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General Considerations

Reagents were available from commercial suppliers and used without any additional
purification unless otherwise noted. Histidine, aryl halides, base, solvent, copper catalyst
and ligands were purchased from commercial sources such as Chem-Impex, Sigma-Aldrich,
Alfa-aesar, Merck, and Avra chemicals. Nuclear magnetic resonance spectra (NMR) were
recorded on a BrukerAvance-lll 400 spectrometer as *H NMR (400 MHz), and 3C-NMR (100
MHz). Chemical shifts for 'TH NMR were reported as & values and coupling constants were
indicated in hertz (Hz). The following abbreviations were used for reported spin multiplicity:

s = singlet, br.s. = broad singlet, d = doublet, t = triplet, dd = doublet of doublets, m =
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multiplet and q = quadruplet. When splitting patterns could not be interpreted easily, was
reported as multiplet (m). If required mixture of two deuterated solvents was used while
recording the spectra to enhance the solubility and prevent precipitation of N-arylated
histidines. Thin layer chromatography was performed on Merck precoated silica gel plates
(0.25 mm, 60 A pore size) impregnated with a fluorescent indicator (254 nm). Visualization
on TLC was observed under UV light (254 nm) and staining with iodine vapours, or
Dragendorf's solution. All the synthesized N-arylated compounds were isolated by
automated flash chromatography on silica gel (200-400 mesh). High resolution mass spectra
(HRMS) were recorded on Bruker Maxis and chiral HPLC experiments were performed on
Shimadzu Prominence using an CHIRALPAK®-WH column (250mm L x 4.6mm i.d.) and the
mobile phase used in this study was 0.50 mM copper(ll) sulphate (Cu,SO4.5H,0) in water
and 2-propanol (95:5), gradient run for 70 min at flow rate of 1 mL/min at constant oven

temperature of 50 °C.

1. General procedure for the N-(hetero)arylation of protected histidine

All the solid reagents were weighed in air, transferred to a 10 mL pre-dried MW vial with a
septum and equipped with a magnetic stirring bar. In the MW vial, the solid materials such
as Boc-His-OMe (0.25 mmol, 1.0 equiv.), copper iodide (10 mol%), and K,CO; (2.0 equiv.)
was added and dried by applying vacuum and then back filling with argon or nitrogen. This
procedure was repeated 3 times after which all the liquids reagents like aryl iodide (1.2
equiv., if it is liquid), ligand (20 mol%) and DMF (1 mL) were added under positive pressure
of argon or nitrogen. After completion of this procedure, the MW vial was sealed and
allowed to stir at constant temperature of 130 °C for 40 min. After the completion of
reaction, the solvent was removed under reduced pressure and to crude mixture was added
water (4 mL). The product was extracted with ethyl acetate (3 x 10 mL) and the combined
organic phase was concentrated under reduced pressure. The reaction mixture was purified
on a automated flash chromatography system (Biotage) to afford the N-arylated histidines

using mobile combination of dichloromethane (97-90%) and methanol (3-10%).
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2. Experimental section

2.1. Characterization data of synthesized compounds

N-a-Boc-1-(phenyl)-L-histidine methyl ester (2a): Yield = 89% (2aa), 23% (2ab); 'H NMR
(400 MHz, CD30D): & 8.05 (s, 1H), 7.52 (d, J = 4.3, 4H), 7.42-7.37 (m, 2H), 4.50-4.46 (m, 1H),
3.74 (s, 3H), 3.12 (dd, J = 14.8, 5.2 Hz, 1H), 2.98 (dd, J = 14.6, 8.6 Hz, 1H), 1.40 (s, 9H); 13C
NMR (100 MHz, CD30D): 172.8, 156.4, 138.1, 137.0, 135.1, 129.6, 127.2,

o

Y

Boc/N\g)LOMe
F

\VN© calculated for 346.1767, found 346.1761.

120.6, 116.0, 79.3, 53.7, 51.4, 29.8, 27.2; HRMS (ESI-TOF): m/z [(M+H)*]

N-a-Boc-1-(4-methylphenyl)-L-histidine methyl ester (2b): Yield = 91% (2ba), 27% (2bb); H
NMR (400 MHz, CD30D): & 7.99 (s, 1H), 7.39-7.30 (m, 5H), 4.47 (t, J = 6.4 Hz, 1H), 3.73 (s,
3H), 3.10 (dd, J = 14.6, 4.8 Hz, 1H), 2.97 (dd, J = 14.5, 8.6 Hz, 1H), 2.39 (s, 3H), 1.40 (s, 9H);

H\)Ok 13C NMR (100 MHz, CD30D): 172.7, 156.4, 137.9, 137.4, 135.0, 134.6,
N v~ “OMe

e

NN

Boc

130.0, 120.5, 116.1, 79.2, 53.7, 51.3, 29.8, 27.2, 19.5; HRMS (ESI-TOF):
@ m/z [(M+H)*] calculated for 360.1923, found 360.1917.

N-a-Boc-1-(4-methoxyphenyl)-L-histidine methyl ester (2c): Yield = 84%; 'H NMR [400 MHz,
CDs0D] 6 7.92 (s, 1H), 7.41 (d, J = 8.9 Hz, 2H), 7.26 (s, 1H), 7.04 (d, J = 8.9 Hz, 2H), 4.48-4.45
(m, 1H), 3.84 (s, 3H), 3.73 (s, 3H), 3.10 (dd, J = 14.7, 5.1 Hz, 1H), 2.97 (dd, J = 14.5, 8.5 Hz,
HQ‘LOMS 1H), 1.40 (s, 9H); 3C NMR [100 MH;, CD30D]: 172.8, 159.1, 156.4, 137.7,
7? 135.2, 130.2, 122.3, 116.5, 114.6, 79.3, 54.7, 53.8, 51.3, 29.7, 27.3; HRMS

s

(ESI-TOF): m/z [(M+H)*] calculated for 376.1872, found 376.1866.

