ylamino)acetamide (8a).
Following the procedure of 6 starting from midodrine hydrochloride, the product 8a was obtained
as a white solid (yield 72% for 2 steps). 'H NMR (400 MHz, MeOD-dy) 6 7.88 (d, /= 8.9 Hz, 1H),
7.62 (t,J= 8.0 Hz, 2H), 7.53 — 7.48 (m, 1H), 7.24 (t, 1H), 7.00 (d, 1H), 6.81 (d, 1H), 6.75 (d, 1H),
6.70 (dd, J = 8.9, 3.1 Hz, 1H), 5.08 (dd, J = 7.1, 4.3 Hz, 1H), 4.12 (s, 2H), 3.72 (s, 3H), 3.68 (s,
3H), 3.56 (dd, 1H), 3.39 (dd, 1H). 3C NMR (125 MHz, MeOD-dy) & 172.5, 156.8, 153.8, 150.3,
147.3,137.2, 131.1, 129.1, 127.2, 125.4, 123.7, 122.0, 112.5, 112.3, 111.1, 66.7, 54.9, 54.6, 45.1,
44.6. HRMS (ESI) [M+H]* found m/z 382.1761, caled for C,1Hp4N;04 382.1761.
(1S,3S,5S)-2-((S)-2-((1s,3S,5R,7S)-3-hydroxyadamantan-1-yl)-2-(quinolin-2-
ylamino)acetyl)-2-azabicyclo[3.1.0]hexane-3-carbonitrile (8b). Following the procedure of 6
starting from saxagliptin, the product 8b was obtained as a white solid (yield 46% for 2 steps). 'H
NMR (400 MHz, CDCl;) 6 7.58 — 7.46 (m, 5H), 7.22 (t, J=7.3 Hz, 1H), 6.65 (d, /= 8.7 Hz, 1H),
5.94 (d,J=9.5 Hz, 1H), 5.27 (d, /= 9.4 Hz, 1H), 5.00 (dd, J=10.6, 2.4 Hz, 1H), 4.63 (td, /= 6.2,
2.6 Hz, 1H), 2.75 (s, 1H), 2.51 (ddd, J = 13.8, 10.7, 5.8 Hz, 1H), 2.36 (dd, J = 13.7, 2.4 Hz, 1H),
2.32 - 2.23 (m, 3H), 2.07 (d, J = 11.6 Hz, 1H), 2.00 — 1.92 (m, 2H), 1.86 (dd, J = 25.7, 12.0 Hz,
2H), 1.73 (q, J = 14.1 Hz, 6H), 1.59 (d, J = 14.3 Hz, 3H), 1.28 (s, 2H), 1.18 (s, 1H), 1.17 — 1.11
(m, 1H). 3C NMR (125 MHz, CDCl3) 3 171.7, 156.6, 147.5, 136.9, 129.2, 127.5, 126.1, 123.8,

122.2,119.5, 113.2, 68.7, 58.9, 46.2, 45.3, 44.6, 44.2, 40.7, 38.3, 38.0, 37.7, 35.5, 30.6, 30.4, 30.3,
1)

17.5, 13.7. HRMS (ESI) [M+H]" found m/z 443.2432, calcd for Cy;H;3N4O, 443.2442. [a] -
111.0 (¢ =0.091, CH;0H).

Methyl quinolin-2-yl-L-tyrosyl-L-seryl-L-leucinate (8c). Following the procedure of 6
starting from methyl tyroserleutide, the product 8¢ was obtained as a white solid (yield 56% for 2
steps). '"H NMR (400 MHz, DMSO-dq) 3 9.16 (s, 1H), 8.20 (d, /= 7.9 Hz, 1H), 7.98 (d, /= 7.9 Hz,
1H), 7.84 (d, /= 8.9 Hz, 1H), 7.60 (d, J = 7.9 Hz, 1H), 7.50 — 7.42 (m, 2H), 7.21 (d, J = 7.6 Hz,
1H), 7.17 (s, 1H), 7.13 (d, J= 7.6 Hz, 2H), 6.85 (d, /= 8.9 Hz, 1H), 6.62 (d, J = 7.6 Hz, 2H), 4.84
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(t, J= 5.0 Hz, 1H), 4.76 (s, 1H), 4.31 (dd, J = 14.0, 7.0 Hz, 2H), 4.15 (d, J = 5.0 Hz, 1H), 3.61 (s,
3H), 3.19 — 3.17 (m, 3H), 1.58 — 1.44 (m, 2H), 1.41 — 1.35 (m, 2H), 0.81 — 0.75 (m, 6H). 13C
NMR (125 MHz, DMSO-ds) § 173.1, 173.1, 170.5, 156.8, 156.1, 147.9, 136.8, 130.6, 129.4, 129.0,
127.9, 1262, 123.5, 121.9, 115.3, 113.6, 62.1, 56.7, 55.3, 52.3, 50.6, 49.1, 37.2, 2%)5, 23.1,21.7.

HRMS (ESI) [M+H]" found m/z 523.2554, calcd for CysH35sN4O6 523.2551. [a] =72 (c =
0.107, CH;0H).
(S)-N-(4-(hydroxymethyl)phenyl)-2-((S)-3-methyl-2-(quinolin-2-ylamino)butanamido)-

5-ureidopentanamide (8d). Following the procedure of 6 starting from Val-Cit-PAB-OH, the
product 8d was obtained as a white solid (yield 56% for 2 steps). 'H NMR (400 MHz, MeOD-dy)
6 7.87 (d, J=8.9 Hz, 1H), 7.63 — 7.58 (m, 2H), 7.47 (ddd, /= 8.4, 7.0, 1.4 Hz, 1H), 7.39 (d, J =
8.5 Hz, 2H), 7.25 (d, J = 8.6 Hz, 2H), 7.22 — 7.17 (m, 1H), 6.91 (d, J = 8.9 Hz, 1H), 4.58 — 4.53
(m, 3H), 4.49 (d, J= 7.5 Hz, 1H), 3.37 (s, 2H), 3.09 (dt, J = 13.3, 6.7 Hz, 1H), 2.99 (dt, J = 13.5,
6.7 Hz, 1H), 2.30 — 2.19 (m, 1H), 1.94 — 1.84 (m, 1H), 1.80 — 1.68 (m, 1H), 1.60 — 1.43 (m, 2H),
1.11 (d, J= 6.9 Hz, 3H), 1.09 (d, J = 6.8 Hz, 3H). 13C NMR (125 MHz, MeOD-dy) 5 174.4, 170.9,
160.8, 157.0, 147.4, 137.4, 137.0, 136.9, 129.0, 127.1, 127.1, 125.4, 123.6, 121.9, 120.0, 112.6,
63.4, 60.9, 53.4, 48.4, 30.4, 29.3, %}?.3, 18.7, 17.9. HRMS (ESI) [M+H]* found m/z 507.2724,

caled for Cy7H35NgO4 507.2714. [a] -186.3 (¢ = 0.096, CH;0H).
(S)-2-((S)-2-((7-(2-fluorophenyl)-4-methylquinolin-2-yl)amino)-3-methylbutanamido)-N-
(4-(hydroxymethyl)phenyl)-5-ureidopentanamide (8e). Following the procedure of 6 starting
from Val-Cit-PAB-OH, the product 8e was obtained as a white solid (yield 52% for 2 steps). 'H
NMR (500 MHz, MeOD-dy) 6 7.88 (d, J = 8.4 Hz, 1H), 7.80 (s, 1H), 7.51 (t, /= 7.8 Hz, 1H), 7.44
(d, J=8.4 Hz, 1H), 7.42 — 7.37 (m, 1H), 7.33 (d, /= 8.5 Hz, 2H), 7.28 (t, /= 7.5 Hz, 1H), 7.24 —
7.21 (m, 1H), 7.20 (d, J = 8.4 Hz, 2H), 6.82 (s, 1H), 4.56 (dd, J = 9.0, 5.1 Hz, 1H), 4.52 (s, 2H),
4.48 (d, J=7.4 Hz, 1H), 3.11 — 3.04 (m, 1H), 3.01 — 2.94 (m, 1H), 2.61 (s, 3H), 2.31 — 2.22 (m,
1H), 1.89 (dt, J=14.3, 6.6 Hz, 1H), 1.78 — 1.68 (m, 1H), 1.57 — 1.47 (m, 2H), 1.13 (d, /= 6.8 Hz,
3H), 1.11 (d, J= 6.8 Hz, 3H). 3C NMR (125 MHz, MeOD-d,) 6 175.8, 172.3, 162.2, 160.3, 158.7,
148.8, 146.2, 138.8, 138.3, 137.9, 132.1, 130.5, 130.4, 128.4, 127.4, 125.7, 124.8, 124.6, 124.1,
121.5, 117.2, 117.0, 114.2, 64.8, 62.4, 54.8, 31.7, 30.7, 27.7, 12@0.1, 19.3, 18.7. HRMS (ESI)

