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General Methods

All chemicals were of the best grade commercially available and are used without further
purification. All solvents were purified according to standard procedure; dry solvents were
obtained according to the literature methods and stored over molecular sieves. Thin layer
chromatography was performed on TLC Silica gel 60 F»s4 aluminium sheets purchased from
Merck Pvt Ltd. Gravity column chromatography was performed using silica gel and alumina,
and mixtures of hexane-ethyl acetate were used for elution. Melting points were determined on a
Buchi melting point apparatus and are uncorrected. Proton nuclear magnetic resonance spectra
(‘"H NMR) were recorded on a Bruker AMX 500 spectrophotometer [acetone-ds, CD;CN, CDCls
or CDCL3/CCl4 (7:3 mixture) as solvents]. Chemical shifts for "H NMR spectra are reported as &
in units of parts per million (ppm) downfield from SiMe, (& 0.0) and relative to the signals of
chloroform-d (6 7.25, singlet), acetone —dg (6 2.05, quintet), and acetonitrile-d; (6 1.93, quintet)
respectively. Multiplicities were given as: s (singlet); brs (broad singlet); d (doublet); t (triplet);
m (multiplet). Coupling constants are reported as J value in Hz. Carbon nuclear magnetic
resonance spectra ("C NMR) are reported as & in units of parts per million (ppm) downfield
from SiMey (6 0.0) and relative to the signals of chloroform-d (6 77.03, triplet), acetone —d¢ (&
29.97, septet; 206.68, singlet), and acetonitrile-ds (& 1.39, septet; 118.69, singlet) respectively.
Mass spectra were recorded under ESI/HRMS at 60,000 resolution using Thermo Scientific

Exactive mass spectrometer. IR spectra were recorded on Bruker FT-IR spectrometer.

General Procedure for the Ruthenium catalyzed regiospecific cyclopentenylation of

suitably protected indoles with bicyclic hydrazines:-

A mixture of diazabicyclic olefin (60 mg, 0.2497 mmol, 1.5 equiv.), indole (42 mg,
0.1665 mmol, 1.0 equiv.), [RuCly(p- cymene)], (3 mg, 0.0050 mmol, 3 mol%) and
Cu(OAc),.H,0 (7 mg, 0.0333 mmol, 20 mol%) were weighed in a schlenk tube and degassed for
10 minutes. Dry toluene (2 mL) was added and the reaction mixture was purged with argon and
allowed to stir at 110 °C for 12 hours. The crude reaction mixture on silica gel (100-200 mesh)
column chromatography using ethyl acetate/hexane mixture yielded cyclopentene substituted

indoles.
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General Procedure for the Iridium catalyzed hydroheteroarylation of bicyclic olefins:-

A mixture of bicyclic alkene (80 mg, 0.3329 mmoles, 1.0 equiv.), indole (35 mg, 0.2996
mmoles, 0.9 equiv.), [Ir(1,5-cod)Cl], (11 mg, 0.0166 mmoles, 5 mol%) and dppe (13 mg,
0.0333 mmoles, 10 mol%) were weighed in a schlenk tube and degassed for 10 minutes. Dry
toluene (2 mL) was added and the reaction mixture was purged with argon and allowed to stir at
110 °C for 16 hours. The crude reaction mixture on alumina column chromatography using ethyl

acetate/hexane mixture yielded hydroheteroarylated bicyclic olefins.

Table 3. Optimization studies for desymmetrization of diazabicyclic olefins

NHCO,Et
catalyst Et0,C-N
iE\’N‘ + ©\/\> acetate source @..... @
N CO,Et N solvent N
CO,Et NHBn 12 h H
1a 25 © 3a
entry catalyst acetate source  solvent  temp (°C) Yield (%)
1 [RuCly(p-cymene)l, Cu(OAc),.H,0 toluene 80 56
[ 2 [RuCly(p-cymene)], Cu(OAc),.H,0 toluene 110 80 J
3  [RuCly(p-cymene)), Cu(OAc),.H,O xylene 110 40
4 [RuCly(p-cymene)l, Cu(OAc),.H,O dioxane 110 NR
5 [RuCly(p-cymene)), Cu(OAc),.H,O DMF 110 NR
6  [RuCly(p-cymene)], Cu(OAC),.H,O  t-amyl alcohol 110 NR
7  [RuCly(p-cymene)l, AgOAc toluene 110 20
8 [RuCly(p-cymene)), CsOAc toluene 110 22
9  [RuCly(p-cymene)), NaOAc toluene 110 48
10 [RhCp*Cly]» Cu(OAc),.H,0 toluene 110 51
112 [RuCly(p-cymene)]» Cu(OAc),.H,0 toluene 110 0

Reaction Conditions : 1a (1.5 equiv.), 2a (1 equiv.), catalyst (3 mol%), acetate source
(20 mol%), solvent (2 mL), 12 h.? with 4a

The yield of the reaction was found to increase dramatically when the reaction
temperature was changed to 110 °C. Changing the catalyst system to [RhCp*Cl,], furnished the
product in 51% yield only. Toluene was chosen as the optimal solvent for the transformation, and

the reaction was futile with other solvents like xylene, dioxane, DMF and #-amyl alcohol. Among

S3



the different acetate sources tested, NaOAc provided a moderate yield of 48% (Table 4, entry 9).

The reaction was futile with N-free indoles.

Table 4. Optimization studies for hydroheteroarylation of bicyclic olefins

catalyst,

ZE\/N\ . @ ligand - | N

N\ngzztEt H solvent, 110 °C HN Ni \C Ot
1a 4a 5a CO,Et
entry catalyst ligand solvent yield (%)
1 [Ir(1,5-cod)Cl, dppp toluene 54
2 [Ir(OMe)(1,5-cod)]> dppp toluene trace
3 [IrCI(CO)(PPh3),] dppp toluene nr

[ 4 [Ir(1,5-cod)ClI], dppe toluene 64 ]
5 [Ir(1,5-cod)Cl], dppf toluene trace
6 [Ir(1,5-cod)Cl], (rac)-binap toluene 20
7 [Ir(1,5-cod)ClI], PPhs toluene nr
8 [Ir(1,5-cod)Cl], dppe DMF nr
9 [Ir(1,5-cod)Cl], dppe CH;CN nr
10 [Ir(1,5-cod)Cl], dppe DMSO nr
112 [Ir(1,5-cod)Cl], dppe toluene nr

Reaction conditions :- adduct (1 equiv.), indole (0.9 equiv.), [Ir(1,5-cod)Cl], (5 mol%),
dppe (10 mol%), toluene (2 mL), 110 °C, 16 h. @ with 2a
Detailed optimization studies revealed that the reaction did not proceed well with other
catalysts like [Ir(OMe)(1,5-cod)], and [IrCl(CO)(PPhs),]. Among the ligands screened, dppe
gave a better yield of 64%. Best solvent for this transformation was found to be toluene, and the

reaction was futile with other solvents like DMF, DMSO and CH;CN. The reaction with 2a

didn’t give any satisfactory results.
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Characterization of the Products

The synthesized products were characterized based on various spectroscopic techniques

like IR, '"H NMR, “C NMR and HRMS analysis. The synthesized diazabicyclic olefin

derivatives bear hydrazine moiety, and the proton NMR signals of these compounds are

broadened due to rotational isomerism exhibited by the hydrazine group.'

diethyl-1-(2-(1H-indol-2-yl)cyclopent-3-enyl)hydrazine-1,2-dicarboxylate (3a)

E1O, C\N,NHCOZEt
Co-C

N

H

3a

Yield: 48 mg, 80% as colourless viscous liquid. Ry : 0.85 (7:3
hexane/ethyl acetate). IR (neat) vy,,: 3289, 2919, 1716, 1606, 1532,
1419, 1262, 1172, 1096, 1061, 758 cm™. "H NMR (500 MHz, CDCl;): &
9.99 (brs, 1 H), 7.49 (d, /=8 Hz, 1 H), 7.34 (d,J=8 Hz, 1 H), 7.08 (t, J
=7 Hz, 1 H), 7.01 (t, J= 7.5 Hz, 1 H), 6.57 (brs, 1 H), 6.19 (s, 1 H), 5.94
(s, 1 H), 5.88 (s, 1 H), 4.76 (brs, 1 H), 4.33-3.99 (m, 5 H), 2.57 (brs, 2 H),
1.37-1.25 (m, 4 H), 0.89-0.85 (m, 2 H). *C NMR (125 MHz, CDCl): §
155.7, 138.8, 130.8, 128.1, 127.5, 120.9, 119.7, 118.8, 110.5, 99.7, 62.5,
34.7,29.5, 14.4. HRMS (ESI): m/z calcd for C9H,3N304Na: 380.15863;
Found: 380.15851.

diisopropyl-1-(2-(1H-indol-2-yl)cyclopent-3-enyl)hydrazine-1,2-dicarboxylate (3b)

. NHCO,'P
ProCy 0P

g

Yield: 37 mg, 65% as yellow viscous liquid. Ry: 0.67 (7:3 hexane/ethyl
acetate). IR (neat) vp.,: 3308, 2982, 2935, 1696, 1518, 1459, 1381,
1255, 1106, 953, 746 cm™. "H NMR (500 MHz, Acetone-d): 5 10.29
(brs, 1 H), 8.63-8.34 (m, 1 H), 7.46 (d, /=12 Hz, 1 H) 7.31 (d, J= 12 Hz,
1H),7.02( J=75Hz,1H),695(t,J=7.5Hz 1H), 6.21 (brs, 1 H),
5.90 (brs, 2 H), 5.03-4.79 (m, 3 H), 4.16 (brs, 1 H), 2. 60 (brs, 2 H), 1.29-
1.22 (m, 12 H). ®C NMR (125 MHz, Acetone-dg): 3 158.7, 156.3, 129.1,
121.32,119.9,119.4, 111.3, 101.1, 96.9, 70.2, 69.9, 58.7, 48.0, 35.7, 21.7.
HRMS (ESI): m/z calcd for C,;HyN3;O4Na: 408.18993; Found:
408.18799.

di-tert-butyl-1-(2-(1H-indol-2-yl)cyclopent-3-enyl)hydrazine-1,2-dicarboxylate (3c)

t
BuO,Cp VOB

Cp

Yield: 35 mg, 58% as colourless liquid. Ry : 0.78 (7:3 hexane/ethyl
acetate). IR (neat) vy, 3386, 2984, 1701, 1586, 1212, 1113, 1109, 1016
cm’”. "H NMR (500 MHz, Acetone-dg): 5 10.26-9.88 (m, 1 H), 8.36-8.12
(m, 1 H), 7.32 (d, J= 8 Hz, 1 H), 7.16 (brs, 1 H), 6.89 (t, /=7 Hz, 1 H),
6.81 (t, /=7 Hz, 1 H), 6.06 (brs, 1 H), 5.81-5.77 (m, 2 H), 4.76-4.63 (im,
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1 H), 4.11-3.97 (m, 1 H), 2.49-2.42 (m, 2 H), 1.39-1.16 (m, 18 H). *C
NMR (125 MHz, Acetone-dg): 6 158.1, 155.2, 143.2, 137.2, 131.6,
129.8,128.9,120.2,119.4, 114.4, 100.9, 97.3, 81.4, 65.2, 46.1, 35.4, 28.3.
HRMS (ESI): m/z caled for Cy3H3N;O4Na: 436.22123;  Found:
436.21901.

dibenzyl-1-(2-(1H-indol-2-yl)cyclopent-3-enyl)hydrazine-1,2-dicarboxylate (3d)