N-a-Boc-1-(4-ethylphenyl)-L-histidine methyl ester (2d): Yield = 85%; 'H NMR (400 MHz,
CD;0D): & 8.24 (s, 1H), 7.46-7.37 (m, 5H), 4.49 (t, J = 6.8 Hz, 1H), 3.75 (s, 3H), 3.15 (dd, J =
15.1, 5.0 Hz, 1H), 3.01 (dd, J = 8.s7, 14.6 Hz, 1H), 2.72 (g, /= 7.6 Hz, 2H), 1.40 ( s, 9H),1.27 (t,
J = 7.6 Hz, 3H); 3C NMR (100 MHz, CD30D): 174.0, 157.8, 145.8, 138.1,

o
N e
S, 136.2, 135.8, 130.4, 122.2, 118.1, 80.8, 54.9, 52.8, 30.7, 29.3, 28.6,16.0;

Boc

O
HRMS (ESI-TOF): m/z [(M+H)*] calculated for 374.2080, found 374.2067.
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N-a-Boc-1-(4-butylphenyl)-L-histidine methyl ester (2e): Yield = 81%; 'H NMR [400 MHz,
CD50D] 6 7.88 (s, 1H), 7.29 (d, J = 8.4 Hz, 2H), 7.21 (d, J = 8.4 Hz, 3H), 4.37-4.34 (m, 1H), 3.62
(s, 3H), 2.99 ( dd, J = 15.0, 5.4 Hz, 1H), 2.85 ( dd, J = 14.4, 8.4 Hz, 1H), 2.55 ( t, J= 7.6 Hz, 2H),
1.55-1.47 (m, 2H), 1.31-1.21 (m, 11H), 0.84 (t, J = 7.3 Hz, 3H); 13C NMR [100 MH;, CD;0D]:
174.3, 157.8, 143.8,139.3, 136.5, 136.2, 130.9, 122.0, 117.5, 80.8, 55.2,
52.8, 36.0, 34.7, 31.2, 28.7, 23.2, 14.3; HRMS (ESI-TOF): m/z [(M+H)*]
calculated for 402.2393, found 402.2383.

N-a-Boc-1-(4-tert-butylphenyl)-L-histidine methyl ester (2f): Yield = 82%; 'H NMR (400
MHz, CD;0D): 6 8.01 (s, 1H), 7.55 (d, J = 8.7 Hz, 2H), 7.43 (d, J = 8.6 Hz, 2H), 7.34 (s, 1H),
4.49-4.46 (m, 1H), 3.73 (s, 3H), 3.11 (dd, J = 14.6, 4.8 Hz, 1H), 2.98 (dd, J = 14.9, 8.6 Hz, 1H),
1.41 (s, 9H), 1.36 (s, 9H); 3C NMR (100 MHz, CD30D): 172.8, 156.4, 150.6, 137.9, 135.0,
134.5, 126.5, 120.2, 116.1, 79.3, 53.8, 51.3, 34.0, 30.3, 29.8, 27.2; HRMS
= (ESI-TOF): m/z [(M+H)*] calculated for 402.2393, found 402.2385.

N-a-Boc-1-(4-biphenyl)-L-histidine methyl ester (2g): Yield = 83% (2ga), 25% (2gb); 'H NMR
[400 MHz, CD;0D] 6 8.08 (s, 1H), 7.74 (d, J = 8.6 Hz, 2H), 7.64 (d, J = 7.1 Hz, 2H), 7.57 (d, J =
8.5 Hz, 2H), 7.46 ( t, J = 7.5 Hz, 2H), 7.40-7.35 (m, 2H), 4.51-4.48 (m, 1H), 3.74 (s, 3H), 3.12
(dd, J = 14.5, 4.8 Hz, 1H), 3.49 (dd, J = 14.9, 8.9 Hz, 1H), 1.41 (s, 9H); 13C NMR [100 MH,,
CD;0D]: 172.9, 156.4, 140.3, 139.5, 138.2, 136.0, 135.1, 128.6, 128.0, 127.4, 126.5, 120.8,
e 115.9, 79.4, 53.8, 51.4, 29.8, 27.3; HRMS (ESI-TOF): m/z [(M+H)]
?jNﬁ calculated for 422.2080, found 422.2771.

N-a-Boc-1-(1-napthyl)-L-histidine methyl ester (2h): Yield = 83%; *H NMR [400 MHz, CD;0D]
& 8.01 (t, J = 8.5 ssHz, 2H), 7.82 (s, 1H), 7.61-7.50 (m, 5H), 7.22 (s, 1H), 4.54 (t, J = 6.0 Hz, 1H),
3.76 (s, 3H), 3.19 (dd, J = 14.6, 5.0 Hz, 1H), 3.07 (dd, J = 14.6, 8.4 Hz, 1H), 1.42 (s, 9H); 13C
NMR [100 MH; , CD;0D]: 172.8, 156.4, 138.0, 134.3, 133.5, 129.3, 129.2, 128.1, 127.4,

ij 126.7, 125.0, 123.5, 121.6, 119.9, 113.3, 79.4, 53.9, 51.5, 29.8, 27.4; HRMS
?ﬁN O (ESI-TOF): m/z [(M+H)*] calculated for 396.1923, found 396.1911.
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N-a-Boc-1-(6-methoxy-1-napthyl)-L-histidine methyl ester (2i): Yield = 79%; H NMR (400
MHz, CD;0D): 6 8.13 (s, 1H), 7.93-7.83 (m, 3H), 7.59 (d, J = 8.6 Hz, 1H), 7.45 (s, 1H), 7.31 (s,
1H), 7.22 (d, J = 8.9 Hz, 1H), 4.52-4.49 (m, 1H), 3.94 (s, 3H) 3.75 (s, 3H), 3.14 (dd, J = 14.6 Hz,

) 5.0 Hz, 1H), 3.01 (dd, J = 14.5, 8.7 Hz, 1H), 1.41 (s, 9H); 13C NMR (100 MHz,
eoe i:me CDs0D): 6 172.9, 158.2, 156.5, 138.0, 135.3, 133.7, 132.5, 129.0, 128.9,
-~ 128.5, 119.8, 118.2, 116.3, 105.4, 79.4, 54.5, 53.8, 51.5, 29.8, 27.2; HRMS
ove (ESI-TOF): m/z [(M+H)*] calculated for 426.2029, found 426.2018.

N-a-Boc-1-(4-nitrophenyl)-L-histidine methyl ester (2j): Yield = 92%; 'H NMR (400 MHz,
CD;OD): & 8.37 (d, J = 8.9 Hz, 2H), 8.18 (s, 1H), 7.71 (d, J = 8.8 Hz, 2H), 7.47 (s, 1H), 4.54
(br.s., 1H), 3.74 (s, 3H), 3.17-2.98 (m, 2H), 1.40 (s, 9H); 3C NMR (100 MHz, CD;0D): § 172.7,

Hﬂ 156.1, 146.2, 141.8, 135.6, 134.7, 125.6, 120.7, 116.5, 79.9, 53.3, 52.1,
Boc™ H OMe
T 30.3, 27.9; HRMS (ESI-TOF): m/z [(M+H)*] calculated for 391.1617, found

"2 391.1611.

N-a-Boc-1-(4-chlorophenyl)-L-histidine methyl ester (2k): Yield = 88%; 'H NMR (400 MHz,
CD;0D): & 8.08 (s, 1H), 7.55-7.50 (m, 4H), 7.38 (s, 1H), 4.47 (br.s., 1H), 3.13-3.08 (m, 1H),
2.98 (dd, J = 13.7, 7.9 Hz, 1H), 1.40 (s, 9H); 3C NMR (100 MHz, CD;0D): 6 172.7, 156.4,

Hﬂ 138.4, 135.7, 135.2, 132.6, 129.6, 122.0, 115.9, 79.3, 53.7, 51.3, 29.8,
Boc/N ¥~ “OMe
N 27.2; HRMS (ESI-TOF): m/z [(M+H)*] calculated for 380.1377, found
NN
¢ 380.1369.

