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General information

Unless stated otherwise, all solvents and commercially available reagents were used as purchased. Dry
dichloromethane was obtained by an Inert Solvent Purification System. All other solvents were used as
purchased. 1-methyltryptamine’!, 2-methyltryptamine’ and 1-methylcyclohexane-1-carboxaldehyde?
were synthesized according to literature procedures.

Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker Avance 500 (125.78 MHz for *C)
or Bruker Avance 300 (83.85 MHz for **C) using the residual solvent as internal standard (*H: & 7.26 ppm,
BCc{*H}: 6 77.16 ppm for CDCls, *H: & 2.50 ppm, *C{1H}: & 39.52 ppm for DMSO-d). Chemical shifts (8)
are given in ppm and coupling constants (J) are quoted in hertz (Hz). Resonances are described as s
(singlet), d (doublet), t (triplet), g (quartet), quint (quintet), sex (sextet), sep (septet), br (broad singlet)
and m (multiplet) or combinations thereof. Infrared (IR) spectra were recorded neat using a Shimadzu
FTIR-8400s spectrophotometer and wavelengths are reported in cm™. Electrospray lonization (ESI) high-
resolution mass spectrometry (HRMS) was carried out using a Bruker microTOF-Q instrument in positive
ion mode (capillary potential of 4500 V). Flash chromatography was performed on Silicycle Silia-P Flash
Silica Gel (particle size 40-63 pm, pore diameter 60A) using the indicated eluent. Thin Layer
Chromatography (TLC) was performed using TLC plates from Merck (SiO,, Kieselgel 60 F254 neutral, on
aluminium with fluorescence indicator) and compounds were visualized by UV detection (254 nm) and
KMnOQO, stain. X-ray analysis was performed on an Agilent SuperNova diffractometer with Cu K(a)
microsource, mirror monochromator and Atlas CCD detector. The data were reduced and corrected for
absorption with CrysAlisPro, Agilent Technologies, Version 1.171.38.41r (Rigaku OD, 2015). The
structure was solved with SHELXS-2014/7% and refined with SHELXL-2014/7* and the ShelxLE graphical
interface”.



Synthetic procedures

General procedure A: Synthesis of the tryptamine derived isocyanides.

R NH, R NHCHO ¢\ poci, R NC
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Prepared according to a modified procedure by Zhao and coworkers. Tryptamine was mixed with ethyl
formate (1.25 M) and heated to reflux for 16 h. The excess ethyl formate was concentrated in vacuo.
Without further purification, the crude formamide was dissolved in anhydrous dichloromethane (0.5 M).
Subsequently triethylamine (5 equiv) and phosphoryl chloride (1.5 equiv) were respectively dropwise
added at -78°C. After mixing for 3 h at this temperature, the reaction was quenched by addition of the
crude mixture in ice-cold water. The product was extracted three times with dichloromethane, washed
with water and brine, dried over sodium sulfate and concentrated in vacuo. Pure isocyanide could be
obtained by flash column chromatography using dichloromethane as eluent.

3-(2-isocyanoethyl)-1H-indole (9a)
ne According to procedure A the formamide was prepared using tryptamine (10 g, 62.4
@\/\C mmol) and ethyl formate (50 ml). Subsequently, the isocyanide could be obtained using
N crude formamide, triethylamine (43.5 ml, 312 mmol) and phosphoryl chloride (8.7 mL,
96.6 mmol) in dichloromethane (120 ml). The title compound was isolated as a brownish solid (6.1 g, 36
mmol, 57%).

'H NMR (500 MHz, CDCl5) 6 8.19 (s, 1H), 7.60 (d, J = 7.7 Hz, 1H), 7.40 (d, J = 8.1 Hz, 1H), 7.28 (td, J = 9.0,
8.1, 2.8 Hz, 1H), 7.21 (td, J = 7.5, 2.8 Hz, 1H), 7.10 (t, / = 2.1 Hz, 1H), 3.67 (tt, /= 7.0, 1.9 Hz, 2H), 3.18 (tt,
J=7.0,2.0 Hz, 2H).

3-(2-isocyanoethyl)-5-methoxy-1H-indole (9b)
Me0\©\/C\NC 5-methoxytryptamine hydrochloric acid (4.5 g, 20 mmol) was mixed with ethyl
N formate (20 ml) and potassium carbonate (2.76 g, 20 mmol) and heated to reflux for
N 16 h. Water was added to the mixture and the product was extracted with ethyl
acetate. After washing with brine, drying over sodium sulfate and concentrating in vacuo, the crude
formamide was directly used without additional purification in the isocyanide synthesis. Following
procedure A the isocyanide could be obtained using crude formamide, triethylamine (13.9 mL, 100
mmol) and phosphoryl chloride (2.79 mL, 30 mmol) in dichloromethane (40 ml). The title compound was
isolated as a brownish solid (1.21 g, 6.0 mmol, 30%).

'H NMR (500 MHz, Chloroform-d) 6 7.99 (s, 1H), 7.13 (d, /= 1.9 Hz, 1H), 6.98 (d, J = 2.0 Hz, 1H), 6.89 (dd,
J=8.8,2.3 Hz, 1H), 3.87 (s, 2H), 3.66 (t, J = 7.1 Hz, 2H), 3.14 (t, J = 7.0 Hz, 2H).



5-chloro-3-(2-isocyanoethyl)-1H-indole (9c)

C|\©\/C\NC 5-chlorotryptamine hydrochloric acid (2.8 g, 12.1 mmol) was mixed with ethyl
N formate (15 ml) and potassium carbonate (1.67 g, 12.1 mmol) and heated to reflux for
N 16 h. Water was added to the mixture and the product was extracted with ethyl

acetate. After washing with brine, drying over sodium sulfate and concentrating in vacuo, the crude

formamide was directly used without additional purification in the isocyanide synthesis. Following

procedure A the isocyanide could be obtained using crude formamide, triethylamine (8.43 mL, 60.5

mmol) and phosphoryl chloride (1.69 mL, 18.2 mmol) in dichloromethane (24 ml). The title compound
was isolated as a brownish solid (0.52 g, 2.54 mmol, 21%).

'H NMR (500 MHz, CDCl3) & 8.14 (s, 1H), 7.51 (d, J = 1.8 Hz, 1H), 7.31 (d, J = 8.6 Hz, 1H), 7.23 — 7.13 (m,
2H), 3.66 (tt, J = 6.9, 1.8 Hz, 2H), 3.12 (td, J = 6.9, 3.7 Hz, 2H).

3-(2-isocyanoethyl)-1-methyl-1H-indole (9d)
ne According to procedure A the formamide was prepared using 1-methyltryptamine (1.23
@\/\C g, 7 mmol) and ethyl formate (10 ml). Subsequently, the isocyanide could be obtained
NMe using crude formamide, triethylamine (4.9 ml, 35 mmol) and phosphoryl chloride (0.98
mL, 10.5 mmol) in dichloromethane (14 ml). The title compound was isolated as a colorless oil (0.38 g,
2.06 mmol, 29%).

'H NMR (500 MHz, CDCl3) & 7.54 (d, J = 7.9 Hz, 1H), 7.33 (d, J = 8.2 Hz, 1H), 7.25 (t, J = 7.6 Hz, 2H), 7.14 (t,
J=7.5Hz, 1H), 7.01 (s, 1H), 3.78 (s, 3H), 3.65 (tt, J = 7.1, 1.8 Hz, 2H), 3.16 (tt, J = 7.0, 3.8, 1.5 Hz, 2H).

3-(2-isocyanoethyl)-2-methyl-1H-indole (9e)
ne According to procedure A the formamide was prepared using 2-methyltryptamine (1.66
C[\Qﬂe g, 9.5 mmol) and ethyl formate (13 ml). Subsequently, the isocyanide could be obtained
N using crude formamide, triethylamine (6.63 ml, 47.6 mmol) and phosphoryl chloride
(1.33 mL, 14.3 mmol) in dichloromethane (14 ml). The title compound was isolated as a colorless oil
(1.26 g, 6.84 mmol, 72%).

'H NMR (500 MHz, CDCl;) 6 7.87 (s, 1H), 7.44 (d, J = 7.6 Hz, 1H), 7.30 (d, J = 7.9 Hz, 1H), 7.17 - 7.13 (m,
1H), 7.12 - 7.08 (m, 1H), 3.59 (tt, J = 7.2, 1.8 Hz, 2H), 3.13 (tt, / = 7.1, 2.0 Hz, 2H), 2.45 (s, 3H).

General procedure B: interrupted Ugi reaction to form spiroindolines.

To a solution of isocyanide 1 (1.0 equiv) in TFE (0.1M) was added amine (1.1 equiv) and aldehyde (1.1
equiv). The reaction mixture was stirred at room temperature for 16 — 48 h (isocyanide consumption
monitored with TLC). Afterwards the reaction was concentrated in vacuo. Purification by silica gel
chromatography afforded the desired product with an eluent system of either mixtures of MeOH/CH,Cl,
or cyclohexane/EtOAc.



4,5-diphenyl-1,2,4,5,5a,6-hexahydropyrrolo[3',2':3,4]pyrrolo[2,3-b]indole (8aa)
l{l Prepared from isocyanide 1a (170 mg, 1.0 mmol), aniline (100 uL, 1.1 mmol) and
Q%N\Ph benzaldehyde (112 pL, 1.1 mmol) according to general procedure B within 48 h.
N, Purification: column chromatography on silicagel (cyclohexane/EtOAc 4:1, R; = 0.31 in

H
H cyclohexane/EtOAc 4:1). Isolated as yellow foamy solids (155 mg, 0.44 mmol, 44%).

'H NMR (500 MHz, CDCl;) & 7.24 (d, /= 7.6 Hz, 2H), 7.02 (dd, / = 12.5, 5.4 Hz, 6H), 6.81 (t, J = 7.3 Hz, 1H),
6.69 — 6.61 (m, 4H), 6.51 (t, J = 7.4 Hz, 1H), 5.35 (s, 1H), 5.25 (s, 1H), 5.10 (s, 1H), 4.42 — 4.29 (m, 2H),
2.49 — 2.41 (m, 1H), 2.33 (dd, J = 12.3, 5.0 Hz, 1H); **C NMR (126 MHz, CDCl;) & 182.8 (C,), 148.8 (C,),
145.2 (C,), 137.7 (C,), 130.4 (CH), 129.9 (CH), 129.0 (CH), 128.3 (CH), 127.2 (CH), 125.4 (CH), 123.4 (CH),
120.3 (CH), 118.3 (CH), 112.3 (CH), 110.6 (CH), 79.9 (CH), 67.6 (C,), 65.8 (CH,), 64.3 (CH), 38.7 (CH,); IR
(neat): Vmax (cm™) = 2923 (s), 2354 (s), 1678 (s), 1593 (m), 1500 (m), 1483 (m), 1468 (m), 1313 (s), 740 (l),
725 (I); HRMS (ESI): m/z calculated for C,4H,,N5 [M+H]* 352.1808, found: 352.1798.

4-(2-bromophenyl)-5-(4-methoxyphenyl)-1,2,4,5,5a,6-hexahydropyrrolo[3',2':3,4] pyrrolo[2,3-b]indole
N B (8ab)

\ \® Prepared from isocyanide 1a (170 mg, 1.0 mmol), p-anisidine (135 pL, 1.1 mmol)

Q N and 2-bromobenzaldehyde (148 pL, 1.1 mmol) according to general procedure B

N H CZ within 48 h. Purification: column chromatography on silicagel

ome (cyclohexane/EtOAc 4:1, R = 0.28 in cyclohexane/EtOAc 4:1). Isolated as a brown
oil (170 mg, 0.37 mmol, 37%).

'H NMR (300 MHz, CDCls) § 7.51 (d, J = 8.0 Hz, 1H), 7.10 (t, J = 8.0 Hz, 1H), 6.92 (t, J = 8.4 Hz, 1H), 6.82 (d,
J=9.0 Hz, 2H), 6.76 — 6.72 (m, 2H), 6.67 (d, J = 8.8 Hz, 1H), 6.65 — 6.56 (m, 1H), 6.48 (t, / = 8.5 Hz, 3H),
5.68 (s, 1H), 5.29 (s, 1H), 5.10 (s, 1H), 4.40 (d, J = 7.1 Hz, 2H), 3.72 (s, 3H), 2.51 — 2.39 (m, 1H), 2.31 (dd, J
=12.8, 5.4 Hz, 1H); C-NMR (126 MHz, CDCl,): § 181.8 (C,), 152.6 (C,), 148.9 (C,), 139.0 (C,), 136.6 (C,),
133.2 (CH), 130.7 (C,), 129.2 (CH), 128.9 (CH), 127.9 (CH), 127.2 (CH), 123.7 (CH), 122.4 (CH), 120.5 (C,),
115.4 (CH), 113.0 (CH), 110.7 (CH), 80.0 (CH), 68.3 (C,), 65.9 (CH,), 64.3 (CH), 55.8 (CHs), 38.9 (CH,); IR
(neat): Vmax (cm™) = 2923 (s), 2354 (s), 1678 (s), 1593 (m), 1500 (m), 1483 (m), 1468 (m), 1313 (s), 740 (I),
725 (1); HRMS (ESI): m/z calculated for C;sH,3BrNsO [M+H]* 460.1019, found: 460.0937.

5-(3-chlorophenyl)-4-(4-chlorophenyl)-1,2,4,5,5a,6-hexahydropyrrolo[3',2":3,4]pyrrolo  [2,3-b]indole
(8ac)

Prepared from isocyanide 1a (170 mg, 1.0 mmol), 3-chloroaniline (116 pL, 1.1

h\l Q/C' mmol) and 4-chlorobenzaldehyde (155 mg, 1.1 mmol) according to general

Q&? “““ procedure B in HFIP instead of TFE (reaction was finished within 1.5 h).

N H ®/m Purification: column chromatography on silicagel (cyclohexane/EtOAc 4:1, R; =

0.61 in cyclohexane/EtOAc 4:1). Isolated as yellow foamy solids (105 mg, 0.25
mmol, 25%).

'H NMR (500 MHz, CDCl5) § 7.11 (t, J = 8.1 Hz, 1H), 7.05 (t, J = 7.6 Hz, 1H), 6.98 (d, J = 8.4 Hz, 2H), 6.92 (d,
J=8.4Hz, 2H), 6.78 (d, J = 7.9 Hz, 1H), 6.70 (d, J = 7.8 Hz, 1H), 6.66 (d, J = 7.5 Hz, 1H), 6.63 (s, 1H), 6.56 (t,



J=7.4Hz, 1H), 6.40 (d, J = 8.3 Hz, 1H), 5.31 (s, 1H), 5.18 (s, 1H), 5.14 (s, 1H), 4.42 — 4.29 (m, 2H), 2.49 —
2.40 (m, 1H), 2.33 (dd, J = 12.6, 5.4 Hz, 1H); *C NMR (126 MHz, CDCls) § 182.0 (C,), 148.4 (C,), 146.2 (C,),
135.8 (C,), 135.6 (C,), 133.1 (CH), 130.9 (C,), 130.1 (CH), 129.2 (CH), 128.6 (CH), 126.8 (CH), 123.3 (CH),
120.7 (CH), 118.5 (CH), 112.1 (CH), 110.9 (CH), 110.7 (CH), 80.0 (CH), 67.7 (C,), 65.7 (CH,), 63.6 (CH), 38.7
(CH,); IR (neat): Vimax (cm™) = 2930 (s), 2341 (s), 1593 (1), 1485 (1), 1406 (m), 1265 (s), 1092 (s), 1026 (s),
908 (s), 729 (1); HRMS (ESI): m/z calculated for C4H,0Cl,N5 [M+H]" 420.1029, found: 420.1011.