[M+H]* found m/z 615.3081, calcd for C34H4FN¢O4 615.309. [o] -0.8 (¢ = 0.105, CH30H).
(S)-1-((4R,7S,108,13S,16S,19S)-7-(2-amino-2-oxoethyl)-10-(3-amino-3-oxopropyl)-13-((S)-

sec-butyl)-16-(4-hydroxybenzyl)-6,9,12,15,18-pentaoxo-19-(quinolin-2-ylamino)-1,2-dithia-
5,8,11,14,17-pentaazacycloicosane-4-carbonyl)-N-((S)-1-((2-amino-2-oxoethyl)amino)-4-
methyl-1-oxopentan-2-yl)pyrrolidine-2-carboxamide (8f). Following the procedure of 6 starting
from oxytocin, the product 8f was obtained as a white solid (yield 42% for 2 steps). 'H NMR (400
MHz, MeOD-d,) 6 8.36 (d,/=9.2 Hz, 1H), 7.96 (d, /= 7.8 Hz, 1H), 7.89 (t, /= 7.8 Hz, 1H), 7.74
(d, J=8.3 Hz, 1H), 7.61 (t,J = 7.4 Hz, 1H), 7.00 (d, 4H), 6.18 (s, 1H), 5.17 (s, 1H), 4.87 (d, J =
6.8 Hz, 2H), 4.50 — 4.42 (m, 1H), 4.31 (dd, J=9.4, 5.4 Hz, 1H), 4.07 (d, /= 6.5 Hz, 1H), 3.95 (d,
J=17.6 Hz, 1H), 391 (d, J = 17.1 Hz, 1H), 3.81 (d, J = 8.4 Hz, 1H), 3.76 (d, J = 17.0 Hz, 1H),
3.68 (dt, J=10.4, 5.7 Hz, 1H), 3.42 (dt, J = 13.6, 4.3 Hz, 2H), 3.37 (s, 4H), 2.91 (s, 1H), 2.71 (s,
1H), 2.39 (t, J = 6.9 Hz, 2H), 2.31 — 2.14 (m, 3H), 2.03 — 1.83 (m, 4H), 1.68 (qd, J=9.7,9.3, 5.1
Hz, 4H), 1.37 — 1.24 (m, 1H), 1.05 (d, /= 6.7 Hz, 3H), 1.00 (t, /= 7.4 Hz, 3H), 0.94 (d, /= 6.3 Hz,
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3H), 0.91 (d, J= 6.1 Hz, 3H). 3C NMR (125 MHz, MeOD-d,) 6 176.6, 173.7, 173.5, 173.2, 172.9,
172.1, 168.4, 167.7, 157.7, 157.4, 155.6, 133.1, 129.8, 128.7, 127.2, 125.9, 121.8, 117.7, 115.8,
114.4,113.5, 61.0, 60.8, 55.8, 54.9, 53.6, 53.0, 52.3, 50.6, 48.5, 48.2, 41.9, 39.7, 37.7, 35.7, 31.4,
29.0,25.6, 245, 24.5,22.1, 20.%@14.6, 10.2. HRMS (ESI) [M+H]* found m/z 1132.4742, calcd for

Cs;H70N 130125, 1132.4742. [a] -110.2(c = 0.077, CH50H).
(S)-N-((S)-1-amino-3-hydroxy-1-oxopropan-2-yl)-1-(quinolin-2-yl-D-tyrosyl-L-alanyl-D-
phenylalanylglycyl-D-tyrosyl)pyrrolidine-2-carboxamide (8g). Following the procedure of 6
starting from dermorphin, the product 8g was obtained as a white solid (yield 47% for 2 steps). 'H
NMR (400 MHz, DMSO-dg) 6 9.25 (s, 1H), 9.17 (s, 1H), 8.27 (d, J = 8.0 Hz, 1H), 8.20 (s, 1H),
8.12 (d, J = 8.6 Hz, 1H), 8.00 (d, J = 6.9 Hz, 1H), 7.82 (d, J = 8.9 Hz, 1H), 7.75 (d, J = 7.4 Hz,
1H), 7.59 (d, J="7.6 Hz, 1H), 7.49 (d, J= 7.8 Hz, 1H), 7.46 — 7.38 (m, 1H), 7.18 (dd, J=13.4, 5.1
Hz, 5H), 7.12 (d, J = 7.5 Hz, 3H), 7.10 — 7.05 (m, 3H), 6.85 (d, J = 8.9 Hz, 1H), 6.66 (d, J = 8.2
Hz, 2H), 6.62 (d, J = 8.0 Hz, 2H), 4.91 (t, /= 5.3 Hz, 1H), 4.74 (d, J = 4.4 Hz, 1H), 4.60 (s, 1H),
4.47 (s, 1H), 4.35 (d, J = 6.0 Hz, 1H), 4.26 — 4.04 (m, 2H), 3.78 — 3.69 (m, 1H), 3.68 — 3.54 (m,
4H), 2.97 (d, J=10.9 Hz, 3H), 2.87 — 2.76 (m, 1H), 2.69 — 2.60 (m, 1H), 2.57 (d, J = 12.8 Hz, 1H),
1.93 (d, J = 51.9 Hz, 4H), 0.82 (d, J = 6.9 Hz, 3H). 13C NMR (125 MHz, DMSO-ds) 3 172.5,
172.3, 172.3, 171.6, 171.6, 171.0, 168.8, 156.6, 156.3, 156.1, 147.9, 138.2, 136.8, 130.7, 130.6,
129.6, 129.5, 128.8, 128.4, 128.1, 127.8, 126.6, 126.2, 123.5, 121.9, 115.5, 115.3, 113.6, 62.0,
60.4, 56.5, 55.5, 54.1, 53.1, 48.5, 47.4, 42.0, 38.1, 37.5, 36.7, 1%})9.3, 24.9, 18.8. HRMS (ESI)

[M+H]* found m/z 928.3993, calcd for C49Hs4NgO19 928.3999. [a] -19.9 (¢ =0.098, CH;0H).
(4R,7S,108,13R,16S,19R)-13-((1H-indol-3-yl)methyl)-10-(4-aminobutyl)-16-benzyl-N-

(1,3-dihydroxybutan-2-yl)-7-((R)-1-hydroxyethyl)-6,9,12,15,18-pentaoxo-19-((R)-3-phenyl-2-
(quinolin-2-ylamino)propanamido)-1,2-dithia-5,8,11,14,17-pentaazacycloicosane-4-
carboxamide (8h). Following the procedure of 6 starting from otreotide, the product 8h was
obtained as a white solid (yield 41% for 2 steps). '"H NMR (500 MHz, Methanol-dy) 8 8.27 (d, J =
9.4 Hz, 1H), 7.85 (d, J = 7.9 Hz, 1H), 7.78 (dd, J = 14.4, 7.1 Hz, 2H), 7.52 (t, J = 7.8 Hz, 1H),
7.48 (d, J=7.9 Hz, 1H), 7.40 — 7.35 (m, 3H), 7.27 - 7.22 (m, 3H), 7.19 (t, /= 7.9 Hz, 4H), 7.16 —
7.10 (m, 3H), 7.04 (t, J = 7.4 Hz, 1H), 7.00 (s, 1H), 5.25 (d, J = 9.4 Hz, 2H), 4.68 (dd, /= 8.8, 6.2
Hz, 1H), 4.49 (d, J=5.6 Hz, 1H), 4.38 —4.32 (m, 1H), 4.23 (dd, /=11.0, 5.3 Hz, 1H), 4.17 (dd, J
= 6.4, 2.8 Hz, 1H), 4.02 (dd, J=10.9, 3.2 Hz, 1H), 3.89 — 3.85 (m, 1H), 3.74 (s, 2H), 3.50 (d, J =
9.2 Hz, 1H), 3.33 (s, 2H), 3.18 —2.90 (m, 8H), 2.86 (dd, J = 13.8, 5.2 Hz, 1H), 2.61 (dq, J = 18.7,
12.4, 9.4 Hz, 2H), 1.35 — 1.23 (m, 9H), 0.62 — 0.43 (m, 2H). *C NMR (125 MHz, MeOD-dy) &
173.9, 173.2, 171.2, 171.0, 170.9, 168.8, 152.3, 136.3, 136.2, 135.4, 129.0, 128.7, 128.2, 128.1,
127.6, 126.9, 126.7, 126.1, 125.3, 123.1, 121.1, 120.8, 118.3, 117.7, 110.7, 108.4, 66.8, 61.2, 59.3,
57.0, 56.1, 55.8, 54.5, 53.3, 53.0, 52.2, 48.2, 38.8, 38.6, 38.5, 29.5, 26.0, 25.5, 211.6;5, 18.7, 18.4.

HRMS (ESI) [M+H]* found m/z 1146.4891, caled for CsgH7,N1,010S; 1146.49. [a] -31.8(c=
0.067, CH;0H).
(4R,7S,108,13R,16S,19R)-13-((1H-indol-3-yl)methyl)-10-(4-aminobutyl)-16-benzyl-N-
(1,3-dihydroxybutan-2-yl)-7-((R)-1-hydroxyethyl)-19-((R)-2-((6-methoxyquinolin-2-yl)amino)
3-phenylpropanamido)-6,9,12,15,18-pentaoxo-1,2-dithia-5,8,11,14,17-pentaazacycloicosane-
4-carboxamide (8i).Following the procedure of 6 starting from otreotide, the product 8i was
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obtained as a white solid (yield 46% for 2 steps). '"H NMR (500 MHz, Methanol-dy)  8.35 (d, J =
9.4 Hz, 1H), 8.23 (d, J = 8.7 Hz, 1H), 8.14 — 8.00 (m, 2H), 7.84 (d, J = 27.0 Hz, 1H), 7.71 — 7.64
(m, 2H), 7.51 (d, J = 8.0 Hz, 1H), 7.42 (d, J = 7.6 Hz, 2H), 7.39 (d, /= 8.1 Hz, 1H), 7.31 (t, J =
7.5 Hz, 2H), 7.27 — 7.19 (m, 5H), 7.18 — 7.13 (m, 2H), 7.08 (dd, J = 8.4, 6.7 Hz, 3H), 7.02 (s, 1H),
5.30 (t,J=12.2 Hz, 2H), 4.71 (dd, /= 8.9, 6.0 Hz, 1H), 4.54 — 4.47 (m, 1H), 4.44 —4.33 (m, 1H),
4.25(dd, J=10.9, 5.4 Hz, 1H), 4.23 — 4.16 (m, 1H), 4.06 (dd, J=11.0, 3.5 Hz, 1H), 3.89 (s, 4H),
3.77 (d, J = 5.2 Hz, 2H), 3.54 (dd, J = 14.0, 5.0 Hz, 1H), 3.39 (s, 2H), 3.23 — 2.94 (m, 8H), 2.89
(dd, J=13.8, 5.3 Hz, 1H), 2.65 (it, J = 20.1, 10.6 Hz, 2H), 1.28 (m, 9H), 0.69 — 0.50 (m, 2H). *C
NMR (125 MHz, MeOD-d,) 6 174.2, 173.6, 171.6, 171.3, 169.2, 160.0, 152.5, 138.6, 136.6, 136.5,
135.8, 131.2, 129.5, 129.4, 129.3, 129.0, 128.4, 128.0, 127.8, 127.2, 127.1, 126.4, 125.2, 123.4,
122.0, 121.1, 118.6, 118.0, 114.2, 110.9, 108.8, 67.1, 59.7, 57.3, 56.4, 54.8, 54.4, 53.5, 53.3, 52.6,
48.4, 38.8, 31.6, 28.9, 26.3, 25.5, 22.3,11;.0, 13.0. HRMS (ESI) [M+H]* found m/z 1252.5299,

calcd for C65H78N1101182 1252.5318. [(l] 1.8 (C = 0055, CH3OH)