NHCO,Bn

BnOZC\N’

ol

H

3d

Yield: 12 mg, 22% as yellow viscous liquid. Ry: 0.50 (7:3 hexane/ethyl
acetate). IR (neat) vy,.: 3298, 3034, 2950, 1709, 1499, 1454, 1386, 1217,
1171, 1108, 1022, 916, 740, 698 cm™'. "H NMR (500 MHz, Acetone-dg):
6 10.22-9.99 (m, 1 H), 8.98-8.81 (m, 1 H), 7.47-7.31 (m, 12 H), 7.05-6.98
(m, 2 H), 6.24 (s, 1 H), 5.89 (s, 2 H), 5.30-4.97 (m, 5 H), 4.24 (s, 1 H),
2.66 (brs, 2 H). *C NMR (125 MHz, Acetone-dg): 5 156.1, 136.9, 129.3,
128.5, 121.3, 120.2, 119.4, 115.5, 100.9, 97.6, 68.2, 68.1, 48.9, 35.4.
HRMS (ESI): m/z caled for Cy0Hy;N3;O4Na: 504.18993; Found:
504.18736.

diisopropyl-1-(5-isopropyl-9-0x0-2,3,3a,9-tetrahydrocyclopenta[b]chromen-2-yl)hydrazine-1,2-
dicarboxylate (3e)

EtO,C~N

'NHCO,Et

Soes

H

3e

Yield: 29 mg, 34% as colourless viscous liquid. Ry : 0.55 (7:3
hexane/ethyl acetate). IR (neat) vy, 3317, 2981, 2923, 1700, 1612,
1414, 1297, 1244, 1061, 967 cm™. "H NMR (500 MHz, Acetone-d): &
10.04-9.96 (m, 1 H), 8.43-8.29 (m,1 H), 7.33 (d,J=7 Hz, 1 H), 7.21 (d, J
=8 Hz, 1 H), 6.89 (t, /=7 Hz, 1 H), 6.83-6.81 (m, 1 H), 6.10 (brs, 1 H),
571 (d,J=5Hz, 1H),537(d,J=8Hz 1H),4.74 (brs, 1 H), 4.32 (brs,
1 H), 4.09-3.94 (m,4 H), 1.15-.94 (m, 6 H), .74-.55 (m,4 H). ®C NMR
(125 MHz, Acetone-dg): 6 158.1, 156.0, 138.7, 137.7, 129.9, 121.5,
120.7, 119.9, 100.9, 62.4, 60.6, 44.9, 14.9, 10.5. HRMS (ESI): m/z calcd
for C,1H,5N304Na: 406.17428; Found: 406.17515.

diethyl-1-(2-(1-(benzylcarbamoyl)-1H-indol-3-yl)cyclopent-3-enyl)hydrazine-1,2-dicarboxylate (3f)

'Pro,C~N’

NHCO,'Pr

oo

H

3f

Yield: 22 mg, 40% as colourless viscous liquid. Ry : 0.75 (7:3
hexane/ethyl acetate). IR (neat) v, 3302, 3056, 2958, 2919, 1699,
1615, 1494, 1381, 1296, 1251, 1106 cm™. "H NMR (500 MHz, Acetone-
de): 610.06-10.01 (m, 1 H), 8.32-8.19 (m, 1 H), 7.33(d, J = 8 Hz, 1 H),
7.19 (d, /=8 Hz, 1 H), 6.89 (t, /=7 Hz, 1 H), 6.82 (t, J=7.5 Hz, 1 H),
6.09 (s,1 H), 5.72 (d, /= 6 Hz, 1 H), 5.37-5.35 (m, 2 H), 4.86-4.65 (m, 2
H), 1.15-.88 (m, 12 H), 0.74-0.53 (m, 4 H). ®C NMR (125 MHz,
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Acetone-dg): & 156.5, 155.9, 138.4, 138.3, 137.2, 135.2, 129.7, 121.5,
120.5,119.8, 111.5, 100.9, 98.3, 70.4, 47.6,31.9, 21.9, 12.8, 10.7. HRMS
(ESI): m/z caled for Cy3HyoN304Na: 434.20558; Found: 434.20396.

diisopropyl-1-(2-(1-(benzylcarbamoyl)-1H-indol-3-yl)cyclopent-3-enyl)hydrazine-1,2-dicarboxylate

(3g)

NHCO,'B
'BUO,C~p’ CO,Bu

Co-of

H39

Yield: 13 mg, 34% as colourless viscous liquid. Ry : 0.85 (7:3
hexane/ethyl acetate). IR (neat) vy, 3315, 3057, 2997, 1698, 1523,
1393, 1250, 1155, 1059 cm™. "H NMR (500 MHz, CD;CN): 9.90 (brs, 1
H), 7.64-7.61 (m, 1 H), 7.50 (d, /=8 Hz, 1 H), 7.44 (d, /=7 Hz, 1 H),
7.09 (t, /=7 Hz, 1 H),7.02 (t, J= 7.5 Hz, 1 H), 6.23 (s, 1 H), 5.86 (s, 1
H), 5.49(s, 1 H), 4.76-4.59 (m, 1 H), 4.58-4.32 (m, 1 H), 1.53-1.29 (m,18
H), .91-.64 (m, 4 H). ®C NMR (125 MHz, CD;CN): § 157.9, 156.2,
129.8, 128.4, 124.9, 123.11, 121.6, 120.5, 120.2, 116.2, 111.8, 110.8,
106.4, 81.6, 45.1, 44.9, 28.6, 12.7, 10.6. HRMS (ESI): m/z calcd for
CysH33N304Na: 462.23688; Found: 462.23740.

diethyl-1-(2-(4-methoxy-1H-indol-2-yl)cyclopent-3-enyl)hydrazine-1,2-dicarboxylate (3h)

o~ EtogC ,NHCO,Et

Sl

Yield: 43 mg, 66% as yellow viscous liquid. Ry: 0.65 (7:3 hexane/ethyl
acetate). IR (neat) vyay: 3301, 2981, 2935, 1707, 1615, 1511, 1465, 1414,
1375, 1249, 1174, 1102, 1058, 866, 766 cm”. '"H NMR (500 MHz,
Acetone-dg): 6 10.29-9.99 (m, 1 H), 8.78-8.40 (m, 1 H), 6.97-6.93 (m, 2
H), 6.47 (d, J = 8Hz, 1 H), 6.28 (s, 1 H), 5.89 (s, 2 H), 4.93 (brs, 1 H),
4.23-3.94 (m, 5 H), 3.88 (s, 3 H), 2.62 (brs, 2 H), 1.28-1.04 (m, 6 H). *C
NMR (125 MHz, Acetone-dg): & 156.3, 153.9, 138.7, 131.3, 130.6,
128.7, 127.2, 122.4, 119.8, 104.8, 99.5, 62.6, 54.8, 48.5, 35.6, 14.8.
HRMS (ESI): m/z caled for C,0HsN;OsNa: 410.16919;  Found:
410.16772.

diethyl-1-(2-(5-methoxy-1H-indol-2-yl)cyclopent-3-enyl)hydrazine-1,2-dicarboxylate (3i)

NHCO,Et
EtO,C~\’ 0.

oy &

Yield: 41 mg, 63% as yellow viscous liquid. Ry: 0.20 (7:3 hexane/ethyl
acetate). IR (neat) vpax: 3302, 2983, 2937, 1712, 1625, 1588, 1486, 1450,
1413, 1376, 1254, 1217, 1171, 1124, 1058, 1030, 950, 842, 767 cm™. 'H
NMR (500 MHz, Acetone-dg): & 9.95 (brs, 1 H), 8.52-8.26 (m, 1 H),
7.07 (d,J=9 Hz, 1 H), 6.84 (d, /=2 Hz, 1 H), 6.55 (dd, J, = 8.5 Hz, J, =
2.5 Hz, 1 H), 6.01 (s, 1 H), 5.75 (s, 2 H), 4.11-3.98 (m, 6 H), 3.63 (s, 3
H), 2.48 (brs, 2 H), 1.14-1,08 (m, 6 H). *C NMR (125 MHz, Acetone-
d¢): 8 157.1, 155.1, 131.7, 129.9, 121.2, 112.2, 111..6, 102.6, 62.6, 55.9,
48.7,35.7, 14.8. HRMS (ESI): m/z calcd for Cy0H,sN30sNa: 410.16919;
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Found: 410.16773.

diisopropyl-1-(2-(5-methoxy-1H-indol-2-yl)cyclopent-3-enyl)hydrazine-1,2-dicarboxylate (3j))

pease

Yield: 38 mg, 61% as colourless viscous liquid. Ry : 025 (7:3
hexane/ethyl acetate). IR (neat) v, 3325, 2918, 1716, 1589, 1466,
1157, 1061, 966 cm™. "H NMR (500 MHz, Acetone-dg): & 10.14 (brs, 1
H), 8.58-8.42 (m, 1 H), 7.19 (d, /= 8.5 Hz, 1 H), 6.98 (d, /=5 Hz, 1 H),
6.68 (dd, J = 9 Hz, J ,=2.5 Hz,1 H), 6.14 (s, 1 H), 5.89 (s, 2 H), 5.17-
4.94 (m, 1 H), 4.93-4.87 (m, 2 H), 4.13 (brs, 3 H), 3.77 (s, 3 H) 2.61 (brs,
2 H), 1.35-1,09 (m, 12 H). ®C NMR (125 MHz, Acetone-dg): 5 155.1,
131.7, 130.5, 129.7, 128.5, 126.7, 112.3, 110.8, 100.9, 70.8, 55.7, 48.4,
22.4. HRMS (ESI): m/z calcd for C,;,Hy9N305Na: 438.20049; Found:
438.19815.

di-tert-butyl-1-(2-(5-methoxy-1H-indol-2-yl)cyclopent-3-enyl)hydrazine-1,2-dicarboxylate (3k)

pesse

Yield: 36 mg, 60% as yellow viscous liquid. Ry: 0.70 (7:3 hexane/ethyl
acetate). IR (neat) vmay: 3381, 2977, 2933, 1712, 1588, 1454, 1252, 1112,
965 cm™. "H NMR (500 MHz, CDCl;): § 9.91 (brs, 1 H), 7.25-7.22 (m, 1
H), 7.01 (s, 1 H), 6.76 (d, J = 9 Hz, 1 H), 6.38 (s, 1 H), 6.13 (s, 1 H),
5.92-5.85 (m, 2 H), 4.62 (s, 1 H), 4.05 (s, 1 H), 3.83 (s, 3 H), 2.53 (brs, 2
H), 1.54-1.43 (m, 18 H). *C NMR (125 MHz, CDCl;): § 155.6, 153.7,
128.9, 124.3, 114.8, 113.5, 107.1, 103.0, 81.7, 55.8, 47.6, 31.0. HRMS
(ESI): m/z calcd for CpH33N;305Na: 466.23179; Found: 466.23260.

diethyl-1-(2-(5-methyl-1H-indol-2-yl)cyclopent-3-enyl)hydrazine-1,2-dicarboxylate (31)

Tl

Yield: 44 mg, 71% as yellow viscous liquid. Ry: 0.53 (7:3 hexane/ethyl
acetate). IR (neat) vy,.x: 3299, 2983, 2934, 2864, 1699, 1589, 1489, 1452,
1416, 1325, 1270, 1127, 1066, 952 cm™. "H NMR (500 MHz, Acetone-
dg): 6 10.15-9.84 (m, 1 H), 8.76-8.40 (m, 1 H), 7.21 (d, J = 8 Hz, 1 H),
6.87 (d, J = 8.5 Hz, 1 H), 6.14 (s, 1 H), 5.89 (s, 2 H), 4.93 (brs, 1 H),
4.24-3.96 (m, 5 H), 2.63 (brs, 2 H), 2.37 (s, 3 H), 1.29-.82 (m, 6 H). *C
NMR (125 MHz, Acetone-dg): 6 156.5, 131.6, 130.7, 128.1, 122.9,
120.0, 111.1, 62.8, 46.7, 35.6, 21.4, 14.7. HRMS (ESI): m/z calcd for
C,0H,5N30sNa: 394.17428; Found: 394.17253.

