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General Information

Commercially available starting materials and solvents were used as received. Dry
CH,Cl, was dried and distilled from CaH, prior to use.

'H and ®C NMR spectra measured at 250.13, 400.13, or 500.23 MHz for '"H and at
62.90, 100.61, or 125.78 MHz for BC in CDCIl; or DMSO-ds. Chemical shifts are
reported in § values (ppm) downfield from tetramethylsilane.

Column chromatography was performed on silica gel. Chromatographic purification
refers to flash chromatography using the indicated solvent (mixture) and silica (40-63
um, 60 A). Thin Layer Chromatography was performed using silica plates (silica on
aluminum with fluorescence indicator). Compounds on TLC were visualized by UV
detection unless stated otherwise.

Electrospray Ionisation (ESI) mass spectrometry was carried out using a TOF-
Quadrupole instrument in positive ion mode (capillary potential of 4500 V). Infrared (IR)
spectra were recorded neat, and wavelengths are reported in cm™. Optical rotations were
measured with a sodium lamp and are reported as follows: [a]p™" (¢ = g/100 mL, solvent).

Experimental details and characterization of new compounds

Bicyclic imine 3. Imine 3 was synthesized according to literature procedure' with
= & minor adjustments as follows: 2.5 g of freeze-dried MAO-N D5 E. coli were
O rehydrated for 30 min. in 20 ml of KPO, buffer (100 mM, pH = 8.0) at 37 °C.

N"  Subsequently 1 mmol amine 5 in 30 ml of KPO, buffer (100 mM, pH = 8,0) was
prepared. The pH of the solution was adjusted to 8.0 by addition of NaOH and then added
to the rehydrated cells. After 16-17 h the reaction was stopped (conversion was > 95 %)
and worked up. For workup the reaction mixture was centrifuged at 4000 rpm and 4°C
until the supernatant had clarified (40 — 60 min.). The pH of the supernatant was then
adjusted to 10-11 by addition of aq. NaOH and the supernatant was subsequently
extracted with #-butyl methyl ether (4 x 70 mL). The combined organic phases were dried
with Na,SO, and concentrated at the rotary evaporator.

(S)-Methyl 2-cyclohexyl-2-(pyrazine-2-carboxamido)acetate (9).

o Pyrazinecarboxylic acid (2.72 g, 21.9 mmol) was added to a solution of
[:N])k” I O~ L-cyclohexylglycine methyl ester (4.13 g, 19.9 mmol) in CH,Cl, (100
N ml) at room temperature under N,, forming a white suspension.
Triethylamine (6.33 ml, 4.62 g, 45.8 mmol) was added, followed by benzotriazol-1-
yloxy-tris-(dimethylamino)phosphonium hexafluorophosphate (BOP; 9.69 g, 21.9
mmol), which turned the reaction mixture from purple to an orange solution. After two
days of stirring at room temperature the reaction mixture was washed two times with 50
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ml saturated Na,COs, followed by the washing of the aqueous layers with CH,Cl, (2 x 50
ml). The organic layers were collected and dried with MgSQOy, followed by concentration
in vacuo. Purification by silica gel flash chromatography (c-Hex:EtOAc = 2:1 with 0.5%
triethylamine) afforded 9 (5.28 g, 19.03 mmol, 96%) as a yellow oil that solidified upon
standing to give a white solid.

[a]}) = +42.5 (c= 1.13, CHCl5); '"H NMR (250.13 MHz, CDCl5) 8 = 9.39 (d, J= 1.25 Hz,
1H), 8.76 (d, J = 2.5 Hz, 1H), 8.57 (t, J = 1.5 Hz, 1H), 8.25 (d, J = 8.8 Hz, 1H), 4.74 (dd,
J =5.5,9.3 Hz, 1H), 3.78 (s, 3H), 1.96 (m, 1H), 1.77 (m, 5H), 1.24 (m, 5H); °C NMR
(62.90 MHz, CDCl;): 0= 172.0 (C), 162.8 (C), 147.4 (CH), 144.5 (CH), 144.1 (C),
142.7(CH), 57.0 (CH), 52.3 (CH3), 41.2 (CH), 29.7 (CH,), 28.4 (CH,), 26.0 (CH,); IR
(neat): Viax (cm'l) = 3374 (m), 2920 (s), 2845 (w), 1740 (s), 1665 (s); HRMS (ESI, 4500
V): m/z calcd. for C14H19N3O3Na®™ ([M + Na]*) 300.1319, found 300.1319.

(5)-2-cyclohexyl-2-(pyrazine-2-carboxamido)acetic acid (10). A

o (/E{ solution of 1 M NaOH (12 ml, 12 mmol) was added to a solution of 9
/N])J\N o (2.77 g, 10 mmol) in THF (25 ml) at 0°C. MeOH was added to the
[\Nl H o formed suspension, to give a clear, colorless solution. The reaction
mixture was stirred overnight at room temperature, followed by

concentration in vacuo. The pH of the aqueous layer was set on 3.5 with a 1 M KHSO4

solution and was extracted with EtOAc (2 x 25 ml). The mixture was dried with NaySOy,
filtered, and concentrated in vacuo, to give 10 (2.49 g, 9.45 mmol, 95%) as a white solid.

[@]? = +50.9 (c= 1.06, CHCl3); 'H NMR (250.13 MHz, CDCl3): & = 9.38 (d, J = 1.5 Hz,
1H), 8.78 (d, J = 2.5 Hz, 1H), 8.58 (dd, J = 1.5, 2.5 Hz, 1H), 8.27 (d, J = 9.0, 1H), 4.77
(dd, J = 4.3, 5.0 Hz, 1H), 2.00 (m, 1H), 1.76 (m, 5H), 1.37 (m, 5H); >C NMR (62.90
MHz, CDCly): 8 = 175.7 (C), 163.0 (C), 147.2 (CH), 144.3 (CH), 144.2 (C), 142.0 (CH),
56.9 (CH), 40.9 (CH), 29.7 (CH,), 28.1 (CH,), 25.9 (CH,); IR (neat): Vmax (cm™) = 3383
(m), 2928 (s), 2852 (w), 1713 (m), 1676 (s), 1518 (s); HRMS (ESI, 4500 V): m/z calcd.
For C13H7N303Na* ([M + Na]") 286.1162, found 286.1158.