4-benzyl-5-(4-methoxyphenyl)-1,2,4,5,5a,6-hexahydropyrrolo[3',2':3,4]pyrrolo[2,3-b]indole (8ad)
n\l Prepared from isocyanide 1a (170 mg, 1.0 mmol), p-anisidine (135 uL, 1.1 mmol)
wBn and phenylacetaldehyde (128 uL, 1.1 mmol) according to general procedure B
Q%? within 24  h. Purification: column chromatography on silicagel

N
H o CZ (cyclohexane/EtOAc 4:1, R¢ = 0.35 in cyclohexane/EtOAc 4:1). Isolated as a brown
ove 0il (249 mg, 0.63 mmol, 63%).

IH NMR (500 MHz, CDCl5) § 7.28 (d, J = 8.2 Hz, 2H), 7.23 — 7.14 (m, 3H), 7.07 (d, J = 7.3 Hz, 2H), 6.92 (d, J
= 8.8 Hz, 2H), 6.88 (t, J = 7.4 Hz, 1H), 6.72 (d, /= 7.7 Hz, 1H), 6.67 (d, J = 8.9 Hz, 2H), 5.18 (s, 1H), 4.88 (s,
1H), 4.44 — 4.32 (m, 2H), 4.26 (dd, J = 14.6, 7.8 Hz, 1H), 3.79 (s, 3H), 3.02 (dd, J = 13.7, 3.9 Hz, 1H), 2.43 —
2.33 (m, 2H), 2.10 — 1.98 (m, 1H); *C NMR (126 MHz, CDCl) & 181.9 (C,), 152.0 (C), 148.9 (C,), 138.8
(Cq), 137.3 (C,), 131.1 (Cy), 129.3 (CH), 129.2 (CH), 128.6 (CH), 126.8 (CH), 123.1 (CH), 120.3 (CH), 115.7
(CH), 111.9 (CH), 111.1 (CH), 79.9 (CH), 67.8 (C,), 65.8 (CH,), 60.7 (CH), 56.0 (CHs), 39.2 (CH,), 38.9 (CH);
IR (neat): vy (cm™) = 1678 (m), 1605 (s), 1508 (1), 1483 (m), 1466 (m), 1236 (m), 1036 (m), 812 (m), 740
(1), 698 (m); HRMS (ESI*) calculated CygH,6N30 [M+H]* 396.2070, found 396.2068.

4-(tert-butyl)-2,4,5a,6-tetrahydro-1H-pyrrolo[3',2':3,4]furo[2,3-b]indole (11ae)
N Prepared from isocyanide 1a (170 mg, 1.0 mmol) and pivaldehyde (119 uL, 1.1
) .tBu  mmol) and 6-amino-2-picoline (119 mg, 1.1 mmol) according to general procedure B
QN o within 24 h. Purification: column chromatography on silicagel (cyclohexane/EtOAc
H H 6:1, R; = 0.65 in cyclohexane/EtOAc 4:1). Isolated as a yellow oil (95 mg, 0.37 mmol,
37%).

'H NMR (500 MHz, CDCls) § 7.14 (t, J = 8.3 Hz, 1H), 7.08 (d, J = 7.4 Hz, 1H), 6.78 (t, J = 7.8 Hz, 1H), 6.70 (d,
J=7.8Hz, 1H), 5.25 (s, 1H), 4.93 (s, 1H), 4.57 — 4.43 (m, 2H), 3.88 (d, J = 3.3 Hz, 1H), 2.31 — 2.24 (m, 1H),
2.20 (dd, J = 12.6, 5.8 Hz, 1H), 1.03 (s, 9H); *C NMR (126 MHz, CDCl;) § 185.3 (C,), 148.2 (C), 130.1 (C,),
128.9 (CH), 123.0 (CH), 119.7 (CH), 109.7 (CH), 93.2 (CH), 80.9 (CH), 70.5 (C,), 67.6 (CH,), 36.5 (CH,), 34.0
(Cq), 25.5 (CHs); IR (neat): Vina, (cm™) = 3340 (m), 2955 (s), 1670 (m), 1608 (m), 1470 (m), 1254 (s), 1178
(s), 970 (m), 945 (m), 864 (m), 742 (1); HRMS (ESI): m/z calculated for C;¢H,;N,O [M+H]* 257.1648, found
257.1636.



4-(tert-butyl)-5-(2-(5-methoxy-1H-indol-3-yl)ethyl)-1,2,4,5,5a,6-hexahydropyrrolo[3',2':3,4] pyrrolo
[2,3-blindole (8af)

Prepared from isocyanide 1a (170 mg, 1.0 mmol), 5-methoxytryptamine (209
mg, 1.1 mmol) and pivaldehyde (119 upL, 1.1 mmol) according to general
procedure B within 16 h. Purification: column chromatography on silicagel
(cyclohexane/EtOAc 4:1, R; = 0.20 in cyclohexane/EtOAc 4:1). Isolated as a light
brown oil (304 mg, 0.71 mmol, 71%).

'H NMR (500 MHz, CDCl5) 6 8.19 (s, 1H), 7.34 (d, J = 8.0 Hz, 1H), 7.20 — 7.12 (m, 2H), 7.10 (d, J = 7.6 Hz,
2H), 6.96 (dd, J = 8.8, 2.3 Hz, 1H), 6.81 (t, J = 7.4 Hz, 1H), 6.67 (d, / = 7.8 Hz, 1H), 4.59 — 4.45 (m, 1H), 4.43
—4.34 (m, 2H), 3.93 (s, 3H), 3.30 — 3.24 (m, 2H), 3.16 — 3.07 (m, 2H), 2.46 — 2.35 (m, 1H), 2.31 (dd, J =
12.3, 5.4 Hz, 1H), 0.81 (s, 9H); *C NMR (126 MHz, CDCl;) & 187.7 (C,), 154.0 (C,), 149.1 (C,), 131.2 (C,),
128.5 (CH), 127.6 (C,), 123.6 (CH), 122.6 (CH), 119.4 (CH), 113.3 (CH), 112.4 (C,), 112.0 (CH), 110.4 (CH),
100.2 (CH), 86.6 (CH), 74.0 (CH), 69.1 (C,), 66.0 (CH,), 58.3 (CH,), 55.8 (CHs), 41.5 (CH,), 35.4 (C,), 29.8
(Cy), 27.1 (CHs), 25.2 (CH,); IR (neat): Vi (cm™) = 2926 (m), 1655 (m), 1605 (m), 1483 (m), 1464 (m),
1213 (m), 1103 (s), 1094 (s), 1026 (m), 740 (l); HRMS (ESI): m/z calculated for C,;H33N,O [M+H]"
429.2649, found 429.2643.

4-(tert-butyl)-5-isopropyl-1,2,4,5,5a,6-hexahydropyrrolo[3',2':3,4]pyrrolo[2,3-blindole (8ag)
T Prepared from isocyanide 1a (170 mg, 1.0 mmol), isopropylamine (95 pL, 1.1 mmol)
Q%m“‘“ and pivaldehyde (119 pL, 1.1 mmol) according to general procedure B within 16 h.
N Evaporation of the solvent and excess starting materials afforded the compound as
an orange solid (294 mg, 0.99 mmol, 99%). No further purification was required.

'H NMR (500 MHz, CDCl5) 6 7.06 (t, J = 7.7 Hz, 1H), 7.00 (d, J = 7.5 Hz, 1H), 6.70 (t, J = 7.3 Hz, 1H), 6.61 (d,
J=7.7 Hz, 1H), 4.53 (s, 1H), 4.45 — 4.34 (m, 1H), 4.26 (dd, J = 14.5, 7.7 Hz, 1H), 3.24 (s, 1H), 3.17 — 3.04
(m, 1H), 2.29 (d, J = 5.2 Hz, 2H), 1.24 (d, J = 6.8 Hz, 3H), 1.00 (d, J = 6.3 Hz, 3H), 0.63 (s, 9H). *C NMR (126
MHz, CDCl;) 6 188.2 (C,), 149.8 (C,), 131.2 (C,), 128.8 (CH), 123.5 (CH), 119.4 (CH), 110.2 (CH), 77.6 (CH),
72.2 (CH), 68.8 (C,), 66.1 (CH,), 53.2 (CH), 41.8 (CH,), 35.3 (C,), 27.0 (CHs), 23.4 (CHs), 15.3 (CHs); IR
(neat): Vmax (cm™) = 3275 (s), 2962 (s), 1653 (m), 1605 (m), 1460 (m), 1263 (s), 1164 (m), 1045 (s), 966
(m), 854 (s), 737 (1); HRMS (ESI): m/z calculated for CyoH,5N3 [M+H]* 298.2278, found: 298.2267

5-benzyl-4-(tert-butyl)-1,2,4,5,5a,6-hexahydropyrrolo[3',2':3,4]pyrrolo[2,3-b]indole (8ah)
h\l Prepared from isocyanide 1a (170 mg, 1.0 mmol), benzylamine (120 pL, 1.1 mmol)
Q%MWU and pivaldehyde (119 pL, 1.1 mmol) according to general procedure B within 16 h.
N Purification: column chromatography on silicagel (cyclohexane/EtOAc 4:1, R; = 0.43

N H Bn
4 in cyclohexane/EtOAc 4:1). Isolated as a yellow solid (307 mg, 0.89 mmol, 89%).

m.p.: 140-144 °C; *H NMR (500 MHz, CDCl3) & 7.46 (d, J = 7.2 Hz, 2H), 7.40 (t, J = 7.4 Hz, 2H), 7.34 (t, J =
7.2 Hz, 1H), 7.03 (t, J = 7.6 Hz, 1H), 6.99 (d, J = 7.3 Hz, 1H), 6.69 (t, J = 7.2 Hz, 1H), 6.44 (d, J = 7.8 Hz, 1H),

4.47 — 4.38 (m, 1H), 4.32 (dd, J = 14.8, 8.4 Hz, 1H), 4.26 — 4.18 (m, 2H), 3.85 (d, J = 13.4 Hz, 1H), 3.27 (s,
1H), 2.37 = 2.29 (m, 1H), 2.16 (dd, J = 12.3, 5.3 Hz, 1H), 0.80 (s, 9H); *C NMR (126 MHz, CDCl;) & 187.6



(C,), 148.8 (C,), 139.7 (C,), 130.8 (C), 128.8 (CH), 128.8 (CH), 128.4 (CH), 127.7 (CH), 123.7 (CH), 119.0
(CH), 110.0 (CH), 87.7 (CH), 73.5 (CH), 69.1 (C,), 65.9 (CH,), 62.1 (CH,), 41.0 (CH,), 35.7 (C,), 27.2 (CHs); IR
(neat): Vmax (cm™) = 2951 (s), 2866 (s), 1657 (m), 1605 (m), 1479 (s), 1464 (m), 1086 (s), 1049 (s), 926 (s),
752, (1), 743 (1); HRMS (ESI): m/z calculated for Cy3H,sN; [M+H]* 346.2278, found: 346.2266.

(4S,5aS,10bS)-4-(tert-butyl)-5-(thiophen-2-ylmethyl)-1,2,4,5,5a,6-hexahydropyrrolo[3',2':3,4] pyrrolo
[2,3-blindole (8ai)

h\l Prepared from isocyanide 1a (170 mg, 1.0 mmol), 2-thiophenemethylamine (112

Q%M—BU pL, 1.1 mmol) and pivaldehyde (120 pL, 1.1 mmol) according to general procedure
N S . . .re . . .

Y \_@ B within 16 h. Purification: column chromatography on silicagel

(cyclohexane/EtOAc 4:1, R; = 0.13 in cyclohexane/EtOAc 5:1). Isolated as a yellow
oil (246 mg, 0.70 mmol, 70%).

'H NMR (500 MHz, CDCl5) & 7.30 (d, J = 5.0 Hz, 1H), 7.07 — 7.01 (m, 2H), 7.01 — 6.97 (m, 2H), 6.70 (t, J =
7.4 Hz, 1H), 6.51 (d, J = 7.8 Hz, 1H), 4.46 — 4.36 (m, 1H), 4.35 — 4.27 (m, 2H), 4.25 — 4.14 (m, 2H), 3.94 (s,
1H), 3.28 (s, 1H), 2.38 — 2.26 (m, 1H), 2.18 (dd, J = 12.3, 5.4 Hz, 1H), 0.78 (s, 9H); *C NMR (126 MHz,
CDCl;) & 187.35 (C,), 149.02 (C,), 143.13 (C,), 130.90 (C,), 128.57 (CH), 126.91 (CH), 126.13 (CH), 125.65
(CH), 123.67 (CH), 119.24 (CH), 110.27 (CH), 87.40 (CH), 73.14 (CH), 69.17 (C,), 66.09 (CH,), 56.23 (CH,),
41.18 (CH,), 35.65 (Cg), 27.17 (CHs); IR (neat): Vmay (cm™) = 2951 (m), 2868 (s), 1736 (m), 1655 (m), 1605
(m), 1481 (m), 1464 (1), 1393 (s), 1310 (s), 1240 (m), 1090 (m), 1047 (m), 1026 (m), 1007 (m), 852 (m),
802 (1), 740 (I); HRMS (ESI): m/z calculated for C1HsNsS [M+H]* 352.1842, found: 352.1845

(4S,5aS,10bS)-5-(2,2-dimethoxyethyl)-4-(1-methylcyclohexyl)-1,2,4,5,5a,6-hexahydropyrrolo[3',2':3,4]

pyrrolo[2,3-b]indole (8aj)
l{l Mo Prepared from isocyanide 1a (170 mg, 1.0 mmol), aminoacetaldehyde dimethyl
Q%O acetal (120 uL, 1.1 mmol) and 1-methylcyclohexane-1-carboxaldehyde (139 mg,
Ny N\_<0*'V'e 1.1 mmol) according to general procedure B within 16 h. Purification: column

o-Me chromatography on silicagel (cyclohexane/EtOAc 3:1, R; = 044 in
cyclohexane/EtOAc 2:1). Isolated as a yellow oil (281 mg, 0.73 mmol, 73%).