diisopropyl-1-(2-(5-methyl-1H-indol-2-yl)cyclopent-3-enyl)hydrazine-1,2-dicarboxylate (3m)

Yield: 43 mg, 73% as yellow viscous liquid. Ry: 0.53 (7:3 hexane/ethyl
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. i
iProgC HOOZPT

e

H3m

acetate). IR (neat) vpay: 3301, 2982, 1713, 1592, 1496, 1409, 1179, 1143,
1108, 1042 cm™. '"H NMR (500 MHz, CD;CN): § 9.97-9.95 (m, 1 H),
7.52 (brs, 1 H), 7.29 (s, 1 H), 7.26-7.7.15 (m, 1 H), 6.89 (d, J = 8 Hz, 1
H), 6.11 (s, 1 H), 5.88 (s, 1 H), 5.24-4.76 (m, 5 H), 4.06 (brs, 1 H), 2.63-
2.53 (m, 2 H), 2.37 (s, 3 H), 1.28-1.21 (m, 6 H). ®C NMR (125 MHz,
CD;CN): 3 156.3, 154.7, 130.0, 128.6, 127.9, 126.7, 128.8, 121.8, 117.0,
109.9, 99.5, 69.6, 43.5, 34.3, 20.9. HRMS (ESI): m/z caled for
C2HoN30,4Na: 422.20558; Found: 422.20508.

diethyl-1-(2-(5-fluoro-1H-indol-2-yl)cyclopent-3-enyl)hydrazine-1,2-dicarboxylate (3n)

Etozc\N/NHCozEt

H
3n

Yield: 46 mg, 74% as yellow viscous liquid. Ry: 0.48 (7:3 hexane/ethyl
acetate). IR (neat) vpa: 3289, 2983, 1714, 1533, 1254, 1062, 1016, 966
cm”. "TH NMR (500 MHz, CD;CN): § 10.35 (brs, 1 H), 8.77 (brs, 1 H),
7.34-7.29 (m, 1 H), 7.18-7.15 (m, 1 H),6.83 (dt, J, = 9.5 Hz, J, = 2.5 Hz,
1 H), 6.24 (s, 1 H), 5.91 (s, 2 H), 4.93 (brs, 1 H), 4.24-4.04 (m, 5 H), 2.63
(brs, 2 H), 1.29-1,19 (m, 6 H). *C NMR (125 MHz, CD;CN): § 159.2,
157.5, 133.7, 131.1, 129.9, 128.8, 125.9, 112.3, 109.1, 105.0, 62.7, 46.7,
35.7, 14.8. HRMS (ESI): m/z calcd for C;oHx»nFN3;O4Na: 398.14920;
Found: 398.14769.

diisopropyl-1-(2-(5-fluoro-1H-indol-2-yl)cyclopent-3-enyl)hydrazine-1,2-dicarboxylate (30)

’PrOzC\ N

F
T~
N
H
30

NHCO,/pr Yield: 42 mg, 60% as yellow viscous liquid. Ry: 0.70 (7:3 hexane/ethyl

acetate). IR (neat) vmay: 3314, 2981, 2922, 2851, 1716, 1485, 1381, 1287,
1230, 1164, 1132, 1059, 1032, 870, 761 cm”. '"H NMR (500 MHz,
CD;CN): 5 10.16 (brs, 1 H), 7.51 (brs, 1 H), 7.38-7.26 (m, 2 H), 6.86-
6.79 (m, 1 H), 6.20 (brs, 1 H), 5.89 (brs, 2 H), 5.23-4.83 (m, 5 H), 4.08
(brs, 1 H), 2.53 (brs, 2 H), 1.29-1.17 (m, 6 H). *C NMR (125 MHz,
CD;CN): § 156.2, 131.2, 130.1, 129.7, 129.2, 128.4, 118.3, 112.3, 109.2,
105.1, 709, 464, 353, 21.9. HRMS (ESI): m/ caled for
C21HyFN;0,Na: 426.18050; Found: 426.18013.

diethyl-1-(2-(5-bromo-1H-indol-2-yl)cyclopent-3-enyl)hydrazine-1,2-dicarboxylate (3p)

EtO.C NHCO,Et

N
Br
N
H
3p

Yield: 54 mg, 60% as yellow viscous liquid. Ry: 0.73 (7:3 hexane/ethyl
acetate). IR (neat) vy,a: 3229, 2983, 1711, 1576, 1469, 1404, 1376, 1115,
1057, 1018 cm™. "H NMR (500 MHz, CD;CN): & 10.18 (brs, 1 H), 7.64
(s, 1 H), 7.27 (d, J= 8.5 Hz, 1 H),7.16 (d, J=10.8 Hz, 1 H), 6.51 (brs, 1
H), 6.21 (s, 1 H), 5.90-5.87 (m, 2 H), 4.85-4.77 (m,1 H), 4.21-4.08 (m, 5
H), 2.55 (brs, 2 H), 1.28-1,21 (m, 6 H). *C NMR (125 MHz, CD;CN): §
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160.2, 156.5, 135.5, 131.5, 130.9, 124.6, 122.8, 122.4, 118.3, 113.5,
101.0, 63.1, 48.8, 48.5, 35.6, 14.8. HRMS (ESI): m/z calcd for
Ci9H,,BrN;OsNa: 458.06914; Found: 458.06876.

diisopropyl-1-(2-(3-methyl-1H-indol-2-yl)cyclopent-3-enyl)hydrazine-1,2-dicarboxylate (3q)

'PrO,G. NHCO,/Pr

N
N
H

3q

Yield: 36 mg, 60% as yellow viscous liquid. Ry: 0.55 (7:3 hexane/ethyl
acetate). IR (neat) vyax: 3296, 2977, 2929, 1706, 1584, 1521, 1455, 1392,
1368, 1253, 1156, 1052, 854, 755 cm™. "H NMR (500 MHz, Acetone-
dg): 6 9.80 (brs, 1 H), 8.17 (brs, 1 H), 7.44 (d, /= 7.5 Hz, 1 H), 7.23-7.22
(m, 1 H), 6.57 (s, 1 H), 5.88-5.79 (m, 2 H), 5.10-4.86 (m, 2 H), 4.29 (s, 1
H), 2.6 (brs, 2 H), 2.28 (s, 3 H), 1.49-1.29 (m, 12 H). *C NMR (125
MHz, Acetone-dg): 6 155.2, 129.7, 129.1, 126.2, 121.3, 118.9, 118.0,
111.1, 100.4, 70.5, 65.6, 48.2, 35.7, 21.9, 9.0. HRMS (ESI): m/z calcd
for C,,H,9N304Na: 422.20558; Found: 422.20510.

diisopropyl-1-(2-(3-formyl-1H-indol-2-yl)cyclopent-3-enyl)hydrazine-1,2-dicarboxylate (3r)

'Pro.C
CHO N~

A\
N
H

NHCO,'Pr

3r

Yield: 41 mg, 67% as yellow viscous liquid. Ry: 0.30 (7:3 hexane/ethyl
acetate). IR (neat) vyax: 3299, 2983, 2934, 2864, 1699, 1589, 1489, 1452,
1416, 1325, 1270, 1127, 1066, 952 cm™. "H NMR (500 MHz, CDCL;): §
11.06, 10.04 (s, 1 H), 9.29 (s, 1 H), 8.31-8.29 (m, 1 H), 7.44-7.42 (m, 1
H), 7.31-7.29 (m, 2 H), 6.69 (s, 1 H), 6.09 (t, J = 3 Hz, 1 H), 5.87-5.86
(m, 1 H), 5.49 (d, J =7.5 Hz, 1 H), 5.00-4.45 (m, 2 H), 4.55 (brs, 1 H),
2.69-2.56 (m, 2 H), 1.29-1.25 (m, 12 H). ®C NMR (125 MHz, CDCl): §
184.9, 155.2, 135.2, 127.9, 124.5, 124.1, 122.7, 121.7, 119.5, 111.5, 99.8,
57.9, 30.6, 29.8, 21.9. HRMS (ESI): m/z calcd for C,H»N;05Na:
436.18484; Found: 436.18499.

diethyl-5-(1H-indol-2-yl)-2,3-diazabicyclo[2.2.1]heptane-2,3-dicarboxylate (5a)

N
HN N CO,Et

CO,Et
5a

Yield: 76 mg, 64% as reddish brown viscous liquid; Rg 0.28
(hexane/ethyl acetate = 7:3). IR (neat) vyax: 3333, 3054, 2982, 2911,
1713, 1618, 1459, 1402, 1374, 1323, 1171 cm™. '"H NMR (500 MHz,
CDCl): 6 8.88-8.41 (m, 1 H), 7.53 (d, /= 8.0 Hz, 1 H), 7.33 (d, J= 8.0
Hz, 1 H), 7.15 (t, J=7.0 Hz, 1 H), 7.07 (t, /= 7.0 Hz, 1 H), 6.21 (s, 1 H),
4.73-4.61 (m, 2 H), 4.27 (m, 4 H), 3.40 (brs, 1 H), 2.36-2.26 (m, 1 H),
2.11 (brs, 1 H), 1.92-1.90 (m, 1 H), 1.72 (brs, 1 H), 1.33-1.24 (m, 6 H).
BCNMR (125 MHz, CDCLy): § 157.7, 139.3, 136.4, 128.1, 121.8, 120.0,
119.8, 110.8, 99.2, 64.4, 62.8, 60.2, 39.5, 35.6, 14.5. HRMS (ESI): m/z
calcd for C;9H»3N304Na: 380.15863; Found: 380.16012.
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diisopropyl-5-(1H-indol-2-yl)-2,3-diazabicyclo[2.2.1]heptane-2,3-dicarboxylate (Sb)

HN N CO,Pr
CO,/Pr
5b

Yield: 67 mg, 58% as pale brown viscous liquid; Ry 0.42 (hexane/ethyl
acetate = 7:3). IR (neat) vmay: 3329, 3056, 2982, 1710, 1619, 1458, 1315,
1098 cm™. "H NMR (500 MHz, CDCl;): § 9.30-8.75 (m, 1 H), 7.48 (d, J
=8.0 Hz, 1 H), 7.30 (s, 1 H), 7.10 (t, J=7.5 Hz, 1 H), 7.03 (t, J= 7.5 Hz,
1 H), 6.15 (s, 1 H), 5.03 (brs, 2 H), 4.72 (brs, 1 H), 4.56 (brs, 1 H), 3.52-
3.39 (m, 1 H), 2.34-2.14 (m, 2 H), 1.90-1.88 (m, 1 H), 1.67-1.60 (m, 1 H),
1.31-1.17 (m, 12 H). ®C NMR (125 MHz, CDCL): § 157.3, 139.6,
136.5,128.1, 121.6, 119.9, 119.7, 111.0, 98.7, 70.5, 64.9, 64.3, 59.9, 39.1,
35.6, 22.1, 21.9. HRMS (ESI): m/z calcd for CyH,;N30,Na: 408.18993;
Found: 408.18894.

di-tert-butyl-5-(1H-indol-2-yl)-2,3-diazabicyclo[2.2.1]heptane-2,3-dicarboxylate (5c¢)