3. Biological studies
3.1 Cell prolifation inhibition assay

The cancer cell lines BEL-7402 and SMMC-7721 were purchased from the American Type
Culture Collection (Manassas, VA, USA). All cell lines were maintained in DMEM containing 10%
fetal bovine serum at 37 °C and 5% CO, in a humid environment.

Tumor cells were seeded in the 96-wells plates overnight and then were treated with
increasing doses of compounds in triplicate for 72 h. The anti-proliferative activities were
accessed by SRB assay. Then the OD was measured at 510 nm wavelength using Synergy H4
Hybrid reader (BioTek, Winooski, VT, USA) using Gen5.0 software (BioTek). The ICsy values
were calculated using the software Prism 5 (GraphPad Software, Inc). The test results are shown
in the following table.

Table S1. Liver cancer cell proliferation inhibition assays of selected compounds

Proliferation inhibition ICsy (UM)

Compound
BEL-7402 SMMC-7721
YSL >100 >100
YSL-M >100 >100
8c 52.57+2.47 63.30+6.35

3.2 [*3S|GTP,S Binding Assay

Transfer 10ul standard protein to a centrifuge tube (final concertration 0.5 mg/ml). Transfer
the sample and 0, 1, 2, 4, 8, 12, 16, 20 pul bovine serum albumin (BSA) standard protein into the
wells of a 96-well plate. The solution was supplemented to 20 pl using diluted standard. 200 pl of
BCA working solution was added to each well then the plate was placed at 37 °C for 30 min.
Meanwhile, set the plate reader to read absorption at 560 nm. The protein concentration was
calculated from the standard curve.

The prepared membrane receptor is diluted to the desired concentration with a reaction buffer
(R.B). Load according to the following table (unit: pl).
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R.B [**S]GTP,S | GTP,S GDP Agonist Protein
0.1-0.2nM 20uM 40uM 20-30pg
NS binding 30 10 10 0 0 50
Basal 30 10 0 10 0 50
Agonist 20 10 0 10 10 50

The reaction tube was incubated for 1 hour in a 27 °C water bath, filtered under reduced
pressure on a glass fiber membrane, and flash-counted. Calculate according to the following
formula: [>*S]GTP,S binding rate=100 x (CPMgampleCPMuon-specific) / ( CPMpasal~CPMnon-specific)

Table S2. p-opioid receptor (MOR) agonist activity assays

(MOR) (meantsem)
Compound
ECso(nM) Emax (%)
Dermorphin 61.3£10.6 218.8+7.1
8g 223.9+25.1 202.7+5.1

3.3 In vitro liver stability assessment

Adhering fat and connective tissue were removed from 5 g fresh pig liver. Wash it with cold
saline, blot water on the surface with filter paper and weigh it. Add appropriate PBS buffer, cut the
pig liver with scissor and make a 20 ml homogenate with a homogenizer with a frequency of 30/s
for 4 min. Tested compound (final concentration 1 mg/ml and co-solvent (1% DMSO)) were
added to 20 ml of pig liver homogenate, stir well and stand. Take 1 ml of the sample twice in the
six time periods of 0.25 h, 0.5 h, 1 h, 1.5 h, 2 h and 3 h respectively and methanol (500ul) was
added to terminate the reaction. After centrifugation (1000 rpm, 6 min), the supernatant was
separated and extracted twice with 750 pul of water-saturated n-butanol. Then extracted samples
were analyzed by HPLC. Reversed phase HPLC was carried out on an Agilent Zorbax SB-C18
column (5 pm, 4.6 x 250 mm) from Agilent, with a flow rate of 1 mL/min at 25 °C. The gradient
conditions used are 50% A (MeOH), 50% B (H,O + 0.2% CH3;COOH), to 95% A and 5% B in 16
min. Acquisition for the UV-DAD detector was set to 210, 254, and 280 nm.
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Figure S2. The concentration of 8e changes with time

4. DFT Studies

4.1 Computational Methods
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All computations were performed with the Gaussian 09 [ series of programs. All the
structures were optimized using the density functional M06-2X methods 1 at the 6-311+G(d) level.
A Solvent effects of 1-butanol were considered by using the SMD model Bl Frequencies
calculations were performed to judge them as local minima or transition states and obtain the
thermal corrections to the Gibbs free energies and enthalpies. The Gibbs free energies were used
to describe the reaction energies.

4.2 M06-2X calculated energies for reported complexes and transition states

Geometry E! H? G? IF*
5a -669.441609 -669.204898 -669.255131
7 -303.8408662 -303.71088 -303.749907
TS -973.2815993 -972.914091 -972.981862 -297.80
9 -973.288612 -972.918828 -972.986512

ISingle point energies calculated by M06-2.X at the 6-311+g(d) level in 1-butanol solvent.
2Enthalpies calculated by M06-2.X at the 6-311+g(d) level in 1-butanol solvent.

3Gibbs free energies calculated by M06-2.X at the 6-311+g(d) level in 1-butanol solvent.
4M06-2X76-311+g(d) calculated imaginary frequencies for transition states.

The unit of energy values in the above table are Hartree/Particle ( a.u. ).

4.3 Cartesian coordinates of minimum energy structures
S5a H -3.777000 -1.961000 -0.237000
C 2.385000 -2.003000 0.303000 H -2.900000 -2.794000 -1.543000
C 1.076000 -1.576000 0.371000 H -2.398000 -3.028000 0.154000
C 0.807000 -0.217000 0.166000 H -1.635000 -1.131000 1.294000
C 1.840000 0.700000 -0.121000

C 3.166000 0.225000 -0.184000 7

C 3.434000 -1.107000 0.028000 C 0.062000 0.527000 -0.008000
H 2.606000 -3.053000 0.463000 0 0.642000 1.615000 0.081000
H 0.274000 -2.277000 0.572000 N 0.707000 -0.641000 -0.051000
C 1.510000 2.070000 -0.345000 H 0.141000 -1.474000 -0.146000
H 3.962000 0.930000 -0.400000 C 2.154000 -0.724000 -0.004000
H 4.453000 -1.472000 -0.019000 H 2.443000 -1.772000 -0.026000
C 0.224000 2.521000 -0.284000 H 2.604000 -0.214000 -0.859000
C -0.768000 1.573000 0.020000 H 2.538000 -0.270000 0.911000
H 2.314000 2.763000 -0.568000 C -1.452000 0.462000 -0.096000
H -0.060000 3.551000 -0.449000 H -1.844000 1.175000 0.637000
0 -2.047000 1.838000 0.119000 H -1.715000 0.848000 -1.085000
C -2.725000 0.649000 0.608000 N -1.977000 -0.892000 0.044000
C -1.714000 -0.486000 0.415000 H -2.116000 -1.116000 1.024000
H -2.959000 0.822000 1.657000 H -2.885000 -0.960000 -0.400000
H -3.627000 0.507000 0.018000

N -0.479000 0.291000 0.239000 TS

0 -1.894000 -1.226000 -0.750000 C -4.323000 1.047000 -0.497000

C -2.798000 -2.314000 -0.572000 C -3.012000 1.247000 -0.097000
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C -2.222000 0.136000 0.204000
C-2.737000 -1.171000 0.103000
C -4.069000 -1.339000 -0.302000
C -4.856000 -0.243000 -0.602000
H -4.938000 1.907000 -0.739000
H -2.601000 2.248000 -0.028000
C -1.886000 -2.287000 0.454000
H -4.469000 -2.345000 -0.374000
H -5.883000 -0.380000 -0.919000
C -0.585000 -2.120000 0.758000
C -0.049000 -0.778000 0.694000
H -2.326000 -3.279000 0.473000
H 0.082000 -2.931000 1.022000
0 1.071000 -0.448000 1.336000
C 1.057000 0.983000 1.585000

C -0.182000 1.507000 0.848000
H 0.978000 1.122000 2.662000
H 1.983000 1.404000 1.202000
N -0.912000 0.269000 0.656000
0 0.082000 2.043000 -0.423000
C 0.646000 3.348000 -0.371000
H 1.647000 3.333000 0.071000
H 0.716000 3.700000 -1.398000
H 0.002000 4.022000 0.205000
H -0.761000 2.213000 1.450000
C 3.083000 -0.498000 -0.748000
0 2.969000 0.713000 -0.946000
N 4.150000 -1.040000 -0.155000
H 4.172000 -2.036000 0.007000
C 5.278000 -0.227000 0.270000
H 6.027000 -0.880000 0.712000
H 5.718000 0.296000 -0.581000
H 4.964000 0.510000 1.011000