'H NMR (500 MHz, CDCl5) § 7.02 (t, J = 7.5 Hz, 1H), 6.93 (d, J = 7.3 Hz, 1H), 6.64 (t, J = 7.3 Hz, 1H), 6.58 (d,
J=7.7 Hz, 1H), 5.15 (s, 1H), 4.50 (d, J = 5.2 Hz, 1H), 4.44 — 4.30 (m, 1H), 4.26 (dd, J = 14.7, 8.3 Hz, 1H),
4.14 (s, 1H), 3.44 (s, 3H), 3.34 (s, 3H), 3.18 (s, 1H), 3.12 (dd, J = 14.2, 7.3 Hz, 1H), 2.89 (d, J = 14.0 Hz, 1H),
2.29 (q, /= 10.8, 10.2 Hz, 1H), 2.18 (dd, J = 12.1, 5.2 Hz, 1H), 1.51 — 1.36 (m, 2H), 1.36 — 1.29 (m, 1H),
1.28 — 0.97 (m, 7H), 0.45 (s, 3H); °C NMR (126 MHz, CDCl;) 6 187.48 (C,), 149.30 (C,), 131.00 (C,),
128.47 (CH), 123.49 (CH), 118.73 (CH), 109.88 (CH), 104.69 (CH), 88.84 (CH), 76.54 (CH), 69.14 (C,), 66.00
(CH,), 60.40 (CH,), 53.59 (CHs), 53.12 (CHs), 41.26 (CH,), 38.12 (C,), 35.15 (CH,), 34.79 (CH,), 26.15 (CH,),
21.73 (CH,), 21.66 (CH,), 19.28 (CHs); IR (neat): Vs (cm™) = 2926 (m), 2860 (s), 1655 (m), 1604 (m), 1466
(m), 1310 (s), 1267 (s), 1190 (s), 1115 (m), 1057 (m), 964 (m), 947 (m), 858 (s); HRMS (ESI): m/z
calculated for Cy3H34N30, [M+H]" 384.2646, found: 384.2655



(4S,5aS,10bS)-4-(1-methylcyclohexyl)-5-phenethyl-1,2,4,5,5a,6-hexahydropyrrolo[3',2':3,4]pyrrolo[2,3-
blindole (8ak)

Rj Vo Prepared from isocyanide 1a (170 mg, 1.0 mmol), phenethylamine (119 ulL, 1.1
Q O mmol) and 1-methylcyclohexane-1-carboxaldehyde (139 mg, 1.1 mmol) according
N to general procedure B within 16 h. Purification: column chromatography on

Ph silicagel (cyclohexane/EtOAc 4:1, R¢ = 0.40 in cyclohexane/EtOAc 4:1). Isolated as a
yellow oil (332 mg, 0.83 mmol, 83%).

'H NMR (500 MHz, CDCls) § 7.33 (t, J = 7.5 Hz, 2H), 7.26 — 7.20 (m, 3H), 7.08 (t, J = 7.6 Hz, 1H), 7.00 (d, J =
7.3 Hz, 1H), 6.73 (t, J = 7.4 Hz, 1H), 6.62 (d, J = 7.8 Hz, 1H), 4.48 — 4.36 (m, 1H), 4.35 — 4.26 (m, 2H), 4.16
(s, 1H), 3.29 (s, 1H), 3.16 (dt, J = 13.2, 7.8 Hz, 1H), 3.12 - 3.03 (m, 1H), 2.91 (t, J = 8.0 Hz, 2H), 2.31 (ddd, J
=12.3,10.7, 8.1 Hz, 1H), 2.24 (dd, J = 12.2, 5.5 Hz, 1H), 1.54 — 1.40 (m, 2H), 1.40 — 1.19 (m, 5H), 1.19 -
0.99 (m, 3H), 0.52 (s, 3H); *C NMR (126 MHz, CDCl;) & 187.67 (C,), 149.15 (C,), 139.60 (C,), 131.17 (C,),
128.80 (CH), 128.63 (CH), 128.58 (CH), 126.39 (CH), 119.46 (CH), 110.36 (CH), 86.62 (CH), 74.65 (CH),
69.18 (C,), 66.06 (CH,), 59.92 (CH,), 41.73 (CH,), 38.19 (C,), 35.60 (CH,), 35.14 (CH,), 34.69 (CH,), 26.19
(CH,), 21.83 (CH,), 21.73 (CH,), 19.63 (CHs); IR (neat): Vmac (cm™) = 2926 (1), 2860 (m), 2363 (1), 1654 (m),
1605 (m), 1483 (m), 1466 (m), 1259 (s), 1111 (m), 1094 (s), 964 (m), 698 (m); HRMS (ESI): m/z calculated
for C,;H34N; [M+H]" 400.2747, found: 400.2762

N-(tert-butyl)-1-(4,9-dihydro-3H-pyrido[3,4-b]indol-1-yl)-3-methylbutan-1-amine (8al)

N Y Prepared from isocyanide 1a (170 mg, 1.0 mmol), tert-butylamine (116 uL, 1.1

Q \\\\\ mmol) and isovaleraldehyde (118 pL, 1.1 mmol) according to general procedure B
N within 16 h. Purification: column chromatography on silicagel (cyclohexane/EtOAc

) 4:1, R = 0.29 in cyclohexane/EtOAc 4:1). Isolated as a yellow oil (125 mg, 0.40

mmol, 40%).

'H NMR (500 MHz, DMSO-ds) & 6.98 (t, J = 7.6 Hz, 1H), 6.92 (d, J = 7.3 Hz, 1H), 6.56 (d, J = 7.8 Hz, 1H),
6.53 (t, /= 7.3 Hz, 1H), 4.49 (s, 1H), 4.29 — 4.20 (m, 1H), 4.10 (dd, J = 14.6, 8.5 Hz, 1H), 3.51 (dd, /= 11.4,
4.9 Hz, 1H), 2.25-2.15 (m, 1H), 1.99 (dd, J = 12.4, 5.9 Hz, 1H), 1.49 — 1.37 (m, 1H), 1.05 (s, 9H), 0.98 (dq,
J=14.7,5.0, 4.6 Hz, 1H), 0.83 (d, J = 6.5 Hz, 3H), 0.74 — 0.66 (m, 1H), 0.52 (d, J = 6.7 Hz, 3H); °C NMR
(126 MHz, DMSO-ds) 6 185.4 (C,), 150.0 (C,), 131.3 (C,), 128.1 (CH), 122.0 (CH), 117.2 (CH), 109.2 (CH),
79.1 (CH), 67.3 (C), 65.3 (CH,), 55.7 (CH), 54.1 (CH,), 47.1 (CH,), 27.6 (CHs), 24.6 (CH), 23.7 (CH;), 21.4
(CH3); IR (neat): Vmax (cm™) = 2359 (s), 1682 (s), 1593 (1), 1560 (s), 1485 (s), 1329 (s), 1090 (m), 1015 (m),
908 (s), 731 (m); HRMS (ESI): m/z calculated for C,oH3oN; [M+H]" 312.2434, found: 312.2429.

Note: multiple peaks were not present in the *H and **C NMR spectrums or showed unclear splitting
patterns when taken in CDCls.



4-cyclohexyl-5-(2-methylallyl)-1,2,4,5,5a,6-hexahydropyrrolo[3',2':3,4]pyrrolo[2,3-b]indole (8am)
h\l Prepared from isocyanide 1a (170 mg, 1.0 mmol), 2-methylallylamine (100 uL, 1.1
Q% \\\\ O mmol) and cyclohexanecarboxaldehyde (133 uL, 1.1 mmol) according to general
N\’< procedure B within 16 h. Purification: column chromatography on silicagel

(cyclohexane/EtOAc 5:1, R =0.53 in cyclohexane/EtOAc 4:1). Isolated as a yellow oil
(124 mg, 0.37 mmol, 37%).

'H NMR (500 MHz, CDCls) § 7.08 (t, J = 7.5 Hz, 1H), 6.99 (d, J = 7.4 Hz, 1H), 6.72 (t, J = 7.3 Hz, 1H), 6.64 (d,
J=7.5Hz, 1H), 4.98 (s, 1H), 4.88 (s, 1H), 4.44 — 4.33 (m, 1H), 4.29 (dd, J = 14.7, 8.5 Hz, 1H), 4.17 (s, 1H),
3.33(d, /=13.6 Hz, 1H), 3.24 (d, J = 13.5 Hz, 1H), 3.07 (d, J = 4.8 Hz, 1H), 2.29 (g, / = 11.8 Hz, 1H), 2.13
(dd, J=12.4,5.5 Hz, 1H), 1.77 (s, 3H), 1.73 (d, / = 10.8 Hz, 1H), 1.65 (s, 1H), 1.58 — 1.41 (m, 2H), 1.32 (d, J
=12.7 Hz, 1H), 1.17 — 0.95 (m, 4H), 0.85 (q, J = 12.5 Hz, 1H), 0.63 (g, J = 11.2 Hz, 1H); *C NMR (126 MHz,
CDCl3) 6 186.9 (C,), 149.0 (C,), 144.9 (C,), 131.4 (C,), 128.4 (CH), 123.1 (CH), 119.2 (CH), 113.2 (C,), 110.2
(CH), 86.4 (CH), 69.3 (CH), 69.0 (C,), 66.0 (CH,), 62.3 (CH,), 41.9 (CH), 39.2 (CH,), 30.2 (CH,), 28.9 (CH,),
26.4 (CH,), 26.3 (CH,), 26.1 (CH,), 20.7 (CH); IR (neat): Vmax (cm™) = 2924 (m), 2851 (s), 1664 (s), 1605
(m), 1481 (m), 1464 (m), 1447 (m), 1097 (s), 964 (m), 897 (m), 738 (l); HRMS (ESI): m/z calculated for
CyH3oN; [M+H] 336.2434, found: 336.2428

(4S,5aS,10bS)-5-cyclohexyl-4-isopropyl-1,2,4,5,5a,6-hexahydropyrrolo[3',2':3,4]pyrrolo[2,3-b]indole
(8an)

'j Prepared from isocyanide 1a (170 mg, 1.0 mmol), cyclohexylamine (126 uL, 1.1
Q% """ k mmol) and isobutyraldehyde (99 pL, 1.1 mmol) according to general procedure B
N N within 16 h. Purification: column chromatography on silicagel (cyclohexane/EtOAc
O 5:1, R¢ = 0.21 in cyclohexane/EtOAc 5:1). Isolated as a yellow solid (155 mg, 0.48

mmol, 48%).

m.p.: 122-126 °C; *H NMR (500 MHz, DMSO-dg) 6 6.97 — 6.90 (m, 2H), 6.49 (t, J = 7.5 Hz, 2H), 5.85 (s, 1H),
4.50 (s, 1H), 4.28 (ddd, J = 15.4, 10.3, 6.0 Hz, 1H), 4.11 (dd, J = 14.6, 8.4 Hz, 1H), 2.91 (d, J = 9.3 Hz, 1H),
2.56 (t, J = 10.7 Hz, 1H), 2.20 (ddd, J = 11.9, 10.2, 8.8 Hz, 1H), 2.02 (dd, /= 12.4, 5.7 Hz, 1H), 1.82 (d, J =
11.5 Hz, 1H), 1.78 — 1.68 (m, 2H), 1.68 — 1.60 (m, 1H), 1.56 (d, J = 11.9 Hz, 1H), 1.32 - 0.98 (m, 6H), 0.92 —
0.81 (m, 1H), 0.79 (d, J = 6.4 Hz, 3H), 0.55 (d, J = 6.5 Hz, 3H); "*C NMR (126 MHz, DMSO-d,) & 186.19 (C,),
150.37 (C,), 131.35 (C,), 128.58 (CH), 122.49 (CH), 117.45 (CH), 108.99 (CH), 79.91 (CH), 67.70 (C,), 67.12
(CH), 65.89 (CH,), 62.45 (CH), 40.01 (CH,), 33.47 (CH), 32.19 (CH,), 29.71 (CH,), 26.45 (CH,), 26.03 (CH,),
25.99 (CH,), 20.09 (CHs), 19.06 (CHs); IR (neat): Vimay (cm™) = 2922 (m), 2849 (m), 2336 (m), 1664 (m),
1605 (m), 1483 (m), 1466 (m), 1265 (s), 1053 (m), 1041 (m), 964 (m), 708 (m); HRMS (ESI): m/z
calculated for Cy;H3oN3 [M+H]" 324.2434, found: 324.2436

Note: multiple peaks were not present in the *H and **C NMR spectrums or showed unclear splitting
patterns when taken in CDCls.



N,N-dibenzyl-1-(4',5'-dihydrospiro[indole-3,3'-pyrrol]-2'-yl)butan-1-amine (12aa)
N Prepared from isocyanide 1a (170 mg, 1.0 mmol), dibenzylamine (212 uL, 1.1 mmol) and
@@\/”Pr valeraldehyde (99 pL, 1.1 mmol) according to general procedure B within 16 h.
N Nen; Purification: column chromatography on silicagel (cyclohexane/EtOAc 6:1, R¢ = 0.60 in

cyclohexane/EtOAc 4:1). Isolated as a yellow oil (278 mg, 0.66 mmol, 66%).

'H NMR (500 MHz, CDCl5) 6 8.06 (s, 1H), 7.55 (d, J = 7.7 Hz, 1H), 7.33 — 7.25 (m, 6H), 7.21 (t, J = 7.2 Hz,
6H), 7.13 (t, /= 7.4 Hz, 1H), 7.04 (d, J = 7.4 Hz, 1H), 4.31 — 4.23 (m, 1H), 4.20 — 4.12 (m, 1H), 3.88 (d, J =
13.8 Hz, 2H), 3.39 (d, J = 13.8 Hz, 2H), 2.55 (d, J = 10.6 Hz, 1H), 2.43 — 2.35 (m, 1H), 2.14 — 2.07 (m, 1H),
2.02 — 1.85 (m, 2H), 1.48 — 1.40 (m, 1H), 1.30 — 1.16 (m, 1H), 0.72 — 0.65 (m, 3H); *C NMR (126 MHz,
CDCl3) & 174.4 (C,), 173.0 (CH), 155.5 (C,), 139.2 (C,), 138.8 (C,), 129.0 (CH), 128.3 (CH), 128.2 (CH),
126.8 (CH), 126.1 (CH), 121.5 (CH), 121.2 (CH), 74.0 (C,), 60.5 (CH,), 57.3 (CH), 54.1 (CH,), 31.8 (CH,),
25.0 (CH,), 19.6 (CH,), 13.9 (CHs); IR (neat): Vmay (cm™) = 2954 (s), 1634 (s), 1545 (s), 1495 (s), 1452 (m),
1375 (s), 1124 (m), 995 (s), 908 (s), 744 (1), 698 (l); HRMS (ESI): m/z calculated for CygH3,N; [M+H]"
422.2591, found: 422.2587.

2'-(3-methyl-1-(pyrrolidin-1-yl)butyl)-4',5'-dihydrospiro[indole-3,3'-pyrrole] (12ab)
N Y Prepared from isocyanide 1a (170 mg, 1.0 mmol), pyrrolidine (92 uL, 1.1 mmol) and
@9\/ aldehyde isovaleraldehyde (118 uL, 1.1 mmol) according to general procedure B within
N (\N7 16 h. Purification: column chromatography on silicagel (4% MeOH in CH,Cl,, R = 0.19 in
cyclohexane/EtOAc 4:1. Isolated as a brown oil (279 mg, 0.90 mmol, 90%) as a mixture
of diastereoisomers (2.6:1 based on *H NMR).