AN N CO,Bu
COztBU
5c

Yield: 57 mg, 51% as pale brown viscous liquid; Ry 0.50 (hexane/ethyl
acetate = 7:3). IR (neat) vmax: 3317, 2978, 2932, 1713, 1457, 1367, 1345,
1290, 1256, 1144, 1107, 1050 cm™. "H NMR (500 MHz, CDCly): § 9.37-
827 (m, 1 H), 7.49 (d, /= 7.5 Hz, 1 H), 7.34-7.28 (m, 1 H), 7.11 (t, J =
7.5 Hz, 1 H), 7.03 (t, J=7.5 Hz, 1 H), 6.16 (s, 1 H), 4.72-4.66 (m, 1 H),
4.51 (brs, 1 H), 3.53-3.44 (m, 1 H), 2.39-2.16 (m, 2 H), 1.85 (brs, 1 H),
1.64 (brs, 1 H), 1.55-1.47 (m, 15 H), 1.29-1.26 (m, 3 H). ®C NMR (125
MHz, CDCl;): & 156.8, 139.7, 136.5, 129.0, 128.2, 125.3, 121.7, 120.0,
119.7, 110.7, 99.7, 81.6, 64.8, 64.1, 60.0, 39.2, 35.4, 28.4, 28.2. HRMS
(ESI): m/z caled for Cy3H31N304Na: 436.22123; Found: 436.22126.

dibenzyl-5-(1H-indol-2-yl)-2,3-diazabicyclo[2.2.1]heptane-2,3-dicarboxylate (5d)

HN N CO,Bn
5d COan

Yield: 52 mg, 49% as pale yellow viscous liquid; Ry 0.39 (hexane/ethyl
acetate = 7:3). IR (neat) vmay: 3340, 3033, 2956, 1714, 1456, 1391, 1322,
1294, 1264, 1165, 1106 cm™. "H NMR (500 MHz, CDCl): & 8.81-8.36
(m, 1 H), 7.47 (d, J = 7.5 Hz, 1 H), 7.30 (m, 11 H), 7.09 (t, J=7.0 Hz, 1
H), 7.03 (t, J= 7.0 Hz, 1 H), 6.11 (s, 1 H), 5.18-5.07 (m, 4 H), 4.69-4.59
(m, 2 H), 3.47-3.29 (m, 1 H), 2.26-2.21 (m, 1 H), 2.03 (brs, 1 H), 1.86-
1.84 (m, 1 H), 1.66 (brs, 1 H). *C NMR (125 MHz, CDCly): § 157.5,
138.9, 135.8, 128.6, 128.3, 128.1, 121.8, 120.0, 119.8, 110.8, 99.1, 68.2,
65.1, 60.3, 39.4, 35.6. HRMS (ESI): m/z calcd for C,yH»;N30,4Na:
504.18993; Found: 504.18909.
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2,4-bis(benzyloxy)-6-(1H-indol-2-yl)-2,4-diazabicyclo[3.2.1]octan-3-one (5e)

I=

Bnd

5e

OBn

N&O

Yield: 86 mg, 80% as colourless viscous liquid; Ry 0.42 (hexane/ethyl
acetate = 3:2). IR (neat) vyax: 3296, 3032, 2979, 2945, 1699, 1545, 1495,
1456, 1371, 1274, 1214, 1170, 1078, 1029, 990, 911, 786, 749 cm™. 'H
NMR (500 MHz, CDCl;): & 8.70-8.65 (m, 1 H), 7.44-7.38 (m, 5 H),
7.33-7.30 (m, 7 H), 7.11-7.08 (m, 1 H), 7.02 (t, J = 7.5 Hz, 1 H), 5.95 (s,
1 H), 5.02-5.00 (m, 2 H), 4.89-4.84 (m, 2 H), 3.77 (s, 1 H), 3.70 (t, J=4.0
Hz, 1 H), 3.57 (d, J= 4.0 Hz, 1 H), 2.72-2.67 (m, 1 H), 2.06-2.03 (m, 1
H), 1.89-1.86 (m, 1 H), 1.84-1.79 (m, 1 H). ®C NMR (125 MHz,
CDCl): 6 160.8, 140.8, 136.2, 136.1, 136.0, 129.7, 129.6, 128.4, 121.5,
119.8, 119.6, 110.8, 97.6, 77.9, 77.8, 67.9, 62.6, 40.9, 36.4, 32.0. HRMS
(ESI): m/z calcd for C,3H»7N303Na: 476.19501; Found: 476.19604.

2,4-bis(benzyloxy)-6-(4-methoxy-1H-indol-2-yl)-2,4-diazabicyclo[3.2.1]octan-3-one (5f)

OMe

I=z

Bné

5f

OBn

NKO

Yield: 66 mg, 57% as colourless solid (m.p. = 192-194 °C); Rg 0.36
(hexane/ethyl acetate = 3:2). IR (neat) vy, 3389, 1649, 1453, 1428,
1391, 1360, 1268, 1241, 1168, 1093, 997, 910, 738, 697 cm™'. "H NMR
(500 MHz, CDCl;): 6 8.42 (s, 1 H), 7.44-7.40 (m, 4 H), 7.34-7.32 (m, 6
H), 7.02 (t,J=8.0 Hz, 1 H), 6.93 (d, J= 8.5 Hz, 1 H), 6.45 (d, J=8.0 Hz,
1 H), 6.08 (d, J=2.0 Hz, 1 H), 5.03-5.01 (m, 2 H), 4.89-4.84 (m, 2 H),
3.90 (s, 3 H), 3.73-3.69 (m, 2 H), 3.55 (d, J=4.5 Hz, 1 H), 2.71-2.66 (m,
1 H), 2.04-2.01 (m, 1 H), 1.92-1.82 (m, 2 H). ®C NMR (125 MHz,
CDCly): 6 160.7, 152.7, 139.2, 137.4, 136.3, 136.0, 129.7, 129.6, 128.6,
128.5, 128.4, 122.3, 118.6, 104.3, 99.4, 95.0, 77.9, 77.8, 68.0, 62.6, 55.1,
40.9, 36.3, 31.9. HRMS (ESI): m/z calcd for CyoH30N;04: 484.22363;
Found: 484.22456.

2,4-bis(benzyloxy)-6-(5-methoxy-1H-indol-2-yl)-2,4-diazabicyclo[3.2.1]octan-3-one (5g)

MeO

Yield: 76 mg, 66% as yellow viscous liquid; Ry 0.37 (hexane/ethyl
acetate = 3:2). IR (neat) vyax: 3303, 3063, 3033, 2944, 1697, 1589, 1488,
1455, 1372, 1326, 1268, 1209, 1169, 1030, 912, 739, 700 cm™. "H NMR
(500 MHz, CDCl): 6 8.36 (brs, 1 H), 7.36-7.32 (m, 4 H), 7.27-7.24 (m, 6
H), 7.12 (d,/=9.0 Hz, 1 H), 6.86 (d, J=2.5 Hz, 1 H), 6.70 (dd, J, = 8.5
Hz, J,=7.5Hz, 1 H), 5.84 (t,J=1.0 Hz, 1 H), 4.95-4.93 (m, 2 H), 4.82-
4.77 (m, 2 H), 3.72 (s, 3 H), 3.66-3.63 (m, 2 H), 3.49 (d, /J=4.0 Hz, 1 H),
2.63-2.58 (m, 1 H), 1.98-1.96 (m, 1 H), 1.82-1.72 (m, 2 H). *C NMR
(125 MHz, CDCL): 6 159.7, 153.1, 140.5, 135.2, 134.9, 130.2, 128.6,
128.5, 127.5,127.5, 127.4, 110.5, 100.9, 96.5, 76.9, 76.8, 66.9, 61.5, 54.9,
40.0, 35.3, 31.0. HRMS (ESI): m/z calcd for CyoH30N304: 484.22363;
Found: 484.22291.

512



2,4-bis(benzyloxy)-6-(5-methyl-1H-indol-2-yl)-2,4-diazabicyclo[3.2.1]octan-3-one (5h)

H5C

,OBn

Yield: 79 mg, 71% as brownish viscous liquid; Ry 0.45 (hexane/ethyl
acetate = 3:2). IR (neat) vy.,: 3391, 2929, 2864, 1691, 1455, 1372, 1319,
1267, 1213, 1170, 1028, 992, 911, 784, 740, 700 cm™. "H NMR (500
MHz, CDCl;): 8 8.48 (brs, 1 H), 7.34-7.30 (m, 4 H), 7.25-7.22 (m, 6 H),
7.14-7.11 (m, 2 H), 6.84 (d, J = 8.0 Hz, 1 H), 5.79-5.78 (m, 1 H), 4.93-
491 (m, 2 H), 4.80-4.75 (m, 2 H), 3.68-3.65 (m, 1 H), 3.60 (t, /= 4.0 Hz,
1 H), 3.47 (d, J = 4.0 Hz, 1 H), 2.62-2.57 (m, 1 H), 2.32 (s, 3 H), 1.96-
1.94 (m, 1 H), 1.81-1.76 (m, 1 H), 1.74-1.69 (m, 1 H). ®C NMR (125
MHz, CDCls): 6 160.9, 141.0, 136.3, 136.0, 134.5, 129.7, 129.6, 128.6,
128.5, 128.5, 128.5, 128.4, 123.0, 119.5, 110.5, 97.1, 77.9, 77.8, 67.9,
62.7, 41.0, 36.5, 32.1, 21.5. HRMS (ESI): m/z calcd for C,yH;3N30s:
468.22872; Found: 468.22867.

2,4-bis(benzyloxy)-3-o0xo0-2,4-diazabicyclo[3.2.1]octan-6-yl)-1H-indole-5-carbaldehyde (5i)

OHC

Yield: 78 mg, 68% as reddish brown viscous liquid; Rg 0.34
(hexane/ethyl acetate = 1:1). IR (neat) vy, 3409, 1677, 1615, 1549,
1488, 1455, 1428, 1374, 1331, 1306, 1267, 1221, 1163, 1114, 1078, 1029,
998, 909, 786, 741, 701 cm™. "H NMR (500 MHz, CDCls): § 10.30 (s, 1
H), 9.97 (s, 1 H), 7.97 (s, 1 H), 6.80 (dd, J, = 8.5 Hz, J, = 1.5 Hz, 1 H),
747 (d, J = 8.5 Hz, 1 H), 7.37-7.35 (m, 2 H), 7.31-7.29 (m, 3 H), 7.28-
7.26 (m, 2 H), 7.23-7.17 (m, 3 H), 6.04-6.03 (m, 1 H), 4.98-4.96 (m, 1 H),
4.92-4.87 (m, 2 H), 4.82-4.80 (m, 1 H), 3.90 (dd, J; = 9.0 Hz, J, = 6.0 Hz,
1 H), 3.73 (t, J=4.0 Hz, 1 H), 3.62 (d, J = 4.5 Hz, 1 H), 2.74-2.69 (m, 1
H), 2.15-2.12 (m, 1 H), 1.97-1.93 (m, 1 H), 1.77-1.72 (m, 1 H). "CNMR
(125 MHz, CDCLy): § 192.5, 161.4, 143.5, 140.0, 135.7, 129.5, 129.5,
129.4, 128.6, 128.5, 128.4, 128.4, 128.2, 124.8, 122.2, 111.7, 98.5, 77.8,
77.8, 674, 628, 408, 372, 32.4. HRMS (ESI): m/z calcd for
Cy9H,7N3NaO4: 504.18993; Found: 504.19184.