(S)-methyl 2-((S)-2-cyclohexyl-2-(pyrazine-2-carboxamido)-

0 %H 0 acetamido)-3,3-dimethylbutanoate (11). 10 (0.653 g, 4.5 mmol)
[/N]AH Ngko/ was added to a solution of H-Tle-OMe (0.653 g, 4.5 mmol) in
SN O A~ DMF (40 ml). 1-Ethyl-3-(3-dimethylaminopropyl)-carbodiimide-
HCI1 (EDCeHCI; 0.919 g, 6.75 mmol) was added to this colorless solution followed by 1-
hydroxy-7-azabenzotriazole (HOAt; 1.035 g, 5.4 mmol) giving a bright yellow solution.
The reaction mixture was stirred for 3 days and afterwards concentrated in vacuo. The
formed yellow solid was dissolved in EtOAc, washed with 40 ml saturated aqueous
ammonium chloride solution and 40 ml of saturated aqueous NaHCOj; solution. The
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organic layers were collected, dried with MgSO, and concentrated in vacuo to give 11
(1.48 g, 3.78 mmol, 84%) as a white solid.”

[]2 = -2.0 (c= 1.0, CHCl3); '"H NMR (250.13 MHz, CDCl3): 8 = 9.39 (d, J = 1.5 Hz,
1H), 8.76 (d, J = 2.3 Hz, 1H), 8.55 (dd, J = 2.4, 1.8 Hz, 1H), 8.29 (d, J = 8.1, 1H), 6.40
(d, J=9.3 Hz, 1H), 4.46 (m, 2H), 3.74 (s, 3H), 1.81 (m, 1H), 1.76 (m, 4H), 1.24 (m, 6H),
0.96 (s, 12H); C NMR (62.90 MHz, CDCl3): § = 171.7 (C) , 170.4 (C), 163.0 (C), 147.5
(CH), 144.5 (CH), 144.2 (C), 142.7 (CH), 60.2 (CHj3), 58.4 (CH), 51.9 (CH), 40.5 (CH),
31.7 (C), 29.7 (CH,), 28.7 (CHa), 26.6 (CH3), 25.9 (CH,); IR (neat): Vmax (cm™) = 3350
(m), 2928 (m), 2853 (w), 1738 (s), 1686 (s), 1640 (s), 1520 (s); HRMS (ESI, 4500 V):
m/z caled. for CyoH3oN4O4Na* ([M + Na]") 413.2159, found 413.2169.

(S)-2-((S)-2-cyclohexyl-2-(pyrazine-2-carboxamido)acetamido)-
0 %H o 3,3-dimethylbutanoic acid (2). A solution of 1 M NaOH (0.94 ml,
[/N])L” N\é)kOH 0.94 mmol) was added to a solution of 11 (0.31 g, 0.78 mmol) in
SN 1 THF (3 ml) at 0°C. MeOH was added to the formed suspension, to
give a clear and colourless solution. The reaction mixture was stirred overnight at room
temperature, followed by concentration in vacuo. The pH of this aqueous layer was set to
3.5 with 1 M KHSO,4 and subsequently extracted with EtOAc (2 x 10ml). The mixture
was dried with Na,SOy, filtered, and concentrated in vacuo, to give 2 (0.28 g, 0.75 mmol,
95%) as a white solid.
[]2 = +21.7 (c= 1.015, CHCl3); '"H NMR (250.13 MHz, CDCl3): 8 = 9.39 (d, J = 1.3
Hz, 1H), 8.77 (d, J = 2.5 Hz, 1H), 8.57 (dd, J = 1.5, 2.5 Hz, 1H), 8.35 (d, / = 9 Hz, 1H),
6.70 (d, J=9.0 Hz, 1H), 4.45 (t, J = 8.8 Hz, 1H), 4.42 (d, / = 9.2 Hz, 1H), 1.94 (m, 1H),
1.71 (m, 5H), 1.20 (m, 5H), 1.01 (s, 9H); ’C NMR (62.90 MHz, CDCl3): § = 173.4 (C),
170.5 (C), 163.3 (C), 147.4 (CH), 144.4 (CH), 144.2 (C), 142.8 (CH), 58.4 (CH), 51.9
(CH), 40.4 (CH), 34.7 (C), 29.8 (CH,), 28.6 (CH,), 26.6 (CHj3), 25.8 (CH,); IR (neat):
Vmax (cm™) = 3335 (w), 2930 (m), 1726 (m), 1663 (s), 1514 (s); HRMS (ESL, 4500 V):
m/z calc. for C19H290N4O4Na™ ([M + Na]") 399.2003, found 399.2013.

§ (S)-2-formamido-1-pentanol (12). (S)-2-amino-1-pentanol (1.00 g, 9.7
I \;/\OH mmol) was dissolved in ethylformate (7.84 ml, 7.19 g, 97 mmol). This
reaction mixture was refluxed at 80 °C for 4 hours, followed by stirring

overnight at room temperature. The colourless solution was concentrated in vacuo and
stirred for 1 hour in a 10 mol% K>CO3 in MeOH (25 ml). Afterwards, the pH was set to 7

H

* Racemization of activated 10 was ruled out by the diastereomeric composition of 11 (single
diastereomer).
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with DOWEX 50wx8, followed by filtration and concentration in vacuo to give 12 (1.26
g, 9.61 mmol, 99%).

[@] = -29.6 (c = 1.15, CHCl3); '"H NMR (250.13 MHz, CDCls): & = 8.20 (s, 1H), 5.81
(bs, 1H), 4.04 (m, 1H), 2.11 (b, 1H), 1.47 (m, 4H), 0.94 (t, J = 7.0 Hz, 3H); *C NMR
(62.90 MHz, CDCl;): 161.8 (C), 65.1 (CH,), 50.6 (CH), 33.2 (CH»), 19.2 (CH,), 13.9
(CH3); IR (neat): vmay (cm™) = 3248 (s), 2957 (m), 1651 (s), 1528 (m), 1381 (m); HRMS
(ESL 4500 V): m/z calcd. for C¢H;3NO,Na* ([M + Na]*) 154.0838, found 154.0835.