C 2.013000 -1.464000 -1.226000
H 2.279000 -1.767000 -2.244000
H 1.985000 -2.364000 -0.607000
N 0.714000 -0.800000 -1.190000
H 0.803000 0.173000 -1.490000
H 0.041000 -1.263000 -1.797000
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C -4.369000 1.009000 -0.523000
C -3.043000 1.228000 -0.171000
C -2.230000 0.136000 0.136000
C -2.744000 -1.174000 0.094000
C -4.081000 -1.365000 -0.264000
C -4.893000 -0.284000 -0.575000
H -4.997000 1.858000 -0.768000
H -2.641000 2.235000 -0.148000
C -1.871000 -2.274000 0.484000
H -4.476000 -2.376000 -0.287000
H -5.928000 -0.443000 -0.853000
C -0.560000 -2.103000 0.698000
C 0.036000 -0.759000 0.463000
H -2.320000 -3.253000 0.621000
H 0.101000 -2.902000 1.013000
0 1.076000 -0.412000 1.306000
C 0.963000 0.992000 1.641000
C-0.219000 1.515000 0.816000
H 0.764000 1.066000 2.709000
H 1.902000 1.484000 1.391000
N -0.908000 0.288000 0.542000
0 0.163000 2.087000 -0.421000
C 0.702000 3.396000 -0.301000
H 1.623000 3.402000 0.289000
H 0.927000 3.737000 -1.310000
H -0.029000 4.069000 0.158000
H -0.847000 2.213000 1.378000
C 3.086000 -0.524000 -0.694000
0 2.958000 0.683000 -0.896000
N 4.186000 -1.081000 -0.194000
H 4.199000 -2.075000 -0.013000
C 5.352000 -0.281000 0.143000
H 5.132000 0.398000 0.969000
H 6.157000 -0.951000 0.437000
H 5.673000 0.304000 -0.720000
C 1.966000 -1.480000 -1.082000
H 2.113000 -1.783000 -2.120000
H 1.930000 -2.371000 -0.456000
N 0.683000 -0.747000 -0.990000
H 0.853000 0.239000 -1.249000
H -0.002000 -1.126000 -1.649000



5. References

[1] Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R.;
Scalmani, G.; Barone, V.; Mennucci, B.; Petersson, G. A.; Nakatsuji, H.; Caricato, M.; Li, X_;
Hratchian, H. P.; Izmaylov, A. F.; Bloino, J.; Zheng, G.; Sonnenberg, J. L.; Hada, M.; Ehara,
M.; Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.;
Nakai, H.; Vreven, T.; Montgomery, J. A., Jr.; Peralta, J. E.; Ogliaro, F.; Bearpark, M.; Heyd,
J. J.; Brothers, E.; Kudin, K. N.; Staroverov, V. N.; Keith, T.; Kobayashi, R.; Normand, J.;
Raghavachari, K.; Rendell, A.; Burant, J. C.; Iyengar, S. S.; Tomasi, J.; Cossi, M.; Rega, N.;
Millam, J. M.; Klene, M.; Knox, J. E.; Cross, J. B.; Bakken, V.; Adamo, C.; Jaramillo, J.;
Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski,
J. W.; Martin, R. L.; Morokuma, K.; Zakrzewski, V. G.; Voth, G. A.; Salvador, P.;
Dannenberg, J. J.; Dapprich, S.; Daniels, A. D.; Farkas, O.; Foresman, J. B.; Ortiz, J. V;
Cioslowski, J.; Fox, D. J. Gaussian 09, Revision D.01; Gaussian, Inc.: Wallingford, CT, 2013.

[2] Zhao Y., Truhlar D. G.; Theoretical Chemistry Accounts, 2008, 120, 215-241.

[3] Marenich A. V., Cramer C. J., Truhlar D. G. J. Phys. Chem. B, 2009, 113, 6378-6396.

17



6. NMR spectra of products

E0-LP-01-44/11

95¥R'T
mbmm.mv

6LET'Y
LSPTY

POOP'S—

6L69'9~,
00zL9~
pepsos
SLOTL

0582 L~
progL’
095 L
£8L5L
L865°L
Z0£9°L
S6boL
ISILE
8SEL'L
ZE98L
£598L

HNMR for§ ==l

NH

“CH,

MNH

J

Felg

BolE
]

=90°1
o950

=L0'1

o'l
001
=86'0
=001

£1 (ppm)

6891°9T—

ZHOR'SF—

EQ-LP-01-44-20181103/3

GRES'TIL—

S8z
9zThLET
LS619ZL—
VmNm.RQ
(208621

LELLLEL—
08sE'Lbl—

ELT09S1—

EPT135

SETILL—

BB

CDCL3

3C NMR for 6

EQ-1P-01-44-20181103

NH

“CH,

MNH

T T T T T T T T T T
180 17 160 150 140 130 120 110 100 90
£1 (ppm)
18

T
190

T
200




g B 8§ B B B B B B 8 §OB R R R R R e o F § % s 3 ® 8 ® 3 8 § 2 ¢ F
o
o
sl >
81— B 5
2 P1I9T—
sl L- wl=e 8905— ]
€51 M L0~ 3
o
LLT S o J
8LT M-mmm-u 1
B
L= 8611 =
i 6§°TTI~, _
Il FS FOET1; —_—
Ly 5 e z19zL 3
el =01
ELr lo it -
Ly e 8.@@ ]
cr'e Z =L60] §5LEL -
Fe  epLpl 5
SLEST
o
[
Lo H\m Lo IEVLI- 5 -
&2 = =201 z
ST'L ° S0Le £ i 2
9TL g m 5
mm.; -] Lﬁ:.ﬁ - @ z
mmL.. g WNO.—.L 2o s
R—— s :
ai € N, €l g8 5/ N\
3 5 TFS o e =
2 2 OO°re 38 ' N
FiL] = £ =
1z eoBE
a2 Ll %
(] (]

-10

10

50 40 30

60

T T T
140 130 120

T
150

T
170

T
180

T
200

T
220

T
230

£l (ppm)

19



& I8 B e = s ey wEr gEr B 98 v g
§ £ 8 B8 & B8 8 & &8 8 § &8 . 7 g g g8 g g g 2 g 7 &
s
Pt =706 -
- 9092 7
6697 —
° LETE~
=
6L'T _ -
E_Nv =¥6T
I I DR
2 o -
[ 6015
HOTII— W
; pagl® ez
89'6— - €80
- mo.mSV —
S o WSt ]
o o5zl —
1L o 0L6TI -
£TL & - FI80 - SLLET— b= =
Se'L sl
LT i = m— (0] = £
5L 5 L SEI— o 2 —
£5°L z e m 5
SS°L q i
o't d B o FEOST— 8 £ ]
9L z 86 .o l. £8 a
w8 N ¥860[ e 5 7N
I, veol dE g
Gof S — 8601 ¢ H8zu- = czec)
N - a8 &)

170 160 150 140 130 120 110 100 S0
£l (ppm)

180

20



3800

000
2500
~2000
1500

000
500

HO

300

250
00

150

~100

-50
0

LL'e
69's
G689
169
0zl
(el
¥T'L

1e'L
lEL
[AN5
(AR5
EEL
oL
peL
seL
SeL
LE'L
'L
8E'L

or'L
L
1L
8r'L
[945
0s'L
1§°L
1§°L
5L
ES'L
£S°L
PS'L
P&y
SS'L
SS'L
96' LN
19°L
19°L
9L
9L
£9°L
£9°L]

FoL

S——

"H NMR for 6c

8L
e

=96°C

T
5.0

=160

f1 (ppm)

3C NMR for 6¢

120

-10

190 180 17 160 150 140 130

200

£l (ppm)

21



uonuonuouuuuou o
® % 5 BE B R 88 § H B 8 % §8 88888 4@ B § 8§ § 38 8§ B = % 8 8 8 8 o 9
I
=
o

13 ]
i = 1767— - :
-,M. 3
FORE—
Fa £0'95—
Le
6T of
0Lz
ore s
zre =<0°¢
gle ale
o _— SIS
LTE =£0°1
o (¢ soelnl
1£€ = :
e ok @ 5/
Yo 09ETI EESSE—
e blozl i
F+ o 619T1 = ]
o' . seLT =
i j L Pootl :
: Fe  RT6TI - .
il o9t -
o -y - =
8LL cg[s  PSBEl a
0z’ 6670 LLLFT 2
'L 1 = e S £C951 E
7L = ST €ETLI— F —
ST LA 2 - — =80T o
MMM! L e —— H0'C ) \ /N
peL . . - gl d £
1L SI'L &
BF'L z L61ke M
oo 6600 .
[AS =3 - e bR - ]
i & /N Fe T <
o] e 2
I b2 & =
g = i =2 E
L = 55 ]
WsL oA a ]

50

60

T T
17 160 150

T
180

T
220

T
230

1 (ppm)

22



4500

~4000

~3600

~3000

~2600

~2000

~1500

~1000
~&00
-0

r LU

900

500

700

600

500

~400

200

-100

A
LT
8Tt

"H NMR for 6e

A

| -

E N

m H.ﬂrm...o
.ﬂ =09°C

0L'0

4.5

5.0

1 (ppn)

EO-LP-01-17-4
E0-LP-01-17-4

1nei—
£97C1
t..mm%
§TOTI
vo..oﬁ%
IS ral

[$8¢T1 ﬁ
ode~

33C MR for 6e
Ojj
e 0.
N NH SCH,

o]

Al

T T T T T
130 120 110 100 an
f1 (ppm)