N-a-Boc-1-(4-fluorophenyl)-L-histidine methyl ester (2l): Yield = 83%; 'H NMR [400 MHz,
CDs0D] 6 8.01 (s, 1H), 7.57-7.54 (m, 2H), 7.33 (s, 1H), 7.29-7.25 (m, 2H), 4.49-4.45 (m, 1H),
3.74 (s, 3H), 3.11 (dd, J = 14.7, 5.0 Hz, 1H), 2.98 (dd, J = 14.6, 8.7 Hz, 1H), 1.40 (s, 9H); 13C
/H\,)OLOM NMR [100 MHz, CDs0D]: 172.8, 161.7 (d, J = 244 Hz), 156.4, 138.1, 135.3,
! 133.4, 122.8, 116.4, 116.2, 79.4, 53.7, 51.4, 29.7, 27.2; HRMS (ESI-TOF):

F

m/z [(M+H)*] calculated for 364.1672, found 364.1666.

N-a-Boc-1-(3-fluorophenyl)-L-histidine methyl ester (2m): Yield = 88%; 'H NMR [400 MHz,
CDs0D] & 8.11 (s, 1H), 7.57-7.51 (m, 1H), 7.41-7.36 (m, 3H), 7.17-7.12 (m, 1H), 4.50-4.46 (m,
1H), 3.74 (s, 3H), 3.11 (dd, J = 14.9, 5.3 Hz, 1H), 2.98 (dd, J = 14.6, 8.7 Hz, 1H), 1.40 (s, 9H);
Hﬂ 13C NMR [100 MH, CD3;0D]: 172.8, 163.3 (d, J = 245 Hz), 156.4, 138.3, 135.2,
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131.3, 116.1, 113.9, 113.6, 107.7, 79.4, 53.7, 51.4, 29.7, 27.1; HRMS (ESI-TOF): m/z [(M+H)*]
calculated for 364.1672, found 364.1668.

N-a-Boc-1-(3-trifluoromethylphenyl)-L-histidine methyl ester (2n): Yield = 83%; 'H NMR
[400 MHz, CD50D] 6 8.17 (s, 1H), 7.84 (d, J = 12.0 Hz , 2H), 7.76-7.69 (m, 2H), 7.47 (s, 1H),
4.51-4.48 (m, 1H), 3.75 (s, 3H), 3.13 (dd, J = 14.6, 4.6 Hz, 1H), 2.99 (dd, J = 14.6, 8.8 Hz, 1H),
1.40 (S, 9H); 3C NMR [100 MH, CD;0D] & 172.9, 156.5, 138.1, 137.5, 135.4, 131.9 (q, / = 33

HQOK Hz), 130.8, 124.2, 123.7, 123.6 (q, J = 271 Hz), 117.2, 115.9, 79.5, 53.6,
Boc/N ¥~ “OMe
:yz\ 51.5, 29.8, 27.2; HRMS (ESI-TOF): m/z [(M+H)*] calculated for 414.1640,

NN

Q found 414.1634.
CFs

N-a-Boc-1-(3-methylphenyl)-L-histidine methyl ester (20): Yield = 84%; 'H NMR [400 MHz,
CDs0D] & 8.01 (s, 1H), 7.39-7.20 (m, 5H), 4.48 (br.s., 1H), 3.74 (s, 3H), 3.11 (d, J = 16.0 Hz,
1H), 3.01-2.95 (m, 1H), 2.39 (s, 3H), 1.39 (s, 9H); 13C NMR [100 MHz, CD;0D]: 172.9, 156.4,

HJOK 140.1, 137.9, 136.9, 135.0, 129.5, 127.9, 121.0, 117.6, 116.0, 79.4, 53.7,
Boc/N v~ “OMe
- 51.5, 29.8, 27.3, 20.0; HRMS (ESI-TOF): m/z [(M+H)*] calculated for

NN

X

Q 360.1923, found 360.1916.

N-a-Boc-1-(2-methylphenyl)-L-histidine methyl ester (2p): Yield = 77%; *H NMR (400 MHz,
CD30D): 6 7.96 (s, 1H), 7.42-7.29 (m, 4H), 7.16 (s, 1H), 4.49 (br.s., 1H), 3.75 (s, 3H), 3.17 (d, J
= 13.8 Hz, 1H), 3.02 (dd, J = 14.3, 9.8 Hz, 1H), 2.20 (s, 3H), 1.42 (s, 9H); 13C NMR (100 MHz,

Lo CD;0D): 172.6, 156.4, 136.9, 135.9, 133.6, 131.1, 129.2, 126.8, 126.0,
PN
oc QM 119.3, 79.5, 53.6, 51.5, 29.2, 27.3, 16.2; HRMS (ESI-TOF): m/z [(M+H)*]
N calculated for 360.1923, found 360.1917.

N-a-Boc-1-(3-pyridyl)-L-histidine methyl ester (2q): Yield = 85%; H NMR (400 MHz,
CDs0D): 6 8.72 (s, 1H), 8.47 (s, 1H), 8.08 (s, 1H), 7.94 (d, J = 8.3 Hz, 1H), 7.50-7.47 (m, 1H),
7.37 (s, 1H), 4.37 (br.s., 1H), 3.62 (s, 3H), 3.01 (dd, J = 15.3, 4.4 Hz, 1H), 2.88 (dd, J = 14.6, 8.1
Hz, 1H), 1.29 (s, 9H); 3C NMR (100 MHz, CD;0D): § 174.0, 157.8, 149.1, 142.9, 140.0, 136.9,

HQOk 135.3, 130.4, 126.1, 117.2, 80.6, 54.8, 52.7, 31.2, 28.6; HRMS (ESI-TOF):
Boc” Y OMe
% m/z [(M+H)*] calculated for 347.1719, found 347.1714.
N& N ==
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N-a-Boc-1-(3-quinolinyl)-L-histidine methyl ester (2r): Yield = 83%; 'H NMR (400 MHz,
CDs0D): 6 9.06 (s, 1H), 8.44 (d, J = 2.2 Hz, 1H), 8.29 (s, 1H), 8.06 (d, J = 8.4 Hz, 1H), 7.98 (d, J
= 8.0 Hz, 1H), 7.80-7.76 (m, 1H), 7.67 (t, J = 7.5 Hz, 1H), 7.59 (s, 1H), 4.53 (br.s., 1H), 3.76 (s,
3H), 3.16 (dd, J = 15.3, 5.6 Hz, 1H), 3.03 (dd, J = 15.7, 8.1 Hz, 1H), 1.40 (s, 9H); 3C NMR (100
/HﬂOMe MHz, CD3;0D): 6§ 172.7, 156.4, 146.2, 143.6, 138.9, 135.7, 130.6, 129.9,
128.0,127.9, 127.9, 127.8, 126.5, 116.1, 79.3, 53.7, 51.4, 29.8, 27.2;
N HRMS (ESI-TOF): m/z [(M+H)*] calculated for 397.1876, found 397.1867.