(S)-2-formamidopentanal. 7). Dess-Martin
k: o) periodinane (5.514 g, 13 mmol) was added to a

H\I]/“\_AO HO., NJ\H solution of (S)-2-formamido-1-pentanol (12, 1.31 g,
o} ﬁ H\H/N\é/L\"OH 10 mmol) in CH,Cl, (100 ml) at room temperature.
?ﬁmeﬁ The white suspension was stirred for 2 days and

subsequently 35 ml MeOH was added and stirred for
30 minutes. The resulting suspension was filtrated and the filtrate was concentrated in
vacuo. The crude product was purified by silica gel flash chromatography (cHex:EtOAc
= 1:4) to give 7 (1.08 g, 8.29 mmol, 83%) as a white solid. NMR analysis indicates that 7
is in equilibrium with its cyclic dimer."
[@]? = +37.6 ( c= 0.745, CHCl3); 'H NMR assigned to the monomer (250.13 MHz,
CDCl3): 6 =8.22 (s, 1H), 7.84 (s, 1H), 7.10 (m, 1H), 5.31 (m, 1H), 1.52 (m, 4H), 0.95 (m,
3H); °C NMR assigned to the monomer (100.61 MHz, CDCI3): 198.8 (CH), 161.7 (CH),
57.4 (CH), 30.8 (CH,), 18.4 (CH,), 13.7 (CH3); 'H NMR assigned to the dimer (400.13
MHz, CDCl5) 8.22 (s, 2H), 5.26 (m, 2H), 3.72 (m, 2H) 1.52 (m, 8H), 0.95 (m, 6H;) °C
NMR (100.61 MHz, CDCls) assigned to the dimer: 161.7 (CH), 89.8 (CH), 63.1 (CH),
30.8 (CH2), 18.4 (CH2), 13.7 (CH3); IR (neat): Vo (cm™): 3325 (s), 2959 (s), 1649 (s),
1530 (s), 1381 (m), 1123 (w); HRMS (ESI, 4500 V): m/z calc. for C¢H;2NO," (IM + H]")
130.0863, found 130.0858.

i (35)-2-acetoxy-N-cyclopropyl-3-formamidohexanoyl amide (13).
O

LN \/%(H From 7: Aldehyde 7 (0.892 g, 6.91 mmol) was added to a solution of
70( i V4 cyclopropyl isocyanide (0.410 g, 6.12 mmol) in CH,Cl, (110 ml) and
w stirred for 5 minutes at room temperature. Acetic acid (0.711 ml, 0.747

g, 12.44 mmol) was added and the yellow reaction mixture was stirred for 3 days at room

" Compound 7 is in dynamic equilibrium with its cyclic dimer. This dimer contains two additional
stereocenters and therefore exists as a mixture of four diastereomers. All five compounds (monomer + four
dimer diastereomers) appear as mixtures of rotamers in NMR due to restricted rotation around the
formamide bond. Moreover, the reversible dimerization severely complicated chromatographic purification
and prevented removal of traces of Dess-Martin periodinane and/or its degradation products, which
accounts for the aromatic impurities observed in the 'H NMR spectrum.
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temperature. The reaction mixture was washed twice with 100 ml saturated Na,COs3,
followed by drying with Na,SO4 and concentration in vacuo. The crude was purified by
silica gel flash chromatography (5% MeOH in CH,Cl,, 1% triethylamine). (35)-2-
acetoxy-N-cyclopropyl-3-formamidohexanoyl amide (0.99 g, 3.87 mmol, 56%) was
obtained as a white solid as a 78:22 mixture of diastereomers.

From 12: Dess Martin periodinane (5.66 g, 12.3 mmol) was added to a solution of (S)-N-
(1 hydroxypentan-2-yl)formamide (1.15 g, 8.8 mmol) in CH,Cl, (12 ml) at room
temperature. The white suspension was stirred for 60 minutes and subsequently
cyclopropyl isocyanide (0.74 g, 10.0 mmol) was added and stirred for 48 hours. The
resulting suspension was filtrated and washed twice with 10 ml saturated Na,COs,
followed by drying with Na,SO4 and concentration in vacuo. The crude product was
purified by silica gel flash chromatography (5% MeOH in CH,Cl,, 1% triethylamine) to
give 13 (1.34 g, 5.22 mmol, 60%) as a pale yellow solid as a 78:22 mixture of
diastereomers.

'H NMR (130 °C, 400.13 MHz, DMSO-dy): & = 8.03 (s, 1H), 7.52 (m, 1H), 7.30 (m, 1H),
4.89 (d, J =4.4, 1H), 4.28 (m, 1H), 2.65 (m, 1H), 2.17(s, 3H), 1.27-1.47 (m, 4H), 0.89 (t,
J =72, 3H), 0.63 (m, 2H), 0.48 (m, 2H); °C NMR (125.78 MHz, DMSO-d): & = 169.8
(©), 168.5 (C), 160.6 (CH), 74.4 (CH), 47.5 (CH), 22.2 (CH), 18.4 (CH3), 13.6 (CH3), 5.7
(CHp); IR (neat): Vg, (cm™) 3283 (s), 2961 (w), 1744 (m), 1661 (s), 1530 (s), 1238 (s);
HRMS (ESI, 4500 V): m/z caled. for Ci,Hy0N,O4Na® ([M + Na]") 279.1315, found
279.1325.

0 (35)-2-acetoxy-N-cyclopropyl-3-isocyano-hexanoyl amide (4). N-
OJ\ methylmorpholine (0.57 ml, 0.562 g, 5.56 mmol) was added to a
V4 solution of (§)-1-(cyclopropylamino)-3-formamido-1-oxohexan-2-yl

acetate (0.713 g, 2.78 mmol) in CH,Cl, (40 ml) at room temperature.