T
140

T
150

T
170

T
180

80



8 2 @ = i3 8
o8 8 8 =% & § 8 8 8 & 8 & 8 o 7 g 8 8 8 % 8 8 @
-
=]
€60, £8°01—
P60} FITefs
%60 -
91 £8'5T
mm._W L&
0L1 101
Tl keso|
Fil | <
08’1 6E° 55—
121 e
€8°1 o
§8°1
81 | o
B PEETL
wr @ EL1TL
E.} e Ar a5 EPEILY
mm.«.ﬂ =BE 0 FO'9T1~
it ‘om.RT\w
Fo am.aﬁ\
. 95OET
v69 e 66'LPT—
669 2
0L 00 L5T—
L lig
=1
b1
] £ L SUsL— .
1% o o) ) ?
sl § S —Jen| b
LT LA w ia — 8.0 B
iy o e $8°0 28 z
@EW g L | PR .
Avid g 4 /N a UMMF.N w e 5 Ve /N
m.&ﬁ < SUNGINS. :. -
9L m Roorle  LF 2
FRL = 8]
= w hn b
el - g8

g0

T
100

T
120

T T T T T
210 200 190 180 170

T
220

T
230

1 (pom)

24



2 & § & &8 B8 ¢ § 8 8 8 8 = 8 E 8 E 5 B8 B2 B s o rerig im vmeoame im om O
¢ .9 . F & & 3 I R RV . S . S Sop g o wowo oA 6 ow 8 B B 8 8 % 8 8 % o 7
=
[ < 3
)
S
) 3
4
=t 0L6T— —
\ﬂu E
ol 3
8TEP— -
[ LTTE— R —
08'c =0T 3
o
£
E L -
8t st 31 :
& i
e
FTs— .J Fr8o Q0TI — 2
¢ pezal
5 mm.mﬁw —
e EV.W.NQ — :
LTl ;
g e ]
mm”w\ —— =880
o LS LPT— o -
; 5 i 5
wmn% / JSS80 /
5L S P60 99°§5T— J =
PSL o = 160fE 8 o
9L == =660 m
95°¢, % - 01| o 5
mwn.n i % V%E\,w_ 2 B
19 o =3 =t
0 o
B 3 N - T’
i i 2
e 2 = §§ P
b T ¢ 28 @
L 28

10

20

T T T T T
140 130 120 110 a0
£1 (ppm)

T
150

T
170

T
180




s @ 55 ao B US I uEY & ggp & vEaE & uE & S
g ° B 8 8 B 8B 8 8 H § 8 B 8 % B o F 5. 8 8 7 8 8 % 8 8 8 8 88 % 8 8 % o ¥
L |
L3 1
i ]
=]
| < 88—
-
=) =
L= -
= i
§61 g |5
L8 e £
” 146k~ .
[ 0€Zs E
[-)
© |uv5.m
o
: | -
wm.__w YL WTI-
st = HOT[e ST
e S 19€TI= =
; - FZ80 OF'9Z1-f
€6 & : \
s Fe  6ELzl
15621
LS el
(A acs
99, e R
mmw\ w
.ﬁ ID
MUNN, uwa mﬁwo [ HS
STL v Lﬁeo.ﬁ S0'SLT— i
L 3 e 1 |
15 . e i —— M”oo; g . o
€C'L & 00TES & .y
s T f "3
- 4 o o0
8¢ e 3
& /N 58
| A
491 5 = o @E 8 z
- fo o td
B T F
L2 s HE =
e T 2 99 o
&8l = R
— (]

-10

£l (ppm)

26



= R B B B B 8 S B 8 K 8 ¥ % 8 o ¥ AU R I I S I g HF S8 7
[-)
B=]
Ha
#0°1 -3
S0l el 6F' 81
o0l W09l erer” §
00l
F3 1€ 16— —3z
l=
2841
Y eoes— -
-
|M 1
— 66T
Ls
E
L@
8t -
Ll o0, 0TI -
BYY suisean = izewer
0z =5 =000 Hypail
s L2 mm..wmﬁ —
99°97 MMM
89°9 = = 1
al'L [ < mm.hmﬁ\
mww g L 9w O
mm.; = a8 - &
£T°L m a5 0\ =660 L098T— 0\ —_
s 8 . 8 o
[=] o T k> —
ooed % JoIrE g g °
iy 8 o= e 1P g 5
S i o 22001 ST 4 E
5 0 9
ey = 50071 g 2 F
sl 2 a: ootfs o B 7\
el 2 [« EF £ 7
L Ny =
% i =1 (]
o le  HE &
TR “ %7
E1=8 B8

T T T
110

T

-10

40 30 20 10

50

100

T T T T
180 180 170 160 150 140 130 120

T
200

1 (ppm)

27



Lunn U
2600'1
L8L0'11
9LZ0'L
zsE0'l
oSl
0L55°11
LPLS'L
£266'1
9609'L ﬁ
981914
99£9'11
9059'1
£p99°L f
809"~

SR10Z~
16£0'
9090
TLL0'T
6060'
9L01Z
SrTLT

9s9L’e

£0ER'P—
0ZZ0's—

9L69°9
wmon.@/
86IL9
TBEEL
PIVT L
REST' L
PES Ln,
1€96"L
SRS
IP09°L
£669°L
B0ZL'L
FGTR'L
FLES'L
FLPR'L
FTECR'L
B

‘H NME for 63

o

Amﬁ
65T
Fort

FLoT

i A

750
15°0

=001
Ms.ﬁ

e
mﬁme

At

Jroo.ﬁ

4.5 4.0

5.0

£1 (ppm)

g 8 g 8 8 8 8 8 8 8 g8 g8 B8 g =
Liid T i L P pi il i T T il @ o i) P T |
LS
96°€
16°€ ]
86t — 6T
00t Gl
o wﬁ._
T 80'1
frag
yrag
erF— = =¢0'1
85— 980
D .
s . =160
862 5 ;
s o Jr0
95°L z o 001
9L 2101
geL 801
8°L = Y01
ool
€] © /N
o g
L]
29| 2
. B

f1 (ppm)

28



F130
-120
F110

00

10
6500
6000
55800
5000
4500
~4000

500
3000
2500
2000
1500
1000
500
600

P o
— =] e J 81°¢

6875
§6 LS s
PSSO

b mo.j— 3 ~987

£1 (ppm)
B

—-c  EFLO'T

T
100

=10°1

A
T
110
goc
[
- D
—_—

T
120

9L < FI80

5
I
o
—_
[
I
i
T
130
08
e

—
=]
<
]
—
T

140
(3]
uwy
-

T
150

OH
0.
FE/\CH:-;
o
1
|
W
wy [~ o
o oo
i

S
=
_u
=
=
—

N

MNH
T
170
-
o
[
N
i

3C NMR for 6k
H MMR for 61

%5
wy
vy
—
|
OH
-(H/O
0
|
f
T
160
~ e~
Cels)
o -
e e ———

N
T
180

T
190
O 1
od
l“‘;

29




a0
80

70
60
50
40
=20

10

6000

oPog—

8P CE—
98’65 —

9T 69—

-10

SPTI—
| Phraal
R.mﬁw
mm.um@
6E°LT1
79°6Z1
6.5\
60 LFT—

IeST—

BB+DEPT 135!

€8TLI—

CDC13

E0-LP-01-12-2.43.fid

E0-LP-01-12-2

100
f1 (ppm)

3C MR for 61
180 17 160 160 140 130 120 110

9L
R.dh

gt &
pS L

9L

55
~5000
4500
~4000
2500
2000
1500
500
=500

30

‘H MME for 6m




PRILLE—

0£2ETE—
L99F'SS—

SOZS LI —

9819°CHL—
£L0L'CTL
o—mm,mm—/
m_vf\,mm—#
Nomm,bm—w
0Zok'Lel
QERRGTL
SFREDEL
SISO8El—
&

PELE'OPL—

m%vmm_v

m@m,mm_
o
:

3

E0-LP-01R1-5  CDCL
=
o
L
2C MR for 6m

E0-LP-01e41-5.3. fid

ey

50

T T T T T T T
i 160 150 140 130 120 10 100
f1 (ppm)

T
180

3000

5000

o

6000

5000

4000

~3000

2000

-0

1000

8L
ges

*H MMR for 6n

NH

CHy

2960
5501
8T

J980
60

96°0
860
101
00°1
96°0
001
w0l
s6'l
=860
00°1
88°0

4.8 40

5.0

f1 (ppm

31



8 § § 8 B8 8 5 8 8 g g = g _ 8 NN EREREEEEREEEEE NN
) e
LB LE— — Le €17 Le
S1'T
e
I F
0T
Lo T
TTTE~ - “ vm.NW F
£9Fs @m.N)m |H| Hrco.o
[8 LEGr = Rgor
6ET S
No.m% T
T ]
) 9T I
te 9]
9 =
§9'011 = 07 w I
sty 8LE— — =187
aall _ L
w8l -mw
L§611 - |
rieel L=
8Tl -
ro'TTI PO L
o€zl LS 90%- - 960
P9Iy 8.%
LT = lg Sy 5 Esso|
8LLT1 -
bseTl == E
619E1 g . L
LELEl 69 .
oF Ll — @ = B £
z \m Fe gL N -
LE§ST— ) < = _MM =680
= 2 = e L
2 H s z £86°0
o w z CR L N 01
m:mmﬁlb —d /L © \ A e
i 5 / ot S =z O F
& £ /N ke g 2 N §0°L
R " e . noo'
L L = ) +
hEF lg g T
Gl 9L