Major diastereoisomer: "H NMR (500 MHz, CDCl3) 6 7.97 (s, 1H), 7.60 (d, J = 7.7 Hz, 1H), 7.34 (t, J = 7.6
Hz, 1H), 7.23 (d, J = 7.3 Hz, 1H), 7.21 — 7.14 (m, 1H), 4.30 — 4.18 (m, 2H), 2.97 (dd, J = 10.1, 4.7 Hz, 1H),
2.64 —2.49 (m, 1H), 2.48 — 2.28 (m, 4H), 2.03 — 1.97 (m, 1H), 1.68 — 1.54 (m, 4H), 1.31 — 1.24 (m, 1H),
1.07 (ddd, J=13.9, 9.9, 5.1 Hz, 1H), 0.79 (d, / = 6.5 Hz, 3H), 0.69 (ddd, J = 13.9, 10.5, 3.9 Hz, 1H), 0.37 (d,
J = 6.6 Hz, 3H); *C-NMR (126 MHz, CDCls) & 178.5 (C,), 173.7 (CH), 155.0 (C,), 139.7 (C,), 128.3 (CH),
126.0 (CH), 121.9 (CH), 121.1 (CH), 72.6 (C,), 63.5 (CH), 60.1 (CH,), 50.8 (CH,), 39.0 (CH,), 33.5 (CH,), 24.8
(CH), 23.3 (CH,), 23.2 (CHs), 22.2 (CHs); Minor diastereoisomer: *H NMR (500 MHz, CDCl5) § 7.90 (s, 1H),
7.60 (d, J = 7.7 Hz, 1H), 7.34 (t, J = 7.2 Hz, 1H), 7.21 — 7.13 (m, 2H), 4.28 — 4.19 (m, 2H), 2.64 — 2.49 (m,
2H), 2.47 — 2.29 (m, 4H), 2.20 — 2.12 (m, 1H), 1.77 (ddd, J = 14.4, 9.6, 5.1 Hz, 1H), 1.69 — 1.55 (m, 4H),
1.40-1.30 (m, 1H), 1.13 (ddd, J = 13.5, 9.0, 4.4 Hz, 1H), 0.75 (d, J = 6.6 Hz, 3H), 0.43 (d, J = 6.6 Hz, 3H);
C NMR (126 MHz, CDCl3) & 176.0 (C,), 173.3 (CH), 155.9 (C,), 139.7 (C,), 128.4 (CH), 126.0 (CH), 121.7
(CH), 120.8 (CH), 73.8 (C,), 61.0 (CH,), 54.7 (CH), 47.4 (CH,), 33.6 (CH,), 31.1 (CH,), 24.9 (CH), 23.9 (CH,),
23.4 (CHs), 21.6 (CHs); IR (neat): Vinax (cm'l) = 2947 (m), 1629 (m), 1541 (m), 1448 (m), 1113 (s), 986 (m),
879 (m), 750 (1). HRMS (ESI): m/z calculated for C,oH,sN; [M+H]* 310.2278, found: 310.2265.



4-(tert-butyl)-5-(4-chlorobenzyl)-9-methoxy-1,2,4,5,5a,6-hexahydropyrrolo[3',2':3,4]pyrrolo[2,3-
bJindole (8ba)
MeO R‘ Prepared from isocyanide 1b (200 mg, 1.0 mmol), 4-chlorobenzylamine (134
Q%-"*BU pL, 1.1 mmol) and pivaldehyde (119 pL, 1.1 mmol) according to general
N HN\/O’C' procedure B within 16 h. Purification: column chromatography on silicagel
(cyclohexane/EtOAc 4:1, R; = 0.26 in cyclohexane/EtOAc 4:1). Isolated as a
yellow oil (385 mg, 0.94 mmol, 94%).

'H NMR (500 MHz, CDCl3) 6 7.37 (g, J = 8.3 Hz, 4H), 6.64 (d, J = 8.1 Hz, 1H), 6.60 (s, 1H), 6.42 (d, /= 8.4
Hz, 1H), 4.44 — 4.35 (m, 1H), 4.32 (dd, J = 14.9, 8.4 Hz, 1H), 4.20 (s, 1H), 4.16 (d, /= 13.9 Hz, 1H), 3.86 (d, J
= 14.8 Hz, 1H), 3.72 (s, 3H), 3.25 (s, 1H), 2.32 (q, J = 11.2 Hz, 1H), 2.17 (dd, J = 12.3, 5.4 Hz, 1H), 0.81 (s,
9H); *C NMR (126 MHz, CDCl;) § 187.2 (C,), 153.9 (C,), 143.0 (C,), 138.5 (C,), 133.5 (C,), 132.4 (C,), 130.1
(CH), 129.1 (CH), 113.6 (CH), 110.7 (CH), 110.7 (CH), 88.7 (CH), 73.8 (CH), 69.7 (C,), 66.2 (CH,), 61.6
(CH,), 56.2 (CHs), 41.0 (CH,), 35.9 (C,), 27.4 (CHs); IR (neat): Vpya cm™) = 2951 (m), 1647 (m), 1488 (1),
1464 (s), 1448 (m), 1435 (s), 1288 (m), 1205 (m), 1090 (m), 1007 (s), 937 (m), 851 (1), 636 (s); HRMS (ESI):
m/z calculated for C;H,4CIN;O [M+H]" 410.1994, found: 410.1983.

2'-(benzo[d][1,3]dioxol-5-yl(4-methylpiperidin-1-yl)methyl)-5-chloro-4',5'-dihydrospiro[indole-3,3'-
pyrrole] (12ca)
N o Prepared from isocyanide 1c (205 mg, 1.0 mmol), 4-methylpiperidine (130 pL,
C|\©wo> 1.1 mmol) and piperonal (165 mg, 1.1 mmol) according to general procedure
N/QN) B within 16 h. Purification: column chromatography on silicagel (4% MeOH in

CH,Cl,, R¢ = 0.30 in cyclohexane/EtOAc 4:1). Isolated as a yellow oil (192 mg,
Me 0.44 mmol, 44%).

'H NMR (500 MHz, CDCl5) & 7.57 (s, 1H), 7.51 (d, J = 10.1 Hz, 1H), 7.28 (d, J = 8.1 Hz, 1H), 6.91 (s, 1H),
6.59 (s, 1H), 6.54 (d, J = 7.9 Hz, 1H), 6.45 (d, J = 7.8 Hz, 1H), 5.87 (d, J = 13.1 Hz, 2H), 4.31 — 4.15 (m, 2H),
3.35 (s, 1H), 2.93 (d, J = 10.9 Hz, 1H), 2.58 (d, J = 11.2 Hz, 1H), 2.50 — 2.41 (m, 1H), 2.00 — 1.94 (m, 1H),
1.72 (t, J = 11.0 Hz, 1H), 1.59 — 1.51 (m, 2H), 1.40 (d, J = 12.1 Hz, 1H), 1.34 — 1.21 (m, 2H), 1.08 (g, J = 11.6
Hz, 1H), 0.84 (d, J = 3.9 Hz, 3H); B3¢ NMR (126 MHz, CDCl3) 6 174.7 (C,), 173.1 (CH), 153.4 (C,), 147.5 (C,),
147.3 (C,), 141.2 (C,), 132.0 (C,), 130.0 (CH), 128.3 (CH), 123.1 (CH), 122.1 (CH), 122.0 (CH), 108.9 (CH),
107.7 (CH), 101.0 (C,), 73.8 (C,), 71.5 (CH), 60.2 (CH,), 53.0 (CH,), 51.6 (CH,), 33.9 (CH,), 33.8 (CH,), 32.3
(CH,), 30.7 (CH), 21.8 (CHs); IR (neat): Vmax (Cm_l) =2962 (m), 1655 (m), 1605 (m), 1462 (s), 1263 (s), 1163
(m), 1045 (s), 906 (m), 733 (I); HRMS (ESI*) calculated CysH,,CIN;O, [M+H]" 436.1786, found 436.1804.

4-cyclopentyl-5-(3-methoxyphenethyl)-6-methyl-1,2,4,5,5a,6-hexahydropyrrolo[3',2':3,4] pyrrolo[2,3-
bJindole (8db)
Prepared from isocyanide 1d (184 mg, 1.0 mmol), 3-methoxyphenethylamine

N
Q%O (160 pL, 1.1 mmol) and cyclopentanecarboxaldehyde (117 pL, 1.1 mmol)
N HN according to general procedure B within 16 h. Purification: column
OMe



chromatography on silicagel (cyclohexane/EtOAc 4:1, R; = 0.57 in cyclohexane/EtOAc 4:1). Isolated as a
yellow oil (299 mg, 0.72 mmol, 72%).

'H NMR (500 MHz, CDCls) § 7.21 (t, J = 7.8 Hz, 1H), 7.11 (t, J = 7.6 Hz, 1H), 6.95 (d, J = 7.2 Hz, 1H), 6.79 (d,
J=7.4Hz, 1H), 6.75 (d, J = 8.7 Hz, 2H), 6.57 (t, J = 7.4 Hz, 1H), 6.34 (d, J = 7.8 Hz, 1H), 4.39 — 4.32 (m, 1H),
4.28 (dd, J = 14.7, 8.4 Hz, 1H), 3.80 (s, 3H), 3.14 (d, J = 8.2 Hz, 1H), 3.07 (t, J = 8.2 Hz, 2H), 2.87 (s, 3H),
2.80-2.71 (m, 2H), 2.32 (dd, J = 12.6, 5.7 Hz, 1H), 2.25 — 2.16 (m, 1H), 1.54 — 1.40 (m, 3H), 1.37 - 1.17
(m, 6H). C NMR (126 MHz, CDCl;) & 186.5 (C,), 159.7 (C,), 150.3 (C,), 141.4 (C,), 131.7 (Cy), 129.5 (CH),
128.9 (CH), 122.1 (CH), 121.2 (CH), 117.3 (CH), 114.7 (CH), 111.4 (CH), 106.0 (CH), 90.3 (CH), 67.90 (CH),
66.7 (Cy), 66.0 (CH,), 58.5 (CH,), 55.2 (CHs), 44.5 (CHs), 40.4 (CH,), 35.5 (CH,), 30.9 (CH,), 30.6 (CH), 28.9
(CH,), 25.0 (CH,); IR (neat): Vmax (cm™) = 2954 (m), 2866 (s), 1665 (s), 1601 (m), 1489 (m), 1298 (s), 1258
(m), 1151 (m), 1099 (s), 1043 (s), 953 (s), 738 (m); HRMS (ESI): m/z calculated for C,;H3,N3O [M+H]"
416.2696, found: 416.2696.

N-(2-methyl-1-(2-methyl-4',5'-dihydrospiro[indole-3,3'-pyrrol]-2'-yl)propyl)cyclopropanamine (12ea)
N HN—<] Prepared from isocyanide le (184 mg, 1.0 mmol), cyclopropylamine (76 uL, 1.1
;&{FPr mmol) and isobutyraldehyde (100 pL, 1.1 mmol) according to general procedure B
©\N/ Me within 16 h. Evaporation of the solvent and excess starting materials afforded the
compound as an orange solid. Isolated as an orange oil (292 mg, 0.99 mmol, 99%) as
a mixture of diastereoisomers (1:1 based on 'H NMR). Separation of the diastereoisomers was not
possible, and since no other side products were formed, no further purification was required.

'H-NMR (500 MHz, CDCl3) & 7.54 (d, J = 7.6 Hz, 2H), 7.40 — 7.29 (m, 2H), 7.19 (s, 2H), 7.15 (d, J = 4.4 Hz,
2H), 4.39 (dt, J = 12.2, 6.0 Hz, 1H), 4.29 (t, J = 7.0 Hz, 2H), 4.18 (dt, J = 15.9, 7.9 Hz, 1H), 2.53 — 2.50 (m,
1H), 2.49 — 2.42 (m, 2H), 2.41 — 2.36 (m, 2H), 2.29 (s, 3H), 2.30 — 2.25 (m, 1H), 2.23 (s, 3H), 2.10 - 2.01
(m, 3H), 1.96 — 1.89 (m, 1H), 1.31 (s, 1H), 1.01 (dd, J = 9.6, 3.8 Hz, 1H), 0.74 — 0.66 (m, 6H), 0.63 (d, J =
6.7 Hz, 3H), 0.56 (d, J = 6.9 Hz, 3H), 0.34 — 0.28 (m, 2H), 0.28 — 0.22 (m, 3H), 0.11 - 0.02 (m, 2H), -0.16 (s,
1H); ®C-NMR (126 MHz, CDCl5) & 181.9 (C,), 181.2 (C,), 177.9 (C,), 177.2 (C,), 155.8 (C,), 155.2 (C,),
141.2 (C,), 140.9 (C,), 128.5 (CH), 128.5 (CH), 125.7 (CH), 125.5 (CH), 122.0 (CH), 121.9 (CH), 120.1 (CH),
75.3 (C,), 62.7 (CH), 62.5 (CH), 60.2 (CH,), 60.1 (CH,), 34.3 (CH,), 33.9(CH,), 30.2 (CH), 29.8 (CH), 29.2
(CH), 29.2 (CH), 20.7 (CH;), 20.1 (CHs), 17.1 (CHs), 16.8 (CHs), 15.6 (CHs), 15.6 (CHs), 6.9 (CH,), 6.7 (CH,),
6.2 (CH,); IR (€cM™): Vinay = 2957 (s), 1634 (s) 1573 (s), 1456 (s), 1364 (s), 1014 (s), 906 (m), 727 (1); HRMS
(ESI): m/z calculated for CigH,6N; [M+H]* 296.2121, found: 296.2107.

General procedure C: Subsequent Ugi reaction to form compounds of type 8.

To a solution of 3 (1.0 equiv) in dichloromethane (0.1M) were added carboxylic acid (1.2 equiv) and
isocyanide (1.2 equiv). After full depletion of the isocyanide on TLC the reaction was concentrated in
vacuo. Purification by silica gel chromatography afforded the desired product with an eluent system of
cyclohexane/EtOAc.



3-acetyl-N-(tert-butyl)-4,5-diphenyl-2,3,4,5,5a,6-hexahydropyrrolo[3',2':3,4]pyrrolo[2,3-b]indole-
3a(1H)-carboxamide (13a)

O Me Prepared from interrupted Ugi product 3aa (86 mg, 0.25 mmol, 1 equiv), acetic acid
Q (15.7 pl, 0.275 mmol, 1.1 equiv) and tert-butyl isocyanide (31.1 ul, 0.275 mmol, 1.1

H equiv) according to general procedure B within 24 h. Purification: column
Q N chromatography on silicagel (cyclohexane/EtOAc 1:2, R = 0.11 in
cyclohexane/EtOAc 1:2). Isolated as a yellow oil (83 mg, 0.17 mmol, 67%).