The reaction mixture was cooled to -78 “C and triphosgene (0.289 g,
0.97 mmol) was quickly added and stirred for 5 minutes at this temperature. The resulting
yellow solution was warmed up to -30 °C and was stirred for another 3 h. Subsequently,
the reaction was quenched with water and extracted twice with CH,Cl, (40 ml). The
organic layers were collected, dried with Na,SO, and concentrated in vacuo. The crude
product was purified by silica gel flash chromatography (2% MeOH in CH,Cl,) to give 4
(0.578 g, 2.42 mmol, 87%) as a white solid.
'H NMR (250.13 MHz, CDCly): & = 6.28 (s, 1H), 5.25 (d, J = 2.5 Hz, 1H), 4.2 (m, 1H),
2.74 (m, 1H), 2.24 (s, 3H), 1.55 (m, 4H), 0.96 (m, 3H), 0.84 (m, 2H), 0.60 (m, 2H); "*C
NMR (62.90 MHz, CDCl3): 6= 169.7 (C), 168.3 (C), 74.4 (CH), 47.5 (CH), 22.0 (CH),
20.6 (CH3), 18.5 (CHy), 13.5 (CHs), 5.5 (CHy); IR (neat): Vimay (cm™): 3267 (s), 2959 (m),
1745 (m), 1643 (s), 1512 (m), 1221 (s); HRMS (ESI, 4500 V): m/z calcd. for
C12H;sN,OsNa®™ ([M + NaJ") 261.1210, found 261.1214.
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Compound 14. Isocyanide 4 (0.549 g, 2.3 mmol) was
/\ o j\ dropwise added to a solution of imine 3 (0.252 g, 2.3
H b L .

o . Q\WN \)\fNW mmol) and carboxylic acid 2 (0.602 g, 1.60‘mmol) in

N N, © ﬁ 0 CH.Cl, (5 ml) at room temperature. This yellow

[\N])L” o /P © solution was stirred for 72 hours and afterwards

diluted with 5 ml CH,Cl,. The reaction mixture was

washed twice with saturated Na,COs3 solution (10 ml) and twice with saturated NH4Cl.

The organic layers were collected, dried with MgSQO,4 and concentrated in vacuo. The

crude product was purified by silica gel flash chromatography (5% MeOH in CH,Cl,) to
give 14 (0.876 g, 1.21 mmol, 76%) as a mixture of diastereomers.

'H NMR (500.23 MHz, CDCls): § = 9.50 (s, 1H), 8.75 (d, J = 2.5, 1H), 8.59 (s, 1H), 8.35

(d,J=9.0,1H), 6.84 (d, J =9.0, 1H), 6.44 (s, 1H), 5.20 (d, J = 3.0, 1H), 4.74 (d, J= 9.5,

1H), 4.58 (t, J = 7.5, 1H), 4.38 (m, 1H), 3.37 (d, J= 6.0, 1H), 2.82 (m, 1H), 2.69 (m, 1H),

2.11 (s, 3H), 1.26 (s, 2H), 0.97 (s, 9H), 0.86 (m, 3H), 0.84-2.00 (m, 21H), 0.76 (m, 2H),

0.51 (m, 2H); >C NMR (125.78 MHz, CDCl3): § = 170.5 (C), 169.3 (C), 162.9 (C), 147.4

(CH), 144.6 (CH), 144.2 (C), 142.8 (CH), 74.4 (CH), 66.6 (CH), 58.3 (CH), 56.6 (CH),

54.5 (CHy), 44.9 (CH), 43.0 (CH), 41.3 (CH), 35.5 (C), 26.4 (CHs3), 20.8 (CH3), 19.1

(CH,), 13.8 (CH3), 6.6 (CH,); Vimax (cm™): 3306 (m), 2928 (m), 2931 (m), 1743 (w), 1655

(s), 1520 (m), 1219 (m); HRMS (ESI, 4500 V): m/z calcd. for C33Hs;N;07Na* ([M +

Na]") 746.4212, found 746.4107.

PN Telaprevir (1). 250 pl of saturated K,CO3 was added
U\W“JOS(H to a solution of 14 (0.514 g, 0.75 mmF)I) in MeOH (20
o w VLT X,/ ml) at room temperature. The reaction mixture was
[/N])k” Ng\\o W stirred for 30 minutes at room temperature resulting
SN O in a pale yellow suspension. After full conversion (as
judged by TLC analysis), the reaction mixture was washed with 20 ml brine, the aqueous
layer was washed again with 10 ml CH,Cl, (2x). The organic layers were collected, dried
with MgSO, and concentrated in vacuo, to yield a pale yellow solid. The yellow solid
was dissolved in CH,Cl, (10 ml) and Dess-Martin periodinane (0.650 g, 1.532 mmol)
was added at room temperature. The reaction mixture was stirred overnight before adding
saturated NaHCOj solution (10 ml) and saturated Na,S,03 solution (10 ml). This mixture
was stirred for 10 minutes, separated and the aqueous layers were washed with EtOAc (2
x 10 ml). The organic layers were collected, dried with MgSO, and concentrated in vacuo
to give the crude product as an 83:13:4 mixture of diastereomers. After silica gel flash
chromatography (1% MeOH in CH,Cl,), 1 (0.412 mg, 0.61 mmol, 80%) was obtained as
a white solid.
'H NMR (500.23 MHz, DMSO-ds): 8 = 9.19 (d, J = 1.4 Hz, 1H), 8.91 (d, J = 24.5 Hz,
1H), 8.76 (dd, J = 1.5, 2.5 Hz, 1H), 8.71 (d, J = 5.3 Hz, 1H), 8.49 (d, J = 9.2 Hz, 1H),
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8.25 (d, J = 6.8 Hz, 1H), 8.21 (d, J = 8.9 Hz, 1H), 4.94 (m, 1H), 4.68 (dd, J = 6.5, 9.0 Hz,
1H), 4.53 (d, J = 9.0 Hz, 1H), 4.27 (d, J = 3.5 Hz, 1H), 3.74 (dd, J = 8.0, 10 Hz, 1H), 2.74
(m, 1H), 3.64 (d, J = 3.5 Hz, 1H), 0.92 (s, 9H), 0.87 (t, 3H), 0.84-1.40 (m, 23H), 0.65 (m,
2H), 0.56 (m, 2H); >C NMR (125.78 MHz, CDCls): & = 197.0 (C), 171.8 (C), 170.4 (C),
169.0 (C), 162.1 (C), 161.9 (C), 147.9 (CH), 144.0 (C), 143.4 (CH), 56.4 (CH), 56.3
(CH), 54.2 (CH), 53.4 (CH), 42.3 (CH), 41.3 (CH), 32.1 (CH), 31.8 (CH), 31.6 (CH),
29.1 (CH), 28.0 (CH), 26.4 (CHs); vinax (cm™): 3302 (m), 2928 (m), 2858 (w), 1658 (s),
1620 (s), 1561 (s), 1442 (m); HRMS (ESL 4500 V): m/z caled. for C3gHs;N;OgNa* ([M +
Na]*) 702.3950, found 702.3941.