4.0

4.5
f1 (ppm)
32

8.0

5.8



cbi ) Sor sbe yo mins (o o @) Gk Sk I8 sE 2 45 g = = E g g = = 2 g g =] =
R B SO L O R I L I L IO - A . N 5 7 7 & 7 g g < = = 2
Fe 71
€1
- sl
[ &1
TESI— 8kl
lg  6F1
€91
§o'1
006~ = Pt
96" 1€~ o1
Le w..m.;
(8T
88'1
6ETE, r® 68y |IM Tiez
61es” 16'T = 2T
kg ol -.M..J Fsez
mm;\
r6'1
€e L
Fg mm.mw ) %
SEE 81
lg. 0L J TOTE
£ vov y /860
- or
L8780
e
HOTII— m
09TTL s -
LoeTI— ”W i 4
om.mm@ Lo )
6E°LT1 - -
LE6T1 = 9L9— 5 = Fi80
el 'S ee .
o L::
9L Lrl— w0 - A bste 80
€674
obssT— s g < 18e1
2] z L2 004 3 Q0°1
28 & x L
P o le €L 5 7 /
p2g] 8 = Foi] s Z
FaEL1— - < B
G £ %" A -
. = T L2 =] =
i . 2 3
(]

0.0 0.5 -L0 -L§

0.5

a0 25 20 LS

3.5

a0 T8 7.0 &5 &0 G&B5 A0 45

a5

9.5

1 )

33



2 8 8§ 8 8 88 2 882 8381828-¢83:8_ =% g g g8 8 g 8 &8 8 8 8
g €671
L5
F= o RET
66T
k2 6sl
091
6912~ re o 0o - JHT
8K9T . 09 s o
LE6T 4 [* NN# HeE
K [N VA
9 b — 3 h 121
T o
TLTS, & ]
08T :
bl .
9¢'€s 3 . 18T e
= S
(£ :
Lo S E
. | =il
6EE -
Fe  ose
Is€
le €€
] £ opee
umc.u
8LETT~ A [= 40
10°L11~ 3 _ N
20121~ 1 = =
W' STI— = " o
@ . 99
29971 w/ ) [ E.L 3
om,.mmﬂ s 1 8I'L]
£6°5€T |5 .
g6 11 ° o & mmM:ﬁ
=
LS - — 0G0
£5T61— 2 2|08
0S°L -
L2 E.i e )
75 L ) = x%.m
Forr— le ey o 4\ -|.U 960
cort == I
& S =LF — o
& . ol E e Eoi
& a R ; R oot
2a 5 4 \ sl =
e z = L2 81 S
4= z = = o
I Sond
e g L Bl
e "Rt

f1 (ppm)

34



6680 52—
PLOL'ST

e
650L'FE~
RLLE T~

L900'Ss—

BLR99L

e

TSGLLL

06811 —
LLEB'ITLN
ORETETL~
EH6LSTLF
£L9¢ (71

PE0S 6L

crieeld

LTLLLYL—

TORROS|—

GROS'SLL—

BB+DEPT135

€De13

"3C NMR for 6s

E0-7372-120/33
E0-7372-120

(e}
N MNH, CH,
N W\HLNH/ l

NH,

sl Ll

50

T
120

T
140

T
220

T
230

7 B 2 B 8 B B 8 § B B B § 2 28 8 o §
957~ Q 6T
8T L L
P8'T iJ EZ0E
1 29— AA 88T
£9'5— -< F680
§5'9— = 5 TS80
S0'L g
om,h/ 5 ;
L 2 -l ¥O6L0
i = .
- 5 el
8L .
Lty . = 7150
EL L z ~00°1T
6LL
: PR
18°L $ = \ /N
S
2 —
=
7 =
5 =

35



- & - - & & = =
) 5 o o o o = o o = g g 2 2 2 g 2 g g
Z T g 2 2 i = g . 1 7 7 i & o 3 n = i 2
6981~ iz
00'9Z—
-3
e —
L2 s e
Ty B rwo.m
£8°T 5 *H0E
1, -
Y [<a2d s e
&
HETTy 1=
§81T1
PRETT Ls
¥zl 05— ‘A 8670
17971~ L2
reezt’ =
i)
90 b1
9L IFT— i N =
= 5 (5] = = N
5 z Lo’ 4 e———— L0
zHog1— / 8L = :
3 z F2 Gl ° > o V1]
£ 0TL = 690
9 bg ol z w‘. 10°1
oOLI— SR = !
el b Sh'L - ;S 1
sis 5 Le il m \ A\ 00°1
b T aref © F
=R ] e
%m 5 5 \ /N Edah =]
rE ] g x g
DR — = ol
il asif 2 =
ke . &8l T
LL = e Wy
e e

36



E0-11327-103-A1 3. fid

E0-11327-103-A1 CDC13 BB+DEPT135

—171.95

3C NMR for 6B

S

> NH_
N NH/A\\H’/ CH,
o]

155.24

146.06
fl:ss.oa
/130.06
%125.45
112344
122,46
—111.64

.45

—2598

—17.88

130

120

F110

F-10

~4800

~4000

3500

3000

2500

2000

-1500

1000

CH,
1
|
T T T T T T T T T T T T T T T T T T T T
230 220 210 200 180 180 170 160 150 140 130 120 110 100 80 0 60 40 30 20 -10
f1 (ppm)
11327-103-42/1 vy S 0000 v o = s} 3y
w0 W SN T T & = >
Loull Sl Sl ol ol il petlr == ~ L]
e N
"H NMR for 6C
cl
=y
> NH
N NH T~eH
o}
\
Il ‘
kﬂ_ﬂJuhwu Lwaﬂ_
l-‘i \I—i \-‘{
[} o [+le]
[e e} [=3} (=3}
= —_— i
T T T T T T T T T T T T T T T
7.0 6.5 6.0 B.B 8.0 4.5 4.0 3.5 3.0 2.8 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

37



2 %8R 88 S8 8 8 52 88 % 88 9 o 3 8 g B g 2 g B g g
%
Le
0097—
£CH—
e
s
8T ’
e om.mv 16T
2
% v
g eev =0T
8T L=k
SEVTI @
mm@ﬁ/ Lg
FOOTI-E _
Euhﬁ\ [~ oro— =680
6l % GLO
065l = e :
SEorT— I =001
L2 ! 3 AI0T
€L 001
g5 ST~ & (of: I 5
z R | ) i o
19041 e e escf 3 2871
A T owe
i o lg 19 i
g 08L]
: z 8 ey
8L
1) L8 O8'L
“g /N g
AT g = s %E g
L 2 — Fre  J6'L s A
7 8 @ £
g8 g o £
iR =2 5 g =
mm 2 o =1 _n_u I
I 2 B g 8 I
(]

-1.0

0.0 -0.5

0.5

L0

4.5

6.0 8.5

6.5

10.0 9.5 9.0 85

1.0 10.5

1 (pom)

38



g 2iia s @I om & & S 2l EisE B e 2
B 8 ©° 2 8 8 B 8 % § B 8 8 8 8 2 o o T $ 2B H S REIR TR EINIRESRTY
EF
L2
P09T— ‘U
LL9— on .
+a
16T i3 P
6T 2 =00t
L2k
bl BT~ ) Mo
s 6Tt 007
FEETT— -
o tal a
coTzIs £
R.vmﬂ -
vELel [ e
et a9
98 LE1 - % 1oL
SEPPl— 5 prL J ¥E8O
o L2 SHL —= %5670
S 5 SHL
GAIST— o apL )
£ s z_5 =960
& A 8FL
g Z o e \lA 3
w%r:l a = 09 @ \ 2 ’) =860
ok g 7\ 9L+ 5 + *6°1
jm 5 P ” : iz ___
e k] lg 49t = N
8 By B ol E ~00°1
i 3 _ g =
g ® R
L 2 st

4.8

£1 (ppm)

39



= i g = Boim = @ @ 8 e oo og 8 i3
LA 88 % 8% . % 8 i PR G BRI R8T SR EERBERRE o FT
=
2=
=
SE9T— |
g g
8=
Sk Sh— - [
-8
| o Y8 st
B [4:34 g mvm‘n.
8 - =
Lo _
T OELP F99° :
|mm ¥Tp =991 "
8E°601 r3 - =
WO =
96121 | =
om.wﬁw 4 oge— -IL EL0FS
6E9T1
08°0E 1~ E % Fé
5 7
/£
FLRET— | g E3 s
2 . o e
9L ERT— ik — y680
| o - "L o
2 z § e
omE.T mm_} :
& lg vy /A e — 30T,
& L = - — 3 Lesufe
5 % arL — I — S
= < =5 Le 99'L = ﬁvm.o|n
ZgoLl— \|A SR 0671
iz 5/ TS wil 5 il
A : e 3§
ik £ a¥L 2 &
LR e T
Lt = g e Fa
@& 08

40



g % B 8§ 2 8 & o o = = = = = = = 2 2 5 8§ 2 8 888 828 §8¢28 2 s8+s8s+s g 8
Pie o g e Raln o S o o8 BT T W G I R N - R N L I G
0T9z— IM
Le
88— -
. 65T - — O
097 — =LLT
o 3
L 8LE u 16T
o — g
ke
IWW
T
0TI~ e = &
98°€T1 _ rd
vv.mﬁf r ra B89
TARS 5 - 06'9 ©
80°LT1 5 ls mmw
Z1L21 z 9z} z 060
SRRTI P s e .
6T6T1 mm.nw 7N\ — 91
0L'SEL = i 1S'L = I ._Bw.o
oSl z Mg wwi — . 4060
6R0F1 ey = L6l
w%oi /N FE el —_— =001
S - i o 811
w0 i = oLt 211
BEILI- & = il o
Sy 8 wef 2
g8 o lg ] 2
T oy E4
na 3] LT Z gy
L - F& I £
[E 2L

£1 (ppm)