'H NMR (500 MHz, CDCl3) § 7.51 — 7.45 (m, 2H), 7.21 — 7.13 (m, 7H), 6.74 — 6.68 (m, 3H), 6.53 (d, J = 8.2
Hz, 2H), 5.68 (s, 1H), 5.55 (s, 1H), 4.39 (s, 1H), 3.90 (t, J = 9.5 Hz, 1H), 3.75 — 3.57 (m, 1H), 2.73 (q, J =
12.5, 10.5 Hz, 1H), 2.30 (dd, J = 12.7, 6.4 Hz, 1H), 2.12 (s, 3H), 0.87 (s, 9H); °C NMR (126 MHz, CDCl3) &
170.2 (C,), 165.7 (C,), 149.8 (C,), 144.0 (C,), 139.5 (C,), 129.7 (CH), 129.6 (CH), 129.5 (CH), 129.3 (CH),
128.5 (CH), 126.9 (CH), 125.9 (C,), 119.0 (CH), 117.6 (CH), 112.4 (CH), 109.6 (CH), 82.0 (CH), 81.3 (C,),
71.9 (CH), 66.8 (C,), 51.3 (C,), 46.8 (CH,), 36.6 (CH,), 28.0 (CH3), 23.7 (CHs); IR (neat): Vimax (Cm_l) = 2361
(s), 1636 (s), 1504 (s), 1213 (s), 1041 (s), 906 (I), 727 (I); HRMS (ESI): m/z calculated for C3;H35N,0,
[M+H]" 495.2755, found: 495.2742.

3-benzoyl-N-butyl-5-(3-chlorophenyl)-4-(4-chlorophenyl)-2,3,4,5,5a,6-hexahydropyrrolo[3’',2":3,4]
pyrrolo[2,3-blindole-3a(1H)-carboxamide (13b)

o
Ph
%o acid (21 mg, 0.17 mmol, 1.2 equiv) and 1-pentyl isocyanide (21.4 pl, 0.17 mmol,

\ \LNC/T . . . o
1.2 equiv) according to general procedure B within 24 h. Purification: column
@ N H©\0| chromatography on silicagel (cyclohexane/EtOAc 4:1, R; = 0.27 in
N
HH O/u

Prepared from interrupted Ugi product 3ac (59 mg, 0.14 mmol, 1 equiv), benzoic

cyclohexane/EtOAc 4:1). Isolated as a yellow oil (40 mg, 0.44 mmol, 44%).

'"H NMR (500 MHz, CDCls, rotamers observed in 5:1 ratio) & 8.10 (d, J = 8.0 Hz, 1.2H), 7.63 — 7.51 (m,
4.4H),7.46 (t, J = 7.7 Hz, 1.4H), 7.44 — 7.35 (m, 2.6H), 7.25 — 7.14 (m, 3.4H), 7.11 (t, J = 7.8 Hz, 0.4H), 7.05
(t, J = 8.2 Hz, 1H), 6.95 (d, J = 7.6 Hz, 1H), 6.79 — 6.68 (m, 2.6H), 6.62 (s, 1H), 6.52 (s, 0.2H), 6.42 — 6.34
(m, 1.2H), 5.73 (s, 1.2H), 5.67 (s, 1.2H), 4.66 (s, 0.2H), 4.14 (s, 1H), 3.86 — 3.74 (m, 2H), 3.72 — 3.62 (m,
0.2H), 3.58 —3.50 (m, 0.2H), 3.49 — 3.42 (m, 0.2H), 3.34 — 3.27 (m, 0.2H), 3.13 — 3.04 (m, 1H), 2.97 (dt, J =
12.8, 5.9 Hz, 0.2H), 2.89 — 2.76 (m, 1.2H), 2.70 (q, J = 10.7, 10.3 Hz, 1H), 2.22 (dd, J = 12.8, 5.4 Hz, 1H),
1.11 (h, J = 7.1 Hz, 2.2H), 0.98 — 0.85 (m, 1H), 0.82 — 0.64 (m, 5.6H); *C NMR (126 MHz, CDCl;) § 170.9
(C,), 170.8 (Cy), 170.1 (C,), 166.3 (C,), 149.4 (C,), 147.5 (C,), 144.9 (C,), 137.0 (C,), 136.4 (C,), 135.4 (Cy),
134.9 (C,), 133.6 (CH), 130.8 (CH), 130.7 (CH), 130.5 (CH), 130.4 (CH), 130.2 (CH), 130.1 (CH), 129.6 (CH),
129.5 (CH), 128.7 (CH), 128.5 (CH), 128.4 (CH), 127.2 (CH), 125.8 (C,), 125.7 (CH), 122.4 (CH), 122.3 (CH),
119.8 (CH), 119.6 (CH), 118.9 (CH), 118.6 (CH), 118.1 (CH), 113.7 (CH), 112.4 (CH), 112.0 (CH), 111.5 (CH),
111.2 (CH), 110.1 (CH), 82.0 (CH), 81.5 (C,), 71.6 (CH), 67.3 (C,), 62.5 (CH), 48.7 (CH,), 40.0 (CH,), 39.7
(CH,), 37.1 (CH,), 29.0 (CH,), 27.8 (CH,), 27.0 (CH,), 25.1 (CH,), 22.3 (CH,), 14.0 (CH3); IR (neat): Vmax (cm’
1) = 3427 (s), 2930 (s), 2357 (s), 2357 (s), 1624 (s), 1593 (1), 1485 (1), 1447 (s), 1406 (m), 1265 (m), 1173
(s), 1092 (m), 1026 (s), 908 (m), 729 (l); HRMS (ESI): m/z calculated for C3;H35CI,N,O, [M+Na]* 661.2108,
found: 661.2088.



One pot interrupted Ugi / Joullié-Ugi towards 8a.
O O

7/Me
o
N
NC HzN \\\‘!LH'FB“
A\ wPh CN t-Bu .
‘Ph
N TFE. 1t N,
H N'H Ph
9a 8aa 13a

To a solution of isocyanide 1a (170 mg, 1.0 mmol, 1.0 equiv) in TFE (10.0 mL) was added aniline (100 pl,
1.1 mmol, 1.1 equiv) and benzaldehyde (112 pul, 1.1 mmol, 1.1 equiv). The reaction mixture was stirred
at room temperature for 48 h. After full depletion of 1a (monitored by TLC), acetic acid (69 ul , 1.2
mmol, 1.2 equiv) and tert-butyl isocyanide (136 ul, 1.2 mmol, 1.2 equiv) were respectively added. The
intermediate interrupted Ugi product was fully converted after 24h. The reaction was concentrated and

purified by column chromatography (cyclohexane/EtOAc, 2:1), to afford compound 8a as a pale yellow
oil (207 mg, 0.42 mmol, 42 %).



X-ray analysis

A single crystal of 8ah was mounted on a Mitegen kapton loop and placed in the cold stream (104K) of
the diffractometer setup described in the experimental section. Data collection and refinement led to
the CIF file in the supporting information, in which all further pertinent details are described.

The main finding from the diffraction experiment is that 8ah crystallizes in the centrosymmetric space
group P2,/c, as a racemic mixture of two enantiomers, (S5,S5,5) and (R,R,R), while NMR allows to conclude
that the bulk product is diastereomerically pure. In the packing, the benzyl substituent of one molecule
points into the cleft formed by the spiroindole, benzyl and tert-butyl substituents of its enantiomer, and
vice versa. The resulting bimolecular building block is much more regularly shaped and thus easier to
pack into a crystal. Intermolecular contacts below the van der Waals radius just barely occur between
N12 of the hexahydropyrrole and H3 in the indoline benzene ring of the molecule in the a-direction, and
the same N12 and H4 in the same ring of the molecule in the b-direction (both distances 2.72 A, van der
Waals distance 2.75 A). This is consistent with the packing being largely determined by dispersion forces.
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MAME BOR-048-1
EXPHO 1
PROCNO 1
F2 - Reguisition Parameters
Date_ 20160720
N Time 8.55
\ cl INSTRUM apect
PROBHD 5 mm CPTCI 1H-
i \.\‘Q/ FULFFOG jmed
TD 65536
N ZOLVENT ool
N Hs 500
H H cl s 4
SWH 29761.904 Hz
FIDEES 0.454131 H=
0 1.1010048 =sc
8ac RG 2050
oW 16.800 ussc
DE 6,50 uzec
TE 298.2 K
CNSTZ 145.0000000
CHET11 1.0000000
Dl 2.00000000 =sc
D20 0.00689655 asc
TDO 1
Ll )y — ’ CHANMEL £1
HUcl 13¢
Fl 11.20 ussc
P2 22.40 uvasc
FLL -2.00 dB
FLlW 85.77790070 W
zFol 125.8055709 MH=
CHANMEL £2
waltzlé
1H
20.00 usec
4.00 dB
25.28 dB
8.72000027 W
0.06494062 W
500.2720011 MH=
F2 - Frocsaaing paramstsra
S 32768
sl 125.7929836 MHz
WoW EIN
=SB o
LE 1.00 Hz
GE o
22 1.40
I T I I I I T I T 1
180 160 140 120 100 BO 60 40 20 ppm



— 0 o
= O = Current Data Paramstere
S 2 © nanE THE-Z265-C
o3 ey oy EXEHO 1

FROCHO 1
///%)rﬁ# F2 - Aoquisition Parameters

Date_ 20160716
Time 15,24
N INZTRUM apect
\ PROEHD 5 sm CPTOT 1H-
WBn FULFROG =g 30
" ' D 65536
N SOLVENT cDeld
Nz 122
N K Dg 0
H SWH 10320.578 Hz
FIDEES 0.157632 Hz
20 3.1719425 asc
OMe EG 18
oW 42,400 uzse
8ad DE 6.50 uz=c
TE 287.0 K
ol 2.,00000000 aze
TDO 1
CHAMMEL f1
1H
6,70 usse
1.00 dE
8.72000027 W
500.2720894 MH=z
F2 - Procsmaing paramstere
= 32768
= 500.2700085 MH=
WDW EH
=SB 0
LE 0.30 Hz
GE 0
EC 1.00
. hM_AL\_ﬂ.Mw'_.—L
T T T T T T 1
9 8 7 6 3 2 Ppm
’(Fr%’é ~o]= [=] - 2]
Qe |@Nole e Q o
o e I [ (= [y - -
Current Data PFa
NANE
EXPNC
PROCHO
F2 - Acquisition Paramsters
Date_ 20160716
Time 17.10
N INSTRUM apect
\ PEOEHD 5 mm CPTCI 1H—
Bn FULEROG jmod
o N D GEE36
SOLVENT cpels
N s 2000
N H = 4
H SWH 29761,904 Hz
FIDEES 0.454131 Hz
20 1.10100428 ==c
8ad OMe RG 2050
DH 16.800 usec
DE 6,50 uasc
TE 286.9 K
CNET2 145,0000000
CHST1L 1.0000000
Dl 2.00000000 sec
D20 0.00689655 ==c
TDO 1
J i J l I "HANNEL £1
Rl piiatad 13¢
Fl 11.20 usse
B2 22.40 umec
FLL -2.00 dB
FLLW 88.77790070 W
sFol 125.8055709 MH=
"HAWMEL £2
CPDPRE[2 waltzl6
NUC2 1H
FCPD2 80,00 uzec
PLZ 4,00 dB
FLLZ .28 dB
PLZW &,72000027 W
FL12W 0.06494062 W
SFo2 500.2720011 HH=
F2 - Processing paramsters
s 32768
s 125.792981% MH=
WD EN
35B 0
LB 1.00 Hz
GE 0
FC 1.40
' I ' I ' I ' I 1
180 160 140 120 ppm



@O TOHOTOHOTOTEREALH AOO MO AL NT A O T E 0T
DT IO 01000 O T ) Ol S0y O A0 T 00 [ G 0Y G0 0 T O] O auirent Data Parameters
A A A A OO 0] GO LD LD LD O D Sh Sh S oSt sf 00 00 00 () &0 1 &1 61 & O 01 01 & o o 2 -
T e TME-243-D
[ [ 0 D [ [ W0 W0 A0 A0 D W U S OSHOSH SR OSPOSPOSE SR shosp oSt en 00 07 00 O O O O 0 0 e 0 o8 1 EXFNO 1
‘%‘%ﬁ\\ XNW W PROCHO 1
F2 - Acquisition Parametsrs
Date_ 20160716
N Time 9.20
INGSTRUN spect
\ PROEHD 5 mm CPTCI 1H-
o W iBu PULFROS =g 30
TD 65634
o SOLVENT Dol
N NS 1z
H H s o
SWH 10330.57% H=z
FIDEES 0.157632 H=z
20 3.1719425 ase
1lae we b
D 48,400 uasc
DE 6,50 uasesc
TE 287.0 K
Dl 2.00000000 zec
TDO 1
'HANNEL f£1
ol 11
Fl 6.70 uzec
PLL 4.00 dB
PL1W 5.72000027 W
SFOL 500.2730894 MH=
F2 - Processing paramstera
ST 32768
= 500.2700085 MH=
WDW EN
EE o
LE 0.30 Hz
=3 o
P 1.00
T T T T T T T T 1
9 7 6 5 4 3 2 1 ppm
o [« |o o (=] [ ") 10 )
Salalg S el gl |8 = =
B e =l I=1 led - I o
Current Data Paramsters
NANE TE-243-D
EXPNO 2
PROCO 1
F2 - Acguisition Paramstera
Date_ 20160716
Time 11.05
INGSTRUN apect
N PROBHD 5 mm CPTCI LlH-
\ PULFROG jmod
wiBu D 655365
" SOLVENT Dol
NE 2000
o b 1
N H E 29761.904 Hz
H FIDEES 0.354131 H=
A 1.1010048 az=c
EG 2050
1lae =t 16.800 uaec
DE 6.50 uasc
TE 286.9 K
CHSTZ 145.0000000
CHNETLL 1.0000000
Dl 2.00000000 zec
D20 0.00689655 asc
. — . " " DO 1
"HANMEL £1
nuel 130
Pl 11.20 uase
P2 22.40 upesc
FL1 -2.00 dB
PL1W 88.77790070 W
SFO1 125.8055709 MH=
"HAWNMEL £2
CPDPRG[2 waltzlé
nuez 18
PCPD2 20.00 uasc
FLZ 4.00 de
FLlZ2 25.28 de
PLZW 8.72000027 W
PL12W 0.06494062 W
EFO2 500.2720011 MH=
F2 - Procesaing parametera
s 32768
SE 125.792981% MH=
WD EN
EE 0
1B 1.00 Hz
GB 0
PC 1l.40
T T T T T T T T 1
180 160 140 120 100 BO 60 40 20 ppm