References:
1. V. Kohler, K. R. Bailey, A. Znabet, J. Raftery, M. Helliwell and N. J. Turner,
Angew. Chem. Int. Ed. 2010, 49, 2182.
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(5)-Methyl 2-cyclohexyl-2-(pyrazine-2-carboxamido)acetate (9).
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TDO 1
CHANNEL £1
NUCL 1H
Pl 9.50 usec
PL1 -3.00 dB
SFOl 250.1315447 MHz
F2 - Processing parameters
SI
SF 250.1300123 MHz
WD EM
SSB 0
LB 0.3D Hz
GB 0
PC 1.40
MMPO15
1
1
20100726
14.16

4
29761.904
0.454131
1.1010548
2050

1.0000000
2.00000000
0.00689655

3:

0.06494062
500.2320009 MHz
65536
125.7829340 MHz
EM
0
1.00 Hz
0

1.40
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(S)-2-cyclohexyl-2-(pyrazine-2-carboxamido)acetic acid (10).

2009/08/13 MP0O38

Product
1H_proton CDCLl3 {D:\NMRDATA} Marloes 48
N~ WOWs oS oM™ (=] 0N @ DO O N HFODEHTOONN AT OO A0
oO@r- oo~ oS el ™o QW MO oA~V TA>ON
M@ EIN0n0n N ~ Rk @~ coo@-HYYwIT MMM
[0}
[/N])kN oH
H
6}
N
T T T T T T T T T
9 8 7 6 5 4 3 2 1 pp

.00
1.03
1.02
1.02

1

.02

0
1.15
521
5.38
=

2009/08/14 MP038 )
C13APT CDC13 {D:\NMRDATA} Marloes 25

Current Data Parameters
NAME

MP0O38
EXPNO 1
PROCNO 1
F2 - Kcquisition Parameters
Date 20090813
Time 15.46
INSTRUM spect
PROBHD 5 mm QNP 1H/1
PULPROG zg30
TD 65536
SOLVENT cDCl3
NS 16
DS 2
SWH 5175.983 Hz
FIDRES 0.078979 Hz
AQ 6.3308277 sec
RG 406.4
oW 96.600 usec
DE 6.00 usec
TE 300.2 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl
NUC1 1H
ok 9.50 usec
PL1 -3.00 dB
SFO1 250.1315447 MHz
F2 - Processing parameters
51 36
SF 250.1300122 MHz
WDW EM
5SB [
e 0.30 Hz
GB [
BC 1.40

BRUKER

Current Data Parameters
NAME MP

038
EXPNO 2
PROCNO 1
2 F2 - Acquisition Parameters
N OH Date_ 20090815
- N Time 8.23
X ‘ H [e} INSTROM spect
N PROBHD 5 mm QNP 1H/1
PULPROG jmod
L 65536
SOLVENT cDCl3
NS 4000
DS 4
SWH 15060.241 Hz
FIDRES 0.229801 Hz
AQ 2.1758451 sec
RG 6502
D 33.200 usec
DE 6.00 usec
TE 300.2 K
CNST2 145.0000000
CNST11 1.0000000
D1 2.00000000 sec
d20 0.00689655 sec
DELTA 0.00000859 sec
o TDO 1
CHANNEL f1
NUC1 13C
Pl 6.75 usec
p2 13.50 usec
PL1 -3.00 dB
SFO1 62.9015280 MHz
CHANNEL £2
CPDPRG2 waltzl6é
NuCc2 1H
BCPD2 £0.00 usec
PL2 -3.00 dB
PL12 20.00 dB
SFO2 250.1310005 MHz
F2 - Processing parameters
ST 65536
SF 62.8952390 MHz
WDW EM
8sB 0
LB 1.00 Hz
GB ]
T T T T T T T T T T T PC 1.40
200 180 160 140 120 100 80 60 40 20 0 ppm
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(S)-methyl 2-((S)-2-cyclohexyl-2-pyrazine-2carboxamido) acetamido)-3,3-dimethylbutanoate (11).

2009/08/12 MP036
After washing

Current Data Parameters
NAME

MPO36
1H proten CDC13 {D:\NMRDATA} Marloes 13 EXENO 1
- PROCNO 1
[ e S B 1) j=} i OMANYITOVAHMNHA OO NNIOVOMAME© F2 - Acquisition Parameters
O Q0 WO N WO N W) < w ~ > WVONNMOMONDF-F-NDNND N D Date 20090812
RSN S Ve WPy T ) ™~ =M T L AA OO NNNN A A D T e
o O 00 O D GO GO 0O ~ Lelte] T FFTFONNNNAAAAA A A AAAA INSTRUM spect
| PROBHD 5 mm QNP 1H/L
PULPROG 2930
T 65536
SOLVENT €pcl3
NS 16
DS 2
SWH 5175.983 Hz
FIDRES 0.078979 Hz
AQ 6.3308277 sec
RG 1B824.6
DwW 96.600 usec
o H % DE 6.00 usec
N TE 300.2 K
z N o~ Dl 1.00000000 sec
[ | H o) z TDO 1
NS
N CHANNEL fl ========
nNocl 1
Pl 9.50 usec
PL1 -3.00 dB
SFO1 250.1315447 MHz
F2 - Processing parameters
SI 65536
SF 250.1300125 MHz
WO EM
558 o
LB 0.30 Hz
GB 0
BC 1.40
T T T T T T T T T T
10 g 8 7 6 5 4 3 ppm
o N | | ~ -—(ﬂc\m(\l =" =[O = |~ M |
o | (=] ™| M| = ) W | = |~ [ [ [m oy
o | | — N‘DNO oo Ol |n|H|O0|—H]|o
2009/08/14 MPO36
C13APT CDC13 {D:\NMRDATA} Marloces 24 E
f
Current Data Parameters
NAME MPO386
EXPNO 3
PROCNO d
F2 - Acquisition Parameters
Date, 2009081
Time~ 3.35
INSTRUM spect
o] 0] PROBHD 5 mm QNP 1H/1
H PULPROG jmod
N N\)J\ ~ ™ 65536
[/ | H : o SOLVENT cngé(}]
= NS 4
N 0]
DS 4
N /'\ SWH 15060.241 Hz
FIDRES 0.229801 Hz
AQ 2.1758451 sec
RG 16384
oW 33.200 usec
DE 6.00 usec
TE 300.2 K
CNST2 145.0000000
CNST11 1.0000000
D1 2.00000000 sec
d20 0.00689655 sec
DELTA 0.0000085% sec
DO i
CHANNEL f1 ===
13C
6.75 usec
13.50 usec
-3.00 dB
62.9015280 MHz
== CHANNEL £2 ========
CPDPRG2 waltzlé
nuc2 1H
ECED2 80.00 usec
PL2 -3.00 dB
PL12 20.00 dB
SFO2 250.1310005 MHz
F2 - Processing parameters
sI 65536
SF 62.8952390 MHe
WDW EM
SSB 0
LB 1.00 Hz
GB 0
T T T T T T T T T T T BC 1.40
200 180 160 140 120 100 80 60 40 20 0 ppm
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(S)-2-((S)-2-cyclohexyl-2-(pyrazine-2-carboxamido)acetamido)-3,3 dimethylbutanoic acid (2).