41



EQ-11327-125. 3. fid

~40

35

- 30

25

-20

-3400

3200

~3000

2800

2600

2400

2200

2000

- 1800

1600

-1400

1200

-1000

- — 00 wy wy 00 o
EO-11327-125 DMS0 BB+DEPTI35 LESERRARS8EES FZ g 9 =
SO mm S aise S F o F T ) F >
e T AN - —- wy g &
51 i oa R s T £ L5 S o il e A
3¢ NMR for 6G | e | | |
0
HC”
\
o NH_
N NH CHs
o}
|
r ; ; : - r r ‘ ; : : - r -
230 220 210 200 190 180 170 160 150 140 130 120 110 60
f1 (ppm)
e AR R R RER RS g c2
5 s i e - i
e e — 2 e
"H NMR for 6H
F
E
E
Sy
ok NH_
N NH CHs
0
1
]
1 I
[ It
1
e el |Cr——, JI\ _JL
P R Al Ul
oW oW g ol [+
oS Oy (=)} [#e]
—_ - - < — [
T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.b 6.0 8.5 8.0 4.5 .0 28

1 (ppn)



S uEE B ¥E ooy B iEe 8 =
g 8 § 8 8 2 8 2 2 &g 383 8 8 8 8 2 o F E & B 2 H § 2 BE 2B B B B R 8 B B E & 9§
1092— -
97T e N
Lo %.Nv FS0€
=
ob't—
£0'F, -b =91
Le S0y
LB
=
gt
9LETL . = .
81971 z b
1Z9z1 2 l g z
aoral =
£09T1 = : =)
-SG9 £ e
o = S.uv =60
I1$°LT1 z L Z
§TRTI = oiw —_
LS ; = FO60
R . E}
%Mm\ o 8S'L " joo._
m.vE\ — lg  09¢ = e —— 0L
A =68t = TerT
oFSrI 6L g
ﬁwﬁiw lg w6l
=) - 96°L
3 3 i o
- =1 5
€90LI— 8 N 5
R a4
T =0 7 g
88 2 n gL 2y
i & il T4
[E 2L

4.8

5.0

£1 (ppm)

5.8

43



2 Souaorm SimnElan B ieiamae o 21
B 8 12 2 8 B B % % B 8 B 8 % % o o fEgg3 e b ERARNAIRBERBRERRETT
7
-
1092—
6€ b — ,
s
Le
L
[¥=3 .
29T — e
1601 lo e u =
SRan 3 e
Fall |2k —
SLETT AT ame 'u ;
e <E0°€
mm..oﬁ/ g~ cov IJU 977
(8'9T1 0% .
E.RQ L8 m
91'8T1 z
oEIET £ Lg 5
OEEET ., )
2.th 2 lg 99 |
1671 www z
LT8P1 = oL <01
19°L81 T | 4\ %mm.o
£9°0L1— (5 oL —_ - 100°1
/ /N F& MNM r ool wr
i o 16 & U 6E°1
o L g £6'L = '
.m v S.hﬁ e
i lg 008 9¢°1
oo £l P08
“E s 5 2% 2
s 18 B o
s sos! 2
HE & L L] [od o
L ) i
T T Y
i 8 \\ 2 = E i
gg = £ | =

-2.5 -3.0

-0.5 -1.0 -1.5 -2.0

0.0

1.0 0.5

7.0 65 60 b5 b0 456 40 35 3.0 25 20 L6

.8

8.0

8.5

8.0

0.5 10.0 9.5

£l (ppm)

44



450

400

380

250

~200

150

1
-50
o

F-50

[V

LSTE—
oF 95—

Su.v:
wh.mmﬁ/
Paoral
189C1
L6'9T1
€T8C1
OT'8TI

OL0el
m,m.:uﬁ\,

g
o
—_

<. fod
@
-

-130-2

|
3C NMR for GJ

E0-11327-130-2

E0-1132

H.Co

T T T
120

140

T

150

100 90

110

130

160

170

180

£l (ppm)

1985°T—
IPILT—

Z0FL'F—

JJ

26699
#ZOL'9
0z0z'L
6807'L
L6ZE L
0Zke'L
9092 'L
FOLT L
SSSE'L
689€°L
FLSE'L
SEOF'L]
8PLPL
161S°L
98€5°L
1855'L1
0108'L

9LZ8'L
RTFR'L

/11

7,

LP-01-5

"H NMR for 6K

=90
=L6'T

60T

=860

A8
L6'0
880
821
STl
SOl
00l

5.5

f1 (ppm)

6.0

45



[=]
v
e
L008'91— 4 I
Thsp T — —_— L
H I
sz Er— - & L
3 F2
Le L
lg  see
68
Ire = I
le  9s%
LS'e —= ySTT
i 65 ) #9605
3 re oot —
3 goef L
] g ous g 1Lzhe
E Ls® ezl 1 M6LT
oL
L s F
3 & o Iu
3 ols
3 890 ok
Le ; =160
PRETTI D &
900E"SLL— pat L
$962T1 = FE g o o
8LLYTTL . it 5 5
2956221 £ 0894 N / r
LIER'ETL = = -8 {50 o o
LO0F'STI = E 669
SHoS8T — 7
3 - 00L obs
DSSM_\ 2 FE 5 J9610
£980°9¢ | =D frc) = 060
R z —_— e} z Lse0]
ectoorl ! . L2 , = u =
o A — ) ° ) Voo
B I RN ;
e~ O F e lg 15 PN
sde 091 E ¥ mm r z = 60
Z = 81
x o h 1 I
[=] = .
g ¥ e 9L 00°T[ =
sBrol—5 A /N
2 o gy
B = R B I
g 5w TooEw 2
didy g o L E
® g B 8 5

46



360
340

320

300
280
260
240

F220

~200

180

-140

120

100

F80

60
40
20
F0

=20

2600

2400

F2200
2000

1800

1600

~1400

F1200

800

600

400

~200

-0

F—200

130 o 2o

QUi

19§,
S6hs

£L99—

ZUII
€I
8PTll
POTTI,
0L€TI—
wm.w.mﬁ
61'L21
8061
80° 1€l
LT LET
1€ L1~
9z0S1-
9LE81~
L9514

TLl—

o
CD30D ‘BP+IEPT136

E0-11327-120-82-3. 3. fid

E0-11327-120-B2-3

_-CH;

Sy

3C NMR for 8a

P> M
N NH/\“/
o

CH,

130

150

110

f1 (ppm

120

170 160 150 140

180

200

z1'l
€11
(NS
S1'I
811
871
L850
1L
Lol
Lt
/I
6L
18l
'L
881
L6
€6’
o'l
961
8614
S0
802
877
62T
€T
Pz
LT
8T
05°Z4
1§C
75T
402
€9
€9
POy
59t
867
667
LS
z0's
9z's
826
€66
966
#9'9
99'9
0z'L
1z
€TL
LPL
mv.}
s
5L
FSL
s

e

s

"H NMR for 8b

H

N

H
T
Ha M

HO'
=y
P

[

N

fel,

leon
#L0T]e
79071

FI0TIES

=001

FISH[e

47



1100

000
800
800

600

500

400

F-100

PLEL
€Ll
FEoE
OF 0E
POOE
8P e
LOLE
86 LE
GT8E
Lok
STFP

8¢
s ﬂu%
PTor
1o'8¢—

£L89—

crell
Nwd:/
0z'zel
vm.mN_M

(=]
BR-DEPT135

Lil—

3

E0-11327-104. 3. £id
7-104 (CDC1

E0-1132

3C NMR for 8b

-10

f1 (ppm

. T T T T
140 130 120 110 100

T
150

T T
180 170

T
180

T
200

BRSL'0y
LOBL'O
9B6L'0
LL9E'L
LFRE1
£10P'L
STIS'L
PRES'L
NECRS
FPILLEY ﬁ

vILL'E
GE81°E
0p81E
1809'€Y
G6E1'P
STSLE ﬁ
£68T°F

STOEF
00ZE'p T
RGEE

619L'F
S6Z8'F

awm&ﬁ
9FSR'F

1199

om%i»
LGER'Y

mzm,aw
LLLLL
LIELL
9L91'L4
FO0Z'L
SALE'L
FObb'L
Sabb'ed
£69F'L
66RF'L
ZHOS'L
6E19°L
€LTR'L
SaPR'L
Z0L6'L
0066'L
£931'8
1902'8
81916

1p-01-25-d. 10. fid

'H NMR for 8¢

o
T
]

¥

CH,

bl

=629,
061
Wom.—

—rT
ST6T
8Ll
m&.m
€01
ort

SeT
0oL
FL'T
LL0
SOl
LT
mem.o
FLL
L1
L8
=011

f1 (ppm)

48



CIATATAN
zeelse—
arus T

96ZLLE—

@990 6,
5595 05—
0L0E°TS
0892’55
115995
epo0ze?

LZr9 €Ll /
FCIT SLL~:
GREGTLEL
LLESET —/
LosL9ZlL
M.Wmm.bm—f/r
ES96'RTL
SleFezl
TORS0EL
L99L 9] \\

A o

LLEL9SL~,
09£8'951 <"

]

SOLLA
0ELl
nLELL

=T
EO-[P-01-25-D DMSE BEHEPTLS

E0-LP-01-25-D. 3.f3d

3C NMR for 8¢

0

NH\)k _CHy

0
CHg
CH;

OoH
L
N o

o]

o

HO

T T T T T T T T T T
180 170 160 1850 140 130 120 110 100 90
1 (ppm)

T
1890

4000

3500

~2500

2000

L&

500

%
o
2
e

®

Y SF
=T
F——

"H NMR for 8d

10°€

0Lz
kgiz
Eort
Rort
EITT

201
80°1L
0T

49



&
360
340

320

300

280

260

240

220

~200

180

160

140

120

20

L8 LT
8981~
0€'9T~
SEGT~
seoe”

80
+60
+40
+20

™ -0

Nais

IPes—
6800
P €9~

SELPT—

Lil==
091—

0B

BLOLI~
o L1—

e

E0-9396- 1
E0-9396- 1!