2,4-bis(benzyloxy)-6-(5-fluoro-1H-indol-2-yl)-2,4-diazabicyclo[3.2.1]octan-3-one (5j)

F

Ir=z

5]

Bnd

OBn

N\\O

Yield: 78 mg, 70% as reddish brown viscous liquid; Ry 0.39
(hexane/ethyl acetate = 3:2). IR (neat) vy, 3433, 1650, 1490, 1454,
1375, 1326, 1269, 1211, 1176, 1113, 1029, 995, 959, 911, 852, 747, 699
cm”. "TH NMR (500 MHz, CDCL,): § 9.24 (brs, 1 H), 7.39-7.37 (m, 2 H),
7.33-7.31 (m, 5 H), 7.26-7.23 (m, 4 H), 7.08-7.06 (m, 1 H), 6.84 (td, J; =
9.0 Hz, J,=2.5 Hz, 1 H), 5.88 (t, J= 1.0 Hz, 1 H), 4.99-4.93 (m, 2 H),
4.88-4.80 (m, 2 H), 3.79 (s, 1 H), 3.70 (t, /=4.0 Hz, 1 H), 5.80 (d, J=4.0
Hz, 1 H), 2.70-2.65 (m, 1 H), 2.09-2.06 (m, 1 H), 1.92-1.88 (m, 1 H),
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1.78-1.73 (m, 1 H). ®*CNMR (125 MHz, CDClL): § 161.2, 158.8, 156.9,
142.9, 135.9, 135.8, 132.7, 129.6, 129.5, 128.6, 128.5, 128.4, 128.4,
111.6, 111.5, 109.6, 109.4, 104.6, 104.5, 97.3, 77.8, 67.7, 62.7, 40.9, 36.9,
32.3. HRMS (ESI): m/z calcd for CygHysFN3;NaOs: 494.18559; Found:
494.18571.

2,4-bis(benzyloxy)-6-(5-chloro-1H-indol-2-yl)-2,4-diazabicyclo[3.2.1]octan-3-one (5k)

Cl

I=

5k

BnO/

OBn

\

Yield: 86 mg, 74% as brownish viscous liquid; Ry 0.45 (hexane/ethyl
acetate = 3:2). IR (neat) vmay: 3301, 1696, 1580, 1542, 1496, 1453, 1368,
1315, 1267, 1218, 1169, 1062, 1029, 992, 915, 867, 779, 740, 699 cm’".
"H NMR (500 MHz, CDCly): & 9.30 (s, 1 H), 7.41-7.38 (m, 3 H), 7.33-
7.31 (m, 5 H), 7.28-7.23 (m, 4 H), 7.06 (dd, J, = 8.5 Hz, J, = 2.0 Hz, 1
H), 5.88-5.87 (m, 1 H), 4.99-4.93 (m, 2 H), 4.89-4.80 (m, 2 H), 3.80 (dd,
J;=8.5Hz, J, = 6.0 Hz, 1H), 3.72 (t, J = 4.0 Hz, 1 H), 3.57 (d, J=4.5
Hz, 1 H), 2.70-2.65 (m, 1 H), 2.10-2.07 (m, 1H), 1.91-1.87 (m, 1 H),
1.78-1.73 (m, 1 H). ®C NMR (125 MHz, CDCL): & 161.1, 142.7, 135.9,
134.5, 129.6, 129.5, 129.3, 128.6, 128.6, 128.5, 128.5, 112.0, 97.0, 77.9,
77.8, 67.7, 62.7, 409, 36.9, 32.2. HRMS (ESI): m/z caled for
C,sH,,CIN;O5: 488.17409; Found: 488.17340.

2,4-bis(benzyloxy)-6-(5-bromo-1H-indol-2-yl)-2,4-diazabicyclo[3.2.1]octan-3-one (51)

Br

51

BnOl

,OBn

\

Yield: 99 mg, 78% as brownish viscous liquid; Ry 0.37 (hexane/ethyl
acetate = 3:2). IR (neat) vy, 3279, 3032, 2979, 2944, 1696, 1577, 1540,
1495, 1456, 1373, 1313, 1268, 1214, 1169, 1111, 1078, 1029, 991, 905,
827, 780, 738, 699 cm™. "H NMR (500 MHz, CDCls): § 9.35 (s, 1 H),
7.49 (d, J= 2.0 Hz, 1 H), 7.31-7.29 (m, 2 H), 7.27-7.22 (m, 5 H), 7.19-
7.15 (m, 4 H), 7.11-7.09 (m, 1 H), 5.79 (t, /= 1.0 Hz, 1 H), 4.91-4.84 (m,
2 H), 4.80-4.72 (m, 2 H), 3.72 (dd, J; =9.0 Hz, J, = 6.0 Hz, 1 H), 3.63 (4,
J=4.0 Hz, 1 H), 3.49 (d, J= 4.0 Hz, 1 H), 2.62-2.57 (m, 1 H), 2.02-1.99
(m, 1 H), 1.83-1.77 (m, 1 H), 1.68-1.64 (m, 1 H). *C NMR (125 MHz,
CDCly): 6 161.1, 142.6, 135.9, 134.8, 130.0, 129.6, 129.5, 128.6, 128.6,
128.5, 128.5, 122.2, 112.6, 112.5, 96.8, 77.9, 77.8, 67.6, 62.7, 40.9, 36.9,
32.3. HRMS (ESI): m/z calcd for CogH,BrN;OsNa: 554.10552; Found:
554.10531.

2-(-2,4-bis(benzyloxy)-3-0x0-2,4-diazabicyclo[3.2.1]octan-6-yl)-1H-indole-5-carbonitrile (5Sm)

Yield: 77 mg, 68% as pale yellow viscous liquid; Ry 0.39 (hexane/ethyl
acetate = 1:1). IR (neat) v, 3303, 1645, 1455, 1372, 1321, 1268, 1214,

S14



NC

,OBn
| N

,N\
BnO
(@]

5m

I=

1025, 754 cm™. "TH NMR (500 MHz, CDCl;): § 10.04 (brs, 1 H), 7.71 (s,
1 H), 7.36-7.34 (m, 1 H), 7.30-7.22 (m, 6 H), 7.21-7.19 (m, 2 H), 7.17-
7.12 (m, 3 H), 5.90 (s, 1 H), 4.91-4.89 (m, 1 H), 4.85-4.80 (m, 2 H), 4.75-
4.72 (m, 1 H), 3.80 (dd, J, = 8.5 Hz, J, = 6.0 Hz, 1 H), 3.67 (t, J=4.0 Hz,
1 H), 3.52 (d, J = 4.5 Hz, 1 H), 2.67-2.61 (m, 1 H), 2.08-2.06 (m, 1 H),
1.88-1.84 (m, 1 H), 1.69-1.64 (m, 1 H). *C NMR (125 MHz, CDCL): 5
160.3, 142.7, 137.0, 134.5, 128.4, 128.3, 127.6, 127.5, 127.4, 127.0,
124.1,123.3, 119.8, 110.9, 101.4, 96.5, 76.8, 66.3, 61.6, 39.7, 36.2, 31.3.
HRMS (ESID): m/z caled for CyHyN4NaOs: 501.19026; Found:
501.19153.

2,4-bis(benzyloxy)-6-(5-nitro-1H-indol-2-yl)-2,4-diazabicyclo[3.2.1]octan-3-one (5n)

O,N

| N’

N
H 5"&
BnO
0]

5n

OBn

Yield: 89 mg, 75% as pale yellow solid (m.p. = 185-187 °C); Ry 0.43
(hexane/ethyl acetate = 1:1). IR (neat) vy..: 3409, 1687, 1556, 1518,
1470, 1374, 1331, 1270, 1215, 1172, 1070, 1029, 994, 892, 815, 783, 740,
700 cm™. "H NMR (500 MHz, CDCly): § 10.70 (s, 1 H), 8.39 (d, J = 2.0
Hz, 1 H), 8.02 (dd, J; =9.0 Hz, J,=2.5 Hz, 1 H), 7.41 (d, J=9.0 Hz, 1
H), 7.35-7.33 (m, 2 H), 7.32-7.29 (m, 3 H), 7.23-7.19 (m, 3 H), 7.17-7.14
(m, 2 H), 6.04 (t, J = 0.5 Hz, 1 H), 4.97-4.95 (m, 1 H), 4.89-4.87 (m, 2
H), 4.81-4.79 (m, 1 H), 3.92 (dd, J; = 8.5 Hz, J, = 6.0 Hz, 1 H), 3.76 (t, J
=4.0 Hz, 1 H), 3.63 (d, J = 4.5 Hz, 1 H), 2.74-2.69 (m, 1 H), 2.19-2.17
(m, 1 H), 2.00-1.95 (m, 1 H), 1.74-1.69 (m, 1 H). *C NMR (125 MHz,
CDClLy): 6 161.4, 144.7, 141.6, 139.4, 135.5, 135.5, 129.5, 129.4, 128.7,
128.6, 128.4,127.6,117.1, 116.9, 110.9, 99.0, 77.9, 77.8, 67.3, 62.7, 40.8,
37.3, 32.4. HRMS (ESI): m/z calcd for CygHpN4OsNa: 521.18009;
Found: 521.18112.

2,4-bis(benzyloxy)-6-(5-hydroxy-1H-indol-2-yl)-2,4-diazabicyclo[3.2.1]octan-3-one (50)

HO

,0Bn

N
H 5"&
BnO
O

50

Yield: 45 mg, 40% as light brown viscous liquid; Ry 0.29 (hexane/ethyl
acetate = 1:1). IR (neat) vyax: 3396, 3367, 3034, 2955, 2876, 1668, 1543,
1493, 1456, 1370, 1268, 1211, 1181, 1126, 1029, 924, 844, 750, 700 cm
' 'TH NMR (500 MHz, CDCL): & 7.97 (brs, 1 H), 7.44-7.43 (m, 4 H),
7.37-7.34 (m, 6 H), 7.08 (d, J= 8.5 Hz, 1 H), 6.85 (d, /= 2.5 Hz, 1 H),
6.67 (dd, J; =9.0 Hz, J,=2.5 Hz, 1 H), 5.85 (s, 1 H), 5.07-5.01 (m, 2 H),
4.89-4.86 (m, 2 H), 3.69 (t, J= 4.0 Hz, 1 H), 3.65 (dd, J; =9.0 Hz, J, =
6.0 Hz, 1 H), 3.54 (d, J=4.5 Hz, 1 H), 2.70-2.64 (m, 1 H), 2.04-2.01 (m,
1 H), 1.86-1.80 (m, 2 H). *C NMR (125 MHz, CDCl;): § 160.6, 149.7,
141.4, 136.3, 136.0, 131.2, 129.7, 129.6, 128.6, 128.5, 128.4, 111.3,
111.1, 104.5,97.6, 77.9, 77.8, 68.0, 62.5, 41.1, 36.0, 31.9. HRMS (ESI):
m/z calcd for C,gH,7N304Na: 492.18993; Found: 492.19013.