2009/08/17 MP0O39 Current Data Parameters
After washing NAME MP039
1H proton CDC13 {D:\NMRDATA} Marloes 33 EXPNO 1
- PROCNCO 1
N~ NOMOM (=] o ME-®mONNE-®o N AW 0O NGO F2 - Acquisition Parameters
A~ LORER~OVWYWWOWMm © NO NAO DM~ ©MO @D SETAMDN M ND T O Date_ 20090817
OMEEOONOnMO N O L R A=t S 00 oA e e 11.38
SO mD®DB®DE OO g e R e INSTRUM spect
| PROBHD 5 mm QNE 1H/1
PULPROG zg30
TD 65536
SOLVENT €DCi3
. NS 16
DS 2
SWH 5175.983 Hz
FIDRES 0.078979 Rz
AQ 6.3308277 sec
RG 2048
oW 96.600 usec
DE 6.00 usec
% H % TE 300.2 K
N N\)J\ D1 T 00000000 sec
[/ ‘ N 7 "OH D0
H
X ¢} ======== CHANNEL fl ========
N NUCL 1H
Pl 9.50 usec
PL1 -3.00 dB
5F01 250.1315447 MHz
F2 - Processing parameters
SI 655
SF 250.1300124 MHz
WDW EM
S8B 0
LB 0.30 Hz
GB 0
BC 1.40
JL J-ll I
L) EF I T T T T T T T T
10 g 8 7 6 5 4 3 2 1 ppm
o | |oy [f2] @| v ~
(=] o o) o a| o N[O | — oY
— —lele o | |lo L)

/01/07 MMPO60Q
PT CDCl3 (B NMRDATA} Marloes 58

BRUKER
(<O

Current Data Parameters

NAME MMPO®0
EXPNO b
PROCNO 1
F2 - Acquisition Parameters
0] H 0] Date_ 20100107
Time 22.4%
/N N\_)J\OH INSTRUM spect
[\ | PROBHD 5 mm QNP 1H/1
PULPROG Jmod
/‘\ TD 65536
SOLVENT €DCl13
NS 4000
DS 4
SWH 15060.241 Hz
FIDRES 0.229801 Hz
Q 2.1758451 sec
G 9195.2
DW 33.200 usec
DE 6.00 usec
TE 300.2 X
CNST2 145.0000000
CNST11 1.0000000
Dl 2.00000000 sec
d20 0.00689655 sec
DELTA 0.00000859 sec
TDO 1
Pl 6.75 usec
p2 13.50 usec
PL1 -3,00 dB
SFO1 62,9015280 MHz
= == CHANNEL f2 ==
CPDPRG2 waltzle
NUC2 1H
PCPD2 80.00 usec
PL2 -3.00 dB
PL12 20.00 dB
SFO2 250.1310005 MHz
F2 - Processing parameters
SI 65536
SF 62.8952390 MHz
WDW EM
5S8B 0
LB 1.00 Hz
T \ T T 1 T \ T T T T sB 06
200 180 160 140 120 100 80 60 40 20 0 ppm
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(S)-2-formamido-1-pentanol (12).

2008/10/26 MMPO61
1H_proton CDC13 {D:\NMRDATA} Marloes 57

-]
[=a)
o
@

8.207
8.049
7.260
4.041
4.028
3.746
3.732
3.702
3.687
3.660
3.645
3.637
3.616
3..593
3.5
3.563
3.537
3.490
3.482
2.112
Labb3
1.547
1..529
L. 523
1.511
1.491
1.478
1.459
1.437
1.423
1.408
1.401
1.385
1.388
1.376
1.368
1353
1.338
1.203
1.186
0.969
0.942
0.913

S

Current Data Parameters
0

NEME MMPO61
EXPNO 1
PROCNO 1

F2 - Acguisition Parameters
Date 20091026
Time 13.09
INSTRUM spect
PROBHD 5 mm QNP 1H/1
PULPROG zg30

TD 65536
SOLVENT cDel3

NS 16

os 2
SWH 5175.983 Hz
FIDRES 0.078979 Hz
AQ 6.3308277 sec
RG 1148.4

oW 96.600 usec
TE 6.00 usec
TE 300.2 K
D1 1.00000000 sec
TDC 1
======== CHANNEL fl

NUC1

Pl .