N-a-Boc-1-(6-nitro-3-quinolinyl)-L-histidine methyl ester (2s): Yield = 86%; 'H NMR (400
'S MHz, CDs0D): § 9.33 (d, J = 2.5 Hz, 1H), 8.97 (d, J = 2.4 Hz, 1H), 8.72 (d,
S "o J = 2.3 Hz, 1H), 8.51-8.48 (m, 1H), 8.39 (s, 1H), 8.25 (d, J = 9.2 Hz, 1H),
7.66 (s, 1H), 4.53 (br.s., 1H), 3.76 (s, 3H), 3.17 (dd, J = 13.5, 4.5 Hz, 1H),
3.04 (dd, J = 15.3, 8.7 Hz, 1H), 1.41 (s, 9H); 3C NMR (100 MHz, CD;0D): 6 172.6, 156.4,
148.0, 147.1, 146.5, 131.9, 130.3, 127.4, 127.0, 124.4, 122.8, 115.8, 79.3, 53.6, 51.4, 29.8,
27.2; HRMS (ESI-TOF): m/z [(M+Na)*] calculated for 464.1546, found 464.1540.

N-a-Boc-1-(2-thiophenyl)-L-histidine methyl ester (2t): Yield = 75%; 'H NMR (400 MHz,
CDs0D): § 7.94 (s, 1H), 7.33-7.31 (m, 1H), 7.25 (s, 1H), 7.18-7.17 (m, 1H),7.06-7.03 (m, 1H),
4.48-4.44 (m, 1H), 3.74 (s, 3H), 3.12-3.07 (m, 1H), 2.98-2.92 (m, 1H), 1.42 (s, 9H); 13C NMR

(100 MHz, CD30D): & 172.6, 156.4, 138.8, 136.8, 126.1, 121.1, 118.7,

H

o
Boc/N%OMe 118.1, 79.2, 53.6, 51.3, 29.3 27.2; HRMS (ESI-TOF): m/z [(M+H)']

??\N ~~, calculated for 352.1331, found 352.1319.
% @
S
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2.2. 'H and 13C NMR spectral data

N-a-Boc-1-(phenyl)-L-histidine methyl ester (2a)
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SOLVENT

& 4099 C

70 65

S10

kks-482
10

1
20150713
17.43

spect
5 mm PABBO BB-

8223.685
0.125483
3.9846387
1.8
60.800
6.50
298.5
1.00000000
1

12.20
-2.00
14.80958652
400.1324710

32768
400.1300000
EM

0
0.30
0
1.40
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N-a-Boc-1-(4-methoxyphenyl)-L-histidine methyl ester (2c)

S11

NAME kks-482
EXPNO 1l
PROCNO 1
Date_ 20150713
Time 23.45
INSTRUM spect
PROBHD 5 mm PABBO BB-—
PULPROG 2gpg30

D 65536
SOLVENT MeOD

NS 512

Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
aQ 1.3631988 sec
RG 203

pw 20.800 usec
DE 6,50 usec
E 298.2 K
D1 2.00000000 sec
D11 0.03000000 sec
D0 1

CHANNEL £1

NUC1 13C

P1 9.50 usec
PL1 -1.00 dB
PL1W 44.90434265 W
SFO1 100.6228298 MHz

-= CHANNEL £2

CPDPRG2 waltzl6
NOC2 1H
PCPD2 80.00 usec
PL2 -2.00 dB
PL12 14.33 dB
PL13 18.33 dB
PL2W 14.80958652 W
PL12W 0.34478071 W
PL13W 0.13725966 W
SFO2 400.1316005 MHz
s1 32768

SF 100.6127690 MHz
WDW EM
S55B 0

LB 1.00 Hz
GB 0

PC 1.40



—17.9277

7.4267
7.4044

——7.2635

2
=

4 R

7.0587
7.0363

4.8793
4.4885
4.4757
4.4677
4.4548
3.8429

¢

3.7379
3.1305
3.1175
3.0934
3.0808
3.0051
2.9835
2.9685
2.9475

.
\

— 1.4095

NAME kks-595

EXPNO 10

PROCNO 1.

Date_ 20150914

Time 1 57

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG zg30

TD 65536

SOLVENT MeOD

NS 16

DS 2

SWH 8223.685

FIDRES 0.125483

AQ 3.9846387

RG 57

DW 60.800

DE 6.50

TE 673.2

D1 1.00000000

TDO 1
CHANNEL f1

1H

12.20

14.80958652

400.1324710

32768

400.1300000

EM

0

0.30

0

1.40

Rt

45

g

T T
100 95

T
9.0

T
8.5

T
8.0

T
1.5

T
70 65

6.0 355

T
50 45

S12

T
1.5

T T T
1.0 0.5 ppm

Hz
Hz
sec

usec
usec

sec
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NAME kks-595
EXPNO 11
PROCNO 1
Date_ 20150915
Time 6.07
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT MeOD
NS 1024
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
DW 20.800 usec
DE 6.50 usec
TE 673.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
13C
9.50 usec
00 dB

44.90434265 W
100.6228298 MHz

CHANNEL £2

180 160 140 120 100 80 60 40 20

N-a-Boc-1-(4-ethylphenyl)-L-histidine methyl ester (2d)

S13

CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 -2.00 dB
PL12 14.33 dB
PL13 18.33 dB
PLZW 14.80958652 W
PL12W 0.34478071L W
PL13W 0.13725966 W
SFO2 400.1316005 MHz
SI 32768

SF 100.6127690 MHz
WDW EM

SSB 0

LB 1.00 Hz
B 0

PC 5.00

1

ppm



—8.2493
7.4692
7.4487
7.4190
7.3938
7.3730

Va
k-

NAME kks-479

EXPNO 10

PROCNO 1

Date_ 20150709

Time 9.27

INSTRUM spect

PROBHD 5 mm PABBQ BB-

PULPROG 2930

TD 65536

SOLVENT MeOD

NS 16

DS 2

SWH 8223.685

FIDRES 0.125483

AQ 3.9846387

RG 80.6

DW 60.800

DE 6.50
TE 297.

D1 1.00000000

TDO 1

CHANNEL £1

1H

12.20

-2.00

14.80958652

400.1324710

32768

400.1300000

EM

0

0.30

0

8.00

e

T T T
100 95 9.0 8.