515



6-(5-amino-1H-indol-2-yl)-2,4-bis(benzyloxy)-2,4-diazabicyclo[3.2.1]octan-3-one (Sp)

H,N

Yield: 61 mg, 55% as brownish viscous liquid; Rg 0.29 (hexane/ethyl
acetate = 3:7). IR (neat) v, 3617, 3248, 1651, 1425, 1266, 1027, 781,
732 cm™. "H NMR (500 MHz, CDCly): § 8.10 (s, 1 H), 7.45-7.43 (m, 4
H), 7.36-7.34 (m, 6 H), 7.06 (d, J = 8.5 Hz, 1 H), 6.79 (d, /= 2.0 Hz, 1
H), 5.80 (dd, J; = 8.5 Hz, J, = 2.0 Hz, 1 H), 5.82 (t, /= 1.0 Hz, 1 H),
5.06-5.01 (m, 2 H), 4.89-4.86 (m, 2 H), 3.71 (t, J=4.0 Hz, 1 H), 3.66 (dd,
J;=8.5Hz,J,=5.5Hz, 1 H), 3.55(d, J=9.0 Hz, 1 H), 3.25 (brs, 2 H),
2.69-2.63 (m, 1 H), 2.04-2.02 (m, 1 H), 1.87-1.80 (m, 2 H). *C NMR
(125 MHz, CDCl;): 6 160.6, 150.4, 141.2, 138.7, 136.3, 136.0, 131.0,
129.7, 129.6, 129.0, 128.6, 128.6, 128.4, 112.6, 111.2, 105.5, 97.2, 78.0,
779, 68.0, 62.5, 41.1, 36.1, 32.0. HRMS (ESI): m/z calcd for
C,sH9N4O5: 469.22397; Found: 469.22344.

6-(benzofuran-2-yl)-2,4-bis(benzyloxy)-2,4-diazabicyclo[3.2.1]octan-3-one (5q)

Yield: 52 mg, 48% as pale yellow viscous liquid; Ry 0.50 (hexane/ethyl
acetate = 3:2). IR (neat) vmay: 2923, 2851, 1643, 1457, 1364, 1266, 1210,
1166, 1026, 914, 749, 702 cm™. '"H NMR (500 MHz, CDCly): & 7.47-
7.42 (m, 5 H), 7.38-7.31 (m, 7 H), 7.21-7.13 (m, 2 H), 6.31 (s, 1 H), 5.08-
5.03 (m, 2 H), 4.90-4.86 (m, 2 H), 3.87 (dd, J, = 9.0 Hz, J, = 5.5 Hz, |
H), 3.72-3.70 (m, 2 H), 2.71-2.66 (m, 1 H), 2.12-2.09 (m, 1 H), 2.04-1.99
(m, 1 H), 1.94-1.89 (m, 1 H). ®C NMR (125 MHz, CDClL): § 160.6,
158.6, 154.7, 136.2, 136.1, 129.6, 129.4, 128.4, 128.4, 123.8, 122.7,
120.5, 110.9, 102.2, 77.8, 77.8, 67.0, 62.7, 40.9, 34.9, 32.6. HRMS
(ESI): m/z calcd for CogHy6N,NaOy: 477.17903; Found: 477.17776.

2,4-bis(benzyloxy)-6-(1H-pyrrol-2-yl)-2,4-diazabicyclo[3.2.1]octan-3-one (5r)

I

Z7NX
‘ZE z;

5r

,OBn

BnO &

Yield: 51 mg, 53% as light brown viscous liquid; Ry 0.39 (hexane/ethyl
acetate = 3:2). IR (neat) vyax: 3272, 1653, 1498, 1454, 1374, 1264, 1214,
1166, 1028, 784, 728 cm™. '"H NMR (500 MHz, CDCly): & 8.25 (brs, 1
H), 7.35-7.34 (m, 4 H), 7.29-7.23 (m, 6 H), 6.53-6.52 (m, 1 H), 5.93 (q, J
=3.0 Hz, 1 H), 5.59 (s, 1 H), 4.95-4.91 (m, 2 H), 4.79-4.75 (m, 2 H), 3.59
(t, J=4.0 Hz, 1 H), 3.55-3.52 (m, 1 H), 3.39 (d, J = 4.5 Hz, 1 H), 2.59-
2.54 (m, 1 H), 1.93-1.91 (m, 1 H), 1.78-1.74 (m, 1 H), 1.69-1.64 (m, 1 H).
BCNMR (125 MHz, CDCL): § 160.7, 136.3, 136.1, 133.7, 129.6, 129.5,
128.5, 128.4, 117.1, 108.0, 103.6, 77.8, 77.8, 68.2, 62.5, 40.5, 36.4, 31.8.
HRMS (ESI): m/z caled for CoHysN3NaOs: 426.17936; Found:
426.17895.

S16



References

1. Hu, D. X,; Grice, P.; Ley, S. V. J. Org. Chem. 2012, 77, 5198.

S17



000 0—

ESZ'T
v...NAWm
68Z'T

THE'T
wmm,ﬁgﬁ
Dhm,H

bISE—

986'E,
02T b~
P12 b
Bze'p/

T9Lb—

1085~
9g6's/
06T'9—

bLS9—
65’9
moo.nW
b2
Nmo.n%
B£0'LY
260
oeE -
9PE'L
064'L
905'¢

L28'6—
66 6—

_ 150

Etozc\N,NHCOZEt

s

7 “zT

3a

890

40 35 30 25 20 15 10 05 00 -05 -10

45
ppm

6.0 55 5.0

6.5

70

75

9.5 90 85 80

2.5 10,0

'"H NMR of 3a

TO0-—

TEET—

Lb'6C—

£9'pE—

£5'29—

€9'9L

ETLL

89’ 56—

ESOTT—

TEETI
69'6TT—
te0zr
15221~
mﬁ.wmﬁ\\.
acoer/
BLSET—

LO'SST~_
9L°55T~"

£, C\N,NHCOZEt

&

3a

TR TR

-10

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

160

ppm

3C NMR of 3a

S18



0o00—

oot

882'T"

090'Z—

B09'E—

85T —

ZhL'r—
EE0'S—

206'5—

FIC9—

S£6'9
056'9
596'9
£00'E
Nmn,hw
BE0'L

mmm,n.\ﬁ
E”m,hR
Lbp'L
£9P'L

ZrE'B—

cE9'B—

68T 0T—

-

|

b

S

i s

Fge s

. i
iProgC_ NHOOZPr

&

H

3b

JLN_J%MLJJMWL . A Jl

owEr

b

oo

BT
ar't
T
GT'T

e

T

-05

30 25 20 15 10 05 0.0

35

4.0

4.5

90 85 80 75 70 65 60 55 50

9.5

10.5

ppm

'"H NMR of 3b

bLTZ—
S5'62
! ,nn/

memmm

98'62
20'0E
£voed
£9'SE
E0'8k—

69'85—
S0'99~_
L5669

(28 cnv

96'96—
£LO0TOT—

DE'TTT—
9E'6TT

mm.mzw
Nm.ﬂmﬂ.\.
0T'62T~
S5 TET-

0E'9ST~
69'85T—

; NHCO,'P
ProCyCOZP

ZT

3b

-10

20 10

30

50

80 70

90

T T T T
200 190 180 170

T
210

ppm

13C NMR of 3b

S19



L3 F—
LBE'T—
0re'T—

LT#E~
SBb'Z"

PLE'E~
90T b=

£E9' P~
S84~

695~
prgiss
190'9~"

008’
Im.mM
628'9
1£8'
mmm_mN
Sm.ml\

e9T'L
ETEL
BEE'L

LIT'8—
L5E'8B—

LLBE—

€92 01—

\ll\ll]h ﬁmﬁ Bl

e

= 4

Ll W

NHCO,/Bu

BuO,C~

I
[+

(2]
7 “zT

w SL'E

-

0.0

10 05

15

30 25 20

35

4.0

50 45

35
ppm

75 70 65 60

8.0

98 BS

o )

10.5

"H NMR of 3¢

08z
BE' 6T
5562
046z

g

o cmﬂ
ar' 0g-
Z£' Dm\
rese

0'9r—

£T 59—

SE'Ta—

£6'00°—

2FT—
9EBTI
0z0Z—
ezt
06'827—5
zasz)
S5,
eree
£TER—

6155~
80'85T—

NHCO,!B
'BUO,C~\’ CO;Bu

7 “zT

3c

b

il

20

30

200 190 180 1/0 160 150 140 130 120 110 100 Y0 80 /0 6l 50
ppm

210

13C NMR of 3¢

S20



000'0-—

BE0'E—

£59'2—

PEE b—
857'5—

s68'5"
ObT9
56019,

£85'9~
shoL”
BOEL—
EEIYE

508'8—
£86'8—

£66'6—
a1z 07—

7 “zT

A

3d

—

i -

BLE |-

9kl

%0

S

0.0

0.5

1.5 1.0

2.0

25

5.0 45 40 35 3.0

5.5
ppm

6.0

6.5

95 90 85 80 75 70

105

11.5

'"H NMR of 3d

T6'BT;
Hh,mmw/
/8 60

96’62
00y
hﬁ,om.ﬁ
8E'SE

88'8r—

1189
mm,wmHv

88'00T—

1S TIT—
LEBTT
aw,cmﬁW
zerer
6b'8ZT
m@,mmﬁ.‘vﬁ
9€'6ZT

9E'TET
86'9ET

TT'95T—

BnO, C\N,NHCOZBn

%

3d

7 “ZzT

—60E

AR MM.-—M s —————

210 200

-10

180 170 160 150 140 130 120 110 100 90 80 70 B0 50 40 30 20 10
ppm

190

13C NMR of 3d

S21



e
ZZT'T
SET'T
9ET'T
TST'T
TST'T
SI6'T
0ZB'T

Feo T
956'T

£96'6~.
0F0 0T~

i AN /f/

EO, C\N,NHCOZEt

7 “zT

MJULMLJLL

w 0Tt
wa@.a

W!‘.w
€01
wmha

E-S60
=050

Ea60

E w0
e
AT
=7

Hlmm.a

HYE_M

Z3 1.5 0.5 0.5

3.5

4.5

5.5

75 70 65

8.5

95

10.5

ppm

"H NMR of 3e

Sp'0T—
98" pT—
vm.mm.,
mm.mm,&

co

S.omﬁ.
el
86" ph—

£9'09~.
8E'29~"

£6'00T—

66'TTT—
BLBTT

mm,omﬂw
ﬁm,ﬁNﬁL\
S6'62T—
ELEET~,
S9'8ET"

E0'95T~
90'85T~"

7 “zT

£, C\N,NHCOZEt

WWWMMMMW

200 190 180 170 160 150 140 130 120 110 100 90 80 70
ppm

210

3C NMR of 3e

S22



000'0-—
LES'D
EPL'O
mmm.o#

S66'0
vn.ﬁ.ﬂ./
...MHAW
PST'T

L06'T—

662k
S59'b~.

i
9,E'S
£9E'S
89E'5
LIS
sers-
860'9—
808'94

89
LEB'S
8L8'9
mmm.ww
L06'9
wmﬁ,h%
oom,_.g\u
CEE'L-
seeed

96T 8~
6TE'8~

ZT0°0T~
#90°0T-"

; NHCO,'P
PrOCy 02T

sotes

3f

‘L l WL L WWL%

i

s

%wmm

0oEr

e

Foarf

W 58'C

X 540
a0

I oot

T 601
= w0

pi

=

Ml 06'0

-0.5

0.0

4.5 4.0 3.5 3.0 25 2.0 15 10 0.5

5.0
ppm

55

0.0 95 9.0 8.5 8.0 7.3 7.0 6.5 6.0

10.5

'"H NMR of 3f

boTl—
baz—

66 Te—
55'€E
045z

J

S,nn%
LULE:

06'TE:

95"t

T

8t
ZE nmw.
bl

92'E6—
98001 —

S 111

9z 61T
23 EN—V
spzr”

02 621~
€2 GET
& E./

62 BET
&b w:.vr

Vo' e —

£ ST,

[

_ i
iProgC - NHOOZPr

7 “zT

3f

80 70

20

T T T T T T T
200 190 180 170 160 150 140

T
210

ppm

13C NMR of 3f

S23



890,
3030
9050~
62T

0EE'T

TR
DMm.ﬁ\w

695'T—

TTE b
LYERS

P
ssLv”

mmv.m\
6S3'S—
9229

020t
SEDLA
30t
0L
50T ¢
LEPL
5k
96k L
BAEPE
0L
19
S€9°¢-

E£05'6—

—

"

sl

i
BuO, C\N,NHCOZ Bu

7 “zT

39

]

b

wt

ST

501
ot

01

190

9.5

9.0 85 80

-1.0

0.0

1.0 05

35 30 25 20 15

4.0

45

5.0

6.5 60 55

7.0

75

105

ppm

"H NMR of 3g

Lo w
9BE'0
TsT'T
LTE'T
ZBP'T

58507~
ST9ET-

065'8C—

mmm.vv
Doﬁ.mvv

£19'89—

LIBT8—

964 00T —
PSLTTTA

LET'OTT /.
mom,m.ﬁ.ﬁ%

T 02T

oialh

e

.

o

]

va,cNH
mvo,HN.T\‘
ﬁoﬁ,mm.ﬁ\‘
SEEFIT
BTE'BZT
08627

09T 95T~
STEYST~"

NHCO,'B
'BUO,C~\ 2Bu

7 “zT

3g

" .|_In|[1|| |

-10

160 150 140 130 120 110 100 80 70 60 50 40 30 20 10
ppm

0

BC NMR of 3g

S24



g? o m o oW T w o o P~ — w0 o« T W0 g
N g @ O =Rl [ e i Rl = @ M =t
c @ ~oT R o oo o N o =
— o w w L s e R ] W W WO - T M n — T
VA [ 15 e | N |1 |

OMeEtOZC\N,NHCOZEt

N
N [ ipe / s f
H ap

.