PL1 -3.00
SFO1 250.1315447

F2 - Processing parameters
SI 65536

SF 250.1300123 MHz
WoW EM
SSB 0

LB 0.30 Hz
GB o

PC 1.40

A -
T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
= O || OS
|- ~ S S n S =N O[] =]
- | lo — | |o I Ri=UE
/01/07 MMPO61
PT CDC13 {D:\NMRDATA} Marloes 59 :
/ | |
{ I 1
Current Data Parameters
NAME MMPO61
EXPNO 3
PROCNO 1
H H F2 A isiti P, t
F2 — Acquisition Parameters
Y " OOoH Date 20100108
o) = Time
INSTRUM spect
PROBHD 5 mm QNP 1H/1
PULPROG jmod
TD 65536
SOLVENT CDC13
NS 4000
DS 4
SWH 15060.241 Hz
FIDRES 0.229801 Hz
AQ 2.1758451 sec
RG 16384
oW 33.200 usec
DE 6.00 usec
TE 0.2 K
CNST2 145.0000000
CNST11 1.0000000
Dl 2.00000000 sec
dz0 0.00689655 sec
DELTA 0.00000859 sec
TD0 1
CHANNEL fl ===
13C
6.75 usec
13.50 usec
-3.00 dB
62.9015280 MHz
CHANNEL f2
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 -3.00 dB
PL12 20.00 dB
SFO2 250.1310005 MHz
F2 - Processing parameters
81 65536
8F 62.8952390 MHz
WDW EM
88B 0
LB 1.00 Hz
A T T T T T T T \ o i
200 180 160 140 120 100 80 60 40 20 0 ppm
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(S)- 2-formamidopentanal (7).

TN TOVAAATONNO T N+ OO N®©N om
COMNMANNHONO- VN MM DO T 0NN @ o NAME MMPO62
NNTTTTTOOMMOO OO oo oo R @ EXPNO ]
HeA A A A A A A A A A Ao A cococococoo oo glau:gm) 2010021;
— e\ | = Tine 5.1
INSTRUM spect
PROBED 5 mm PABBO BB/
PULPROG 2930
65536
SOLVENT CDCl3
NS 16
Ds 2
SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9584243 sec
RG .3
DW 60.400 usec
DE 6.00 usec
TE 300.4 K
DL 1.00000000 sec
TDO 1
CHANNEL f1
NUC1
21 13.00 usec
PL1 3.00 dB
SFO1 400,1324710 MHz
ST 32768
SF 400.1300093 MHz
WO EM
SsB 0
LB 0.30 Hz
GB
PC 1.00
T T T T T T T T T
10 9 8 7 6 5 4 2 28 Ppm
o © [ | Yo o)~ i rs‘:i (o [o]=)0) | | o o
[ O | [ | | [N N || Njo|o|— oo — L] el
{=] —Hololololo (=] (=] | (=] (=] (=] (=] {a] (=] (=] [=] =1 A (s}
28 = MMPOS2
it - i - _ i BRI EXPNO 7
L3 o S M d S ma PROCNO 1
; LR Ly 4 U Date_ 20100218
W T SSRNSSSNNS e
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPRI jmod
H D 65536
H. N SOLVENT cpol3
X NS 13845
\TT/ O Ds 4
0 SWH 20080.320 Hz
FIDRES 0.306401 Hz
w BQ 1.6318964 sec
RG 2298.8
oW 24.900 usec
DE 6.00 usec
TE 300.4 K
CNSTZ 145.0000000
CNST11 1.0000000
DL 2.00000000 sec
d20 0.00689655 sec
DELTA 0.00001120 sec
TDO 1
CHANNEL f] m=mssses
13¢
B.80 usec
17.60 usec
-1.00 dg
L 100.6228303 MHz
L
r Ty T ] mmmmmme CHANNEL £2 —mmmmeae
CPDPRG2 waltzlé
nuc2z 1H
PCPD2 80.00 usec
PL2 3.00 dB
PL12 18.00 dB
SFO2 400.1316005 MHz
sI 65536
SF 100.6127690 MHz
WDH EM
SSB a
LB 1.00 Hz
c8 [
EC 1.00
T T T T T T T T
180 160 140 120 100 80 60 40 20

ppm
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(3S)-2-acetoxy-N-cyclopropyl-3-formamido-hexanoyl amide (13).

MMP063
3

1
20100111
10.29

spect

5 mm PABBO BB/
2930

32768

DMSO

8

2
5592.841
0.170680

2.9295092
228.1

5.00000000 sec
b2

ppm

e N |M N - oy OV |~ W | [N O

o ~|n O D Falisiis] ™| R TRES | B [selfeal f=13
slolsl lslols ool l4llsl lsllelml-le

CHANNEL f1

3.0
400.132000
65

5.
400.130002
El

HAME
EXPNO
PROCNO
Date
Time

INSTRUM

BROEHD

PULPROG
TD

SOLVENT
NS

CPDPRG2
nuc2
pPCPD2
PL2

1H
13.00 usec
0 ds
7

36
2
M
0
0.20 Hz

0
0.50

MMPOE3
7

1

20100111

22.58

ect

5 mm CPTCI 1H-

4
29761.904 Hz
0.454131 Hz
1.1010548 sec
2050
16.800 usec
6.50 usec
296.1
145.0000000
1.0000000
2.00000000 sec
0.00689655 sec
1

=

CHANNEL f1

13c
11.20 usec
22.40 usec
-2.00 dB
£8.77790070 W
125.7967701 MHz

CHANNEL f2
wa

8.72000027 W
0.06494062 W
500,2325012 MHz
131072
125.7829925 MHz
0
1.00 Hz

0
1.40
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(3S)-2-acetoxy-N-cyclopropyl-3-isocyano-hexanoyl amide (4)

2009/10/12 MMPO56

Current Data Parameters

After flask chromatography NAME MMPOS57
1H proten CDC13 {D:\NMRDATA} Marloes 52 EXPNO 1
n BROCNO S
O~ MNO0ON AOVNFNHOMNETFTOLODOWATOMNMONETWANTODDNMTODOMO F2 - Acquisition Parameters
WO TOTMN AT AN D TMNOO DN ANAD ACOVUDNDTTONAODO NN® S Date 20091012
SRy aeEcE gl O sal s s St deseage R aned Rans Gl 1241
OO ODNNNNNAAAd A A AA A A A A A A0 0000000 0Co o000 INSTRUM spect
PROBHD 5 mm ONP 1H/1
PULPROG 2530
D 65536
SOLVENT €Dpcl3
NS 16
DS 2
SWH 5175.983 Hz
FIDRES 0.078979 Hz
AQ 6.3308277 sec
RG 812.7
oW 96.600 usec
DE 6.00 usec
TE 300.2
DL 1.00000000 sec
TDO %

= CHANNEL f1 -

9.50 usec
-3.00 dB
250.1315447 MHz

F2 - Processing parameters
65536

SI 5.