T T T T T T T T T T T T T T T T T
5 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 0S5 ppm

Hz
Hz
sec

usec
usec
K
sec
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N-a-Boc-1-(4-butylphenyl)-L-histidine methyl ester (2e)

S15

NAME kks-479

EXPNO 11
PROCNO 1
Date_ 20150709
Time 9.51
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30

D 65536
SOLVENT MeOD

NS 512

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 3

D 20.800 usec
DE 6.50 usec
TE 298.3 K
Dl 2.00000000 sec
D11 0.03000000 sec
DO 1

usec
dB

W
MHz

usec
dB
dB
ds
14.80958652 W
0.34478071 W
0.13725966 W
400.1316005 MHz
32768
100.6126261 MHz
EM
0
1.00 Hz

0
PC 1.40



—7.8841

7.3081
7.2870

s

-

7.2248
7.2037

Y :
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S16

NAME kks-48(
EXPNO 1t
PROCNO

Date_ 2015071t
Time 10.5!
INSTRUM spect
PROBHD 5 mm PABBO BB
PULPROG zg3!
D 65531
SOLVENT MeOl
NS 6
DS H
SWH 8223.68!
FIDRES 0.12548!.
AQ 3.984638"
RG 5
DW 60.80(
DE 6.5(
TE 297.!
D1 1.0000000¢
TDO :

== CHANNEL f1 ==

1
12.21
=2.0t

14.8095865:.

400.132471(
3276t

400.130046!

El

(
0.3

(
5.01
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; s P ® NOFTNODOTO NN O NAME kks-480

< r- MWW o~ - EXPNO 11

~ 12} OO N o NN OYOYOY OY O 0D S 0O ) PROCNG 1

i — R e B B B e | @ WD S S S S S ) )0 O Date. 20150710

N | S E
INSTRUM spect
PROBHD 5 mm PABBO BB—
PULPROG zgpg30
TC 65536
SOLVENT MeOD
NS 512
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
DW 20.800 usec
DE 6.50 usec
TE 298.6 K
D1 2,00000000 sec
D11 0.03000000 sec
TDO 1
———————— CHANNEL f1 ========
NUC1 13C
Pl 9.50 usec
PL1 1.00 dB
PLLW 44.90434265 W
SFOL 100.6228298 MHz
———————— CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 -2.00 dB
PL12 14.33 dB
PL13 18.33 dB
PL2W 14.80958652 W
PL12W 0.34478071 W
PL13W 0.13725966 W
SFQ2 400.1316005 MHz
SI 327
SF 100.6126261 MHz
WowW EM
S5B 0
LB 1.00 Hz
GB 0
PC 1.40

T T T T T T T T T 1
180 160 140 120 100 80 60 40 20 ppm

N-a-Boc-1-(4-tert-butylphenyl)-L-histidine methyl ester (2f)

S17



——8.0185

——4.8855

4.4963
4.4834
4.4762
4.4633

<

=

_—1.4118

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PRCBHD
PULPROG
D
SOLVENT

T——1.3607

1.00
0.99

9.19% t¥4,
9.17/

518

i)

kks-478
10

1
20150707
17.31

spect
S5 mm PABBO BB-
zg30

65536

MeOD

64

2
8223.685 Hz
0.125483 Hz

3.9846387 sec

64
60.800 usec
6.50 usec
297.5 K
1.00000000 sec
1

400.1324710 MHz
32768

400.1300000 MHz
EM

0
0.30 Hz
0

10.00
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N-a-Boc-1-(4-biphenyl)-L-histidine methyl ester (2g)

519

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD

PULPROG
D
SOLVENT

kks-478
11

20150708
13.12
spect

5 mm PABBO BB-
zgpg30
65536
MeOD
512
4
24038.461 Hz
0.366798 Hz
1.3631988 sec
203
20.800 usec
6.50 usec
298.7 K
2.00000000 sec
0.03000000 sec

CHANNEL £1

C
9.50 usec

-1.00 dB
44.90434265
100.6228298 MHz

=

CHANNEL £2
waltzlé
1H
80.00 usec
-2.00 dB
14.33 @B
18.33 dB
14.80958652 W
0.34478071 W
0.13725966 W
400.1316005 MHz
32768
100.6127690 MHz
EM

0
1.00 Hz
0

1.40



8.0867
79573
7.7356
7.6496

/

7.6318
7.5889
7.5676
7.4821

ayToo-oao £~ 00 —
238z RG]
CYSoan o=
N S 0000, 00 o 8 Q00
L e <f <t <

:
/
3

4.4950
4.4821
3.7479
3.1521
3.1402
3.1159
3.1034
3.0274
3.0058
2.9909
2.9676

— 14114

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD

SOLVENT
NS

e

B I .
—leil el edleil e = i = =N
T T T T T T T T T T T T T T T T T T T T T
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 ppm

S20

kks-481
10

1

20150710

10.58

spect

5 mm PABBO BB-
2930

65536

MeOD

16

2
8223.685
0.125483

3.9846387

64

60.800
6.50

297.8
1.00000000
1

CHANNEL £1

1H
12.20

14.80958652
400.1324710
32768
400.1300000
EM

0
0.30
0

8.00

Hz
Hz
sec

usec
usec

sec




13
5

5
=)

120.8
115.96

kks-481
11

140.30
139:.5%
138.21
136.07
135
128.06
12Tt
126.51
53.80
51.46
48.07
47.86
47,65
47.43
47.22
47.01
29.83
27.30

48.49
48.28

1
20150710
12.53
spect
5 mm PABBO BB-
zgpg30
65536
MeOD
512
4
24038.461 Hz
0.366798 Hz
1.3631988 sec
203
20.800 usec
6.50 usec
298.6 K
2.00000000 sec
0.03000000 sec
1

—172.90
—156.49
—79.43

%

__-128.67

/
N\
X

CHANNEL fl =

-1.00 dB
44,90434265 W
100.6228298 MHz

= CHANNEL £2
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
-2.00 dB
14.33 dB
18.33 dB
14.80958652
0.34478071
0.13725966
SFO2 400.1316005 MHz
SI 32768
SF 100.6127690 MHz
WDW EM

===

0
LB 1.00 Hz
GB 0
PC 1.40

180 160 140 120 100 80 60 40 20 ppm

N-a-Boc-1-(1-napthyl)-L-histidine methyl ester (2h)

521
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S22

NAME kks-596

EXPNO 10
PROCNOQ 1
Date_ 20150913
Time 139:
INSTRUM spect
PROBHD 5 mm PABEO BB-
PULPROG 2g30

D 65536
SOLVENT MeOD

NS 16

DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 se
RG 90.