3C NMR for Bd

130

T

140

-10

110 100
f1 (ppm)

120

170 160 150

180

06601
oTiLL
a1zl
ISEL'L
6Ll
STep'l
18641
LUS'T
9025’1
LSES'T
L6FS'11
ozl
10£L'T
oseL|
98bL' 14
€268
9506'L
9The'T
1957T
£0L277
1b82°C
os09
8096

PoL6T
08867
ZL00'€
2590/

SRLOET
S0LF'F
SSRP'
1618t
08bS '
78S

0995 F
£9LS'F
4
leel'L
GROT'L
LL1Z'L
9TIT'L
GOFE'L
LP9T'L
96LZ'L
LP6T L~
80ZEL ﬁ
LLEE'L
LLLE'L
SERE'L
ZRBE'L
0£6E"L
SEOF'L

o=

8.8
£
P
| M
"H NMR for 8e

OH

N
s
=

S6'0
*om.—
6Ll

S6'0
S0'T
980
o'l
86l
F0'L
€01
€0l
S6'0
00°L

il

o

0.5 0.0 -0.5 -L.0 -1.5 -2.0 -2.5

1.0

1.5

3.8

4.0

4.5
1 (ppm)

5.0

10.0 8.5

1.0 10.5

50



£969'81

GTUT6lL—
cmmc,om\
PlLLLE—~
094907
GZTL ,.m\

STLI8FS—
TLIETYN
SLOB'FO~

ZIsLpll
GoL6'OL1
SESLLIL
6L8K1Z1
9Lzl vl
6095 1
0ESL KL
1689°SZ1
6L8E'LZL
0LbP STl
01F'0E1
TLLPOEL
55026~
6TH6'LEL

Em,mm_w
LotLsel)
Z6LL b1

corssml
9589'85 1,
$E57'091—
1oz zo’

G6l6Z'ELL—
LOFPR'SLL—

CD30D BB+DEPT135

E0-LP-01-58/3
E0-LP-01-58

3C NMR for 8e

-10

60

T
120

T
140

T T T T T T
220 210 200 150 180 17 160

T
230

f1 (ppm)

g 8888288888 gz2g88z88s8, *8
060
%60
60
60
860
00’1
w1
e e
o1 (a3
o' = L €5°E
——— 9T
o 4
80 s
%._\k S
101 — Elp
wm“ ==y i
ke o o= Lo0i
00T 680
102 i o
07T M ot
< . 891
[£T "3 11T
€T T—— §8C1
162 = 1.
160
AN ZE'€ . E AN
OO ££°E E .
3 080
AOOIN €£°€ £ |
e e 080
OO bEE 8 > fso
(£ 3E €0°1
e OUA|v!m 58l
rLE g TL0
8L€ ekl
88°€ o - < FOT'l
= aY
wEY = : T
ook DUAI\?S\|JHO =5 e
68 A 400°1
OdH +6'+ DHA|AWD & T mNm.o
0L P 2 e
o 19:.4® B = %60
S o e £ ) 2 m.(:mo
g T . . €80
I sriE N #
&

f1 (ppm)

51



o 951§D |
F™  azesn
959811
, | sisse -
908101 fenh
0zz9 't e
PEIF 0T o bEpRT I
LIz I = 0
vk ye 1086 ==
OIS HT le  passe
Z688'ST " e
SEE0'6T Srave L
E:lm/ b siee
9Z69'SE AT e Tm_m
ogh,ﬁm/ w9001 — == L
EESOEN FS sy
9888 1y [ShE'F cral
OLPZ 8 e — L
P PR sopp == R
o0b0s SLES'F — sLTha
0E6LT5F e 3
86F0'ES rs 0LPLF =
LLYS €S . — 68'¢ [ <
> == —
s o o szlsb =, 80
s = oy ) ols
£609°9 :
Crabiky p629'9 =
e ; — P60
SEFY'9 - Farri
: 060
B 06999 PIPUU Rjgin
Lg&  sse8'9 —=500 1
o 01989
SELO'LA
&= 0£80'L L
£060°L "
= o ool #
FS0§'E1L L = NMM . &
Rmm,q:w : I e o
£99L S 11~E A,H e e 18I I\ g
Vsl EN = Hoile . —— i
e oﬂﬂ|v|m e NAH_ m v'E
b968'STL~ ) Ls wwwwwg oy e aref
g061°Lz1 Y = j = —————— qe
ersoszl ] i i SBLY'L nﬂw ||WM|/.U m:: |
gmm.mﬁ\ 3 g oy : e
SGE1EEL é ~ =
\IJH/ / Dma,ﬁﬁ pvﬁ —_———
o o—ih o =] FIFL'L 4 —— :
Uﬁ|\ - LO9L'L F —_— wmm
1£95'5S 1~ § g JElE L 3 ﬁhm wif
BRLEUSLY o o e it & 08°0
IHLLSL . 3 Mmmmm i I
SH59°LoL , 5
08501\ 5 T 8 outa] o 3 .
A ARAAEN ATELR T & |
@I & & Msw,m 5
yECLN 5 = % g oz sl
degred & TN grare] = L
s £ PR hE
£Ts9LlY S ]
P o £
e

1.0 0.5 0.0 -0.5

1.5

2.0

4.5
1 (ppm)
52

5.0

5.8



sezsslY
Z626'FT
[LST6T,

19699¢
vnvﬂbm%
FROUBE—

0 Cr -
81y
Pl
1960°€5~,
SUI'Ps—
9zes 55
£625'95
S0pF09
pS96" 5\

$E09°€11Y
6ELT'S1L
LEIPSLL
1916°121
£96F°E71
0pEZ9ZL
£909°921
68T8'LTL
6L30'SZ1
£156'921
LL6LSTL
005671
Leas 6zl
6F9SDEL
L659'0€1
P08 9EL
ZIS1'8El
LEL8" LIl —
5011951
6E82'95 _W
S0£9°951
£UBL891

[2 o.—b—/
[2 m.—b—W
£ PR YA
B

zeLl
BTl

2
A
i
Lo

EQ-LP-01-20+8,

E0-LP-01-20

3C NMR for 8g

T
Q

o

rireap

T

i

gt 718

™

130

100
£l (ppm)

110

120

i 160 150 140

180

180

6071
ogpzL
Lozl
T
15621
1LOE'L
1Zes'|
08€€'L
w29
09987
£9L87]
€066
6LP6T
L1867
6010°¢
1£60°E
<zon'e
1$80°¢
P680°¢
LZ1E
811
cosee
00bL'E
<698'¢]
[SLS'E W
86PE T
GLEF

TlerF
S9LOF ﬁ
BLRO'P
L769'F
0S¥ 'S
86975
92669
B0

9650°L
SG01'LY
LA
L6EL'L
98LL'L
IP6L'L
A
£TET'L
PLFT'L
079Z'L
8SE'L
LG9E'L
0pRE L
z6op L f
058 L]
S0ZS'L ﬁ
19ES'L
GSLL
S89LLA
058L'L
ARERL
BES'L

8
T8
(SRS

"H NMR for 8h

53



SLEFRL
[L99°81
SOsP'LT—
E0LF'ST—
vcg,wﬂ\
oxmv,om.\
LIOS'RE
wmcc,wmv
E69L'RE
| 651 8

=TTrC ow/
128625
peszes
ShLP S
zezsss
62£0°95
PSLE'9S
¥SZE'6S
08€2'19
112899

GLOF'ROL

FO89LIL
LTLT 8LL
SETR0TLA
Lirl1zl
LSLOEEL
£6CESTL
0Z80'9Z1
06ZL9ZL
OLER9TL
SLETLT L
PLLO'EEZL
S0LL'8ZL
SLLL'8ZL
L800'6ZL
SLOESEL

8EOTOEL
8EEETSL—

G0LR'BIL
Z906°0LL
m@m.otw
S®TILL
0 m.?% ¢
1#HscLl

*C NMR for 8h

o

o

100

120

130

110

190 180 17 160 150 140

200

5

0

2,

EOBR Q149320 B3O = i el S N E e R N S S e N S S S E 8 E

B0y 012 405 22 B RS TS R

1H NMR for 8i

5.5

6.0

6.5

£1 (ppm)

8.5

9.0

9.5

T
10.

11.0

54



BLZOEL
LGOG6'RL
SOZETTy
S60S'ST
lake'9g
6LE6'BEAL
ERPO'LE
m_h—w,wm./
el g
ZR6STS
ECPE £S5
Gl ES

PREF TS
LPL8 TS w
ECOE9S—
Dm.m.m,hw\
066965

o

%
16k1Lo—

prLLR0L

296 011

9102 ¥I1 =

S6L08LL

9165 811 =

pRELIZL

S6p0ZEL

SOLE'ETL

86£2'5T1 : N
[e]

SLREITL
8060°LTL
Zeal'Lzl
BETR'LTL
LPOG'LTL
SFIFRTL
9810'6ZL

z

FrOE 6T~ s
ZHLEGTL F
—vcvnmm.— g 5 o
LL8L1EL e
LS08'SEL <

T o)

Cl

S9159EL
PSas 9EL
90L5'REL
TLpSTSL N\ A
L83l
THIL691
wmm._tw
LEEST1LL
ﬂm.m.:._w
ofzril,

o £d
il

EQ-LP-01-49
EQ-LP-01-49
13,
C NMR for 8

T

120

130

T
17

-10

90 80
fl (ppm)

100

110

T
150 140

T
180

T T
190 180

T
200

55