SF 250,1300123 MHz
WDW EM

3SB 0

1B 0.30 Hz
GB 0

PC 1.40

[P

o]

g
=

T
10 9 8 y) 6 L} 4 2 2

|
r~ < o o oo
~ (=)} O | (=2} (=2 = N [=H{ot} (o]
— | = Faliaba

2010/02/11 MMPO57
C13APT DMSO {D:\NMRDATA} Marloes 11

Current Data Parameters

NAME MMPOS7
O EXPNO 3
)k PROCNO 1
0 H F2 - Acquisition Parameters
CN N Date 20100211
i W Time 21.36
2 (o] INSTRUM spect
PROBHD 5 mm QNP 1H/L1
W PULPROG jmod
D 65536
SOLVENT DMSO
NS 3000
Ds 4
SWH 15060,241 Hz
FIDRES 0.229801 Hez
plod 2.1758451 sec
RG 16384
D 33.200 usec
DE 6.00 usec
TE 300.2 K
CNST2 145.0000000
CNST11 1.0000000
Dl 2.00000000 sec
dz20 0.006B9655 sec
DELTA 0.00000859 sec
TDO 1
{ il Ll i " : U b el ! i CHANNEL 1 ========
I | ; il N ; 13¢
' 6.75 usec
13.50 usec
B

=3.00
62.9015280 MHz

== = CHANNEL f2 =
CPDPRGZ waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 ~3.00 dB
PL12 20.00 dB
SFQ2 250.1310005 MHz
F2 - Processing parameters
sI 65536
SF 62.8952704 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0

l T T T T T T T T + T T IPC 1.40

200 180 160 140 120 100 80 60 40 20 0 ppm
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Compound 14.

2008/10/22 MMPO59
After flask chromatograp

MMPO59

Current Data Parameters

NRME MMPO59

EXPNO 2

PROCNO 1

F2 - Acquisition Parameters

Date_ 20091022

Time

INSTRUM spect

PROBHD 5 mm PABBO BB/

PULPROG 2g30

TD 32768

SOLVENT €DCl3

NS 16

DS 2

SWH 5592.841 Hz

FIDRES 0.170680 Hz

AD 2.9295092 sec

RG 2 &

DU 69.400 usec

DE 6.00 usec

TE 301.5 K

Dl 1.00000000 sec

TDO I
CHANNEL £1

NUCL 1H

Pl 13.00 usec

PL1 3.00 dl

SFO1 400.1320007 MHz

F2 - Processing parameters

SI

SF 400.1300089 MHz

WOW EM

SSB 0

Le 0.10 Hz

GB Q

BC 0.50

NAME MMPO5S
EXPNO 4
PROCNO 1
Date_ 20091022
Time 17.11
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG jmod
D 65536
SOLVENT CDC13
NS 1536

4

29761.904 Hz
0.454131 Hz
1.1010548 sec
2050

16.800 usec
6.50 usec
296.0 K
145.0000000
1.0000000
2.00000000 sec
0.00689655 sec
1

== CHANNEL f1l =

13C
11.20 usec
22.40 usec
o -2.00 dB
PLIW §8.77730070 W
,__/\_: )I\ SFOL 125.7955118 MHz
R @)
H H == CHRNNEL £2
N N CBDPRG2 waltzl6
0 " N H W NUC2 1H
H PCPD2 80.00 usec
/| N\/& 0 0 PL2 4.00 dB
[ | H Y 0 PL12 25.28 dB
= PL2W 8.72000027 W
N 0 /]\ PLL2W 0.06494062
SFO2 500.2320009 MHz
SI 32768
SE 125.7829340 MHz
wow EM
5B ]
LB 1.00 Hz
GB 0
eC . 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Telaprevir (1).

NAME MPOT70
EXPNO 1
PROCND 1
Date_ 20091211
Time 14.19
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG zg30

po) 65536
SOLVENT DMSQ

NS 64

DS 0

SWH 8012,820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 14.2

oW 62.400 usec
DE 6.50 usec
TE 296.0 E
D1 1.70000005 sec
sti} 1

== CHANNEL f1l ==

1H

2 6,70 usec
pL1 4.00 dB
PLIW 8.72000027 W
sFOl 500. 7330014 MHz
51
aF 500. zaooonq MHz
WOW LM
SSB
LB ().]0 Hz
GB 1]
BC 1.00
\ ] [LU AT YO S T VP
T T T T T T T T 1
9 8 T 5 4 3 2 ppm
8ﬁ 5538 B [3E sﬁﬁ
- oo (=] [=1f=] [=] o|o -l |00 -l
ey
DK g;ggg ggg DNV HAHANTOODOMMNMO-NOM~OODENYOW NAME' HRO70
. FONATNNNAIOO O~ OO NMAOTO~ 0o nm EXENO 5
g doadd Zza PROCNO H
SOOI NACONNNT NN T NN~ O
2 SEmee e e dill s bl aiatin b et Badol b ni Date_ 20081213
ime 2
| \\/ \/ \ \/ \NM/ INSTRUM spect
BROBHD 5 mm CPTCI 1H-
PULPROG jmod
™D 65536
SCLVENT DMSO
PN NS 32768
23 DS 4
7 H (o} H swy 29761.904 Hz
N N FIDRES 0.454131 Hz
o N . W 1.1010548 sec
N N\/J\ o 0o RG 2050
N N ‘o) w D 16.800 usec
[ J "8 DE 6.50 usec
TE 296.0 K
N ™ CNSTZ 145.0000000
CNST11 1.0000000
D1 2.00000000 sec
D20 0.00689655 sec
D0 1
HANNEL F1
Nucl 13¢
Pl 11.20 usec
P2 22.40 usec
PL1 -2.00 dB
PL1W 88.77790070 W
SFO1 125.7955118 MHz
== CHANNEL £2 ==
CE’DFRGZ waltzlé
Nuc2 1H
1 d PCPD2 80.00 usec
PL2 4.00 dB
\ PL12 25.28 dB
PLW 8.72000027 W
PL12W 0.06494062 W
sF02 500.2320009 MHz
s1 65536
SF 125.7829930 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
BC 1.40
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