DW 60.800 us
DE 6.50 us
TE 673.2 K
Dl 1.00000000 se
TDO 1

== CHANNEL f1

14.80958652 W

400.1324710 MH
32768

400.1300000 MH
EM

0
0.30 Hz

0
1.40



a 5 SRARAGEINIREAR w smemacare mo NAME kks-596
" " = GhTMO®IDma @ EXPNO 11
& & R R o L T T A N PROCNG 1
o a Pt i B e B ok b hRIIITTTT Ao sl FISGeIE
R\ N\VZ
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
TD 65536
SOLVENT MeOD
NS 1024
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
DW 20.800 usec
DE 6.50 usec
TE 673.2 K
D1 2.00000000 sec
D11 0.03000000 sec
DO 1
CHANMEL f1
-1.00 dB
44,90434265 W
100.6228298 MHz
= CHANMEL £2
CPDPRG2 wal
NUC2
PCPD2 80.00
PL2 -2.00
PL12 14.33
PL13 18.33 dB
PLZW 14.80958652 W
0.34478071 W
0.13725966 W
SFO2 400.1316005 MHz
s 32768
SF 100.6127690 MHz
WDW EM
5$SB 0
LB 1.00 Hz
J | GB 0
PC 3.00
sl ) ) "
T T T T T T T T T T T T T T T T T T 1
180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 ppm

N-a-Boc-1-(6-methoxy-1-napthyl)-L-histidine methyl ester (2i)

523
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S24

NAME kks-589
EXPNO 10
PROCNO 1
Date_ 20150918
Time 16.42
INSTRUM spect
PROBHD 5 mm PABBO EB-
PULPROG 2930
TD 65536
SOLVENT MeOD
NS 16
DS 2
SWH 8223.685
FIDRES 0.125483
AQ 3.9846387
RG 71.8
DW 60.800
DE 6.50
TE 673.2
D1 1.00000000
TDO 1
CHANNEL f1l =

1H

12.20

14.80958652
400.1324710
32768
400.1300000
EM

0
0.30
0
1.40

Hz
Hz
sec

use
use

sec
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N-a-Boc-1-(4-nitrophenyl)-L-histidine methyl ester (2j)

S25

NAME kks-589
EXPNO 1
PROCNO 1
Date_ 20150919
Time 2.34
INSTRUM

spect
PROBHD 5 mm PABBO BB-
PULPROG

hy]
SOLVENT
NS

673.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

= CHANNEL f1

PL1W 44.90434265 W
SFO1 100.6228298 MHz
= CHANNEL £2

CPDPRG2 waltzlh
NUC2 1H
PCPD2 80.00 usec
PL2 -2.00 dB
PL12 14.33 dB
PL13 18.33 dB
PL2W 14.80958652 W
PL1ZW 0.34478071 W
PL13W .13725966 W
SFO2 400.1316005 MHz
SI 32768

SF 100.6127690 MHz
WDW EM
558 0

LB 1.00 Hz
GB 0

PC 1.40



8.3906
8.3683

g

~——8.1836
_—7.7203
=~ 7.6981

74708

—4.6128
T—4.5423

_—3.7471

3.3323
3.3287
31741

3.1373
3.0729
3.0223
29855

Z
X

w

3 NAME kks-641f

i EXPNO 10
PROCNO 1
Date_ 20160315
Time 13.25
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT MeOD
NS 64
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 80.6
DW 60.800 usec
DE 6.50 usec
TE 295.4 K
D1 1.00000000 sec
TDO 1

CHANNEL f1

NUC1 1H
Pl 12.20 usec
PL1 -2.00 dB
PL1W 14.80958652 W
SFOl 400.1324710 MHz
SI 32768
SF 400.1300000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.40

526
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S27

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD

SQLVENT

kks-641f
11

1
20160315

23.30

spect

5 mm PABBO BB-
zgpg30

65536

MeOD

1024

4

24038.461
0.366798
1.3631988
203

20.800
6.50

297.1
2.00000000
0.03000000

Hz
Hz
sec

usec
usec

sec
sec

CPDPRG2
NUC2
BCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
SI

SF
Wow
S5B
LB

GB

PC

44.90434265
100.6228298

= CHANNEL f2 =
waltzl6
1H
80.00
-2.00
14,33
.33
14.80958652
0.34478071
0.13725966
400.1316005
32768
100.6127690
EM
0
1.00
0
1.40

usec



N-a-Boc-1-(4-chlorophenyl)-L-histidine methyl ester (2k)

NAME kks-642
BEIEL2=88 2 EBBHBIESREE8REE 8 PROCNO :
S8HBN0HLABH 5> SRBEHHETNEEBERES g Date 20160315
LBl o e s TOOOOMOOOOOOONANN = T]‘I\'\Ei 13.29
\W/ | \\NV/‘% | INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
D 65536
SOLVENT MeCD
NS 16
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 71.
DwW 60.800 usec
DE 6.50 usec
TE 295.4 K
D1 1.00000000 sec
TDO 1
== CHANNEL f1 ===
1H
12.20 usec
-2.00 dB
PL1W 14.80958652 W
SFO1 400,1324710 MHz
SI 3276
SF 400.1300000 MHz
WDW EM
SSB o
LB 0.30 Hz
GB 0
PC 1.40

EME

T T T T T T T T T T T T T T T T T T T T T 1
105 100 95 90 85 80 75 70 65 60 55 50 45 40 L

528
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NAME kks-642
AN = u
PROCNC 1
Date 20160315
Time 15.41
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
™D 65536
SOLVENT MeOD
NS 512
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
G 203
bW 20.800 usec
DE 6.50 usec
TE 296.6 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
= CHANNEL f1
13C
9.50 usec
-1.00

e dB
44.90434265 W
100.6228298 MHz

= CHANNEL f2 =
waltz1l6

14.80958652 W
0.34478071 W
0.13725966 W
400.1316005 MHz

32768
100.6127690 MHz
EM
0
1.00 Hz
0

0
1.40

T T T T T T T T T T T T T T T T T T T T 1
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S29



N-a-Boc-1-(4-fluorophenyl)-L-histidine methyl ester (2I)

Z.09=
.02
2.10~

—4.9122

4.4920
4.4791
4.4712
4.4582

<

—3.7437

1.4095

9.0

8

5

e WY

©
o
wn
-
o
o

S30

NAME kks-592
EXPNO 10
PROCNO il
Date_ 20150917
Time 11.06
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT MeOD
NS 16
Ds 2
SWH 8223.685
FIDRES 0.125483
AQ 3.9846387
RG 71.8
DW 60.800
DE 6.50
TE 673.2
D1 1.00000000
TDO 1
== CHANNEL f1l =