Current Data Parametera

* NANE BOR-035-1
EXPNO 3
PROCHNO 1
F2 - Acquieition Parametsrs
Date_ 20160626
Time 17.29
TNSTRUI apect
MeO PROBHD 5 mm CPTCI 1H-
N PULFEOG =g 30
\ D 65536
tBu SOLVENT cDeld
" ne 16
N Do 2
N SWH 10330.578 Hz
FIDRES 0.157632 Hz
HH 2 \NH 20 3.1719425 aze
RG .
W 48,400 ueec
DE §.50 usse
8af TR 298.3 K
Dl 1.00000000 =sc
DO 1
'HANNEL f1
nuel 1H
Pl §.70 usse
FLL 4.00 dB
PLLW 8.72000027 W
sFOL 500.2730894 MH=
F2 - Processsing paramstera
51 32768
B 500.2700161 1H=
wou En
EE 0
B 0.30 H=z
== o
PC 1.00
A N_LL“_}LAL
I I I I I I I I I 1
9 8 7 6 5 4 3 2 1 ppm
3| [EEELEE 28 & [ [e e
o ~leiloi =0 il led o e =1 (=
Current Data Paramstera
NANE EOR-035-1
EXPNO 1
PROCNO 1
F2 - Acquisition Paramsteras
Date_ 20160626
Time 17.56
TNETRUM apect
PROBHD 5 s CPTCTI 1H-
MeO PULPROG jmod
’;‘ ™D 65536
Bu SOLVENT cpel3
NN 512
N SWH 29761.904 Hz
N FIDRES 0.454131 H=z
20 1.1010048 asc
H H > \-NH RG 2050
bW 16,800 us=c
DE 6.50 nasc
8af TE 298.2 K
NSTZ 145,0000000
cNsTll 1.0000000
pl 2.00000000 ssc
D20 0.006B9655 asc
l DO 1
CHANNEL £1
| | T woel 13¢c
Pl 11.20 vase
P2 22,40 uase
PLL -2.00
FLLW 82.77790070 W
sFol 125.2055700 MHz
"HANNEL £2
CPDPRG[2 waltz16
wuez 1H
PCPD2 80.00 vase
PL2 4.00 dB
PL12 25,28 dB
PL2W £.72000027 W
FLL2W 0.06494062 W
sFO2 500.2720011 M=
F2 - Processing paramsters
] 32768
I 125.7929809 MH=z
WoW El
e 0
LB 1.00 H=z
== 0
PC 1.40
I I I I I I I I I 1
180 160 140 120 100 B8O 60 40 20 ppm



GO NN AN OO0 OO0 MMEOONG G TN WO
CO O ACRNO NN AR 00O MNGRDOo0®Y ST Moo N Current Data Faramstera
COoOCCOrEYYEnTTOOAMANNNNCOD M ANNACNNOOW  pae Borenzoo1
-0 OWO VDT IFAMOMNNNNNNAADD D EXPNO >
R = N N VI 1

F2Z - Acquisition Paramstsra
Dats_ 20160716
Time 11.22
INSTREUM spect
N PEOBHD 5 mm CPTCI 1H-
\ PULPROG =g30
8 ™ 65536
i wBu SOLVENT cpels
£ 128
N\ = o
N i SWH 10330.578 Hz
n HoPr FIDRES 0.157632 H=
20 3.1719425 as=c
RG 18
8a oW 48,400 uasc
g DE 6,50 umsc
TE 286.8 K
ol 2.00000000 =sc
TDO 1
HANNEL £1
NUCl 1H
Fl 6,70 uasc
FLL 4.00 dB
FLLW 8.72000027 W
sFol 500.2730894 MH=
F2Z - Proceaaing paramstsra
e 32768
B 500.2700085 MH=
WoW En
S 0
LE 0.30 H=
cE 0
=20 1.00
9 8 7 6 5 4 3 2 1 ppm
Fro\f) = =[]~ = © @] ey
Qe |2e a2 Qe o o (o
=0~ == = o el o
Current Data Paramsters
BOR-025-1
EXPNO 4
BROCHND 1
F2 - Acquisition Paramstera
Dats_ 20160716
Time 12,08
NETRUM spect
PROBHD 5 mm CPTCI lH-
N PULFFOG jmod
™ 65536
\ SOLVENT cpels
N ww iBu NS 2000
DS 4
N =WH 29761.904 H=
N N FIDRES 0.454131 H=
H H iPr a0 1.101004% azsc
RG 2050
oW 16,800 uasc
OE §.50 ussc
8ag TE 286.9 K
CNSTZ 145,0000000
STl 1.0000000
Dl 2.00000000 as=c
D20 0.00689655 as=c
DO 1
1 e Y Y L L X "HANNEL £1
wucl 13c
Fl 11,20 uasc
B2 22.40 ussc
FLL -2.00 dB
PLLW 88,77790070 W
sFOL 125,8055709 MH=
CHANNEL £2
waltzlé
1H
20.00 uasc
4.00 ds
25.28 dB
£,72000027 W
0.06494062 W
500,2720011 MH=
F2 - Proceasing paramstera
E] 32768
= 125,7929818 MH=
WDW EH
B 0
1E 1.00 Hz
=) 0
BC 1.40
T T T T T T T T T
180 160 140 120 100 B8O 60 40 20 ppm
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FZ2

Data Parameteras
BOR-022-1

3

1

- Requisitien Paramstera

Date_ 20160716
Time 13.23
INSTRUM apect
FROEHD 5 mm CPTCI lH-
N PULPROG z.;(BO
\ ™D 65536
ZOLVENT oDel3
i aniBu us 128
Dz ]
N\ SWH 10330.578 H=
N FIDEES 0.157632 H=
H H Bn a0 3.1719425 ace
RG 18
oW 48,400 uesc
DE 6.50 usec
Sah TR 286.9 K
Dl 2,00000000 zec
TDO 1
"HANNEL £1
NUCl 1H
Fl 6.70 nasc
FL1 4.00 dB
FL1W %.72000027 W
zFol 500.2730894 MHz
F2 - Proceszing paramstsra
8 32768
SF 500.2700086 MHz
WDW EM
ZEB ]
LE 0.30 Hz
[==] ]
EC 1.00
T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 ppm
ﬁ’é[hﬁ- oo @ (o] ][00 = o -
ale|leee e cee|e ] Q|2 =
o e = = = = = —-l—loill— - I ]
Current Data Parameters
NAME BOR-022-1
EXPNO 4
FROCHO 1
FZ - Reguizition Paramstera
Date_ 20160716
Tims 15.09
NS TRUM apect
FEOEHD 5 mm CPTCI 1H-
N PULPROG jmod
\! D 65536
N wiBu ZOLVENT opell
s 2000
s 4
N\ ZWH 29761.904 Hz
N H Bn FIDRES 0.454131 H=
H A0 1.1010048 asc
R 2050
oW 16.800 uzsc
8ah DE 6,50 uzec
TE 286.9 K
CHSTZ 145.0000000
cusTll 1.0000000
Dl 2.00000000 zsc
D20 0.00689655 a=c
DO 1
CHANNEL f1 =
| i | 13¢
11.20 uesc
22.40 uaec
-2.,00 dB
88.77790070 W
125,8055709 MH=
HANNEL £2
CPDERG[2 waltzlé
o2 1H
FCED2 80.00 uesc
PLZ 4.00 dB
FL12 25.28 dB
FLZW §.72000027 W
PL1ZW 0.06494062 W
ZFOZ 500,.2720011 MHz
FZ - Procesaing paramstera
2 768
SF 125,7929809 MH=
WDW EM
28 [+]
1B 1.00 Hz
GE [+]
Fo 1.40
T T T T T T T T T 1
180 160 140 120 100 BO 60 40 20 ppm



L = R B TS W I ) B e T o A= I L I S T T U s P A SO (- 5 R Y T e T Y T T s P R I T T S S
L= Y T R  BL=T WA G W NO A0 00O AGON OG0 00 H O WS - - Current Data Paramsters
[ I W R R e R = T O T Y BT T Rt NSt B s 0 T o o S (ot B R ot o Y B o B B (R B R Y o ¥ P ) JHE-291E
[l ol ol s S S MWD D R B B T B - T e s s R N Nt Yt b T o o ot ot o [ T o E;__‘gg;}w i
r/ F2 - Aoquiszition Paramstsrsa
Date_ 2Z01E0202
Time 1z.07
i TERUM apsct
PROEBHD 5 mm CPTCI 1H-
FULFEOG zq30
o G55 26
SOLVENT cpoll
1é
2
103230.572 Hz
N 0.157&32 Hz
\ 3.1719425 asc
L tBu 10
42,400 uae
N S G6.50 uae
N h \/@ 298.3 K

1.00000000 asc
1

6,70 uae

4.00 dB
2.72000027 W
500.2720894 MHz

"

- Proceasing paramstera
32Tés

= w
oD L

500.27000281 MHz

En
=SB o
L 0,320 Hz
e 4]
BC 1.00
U_J_l Ah,'« J_ el
T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 ppm
= leiled =]~ leileils - -l @
Current Data Paramsters
M15-291E
PROCC 1
F2 - Acquicition Pavameters
20160808
18.21
spect
5 mm OPTOI L1H-
rasd
65536
D13
255
N 1
\ 29761.904 Hz
e W t-Bu 0.454131 Hz
1.101004% oec
2050
16,800 uses
6.50 usso
298.2 K
. omsT2 145.0000000
8ai omsT1L 1.0000000
D1 2.00000000 sec
D20 0.00689655 oec
TDO 1
CHANNEL £1
el 130
P1 11.20 usec
Pz 22.40 useo
PL1 -2,00 dB
PL1W 55.77790070 ¥
SFOL 125.8055709 MHz
mmmmmmee CHANHEL £2 =======-
CPDPRG [2 waltzlé
ez 1H
PCPDZ 50,00 useo
PLZ 4.00 dB
= = rd PL1Z 25.28 4B
l PLIW 5.72000027 W
PLL2W 0.06494062 W
sFoZz 500.2720011 MH=
F2 - Procscoing pavamsters
51 32768
5P 125.7520020 MHz
WDW B
55E ]
LE 1.00 Hz
GE ]
I 1.40
. T . T . T . T . T . T . T . T . T . .
180 160 140 120 100 80 60 40 20 ppm



7.018
7.003
G.651
4.38l
4.286

L110

]

(]

218
260

l.44¢
1.168

Current Data Parametera
H:

JUI-2E29E
-

1

FX - Acquisition Paramstera
Date_ 20160209
Time 10,56
INSTRUN apect
FROEBHD 5 mm CPTCI 1H-
BULEROS =g 20
k3] &55326
SOLVENT CDol:
lé
>

10220.578 Hz
0.157632 Hz
2.1712425 asc

2
48,400 uas

6.50 uas
298.2 K
1.00000000 asc
oo 1
CHANNEL f£1
HuUCl 1H
Fl €.70 uas
PFLL 4.00 dE
PLL1W 2.72000027 W
SFol S500.2720224 MHz

FX - Processing paramstera

I
ZF
WDW

ZEB

3z7eg
500.2700082 MH=
EN
Q
0.30 Hz
]
1.00

Current Data Paramstero

HAME J5-2859E
EXFNO 3
PROCHO 1
cquisition Param
20160809
Time 11.10
INSTEUM apect
PROBEHD 5 mm CPTCI 1H-
PULFROG Jmad
TD 6E536
SOLVENT ¢DCLy
s 286
Ds 4
SWH 28761.904 Hz
FIDEES 0.454131 Hz
Bl 1.1010048 oso
B 2050
W 16.800 uoec
DE 6.50 uo=c
TE 288.2 K
oNsTZ 145.0000000
CNST11 1.0000000
Dl 200000000 aec
D20 0.00689655 aec
TDO 1
CHANNEL £1
nue 130
Pl 11.20 ua=e
B2 22.40 uoee
PL1 -2.00 4B
PL1W 55.77790070 W
SFOL 125.505570% MHz
CHANNEL £2
CPDPRG[2 waltzlé
ez 1H
POFDZ E0.00 uoee
PLZ 4.00 dB
PL1Z 25,28 4B
PLZW w
PL1ZW 0.06454062 W
POz 500.2720011 MHz
F2 - Procesoing paramsteras
[ 32768
SF 125.7928933 MHz
WDW EM
55B [
LE 1.00 Hz
GE [
PO 1.40




7.248

= o 0 D
TR R Y =)
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b s N = G I

I}
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=}

(e}

o0 0l 20 o
o TG G
O S S

a0 L B B |

o] =
LD
[ B |

2

o
=
o

[+1]
[+1]
o1

]
a
o«

u
[+
o1

—
o
(]

]
=
ol

u
u
o1

S R ]

T

—

l1.080
.054
519

=

ﬂ%

HH Ph
8ak
T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
85|58 58| % g8&|8 22818 |5 g5 |8
=lulg|s|s|a == Slg|=|= o o i | o o
N
\Me
%\/\
HOH Ph
8ak
i |
l I HN H
T T T T T T T T T T T T T T T T T l
180 160 140 120 100 80 60 40 20 ppm

Current Data Paramstera

HAME JHS-228922
EXPH 2
FROCHO 1
FX - AReoguisition Paramstera
Date_ 201&0902
Tims 17.42
WS TRUM apect
FROEHD 5 mm CPTCI 1H-
PULPEROG zg30
k3] &5536
SOLVENT [ e Tach R
na le
D3 2
SWH 10330.578 Hz
FIDEES 0.1576322 Hz
AQ 3.1712425 aec
hale 1o
oW 42,400 uae
DE €.50 uae
IE 298.3 K
Dl 1.00000000 asc
o0 1
CHANNEL f£1
MUl 1H
Fl €.70 uae
FLL 00 <EB
PLL1W 2.72000027 W
SFOl 500.27302924 MHz
FXL - Proceaaing paramstera
32768
500.2700082 MHz
EN
Q
0.30 Hz
[}
1.00
Current Data Pavametero
JHE-258A2
1

tero

20160909

17.56
3 apect

PROEHD 5 mm CPTCI 1H-

FULFROG Jonod

D 65536

SOLVENT Dol

us 2585

Dz 1

IWH 29761.904 Hz

FIDRES 0.454131 Hz

20 1.101004% o=

RG 2050

oW 16.800 uoes

DE 6.50 uoeo

TE 208.2 I

onsTz 145.0000000

oWeT11 1.0000000

D1 2.00000000 aso

Dz 0.00689655 oo

TDO 1

CHANNEL £1

el 130

PL 11.20 uaec

P2 40 uoeo

PL1 00 dB

PL1W 58.77790070 W

POl 125.8055709 MHz

mmmmmmm= OHANHEL £2 ==—————

CPDPRG[2 waltzlé
HuCz2 1H
POPD2 50,00 uo=o
PLZ 4.00 dE
PL1Z 25.28 dB
&§,72000027 W