I I voaE T 7 Ty iy T
g 5 g @z = s 2 2 g 8
T T T T T T T T T T T T T T T T T T T - T T T
105 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05 00
ppm

'"H NMR of 3h

] g g o no8 & ssads 5
v T [ TN T
EtO,C. NHCO,Et
OMe N
N
N
3h
il
21‘0 1EIIU 1;‘0 léD I;U 1;0 lgU 1“10 léU 1éU 1;0 1E‘PU D‘D SIU 7‘0 EIU S.U 4'0 3‘U 2‘0 IIU l; zl‘El
ppm

13C NMR of 3h

S25



O5FLP-
TE0'T
S0T'T
CITT
92T T
PET'T
6bT'T

EI6'T
LIE'T
ZTE'T
9ZE'T

£8b'Z—

ZEY'E
186'€~
20T b

EGL!G—
210'9—

TbS'S
9bs'9
8559
£95'9

mmm.m%
b8'9
wvm.J\
#90'L
2804

9sc'8—
P25 8—

P56 6—

EtOZC\N,NHcozEt

Foeoe

Foor

W b

oo

96 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 DO O35 AL
ppm

9.5

'"H NMR of 3i

608 #T—

$9L 6T
026 62

ZasLy
9z GJA
ZBE OF
914 SE

a1zar
$EG 55—
EE9 ﬂm./r

6E9'Z0T—

LR
BEZ'TIT

622 1T

PZ6'6CT ~
L99'1ET-"

BIT'SST~
$Z1°451-"

J

60

NHCO,Et

.

3

7 “zT

EtO,C-

MeO

APS2H
.

130

40 30 20 10 0 -0 =20

50

110 100 90 80 70

120

200 190 180 170 160 150 140

210

ppm

13C NMR of 3i

S26



e
20T°T
€221
9227
p52'T
PERT
PEZT
are T

SP0'T
omD,NWr
PR=tal

650'C:

208'c—

LBLE—

ST v—

98
PSS
b6t

ervss

£68's—
TPT'9—

T£9'9
9£9'9
689'9
699
T2E'Y
mhm,m%
86’9
SBT'L

20z

PCb'B—
SL5'8—

ZFT'0T—

fgevzr

F

i A

Sl

e b

gl

PE'Z

oot

92’1
80°T
“®°1

90 85 80 X5 1O 65 6O 55 HO 45 40 35 30 25 20 15 140 -85 00 05

9.5

10.5

ppm

MeO

"H NMR of 3j

] ol
mhm.m}
0£5'524
wmm.mmw
sepaz

TEB'SET:
SET'IE

0ce'E:

63—

04'55—

ET8')L—

TPE'0IT—

E0E'0TT~
QLTET

bhaSIT
g6t mmﬂy
696 62T
mOm.ONC\\
S8S'TET

EPT'S3T—

MeO

-]

210 200

-10

igo 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
ppm

190

BC NMR of 3j

S27



00g'0—

6B E—
FS0'p—

T8 —

188’5
mﬁm‘mlu/
SZT 9~
rmm,o./.
9pL'G
¢mn,mk

£00' £

BlZ'L
mmN.hW
PS5 L

016'6—

MeQO

Focor

Ml 0E

I 4TE

Hl E0'T

E 0

H/. ET
=301

ot 0

R

== 801

o U1

T 0

00 -0.5

90 85 B8O 5 20 6> 60 55 50 45 40 35 30 25 20 15 10 05

9.5

10.5

ppm

'"H NMR of 3k

0'TE—

OL'br—
S Lr—

£8'S6—

6L'9L~,

AI.J

TOLL
e
££787

ZOE0r—
»TLOT—

IPETI~
LTI

CEPTI~
00'821-_
S6'821

89'EST—
£9'88T

NHCO}/Bu

'BuO,C~

e

3k

MeO

e

| |“|I UL .

A

-

120 110 100 20 80 70 60 50 40 30 20 10

130

170 160 150

180

ppim

13C NMR of 3k

S28



N 2 2 a5 22 g & & g B 8 5 E g g
i T U T FTT T 1
. [ ( f
Ve . I [ . /
NHCO,Et
EtO,C~ 2
Me
mllm
N
H
3l
| A
Al - L_|| JLJ\ e J \JL J
T " A T 1 L g -
1I]I.5 14]‘.0 B.‘S ’ B:I] 8.5 E.‘D 7.‘5 7.0 6?5 ﬁ‘j] 5.‘5 5.‘[] 4{5 4{4] 3:5 'ij[l 215 Z{I] l:S ljl} 0.5 fDI.S
ppm
"H NMR of 31
AP588 & E - 2 ZTREogE ¥ N
i i 7 s g oG
NHCO,Et
EtO,C~N’ 2
Me
N
H
3
iy
ZiEI ZII]EI 1;EI l;EEI 1‘7!] lgﬂ 1‘50 1“4!] létl létl liEI 1II]EI D‘I] Eﬁ ;D ﬁII] S‘EI 4‘EI 3“EI Z‘EI 1II] —1II] féﬂ
ppm

13C NMR of 31

S29



T00'0-—

0£6'T—

CTLE' T~
825~
£e9'e

090'+—

£88'5—
801'9—

ﬁmm,w,/
L6894
2sT'L
mwﬁ.\.V
85C'L
£6C'L
ces'L

mmm,m
whm,mv

/Iiilllj Wﬁ.ﬂ_

~ l“w = 80
M e
fiJ M.I BE'E
S _— Fooor
) e
m - M.\. T
Y
O
Q
T
N/
prd
! : ..,mv
) H
N
o ¢ zz
g

Me

T T T
50 45 40 35 30 25 20 15 10 05 00

ppm

70 65 60 55

75

95 %0 85 80

10.5 100

1.0

'"H NMR of 3m

050~
+ED-

91’0
EE'0
6¢'0

i\
/

01’02
€6'0T

¥

S bPE—

6F Eb—

09'69—

Sb'66—

S56'60T—
00'LTT

£3'811.

6LT2T
nm.mmﬁ/
mm.mu%
88LTT—
mm.wu.ﬂm

TO'0ET

TLPST~
6Z'95T"

i
iProgCy NHCOZPr

3m

-10

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

70

ppm

3C NMR of 3m

S30



AP 587

10.351
—8 768

bs # [ ff 7

£10,C.py VO

3n

—2,634

T ez My T T T T
ot Nt NN L AN
115 105 95 90 B5 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 0.5 00

ppm
1
H NMR of 3n
Y N | | [
'NHCO,Et
EtO,C—p
F
N
H
3n
“I i th. “. m A.L O Y |
2]‘.0 2(;0 léﬂ l;ﬂ 1;0 lfllﬂ l;l] l;ﬂ l;ﬂ léﬂ lllﬂ 160 50 BIO 70 ﬁlﬂ 5‘0 40 3'0 2‘0 1‘0 -llﬂ

ppm

13C NMR of 3n

S31



oooo —

QLT T~
8621

g6/

0ES'E~

SL0P—

28—
ZLG'PT
6ZZ'5—

9685

102:9—
88£'94
008'9
028'9
5E8'9
£58'9
Z5TL
95T'L
LAV
LAYE
29TL
uzTL
T8EYL
905¢

18T 01—

10.5 100 95

80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05 0.0 -05
ppm

8.5

9.0

"H NMR of 30

58" 12—

LEBE—

6E' Sb—

£6'0L—

hn.mcﬁ\‘
$2H0T-"
TEZTT
£E'8TT

BE'BCT
oN.mNﬂW
TL6TT—F
ZT'0ET \.
8T'TET

0c'9sT—

. i
’PrOzC\N’NHCOZ Pr

%

3o

F

A\

-10

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
ppm

180

13C NMR of 30

S32



000°'0-—

£IC'T
LET'T
<kZ'T

0£2'T
BLE'T
£6Z'T

TEET

BbSC—

580+
mm.ﬁ.vw
HHN:QL\'

0Ll b~
58"

TER'S
vmm.mw.
£06'S
DDN.@.\

£15'97"

TST'L
Nhﬁ.hl./.]

SETL
hmw.h\

2eT'orT—

NHCO,Et

’

\

EtO,C

Br

y MMJLJ_

Lose

Faet

Foest
080
1

e
=60
00T

T-eer

._l L)

9.0 85

15 1.0 05 00

2.0

50 45 40 35 3.0 25

6.0 55

6.5

Z5 70

8.0

9.5

10.5

ppm

"H NMR of 3p

1€80
9660
1971
STE1
oek 1
9591
1281

L08'%T—

£495'5E—

col'er—

81T'E9—

9E0'TOT—

SLEENT-
BEE'ETT

Ea
19 BTT~

968'CET~

805'TET/
6£5'SET"

156851 —
£81°Ca1—

NHCO,Et

.