1H
P1 12.20
PL1 -2.00
PL1W 14.80958652
SFO1 400.1324710
SI 32768
SF 400.1300000
WDW EM
SSB 0
LB 0.30
GB 0
PC 5.00

Hz
Hz
sec

usec
usec

sec

usec
dB

MHz

MHz



—172.87
‘—LEU.'-IS

156.48
——=138.15
—135.38
T—133.43
—122.84

—162
~Z
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o s 0 o @wr~0n
. = Frao®
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47.63
47.4
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NAME kks-592
\ EXPNO 11
PROCNO 1
Date_ 20150917
Time 11.58
INSTRUM spect
PROBHD 5 mm PABBO BB
PULPROG zgpg30
TD 65536
SOLVENT MeOD
NS 512
DS 4
SWH 24038,461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
DW 20.800 usec
DE 6.50 usec
TE 298.4 K
D1 2.00000000 sec
D11l 0.03000000 sec
TDO 1
CHANNEL f1
13C
9.50 usec
-1.00 dB
44.90434265 W
100.6228298 MHz
CHANNEL £2
waltzl6
1H
80.00 usec
-2.00 dB
14.33 dB
18.33 dB
14.80958652 W
0,34478071 W
0.13725966 W
400.1316005 MHz
32768
100.6127690 MHz
EM
0
1.00 Hz
n i - 0
1.40

T T T T T T T T T
150 180 170 160 150 140 130 120 110 100 90 80 70 60 50

N-a-Boc-1-(3-fluorophenyl)-L-histidine methyl ester (2m)

S31
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I0Eg8z8658 % NAME kks-593

el T s MaaBar N o o Nal — EXPNO 10

W | PROCNO o
Date_ 20150917
Time 11.11
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 65536
SOLVENT MeOD
NS 16
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 64
DW 60.800 usec
DE 6.50 usec
TE 297.2 K
D1 1.00000000 sec
TDO 1

CHANNEL £
12,20 usec
-2.00 dB

14.80958652 W
400.1324710 MHz

32768
400.1300000 MHz
EM

0
0.30 Hz
0

1.40

e
9.13 =
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N-a-Boc-1-(3-trifluoromethylphenyl)-L-histidine methyl ester (2n)
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NAME kks-593
EXPNO 11
PROCNO 1
Date_ 20150917
Time 13.45
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULEROG zgpg30
D 65536
SOLVENT MeOD
NS 512
DS 4
SWH 24038.461
FIDRES 0.366798
AQ 1.3631988
RG 203
D¥ 20.800
DE 6.50
TE 673.2
D1 2.00000000
D11 0.03000000
TDO 1

usec
usec

sec
sec

PL1 -1.00
PL1W 44.90434265
SFO1 100.6228298

CHANNEL £2

18.33
14.80958652
0.34478071
0.13725966
400.1316005
32768
100.6127690
EM

a
1.00
a

1.40




NAME kks-594
10

wnmD a0 o O N NrRONO Ao ND w
TOOMWVOWNS A AV M wea A MOS0 =) EXPNO
R R Fooao b T o dNo 0w =) PROCNG 1
Hoorr~rro e @® 0w T A Ao -
B BT G e mm oo e - Date_ 20150915
Time 16.12
N\V2% TN
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT MeOD
NS 16
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 50.8
DW 60.800 usec
DE 6.50 usec
TE 673.2 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
1H
12.20 usec
-2.00 dB
14.80958652 W

400.1324710 MHz
32768

400.1300000 MHz
EM

0
0.30 Hz
0

1.40

1.06=
3.01 =
e
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P
0.99 —

T
ppm
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N-a-Boc-1-(3-methylphenyl)-L-histidine methyl ester (20)
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NAME
EXPNO
PROCNG
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT

kks-594
11

1
20150916
1.50

spect

5 mm PABBO BB-
zgpg30

65536

MeOD

1024

4

24038.461 Hz
0.366798 Hz
1.3631988 sec
203
usec
usec

673.2 K
sec
sec

2.00000000
0.03000000

CHANNEL f1

-1.00 dB
44.90434265 W
100.6228298

CHANNEL f2
waltzlé
1H

18.33 dB
14.80958652
0.34478071
0.13725966
400.1316005
32768
100.6127690
EM

===

MHz
MHz
0
1.00 Hz
0

1.40
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EXPNO 10
NS | TN | Froco z
Date_ 20150917
Time 16.28
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 65536
SOLVENT MeOD
NS 16
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 50.8
DW 60.800 usec
DE 6.50 usec
TE 673.2 K
D1 1.00000000 sec
TDO 1
CHANNEL £1 ==
1H
12.20 usec
-2.00 dB
14.80958652 W
400.1324710 MHz
32768
400.1300000 MHz
EM
0
0.30 Hz
0
1.40

Lﬂ;
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EXPNO 11
| ‘ \\\/ ’/ / // ‘ \W // f PROCNO 1
Date_ 20150918
Time 5.55
INSTRUM spect
PROBHD 5 mm BABBO BB-
PULPROG zgpg30
™D 65536
SOLVENT MeOD
NS 512
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
DW 20.800 usec
DE 6.50 usec
TE 673.2 K
D1 2.00000000 sec
D1l 0.03000000 sec
DO 1
CHANNEL f1 =
13C
9.50 usec
-1,00 dB
44.90434265 W
100.6228298 MHz
= = CHANNEL £2
CPDPRG2 wal
NUC2
PCPD2 80.00
PL2
PL12 14.33
PL13 18.33
PLZW 14.80958652 W
PL12W 0.34478071 W
PL13W 0.13725966 W
SF02 400.1316005 MHz
SI 32768
SF 100.6127690 MHz
WDW EM
SSB 0
I_ LB 1.00 Hz
" L " e " dhal L . GB 0
W v ae VT 1.40
T T T | T T T T T 1
180 160 140 120 100 80 60 a0 20 ppm

N-a-Boc-1-(2-methylphenyl)-L-histidine methyl ester (2p)
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD

SOLVENT
NS

kks-590
10

1

20150917

16.23

spect

5 mm PABBO BB-
2930

65536

MeOD

16

2
8223.685
0.125483

3.9846387
64

60.800
6.50
673.2
1.00000000
1

CHANNEL £1 ==

14.80958652
400.1324710
32768
400.1300000
EM

0
0.30
0
5.00

Hz
Hz
sec

usec
usec

sec
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N-a-Boc-1-(3-pyridyl)-L-histidine methyl ester (2q)

S39

NAME kks-590
EXPNO 11
PROCNO 1
Date_ 20150918

5 & 5.23
INSTRUM spect
PROBHD mm PABBO BB-
BULEROG zgpg30

D a3
SOLVENT

NS

DS

SWH 24038.461
FIDRES 0.366798

AQ 1.3631988

RG

DW

DE

TE

D1

D11

TDO 1
NUC1 13C

P1 9.50 usec
PL1 -1.00 dB
PL1W 44.90434265 W
SFO1 100.6228298 MHz

CHANNEL £f2

waltzl6
1H
80.00 usec
=2.00 dB
14.33 dB
33 d8

0.344780
0.13725966 W
400.1316005 MHz

32768
100.6127690 MHz
EM
0
1.00 Hz
0

1.40
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ARNEBRBEIZRNE RREL2CSBETRNSREHLE x EXPNO 10
EeQaafy < <o Ragqygraaaa@as §
BGONNNNNNN fSYonoooosoooNNNaN - PROCNO 1
Date_ 20160317
I A\
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT MeOD
NS 16
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 161
DW 60.800 usec
DE 6.50 usec
TE 295.9 K
D1 1.00000000 sec
TDO 1,
CHANNEL f1 ==
1H
12.20 usec
-2.00 dB