0.06493062 W
500.2720011 MH=

F2 - Procesoing paramsterc
f:3 4 32768

op 125.7629594 MHz
WDW EM
55B [

LE 1.00 Hz
GB [

PO 1.40



L I I S T U+ B L el VT T i I v R s B T T I« B o R L AN B B R B I o I I R T T L« M T T = T
e ANl o g ol A@o PN 0 A©0AC DN S SO0 DA O Mmoot Dats Paramsters
CNCNCNCT\mmmmnn[‘wt\].—!.—ioomnmwm.—ioDmmwﬂoooc\c\c\c\c\mwwr-hhmmm‘r_m EOR-047-3 DMAG
DD 0O OOV YOOYDHHFPFHFTFTOOODDETENNN A A A A A A DD DD DD O O O O BEFIO 2
/ PEOCHO 1
F2 - Roquisition Faramsters
Date_ 20160726
Time 9,58
INSTRUM apect
FEOEHD 5 mm CETCI 1H-
PULPROG zg20
N D 65538
SOLVENT DHMEO
\ ng 16
D o Da 2
£WH 103220.572 Hz
N FIDRES 0.157632 Hz
\ 2O 3,1719425 zec
N H tBu RG 12,7
W 48,400 uzec
DE 6,50 uzeo
8a| TE 298.1 K
Dl 1.00000000 zee
TDO 1
CHAENMEL f£1
Huel 11
FL 6.70 uzec
PLL 4.00 4B
FL1W 2.72000027 W
SFOL 500,2730894 MHz
F2 - Processing paramsters
32768
500,2700000 MHz
EN
ssB 0
LE 0.30 Hz
GE o
PC 1.00
T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 ppm
2|98 o Rlo|e o o [ o oo (o)=o
e el ~ g @ @@ cQn| T @
—lol = o ©lo o ole |||l
Current Data Paramster
WAL BOR-047-3_D
REPNC 1
PROCND 1
F2 - ABequisition Paramsters
Date_ 20160726
Time 5,29
INSTRUM spect
FROEHD 5 mm CETCI 1H-
PULEROG Jmod
N TD 65536
SOLVENT DHSC
\! s 1024
“w 2 )
" v SWH 29761.904 Hz
FIDEES 0.454131 Hz
N\ A0 1.1010048 sec
2050
H H tBu 16,800 usec
6,50 usee
298.2 K
8a| 145.0000000
1.0000000
2.,00000000
0.00629655
1
= CHANNEL f£1
13¢
11,20 usec
22,40 usec
-2,00
179 1 Iry 88 20070
125.8055709
"HANNEL £2
CEDERG[2 waltzlé
nuez 1H
PCPD2 80.00
PL2 4,00
FLLZ 25.28
PL2W 8.72000027
PLL2W 0,06494062 W
SFOZ 500,2720011 MHz
F2 - Procesoing paramstera
s 32768
125.7930467 MHz
EN
o
1.00 Hz
0
1.40
I I T I I I I I !
180 160 140 120 100 80 60 40 20 PpPmM



NN AN EMOMaAWnAOAWMOMNMOUEAANMEW AC TG W0MoM S M o
CWEOOTHNLTAACN OO WO M0 O0W T MO TN T o0 0000 T OO oyprent Data Paramsters
HCO0COr WY EMAMANAMMNNSOMA A A 9YnTMMO0C 00 C gy EOR-_034
[ S \o\o\Q\D\errrvrrrrrvrrrvrmmmMMMNNNNNN.—<-—|-.—<—|-.—<.—<—|.—<—|-.—<—|-.—<.—<—|.—<§;2‘:;O f
W FZ - Acquisition Paramsters
Date_ 20160701
Time 23.39
INSTRUN apect
PROBHD 5 mm CPTCT 1H-
N PULPROG =g 30
\ TD 32768
" SOLVENT cpels
" ' Nz 16
N DS z
SWH 10330.578 H=
Ny FIDEES 0.315264 H=
H 20 1.5850712 mec
EG 22.6
oW 4%.400 uase
Sam DE 6.50 uase
TE 298.2 K
Dl 1.00000000 asc
TDO 1
CHANNEL f1
el 1H
Fl 6.70 uasc
PLL 4.00 dB
PL1W §.72000027 W
SEOL 500.27308%4 MH=
F2 - Processing paramsters
S 16384
= 500.2700041 MH=
WDW EM
SSE o
LE 0.30 H=z
GE [
B 1.00
T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 ppm
™ ofin|o o] [ofn in[—]o mmwﬁﬁuﬂw—mq
=1t=1t=1t=] ala| |ala =1t=1t=1 alololejo|alalalalo
==l = ==l == —l=l= Il == led =g = =
Current Data Farameters
NAME BOR-034
EXPNO 4
PROCHO 1
F2 - Requisition Parameters
Date_ 20160701
Time 23.38
INSTRUN apect
FEOEHD 5 mm CETCI 1H-
FULEEOG Jmeod
N D 65536
\ SOLVENT D13
w ns 512
" N Dz 4
SWH 29761.904 H=
N FIDEES 0.454131 H=
N | 20 1.1010048 asc
H RG 2050
D 16.800 uase
DE 6.50 nase
8am =
CHETZ 145.0000000
CHMSTLL 1.0000000
ol 2.,00000000 acc
D20 0.00689655 asc
TDO 1
‘HANNEL £1
nuel 13c
I ] r Fl 11.20 vase
B2 22.40 uzec
PL1 -2.00 dB
FL1W 85.77790070 W
EFOL 125.8055709 MH=
'"HANMEL £2
CPDPRG[2 waltz16
nuez 1H
PCPDZ 20.00 vnase
FLZ 4.00 de
FL1Z 25.23 4dE
FLZW 8.72000027 W
PL12W 0.06494062 W
SFOZ 500.2720011 MH=
F2 - Froceaaing parametsras
S 32768
SF 125.7929800 MH=
WDW EI
ss o
LE 1.00 H=
GB o
2 1.40
T T T T T T T T T 1
180 160 140 120 100 8O 60 40 20 ppm



N no Jdw oo A0 e A A9 W0 g e Ml N e S
R R R R I B e A T i T B B I T R B R B B = T R = R B I = T B = e e |
= = T i e B e = = R T R e == e e " T I TR B B B N B B B el ol E ]
R R I I s B S S S S S S S — A A AAAAAAAAD DO OO
Current Data Parametera
. THM2-287B1
EXFHO 7
PROCHO 1
F2 - zZeoguisition Paramstera
Date_ 20160202
Time 10,33
INSTRUM apsct
PROEHD 5 mm CPTCI 1H-
PULFROG =g30
N ™ 65538
\ SOLVENT DuZo
k 16
m w E
10330.578 Hz
N 0.157632 Hz
” H 3.1719425 asc
la.2
42,400 uas
8an &.50 uae
298.3 K
1.00000000 aec
1
CHANNEL f£1
HuCL 1n
Pl &.70 uae
PFLL 4.00 dE
PL1W 8.72000027 W
aFol 500,2720824 MHz
FXL - Proceaaing paramstera
ST 32768
aF 500.2699995 MHz
WDW EN
SEE 1}
LE 0.20 Hz
SE 1}
" PC l.00
T T T T T T T 1
9 8 7 6 5 4 3 2 1 ppm
g & [z EE 5| BEEEE
- - =] =] = SRR =1 R B R R T R Y P
Current Data Parsmsters
HAME MME-2ETEL
EXPHO kY
FROCHD 1
F2 - Roquisition Parsmsters
Dabe_ 20160808
Time
INSTEUM
FEOEBHD
FULFEOG
N TD
\ k SOLVENT
hikd
i e D2 3
N SWH 20761.%04 Hz
N FIDEES 0.454131 Hz
H H 1.101004% o=c
2050
16.300 uoeo
8an 6.50 uaec
208.2 K
145.0000000
l.0000000
2,00000000 oeo
0.00659655 o=c
3 M 1
o "
mmmmmmm= CHANHEL £1 =====———
nur L 13
Pl 11.20 uses
P2 22.40 uose
FL1 -2.00 dB
FL1W £5,77790070 W
SFOL 125.5065708 MHz
mmmmmmm= CHANHEL £2 ===e—e———
CPDPERG [2 waltzlé
ooz 1H
POFD2 E0.00 usse
FLZ 4.00 4B
FL1Z 25.2% dB
FLZ £.72000027 W
FL1ZW 0.06494062 W
SPO2 500.2720011 MH=
P2 - Procsooing paramsters
i 327
s 125.7530473 MH=z
WDW EM
S0E a
LE 1.00 Hz
=E o
B 1.20
T T T I T T T T T T T T T T T T T 1
180 160 140 120 100 80 60 40 20 ppm



MOANNMEFOWOVUMG 10NOLOLONOOOOMMOAONMANSGNWN NO A<D 6 WY

VOO NOGOMAFTOOUODHO-OHM-OOFTOHOOET-MNONAOG MO OO Current Data Paramestera

SO MMM A A OO NN A A A0 OO AAA D WO e EOR-030-2

[ T el o e ol e e e P-P-P-P-rrr.rrrvrrrr.rmmmmNNNNNNNNNNNNN—c.—cDoE;?ggO f
Date_ 20160701
Time 22.37
NSTRULT ap=ct
FROEHD 5 mm CFTCI lH-
PULFEOG =g 30
jus) 65526
SOLVENT [ sTeh Be)
=] la
2 2
SWH 10330.578& Hz
FIDFES 0.1576322 Hz
Ad 3.1719425 asc
RG 14.2
oW 48.400 uamec
DE 6.50 uasc
TE 298.3 K
Dl 1.00000000 asec
TDO 1

CHAMNNEL f£1

HuCl 1H
Fl 6.70 usec
PLL .00 dB
PLLlW £.72000027 W
sFol 500.2730894 MH=
F2 - Proceaaing parametera

oI
oF
WD
1B
[==]
PC

32768
500,2700000 MH=z
ENM
Q
0.30 H=
a
1.00

ppm
o [O[0 = [=]% © [~ I~ on]|je|n @ = ©
o|lglala|=|ala alola| @ slallal=| |@2ja| |e
~l=lol=hg =~ —l=led Ani ~l=ll=l= - o
Current Data Parametera
HANE BOR-030-2
EXPNO 5
PROCHNO 1
FZ - Acquisition Paramstera
Date_ 20160701
Time 23.065
INZTEUM apect
FROEBHD 5 mm CPTCI 1H-
FULFEOG Jmod
TD 65536
SOLVENT CDell
=3 512
Dz 4
SWH 2976Ll.9%04 Hz
FIDEES 0.454131 H=
AQ 1.101004% asc
RG 050
oW 16.800 uaese
DE 6.50 uase
TE 298.2 K
CNSTZ 145.0000000
CHSTLL 1.0000000
ol 2.00000000 amcec
Dz0 0.00629655 asc
TDO 1
i 'HANNEL £1
Cl 13¢
' r Fl 11.20 uaoee
FZ 22.40 uasc
FL1 -2.00 dE
PLL1W 88.77790070 W
SFol 125.8055709 MH=
"HANNEL £2
CPDPRG[2 walt=lé
joLefuied 1H
PCPD2 80.00 uaec
FLZ 4,00 dE
FLL2 28 dB
FPLZW &.72000027 W
PL12W 0.06494062 W
SFO2 500.2720011 MH=
FZ - Frocesaing parameters
2 22762
ol 125.7929818 MH=
WDW EMN
SEB o]
LE 1.00 H=
GE [u]
B 1.40
T T T T T T T T T 1
180 160 140 120 100 BO 60 40 20 ppm
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Current Data Paramstera

B JHE-Z438
EXFNO 1
FPROCNC 1
F2Z - Reguisition Faramsters
Date_ 20Ll60615
Tims 20.33

NZTRUI apect
FROEBHD mm CETCI 1H-
PULPROG =g30
TD 65526
SOLVENT [ sTuh B3
ns 16
DS 2
SWH 10320.578 H=
FIDEES 0.157632 H=
AQ 3.1719425 amec
=] 1z.7
oW 48,400 usese
DE 6.50 usee
TE 298.3 K
ol 1.00000000 mec
TDO 1

‘HANNEL £1
muel 1n
Fl 6.70 uasc
FL1 4.00 dB
PL1W 8.72000027 W
SFOL 500.2730894 MH=
F2 - Proceazaing paramstera
= 32768
= 500.2700085 MH=
WDW EN
LE 0.30 H=
GE
FC 1.00

w

9 8 7 6 5 4 2 1
ﬁrf;ﬁj{w—q @ owomqhhmuqﬂﬁﬁﬁ
Q=T -0 @ = [N N RN Q[0 0\ O ed | N N
rlol—lri-lo o —llnlolol-lolelal~|nlr——Irln

1
Ppm

Current Data Paramsters

NAME THME-243A
EXPNO 2
PROCHO 1
F2 - Aeguisition Parameteras
Date_ 20160615
Tims 21.27
INETRUM apect
FRCEHD 5 mm CPTCI 1H-
FULEROG Jmed
D 65536
SOLVENT CDC13

1 1024

= 4
SWH 29761.904 H=
FIDEES 0.454131 H=z
20 1.1010048 zec
EG 2050
oW 16.200 uasc
CE 6,50 usee
TE 292.2 K
CHETZ 145.0000000
CMETLL 1.0000000
ol 2.00000000 amce
DZ0 0.00689655 amec
TDO 1

CHANNEL f1

13c
11.20 uweoee
Z2.40 uvazese
-2.00 dE
8%.77720070 W
125.8055709 MH=
'HANNEL £2
CPDPRG[2 walt=lé
mucz 1H
FCPDZ €0.00 uaoee
FLZ 4.00 dE
FLLZ 25.28 dB
FL2W 2.72000027 W
PL12W 0.06494062 W
SFO2 500.2720011 IMH=
F2 - Procssazing paramstera
= 22768
SF 125.7929809 MH=
WDW EN
LE 1.00 H=
B
FC 1.40

T T T T T
180 160 140 120 100



ONOT IO LCOOMAN® A ®OHGNNE o 0000 T o o
e e R e B o s o R ey v R T B o e e s L S R Y o B R s B T R )
R R N R T R R R e B B B I R B e B e e R e ) Corrent Data Parameters
MAHE JHE-270
WO OYOW OO ST N NN NN N O EXPHNO 1
N‘N ‘%ﬂ%ﬂ%/é/ %%) /' PROCNO 1
F2Z - Reguisition Paramestera
Date_ 20160709
Time 5.24
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULEROG =2g30
MeO, N D 65536
SOLVENT cpels
h wiBu NE 16
H 2
N SWH 10330.578 Hz
N Cl FIDEES 0.157632 Hz
H H 20 3.1719425 asc
Re 13
oW 48,400 uaszc
8ba DE §.50 usse
TE 298.3 K
ol 1.00000000 aszc
DO 1
'"HAWMNEL £1
wucl 1H
Pl §.70 usse
FLL 4.00 dB
PLLW 8.72000027 W
=FOl 500.2730894 MHz
F2 - Processing paramstsra
sI 32768
s 500.2700085 MH=
WDW EM
SEB o
LE 0.30 Hz
GB [+]
P 1.00
. A e
T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 PPmM
ol @fs)e = N‘:.ﬁ‘ﬂ o o -
Q QR Qoeleea) e Qe =
- ~lolo ~ == == lem ] = = @
Current Data Paramstsze
NAME JH5-270
EXPNO 2
PROCHT 1
F2 - Acquisition Paramstera
Date_ 20150709
Tims 6,17
INSTRUN apect
PROBHD 5 mm CETCI 1H-
N PULPEROG Jmod
MeO ™ 65536
NNt e o
DE 4
N al SWH 29761.904 Hz
N H FIDRES 0.454131 Hz
H a0 1.1010048 asc
RG 2050
bW 16.800 uasc
8ba DE §.50 usse
TE 298.2 K
CMET2 145.0000000
CMST11 1.0000000
Dl 2.00000000 asc
D20 0.00689655 a=c
DO 1
J | I - CHANNEL £1 =
i ! ! nuel 13¢
Fl 11,20 uase
B2 22,40 wesc
PLL -2.00 4B
PLLW 88.,77750070 W
sFol 125,8055709 MH=
CHANNEL £2
CPDPRG[2 waltzlé
nuez 1H
FCPD2 50,00 uase
PLZ 4.00 dB
FL1Z 25,28 dB
PLZW 8.72000027 W
PL1ZW 0.064594062 W
sFo2 500.2720011 MH=
F2 - Procsasing paramstsra
sI 22768
sF 125.7529764 MH=
WD EM
S8 0
LE 1.00 Hz
cE o
e 1.40

180 160 140 120 100 BO 60 40 20 ppm



Current Data Paramsters

NANE BOR-039-4
EXENO 3
FROCHNO 1
F2 - Aeguisitien Parameteras
Date_ Z0le06zé
Tims Z0.49
INSTRUM apect
FROEHD 5 mm CPTCI 1H-
FULEROG =g30
TD 65536
SOLVENT cDCld
nNs 16
DS
SWH 10330.57% H=z
FIDEES 0.157632 Hz
AQ 2.1719425 zec
RG 14.2
oW 48.400 usz=c
DE 6,50 uaesc
TE Z98.3 K
ol 1.00000000 mec
Me TDO 1
'HANNEL £1
nNucl 1H
12ca Bl §.70 ussc
FLL 4.00 dE
PL1W 2.72000027 W
SFOL 500.27320894 MH=z
F2 - Procsszing paramstsrs
=S 32768
SF 500.2700085 MH=z
WDW EMN
=SB 0
LE 0.30 H=z
GE ]
EC 1.00
"
I I I I I I I 1
9 8 7 6 5 4 2 1 ppm
O i) [ =] [ @ = (2] [@0w] [—[@oot|o]x
oo eeee e o al 2| ee e@eererere
===l ===l lei ol L BRI I (=1 BV B BN R P
Current Data Parameters
NANE BOR-039-4
EXENO 1
FROCHNO 1
F2 - Aeguisitien Parameteras
Date_ Z0le06zé
Tims z1.17
WSTRUM apect
FROEHD 5 mm CPTCI 1H-
FULEROG Jmed
Cl ™ 65536
SOLVENT CDeld
nNs 512
DS 4
SWH 29761.904 Hz
FIDEES 0.454131 H=
AQ 1.1010048 ==c
RG 2050
12ca oW 16.800 uz=c
Me CE 6.50 uasse
TE Z98.2 K
CHESTZ 145.0000000
CHETLL 1.0000000
Dl 2.00000000 asc
D20 0.00689655 mec
DO 1
L L . CHANNEL f£1
T " nucl 13¢
Pl 11.20 uwaec
FZ 22,40 useec
FLL -2.00 dB
FL1W 88.77790070 W
SFOL 125.8055709 MH=
HANNEL £2
CEDERG[2 walt=l6
MUz 1H
PCPD2 20.00 uzse
FLZ 4,00 de
FLlZ 25.28 dB
FLZW &.72000027 W
FLLZW 0.06494062 W
SFO2 500.2720011 MH=
F2 - Procsmaing paramstere
= 3276
sl 125.7929808 MH=
WDW EH
fetss 0
LE 1.00 H=
CE ]
FC 1.40
' I ' I ' I ' I ' I ! I ' I ' 1
180 160 140 120 100 BO 60 ppm



AN H Y AN MOOYN MO AT AT MO NONERD M WS G NS MO
NHAGNOOYTOA- OO MECNOMY OO TNEDOO®ROTNACARNCO O ™0
NN AA A GO OO MEOmMM N0 A A0 Q@M MM Mo o ooy oy Current Dﬁa?nramg;;xq
s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e L uAME BOR-039-§
-~ 00000 .YOLYOOYWTS OO MENANNNNN NN AAAA A A A BENO 5
SN TEE——— N e B :
F2 - Acquizition Paramstera
Date_ 20160711
Time 12.04
STRUM ap=ct
FECOBED 5 mm CPTCI 1H-
FULEROG =g 30
js) 65536
SOLVENT CDel3
=] 128
2 2
SWH 10330.578 Hz
FIDFES 0.157622 H=z
OMe 20 3.1719425 aec
8db RG 1lg
DW 48.400 uacc
DE 6.50 umec
TE 298.2 K
Dl 1.00000000 aec
jyele) 1
CHANNEL £l =
Nuel 1H
Fl 6.70 umec
FLL 4.00 4B
PL1W 2.72000027 W
SFol 500.27320894 MH=
F2 - Proceazing parameters
ST 32768
s 500.2700082 MH=
WDW EN
EE 0
LE 0.30 H=z
GE 0
PC 1.00
)
I I I I I I I I I 1
9 8 7 6 5 4 3 2 1 ppm
ﬁuﬁ%%ﬁ — (o] [ mom\ﬂﬁlm | |
SIS ==t ol 2 Qe e @
=l ===l eil—| les — ledlen led || = |— oillw
Current Data Paramsters
NAME BOR-039-6
EXPNC 7
PROCHO 1
F2 - Acguisition Paramsters
Date_ 20160727
N Time 14.08
\ INSTRUM spect
FROEBHD 5 mm CPTCI 1H—
1) \\\\O FULEFOG jmod
™ 65536
N SOLVENT cpels
N NS 256
1 H Do 4
Me SHH 29761.904 H=
OMe FIDEES 0.454131 H=
AQ 1.101004% aeec
RG 2050
8db oW 16.800 uasc
DE 6.50 uzsc
TE 298.3 K
CoNSTZ 145.0000000
CHSTLL 1.0000000
ol 2.00000000 amec
Dz0 0.00689655 asec
[ TDO 1
" et " . il CHANNEL £1 =
Hucl 13c
Pl 11.20 uaec
P2 22,40 usmec
FLL -2.00 de
FLLW 88.77790070 W
ZFol 125.2055709 MH=
'HANNEL £2
CEDERG[2Z waltzlé
nUcz 1H
FCPDZ 80.00 uzec
FLZ 4.00 dB
FLLZ 25.28 de
FLZW 8.72000027 W
PLLl2W 0.06494062 W
SFO2 500.2720011 MH=
FZ - Procesesing paramsteras
2 2276
s 125.7929879 MH=
WDH EM
S5 4]
LE 1.00 H=
GE 0
PO 1.40

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



oo @O o TINm O M 00O o AN N o TN @ m o 0O Current Data Paramstera
OO ORON O e 0 A AN @O 0er 0NN NN 000 N2 06N 00 gaE BOR-040-1
LDWmO®OAAdd00A0NnNFFO0O000NNN0OS00NE0EEWINWMANNNS O S poyg 2
[ o e S TR NN NN O 000 0000 © © o o FROCNC 1
= F2 - Acquirition Faramsters
Date_ 20160626
Time 19,09
INSTRUM zpect
FROEHD 5 mm CETCI 1H-
PULFROG zg20
TD 65536
SOLVENT CDe13
us 16
N HN—] : :
N\ 10330, 578 Hz
i 0.157632 Hz
m iPr 2 3.1719425 sec
RG 12.7
7 Me DW 48.400 uzsc
N DE 6.50 ugsec
TE 298.3 K
12ea D1 1.00000000 sec
TDO 1
CHANNEL f1
1H
6,70 uzse
4.00 4B
£.72000027 W
500,2720894 MHz
ng parameters
s 22768
s: 500.2700085 MHz
WDW EM
58 0
LE 0,30 Hz
GE o
BC 1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
o [~[em]o @ (o]0 = [I~[o [ed| 1= 2 DT~ 19 (@ [0 [ @] =] 0d] =
@ —|ew Q= mee N g0 =g NN
—leileiled —leil— —leileil=f|ed|eil—|—|—|0|ed|e3]eiler]|ed

Current Data Paramsters

HZME BOR-040-1
EXFNO 3
PROCHO 1
F2 - Acquisition Parameters
Date_ 20160626
Tims 19,37
INSTRUM spect
FROEHD 5 mm CETCI 1H-
PULPROG jmod
TD 65536
ZOLVENT cDCl3
N HN% ns 512
\ 4
29761.904 Hz
o iPr 0.454131 Hz
1.1010048 sec
) —Me 2050
N 16,800 uzse
6.50 uzsc
298.2 K
CNETZ 145,0000000
12ea CHETLL 1.0000000
Dl 2,00000000 mec
D20 0.00689655 sec
TDO 1
CHANNEL £1
nuel 13¢
Pl 11.20 usec
B2 22,40 usee
L N FL1 -2.00 dB
N T FLLW 88.77790070 W
SFOL 125.8055709 MHz
"HANNEL £2
CEDFRG[2 waltzl
nuez 1H
PCPD2 80.00 usec
4.00 dE
25,28 4B
£,72000027 W
0.05494082
SFO2 500.2720011 MH=
F2 - Processing paramsters
S 2768
125,7929920 MHz
EN
o
1.00 Hez
o
PC 1.40
T T T T T T T T T 1
180 160 140 120 100 80 60 40 20 ppm



FOMOMEYWPAHYOMEOM OO 40wV MANGOMOEN—OM®S M n
WM GO WNWM MO G A WG G G [~ 0w M0 o O 0y Current Data Paramsters
Far s A A A - 0000 W MG 00000000 MM AN o EE ME-237
P D [ = [ [ [ [ [ [ 0000 0 0 W0 10 0 SH M M e 0 0 ) 0 ) ) 8 O O O O EXPHO 5
PROCNO 1
/ F2 - nequisition Paramstere
Date_ 20160722
Tims 1.4z
STRUM apect
PROBHD 5 mm CPTCT 1H-
PULFROG =g 30
D 65536
SOLVENT coel3
Hz ls
ps 2
SWH 10330.578 H=z
FIDRES 0.157632 Hz
aQ 2.1719425 aze
RG 3
oW 48.400 usec
DE .50 us=c
TE 298.3 K
Dl 1.00000000 ==c
TDO 1

CHANNEL f1

wuel 18

Fl 6.70 us=c
PL1 1.00 4B
PL1W &.72000027 W
sFol 500.273089%4 MH=
FZ - Procszaing paramstsrs
a1 32768

ZF 500.2700081 MH=
WDW EH

S8l 0

1E 0.30 H=
CE 0

PC 1.00

T T
9 8 7 6 5 4 3 2 1 ppm

—| (&N [= 0] (=2} — — || — w0 [xl[=] L]
olle| |ele oo o |ala o| [eo <]
il Nl g led = - = = =l

Current Data Paramstera

WNAME JHS-237

EXFHNO 3

FPROCHNO 1

FZ - Acquisition Paramsters

Dats_ 20160626

Time 16.35

INSTEUMN apect

PROBHD 5 mm CPTOT 1H-

PULFROG med

D 65536

SOLVENT Cpeld

W 5lz

Do 4

SWH 29761.904 H=

FIDEES 0.454131 H=

te] 1.1010048 aese

jated 2050

el 16.200 ussec

DE 6.50 nase

TE 298.2 K
HST2 145.0000000
MSTL1L 1.0000000

ol 2.00000000 =ec

D20 0.00689655 acc

TDO 1

l. "HANNEL £1
S . j T TC L 13¢

Fl 11.20 usse

P2 22,40 unasc

PL1 -2.00 4B

FLLW 88.77790070 W

ZFol 125.8055709 MH=

= CHANNEL £2

CPDPRG[2 waltzlé
nucz 1H
PCPDZ €0.00 uaoee
FLZ 4.00 4B
FLLZ 25.28 4B
FL2W 8.72000027 W
PLLl2W 0.064924062 W
SFO2 500.2720011 MH=
FZ - Precszaing paramsters
] 32768

SE 125.7929946 MH=
WDW EN

= 0

LE 1.00 H=
GE 0

EC 1.40

T T T T T T T T T 1
180 160 140 120 100 BO 60 40 20 ppm
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mmmmmn GEADIENT CHAMNEL mmme:

i e o, T Sr
Fe! T
M f P 2] 2D 100
120 pel [T
e 2000 4
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e
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s R L BT I L ol o Y] O M0 oo w0 D OO G O G - 0000 T [ 0 0000 ) Oy [ =
O WG WM A O Gy [0 MO WWw MO WP O NN MO MmO G G0 WS Current Data Parametera
=R I PR R S MM A oo O3 (= r-oommie- e A0 - gaeE JHE-273
W o [l o [l 0o T R el =R = = R 4
FROCHNO 1
F2 - Acquisition Faramstera
Date_ 20160723
Tims 19.44
INSTRUM apect
PROEHD 5 mm CPTCI 1H-
FULFROG =g 30
D 65536
SOLVENT Coel
ois) 16
2 2
SWH 10330.57& Hz
FIDEEZ 0.157632 Hz
RO 3.1719425 aec
RG 14.2
D 48.400 uasc
DE 6.50 umec
TE 295.3 K
Dl 1.00000000 zsec
TDO 1
'HANNEL f£1
HUCl 1H
Fl 6.70 us=c
PL1 4.00 dE
PL1W £.72000027 W
sFol 500.2720894 MHz=
F2 - Frocessing parametsra
ST 32768
k=) 500.2700082 HH=
WDW EN
S8l Q
1E 0.30 H=z
GB a
PC 1.00
e B B I AR s e |
9 5 4 3 2 1 ppm
o Orm/# @ | (D || [ (=2 d ]
- |[SQN= =Moo =117}
gl I=leilglolale=lg === cile=la
Current Data Parametera
NANE JME-273
EXFHNO 2
PROCNO 1
F2 - Acquisition Paramstera
Date_ 20160722
Time 9.26
INSTRUI apect
FROBHD 5 mm CETCI 1H-
PULEROG jmed
D 65536
ZOLVENT Cools
afe] 5lz2
D= 4
SWH 29761.904 H=
FIDEES 0.4541321 H=z
AQ 1.1010048 ase
=] 2050
oW 16.200 us=e
DE 6.50 uasec
TE 298.2 K
CHNETZ 145.0000000
CHNETLL 1.0000000
ol 2.00000000 asc
D20 0.00689655 asc
TDO 1
h CHANNEL f1
T NUCl 13c
Fl 11.20 usec
P2 22.40 uasc
FLL -2.00 4B
FLlW 8&.77750070 W
SFOL 125.8055709 IMH=
'HANNEL £2
CPDERG[Z waltzlé
NUC2 1
FCPDZ 80.00 ua=sc
FLZ2 4.00 dB
FL12 25.28 dB
PL2W &.72000027 W
FL12W 0.06494062 W
SFOZ G00.2720011 MH=
F2 - Procsazing paramstera
=2 32768
EF 125.7929210 MH=
WowW EN
28 s}
LE 1.00 H=
GE [+]
FC 1.40
T T T T T T T T
180 160 140 120 100 BO 60 40 20 ppm
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