14.80958652 W
400.1324710 MHz
32768
400.1300487 MHz
EM

0
0.30 Hz

0
1.40

1.02

3.06=
1.03™
117~
9.23=

ey

ol
8 6 5 4 3 2 1 0 pPpm
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EXPNO 11
PROCNO 1
Date_ 20160317
Time 19.28
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
D 65536
SOLVENT MeOD
NS 1024
D3 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
DW 20.800 usec
E 6.50 usec
E 296.6 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO i
======== CHANNEL fl =
NUC1 13C
9.50 usec
-1.00 dB
44.90434265 W
100.6228298 MHz
CHANNEL £2
CPDPRG2 waltzlé
NUC2 1H
80.00 usec
-2.00 dB
14.33 dB
18.33 dB
14.80958652 W
0.34478071 W
0.13725966 W
400.1316005 MHz
32768
100.6126261 MHz
EM
0
1.00 Hz
0
1.40
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 50 40 130 120 110 100 980 80 70 60 50 40 30 20 10 0 ppm

N-a-Boc-1-(3-quinolinyl)-L-histidine methyl ester (2r)
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NAME kks-643
EXPNO 10
PROCNO 1
Date_ 20160315
Time 16.40

TR R B UBBS85328588 g TN gesct

22583 5 B EQfu=s8ngzg8s g FHORED., 15 mn{PASEOIED

1 3 PULPROG zg30

NSNS bl ~ OOOOOMOMOOOMOONON =

D 65536
[ppaa= BERSSVZ
NS 16
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 71.8
bW 60.800 usec
DE 6.50 usec
TE 295.6 K
D1 1.00000000 sec
DO 1
== CHANNEL f1 =
NUC1 1H
Pl 12.20 usec
PL1 -2.00 dB
PL1W 14,80958652 W
SFO1 400.1324710 MHz
SI 32768
SF 400.1300000 MHz
WDW EM
55B 0
LB 0.30 Hz
GB 0
PC 1.40
L JL,U ula
e ER: B
- Ol |—lO]| v~ | el e B Ll
T T T T T T T T T T T T T T T T T T T T T 1
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05ppm
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—172.73
—156.47

J

i

A

—79.31

%

« T2
.42

46.47
48

3

5

.26
48.05
47.84
47.62
47.41
47.20
46.98

9.84

—27.29

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

CPDPRG2
NUC2

PCPD2

T
200

T T T T
190 180 170 160

T
150

T
140

T
130

T
120

T T
110 100 20

543

N-a-Boc-1-(6-nitro-3-quinolinyl)-L-histidine methyl ester (2s)

= CHANNEL f2

kks-643
i |

1
20160315

17.17

spect

5 mm PABBO BB-
zgpg30

65536

MeOD

512

4

24038.461
0.366798
1.3631988
203

20.800
6.50

296.5
2.00000000
0.03000000

13c

9.50

-1.00
44.,90434265
100.6228298

waltzlé
1H

18.33
14.80958652
0.34478071
0.13725966
400.1316005
32768
100.6127690
EM

0

1.00
0
1.40

Hz
Hz
sec

usec
usec

sec
sec
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

kks-648
10

1

20160518

12.36

spect

5 mm PABBO BB-

8223.685
0.125483
3.9846387

Hz
Hz
sec

usec
usec

=

sec
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-2.00
14.80958652
400.1324710

32768
400.1300000

EM

Q
0.30
0
1.00
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N-a-Boc-1-(2-thiophenyl)-L-histi

ine methyl ester (2t)
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NAME kks-648
EXPNO 11
PROCNO 1
Date_ 20160518
Time 14.10
INSTRUM spect
PROBHD 5 mm PABBO BB
PULBROG 2gpg30
TD 65536
SOLVENT MeCD
NS 256
DS 4
SWH 24038.461
FIDRES 0.366798
AQ 1.3631988
RG
DW 20.800
E 6.50
E 297.2
D1 2.00000000
D11 0.03000000
TDO 1
CHANNEL f1
13C
9.50
1.00

44.90434265
100.6228298

Hz
Hz

usec
usec
K
sec
sec

PL13 18.33

PL2W 14.80958652
PL12W 0.34478071
PL13W 0.13725966
SFO2 400.1316005
SI 32768
SF 100.6127690
WDW EM
SsB 0
LB 1.00
GB 0
PC 1.40
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EXPNO 10
SN\ NN TR = | PROCNO 1
Date_ 20160322
Time 16.27
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
D 65536
SOLVENT MeCD
NS 16
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 203
DW 60.800 usec
DE 6.50 usec
TE 296.0 K
Dl 1.00000000 sec
TDO 1
CHANNEL f1
1H
12.20 usec
-2.00 dB

14.80958652 W
400.1324710 MHz
32768
400.1300000 MHz
EM

0
0.30 Hz
0

1.40

9.35 -
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S47

kks—-645
11

1
20160322
23.21

T

PROBHD
PULPROG
D
SOLVENT
NS
DS 4
SWH 24038.461
FIDRES 0.366798
AQ 1.3631988
RG 203
Dw 20.800
DE 6.50
TE 297.1
D 2.00000000
D11 0.03000000
DO 1
CHANNEL f1 =
13c
9.50
-1.00
44.90434265
100.6228298
CHANNEL £f2
CPDPRGZ2 waltzlé
NUC2 1H
PCPD2 80.00
PL2 -2.00
PL12 14.33
PL13 18.33
PL2W 14.80958652
PL12W 0.34478071
PL13W 0.13725966
SFO2 400.1316005
ST 32768
SF 100.6127690
WDW El
SSB Q
LB 1.00
GB 0
PC 1.40

Hz
Hz
sec

usec

MHz

MHzZ



3. Chiral HPLC study
Compound 2a, Boc-D-His(1-phenyl)-OMe and Boc-DL-His(1-phenyl)-OMe were synthesized under
optimized reaction conditions, and subjected to full deprotection under 7N HCI at 100 °C for 12 h.

The compounds L-His(1-phenyl)-2HCI, b-His(1-phenyl)-2HCI and DL-His(1-phenyl)-2HCI were analyzed

by chiral HPLC.
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Figure 1. Chiral HPLC chromatogram of L-His(1-phenyl)-2HCI
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Figure 2. Chiral HPLC chromatogram of D-His-(1-phenyl)-2HCI
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Figure 3. Chiral HPLC chromatogram of pL-His(1-phenyl)-2HCI
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