\

EtO,C

Br

n
&
o
=
o
F
7
g
en
= B
™M
mmmoo
g
n
s 72
s o
g 9
=
=
<
g
&
=
g



1.5

"
ro
T
000'0— e 2
I ios
=
o
T -
062'T— —_— wlmm €l un
TEFT— S ol
>
) [
R o~
zho'e —
8izes s — Fo9sE - £5'58—
8692, " PR bSDL—
=
| = =2
[ i en
o o
=
(=)
< TE & 9E'00T—
£6T — \ oo a M
in
; & Z 0T TTT~,
$98'p— \ T - H PUSTTY
i \ ser 3 86'811~\
FORE \ 1 = 9T T~
L@ 61921~
664’ \ e 7 mo,mmﬁv m
ks \ oz 99'6ZT
e 7 g "o
696'9 O
68691 \ | Q
00 £ I o I
80z —, i =
= ~ e L=
i Dl i e R ST'GST— /N‘Q
bz ) N = I - (3
652'L- O~ = -0 o :
90v'2 O m e N @ B L2
T2 T 1 2 m = 74
S9T'8— N/W‘Q oen| @ Dl ZT
- wy
Q’ : o L
Se A °
(=)
E =2~z
= N "
T [ o
£08'6— J 1 L3 S
0
re
g

100 90 80 70 60 50 40 30 20

ppm

200 190 180 170 1600 150 140 130 120 110
13
C NMR of 3q
S34

210




000°0-—

T1S2'T
08Z'T~

SEZ'T
£BE'T

£55'29
£95'2
T65'2
865'C
509'2
ES9'E:
689'2-

TeO'0T—

'Pro,C

_NHCO,'Pr

n---@ I rl 5 Tr v 0 s

3r

CHO N
N\

[

Fssa

H

[

031

s27 |

8L
ozt

Sb'T

607
ar't

105

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05 -10
ppm

9.0

9.5

'"H NMR of 3r

88°Te—
95'62,

SL62—7
mm.om.\

66°L5—

B8E'0L—
63'9L

S6'9L
0Z'EL

9L BE—

2E'TIT—

TIS'6TT

mimﬁM
BLTTT~
80'+ZT-f
ﬂm.wmﬂ\.
66221

LT'GET—

0Z'S5T—

86'AT—

’PrOzC

. _NHCO,/P
N 2rr

CHO
\ (1D

3r

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

00

13C NMR of 3r

S35



000°0-—

€T
s
S9TT
uzt
SOE'T
6IET
EEET
L1
05Ty
bZ5 T\
801°T
_mw.m./
BT
182
€0ET
£1£T
9RET:
8EET
15EC
£9ET
ToreE—

897 b—

E19'p—
TELP—

907’9 —

€S0Z
€02
8§80
TETL
S¥1 NW
s
152L
SIEL
YEEYL

EISL
SESL

L0b'8—

783'8—

LEt

’

N CO

HN

CO,Et

5a

P

— S

A H5:

Roet

BI'T
£Z'1

%nﬂn

BZ't

602

—

__/

— F001

Py

M €01
01

J Ry

Fro1
J

8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
(ppm)

2.0

'"H NMR of compound 5a

TS PI—

LF95E—
89F'BE—

661709~
09429~
6t 9"

0083~

HEt

N CcO
CO,Et

’

HN

5a

sogzz/

TLT66—

88L°0IT—

ZE9°6IT
PhODZT
regrzs

60'BZT—

TSE9ET—
187°6ET—

269'¢S1—

ol L |

10

40

T T T T T T T T i
150 140 130 120 110 100 %0 80 70
(ppm)

T
160

BC NMR of compound 5a

S36



BA%T
9zt
ovz'T
1521
0921
Qoz'T
6921
TET-8
POT
98T\
968'T
HOZ 2
zizey
£z k
6922
6T
£0ET
6IET
ezl

0BE'E~
SIS'E—

095t~
S
006~

zsr9—
<1027
0g0%
ShOY
802
6602
T L\
e
cect &
s

oL

2iPr

’

N CO

HN

CO,'Pr

5b

-

g

U al

wﬂm.w—
MI Pl

Foee

e

060
(49
66T

F oot

€01
90'T
K oot
201

670

8.0

8.5

9.0

4.0 35 3.0 25 2.0 1.5 10 0.5 0.0

4.5

)

6.5 6.0 55 5.0
(ppm

7.0

7.5

9.5

10,0

'"H NMR of compound 5b

ar6'12
vno.mmv.

865'SE—
GPT'6E—

BE6'65—
SST'H9

¥88'9 V
95%'0L—

9£8'9LA
05044
PrELL

LIT96—
CPL'86—

96 01T —

£596TT
seeTr
zzoter

SPI8ZT—

96 GET—
155'6ET—

8rELST—

ZiPr

/

N CO

HN

CO,'Pr

5b

I .

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
(ppm)

160

BC NMR of compound 5b

S37



[
8971
TTT
0571
97T
bIST
Z5S°T
ot
68Ty

2tBU

N cO

HN

Bu

CO,

5¢c

pore
¥BLT
orze
LITT
97T
L dars
80£T
vZe'e
BPET
9BET

TrrE~
B6Z5E

TISB~
¥99'p~
9LLH"

851'9—

8104
€€0L
0L
680£
SOT'4:
61T L
LETL
SLTL
9EEL
18k £
96k L
697°8—
607'8—

0E3'8—

B89E6—

—_—

M

b ogee

LEST
€E'T

68°0.
L1

F oot

2nsw
34823

arat

w0t

0.5 0.0

1.0

90 85 80 25 20 65 60 55 50 40 35 30 25 20
(ppm

9.5

"H NMR of compound 5c¢

EBI'ST

wom.mwv
OEv'SE—
650'6E—

££6'65~
19049
0949

BEL'9L

ztBU
Bu

N co

HN

CO,

5¢c

T
!
58518~

T9r'%—
BbL'66—

EPLOTT—

9£9'611
B35'611

059121+
BOE'STI—
SIz8ei—

ero6er/

Z5F'9ET—
989'6E1—

ToL9ST—

MMMWU-J-_—.

T T T T T T
150 140 130 120 110 100 90 80
(ppm)

T
160

BC NMR of compound 5¢

S38



00—

£59°T
TH8'T
E98T~L
20T~
FIET
mmm.ﬂv.
€9TT

oezeE—
69b'E—

S85r~
e

£90°S~
w.rs—

L0T9—

0L
920°L
oL
€L0L

mwc.hw
€012
1L
W0EL
[
Pt
65€£'8—

608'8—

’

N CO

an

HN

I

—

COan

5d

B

UT 801
- 621
[~ ST1
- OT'1

- 260

F oot

601
™ozt
WG.:

]

z

85 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0
(ppm)

9.0

9.5

"H NMR of compound 5d

§95°6E—
60t'6E—

926097
#90°59~.
6799~

mwn.mh
mH o.mnW.
L

641°96—
890°66—

06L0TT—

SERGIT
oozt
org1zr”

m_r.a.wm_
vmm.mm_W
1467821

TE8'SET—
6b6°3ET—

9P 45T —

ZBn

/

N co

HN

CO,Bn

5d

10

T T T T T T T T
150 140 130 120 110 100 90 70 60
(ppm)

T
160

3C NMR of compound 5d

S39



00—

,OBn

BO'T [
00'T
Ry

FO0T |
10T

|
10T

Feoz |

F

g

Fsoz

Foor |

10T
ﬂ Aot

66'9 |

90'S
= L

,.J\Tm.a L

0.0

0.5

1.0

1.5

2.0

2.5

30

35

4.0

4.5

5.0

5.5

6.0

6.5

7.0

75

8.0

8.5

(ppm)

"H NMR of compound Se

ev0ze/
S6E9E—
BHE0P,

S¥IT9—

£06'29—

amm.mn
mco.r.nw_
LSTLL
WHLL
006ZL

98T 96~
0457267

0zZg 01T —

29611
Em.m‘...w
mmm.m../
695°621

Tegszi s

ma.mm..
an.omw
6£2°9€1
092081/

£48'09T—

,0OBn

N
,N\
BnO
(@]

5e

g

(ppm)

T T T T T T T
150 140 130 120 110 100 90

T
160

T
170

BC NMR of compound Se

S40



000°0-—

OMe

,0Bn

N
,N\
BnO
(@]

5f

ZT

il

TP L
(1072
LWL
0Zr L
TEp L
9ipL

EIPE—

JJMMQ |

Feo1

00T
o0z
#0T'E

802
E80C

=007

=101

=0T
01

809
Wc., hd

ES60

0.0

0.5

1.0

15

2.0

25

3.0

35

4.0

4.5

5.0

55

6.0

6.5

7.0

75

8.0

85

(ppm)

"H NMR of compound 5f

868 TE—
162 9%€—

126 0p—

b1 S5—

1SS B—

60089 —

uwnun
ﬁm mnw
0£TLL
:w‘hm*‘
FOE'LL

£6645—
£519%+"
6 66—

962 +01 —

NI —
£E 771 —
e
mﬁm,mm—w
995821
555621 \%
89'621
LLE'SET
«mman— hY

65LE17)
csreer

59281 —

£59°091 —

,OBn

N
,\
BnO
(@)

OMe
|
5f

410

70

(ppm)

90

T T T T
110 130 120 110

T
150

BC NMR of compound 5f

S41



000C-
81LT
LELT
8ELT
LbL'T
LSLT
94T
LULT
-7
6841
L6L°T
908'T
S18'T
856
£86'T

84T
85t
9652
109°c
£09°C
119°¢
ST9E
€8FE
T6¢°E
£€9°E
0F9'E
PILE
£94°F
0647k
864
618"
(26
0£6°
056"
6E8°S
8's
£F8'S
7699
£69°9
6049
149
958’9
1989
SITL
€E1°L
097¢
L
L
€50
09Z%
[&:T4S
L9TEN

PLTL

1TE°LS
9TEL
62 ]
gL
bEEL
ObEL
SkEL
8PEL
6SEL

=

€959

MeO

s oA

Fe

£

Fuee
e

Feo1

A
104
L0'E

Fere
ke

=001

=101
=001
001
u_.Nc.m
SOk

F86'0

8.0 75 70 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0 -0.5
(ppm)

85

9.0

"H NMR of compound 5g

£000-—

¥660c 7
PeTSE—
£E005,

§98P5—
STEI9—
¥16'99—
P9LSL
wS.th
LTI
wmh,o&'
0£89L

THS96—
768°00T—

0P 01T —

hmm.mﬁ
mmv.nwﬁ
50§21

SESLZT
TES'BZT
+$£9°82T
m.f.o?\.
TI6'bEL]r

T6T'SET
PorOPT

—

069°65T—

MeO

40 30 20 10

50

150 140 130 120 110 100 90 80 70
(ppm)

160

BC NMR of compound 5g

S42



000°0-—

EPLP
Ly
[a: 142

PO3E

806'F
6
we

mwﬁm
88LS Vu

H3C

ol

fs

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

70

75

8.0

8.5

(ppm)

"H NMR of compound Sh

9181z —

w60ze”
66t9E—
9860~

89°79—
B68LI—
S64°9¢
BROEL
vom._mhu.
BIBLL
TL8LL

L8796~
090¢5-"

SPSOIL—
SESBTL
SPO'EZD
PIPBEL
L6¥°BELYL
025821
0bS'BZL
SH9'BZI
065621
09'621
85 PEL
TEOBELYr
$9TBEL __
£56°0PL

£68°09F—

HsC

40 30 20 10

50

(ppm)

160 150 140 130 120 110 100 90

170

3C NMR of compound 5h

S43



OHC

EFor't
ESTT
80T

E80'T

=00°T

rE0'E

91°¢
90°E
502
Rert

50T
“00°T

=60
=60

25 20 15 10 05 00 -05

3.0

105 100 95 90 85 80 75 70 &5 60

11.0

"H NMR of compound 5i

99€°ZE
SPULE~
68470~

¥5£79—
T6EL9—
£8£9L
mno.nhW
16TLL
908°2L
L8

951°96~
L6F'86—

669" TLI—
os1°zzr
99L%ZT
TLTITTAL
00t"32T+-
(38 148
8¥S'8ZT
2099zt
L8E°6TT
[a1 4148 o
PES'OTT -
P99°5ET
£50°0%1
00S°Ewl

L8E° 191 —

S9PT61I—

OHC

10

100
(opm)

T T T T T T T T
180 170 160 150 140 130 120 110

T
190

3C NMR of compound 5i

S44



5
o1
0541
65T
04T
6441
9881
768'T
568'1
06T
016'T
L16°T
£90T~
88077
4597
1497
5497
89
989z

BLSE
8S°E
T69°E
mm.m.ﬁw
bﬁ.m.\_
T6L'E
108
€28
[15:3%
[7Exs
£E6°P
556k
146'F
£66'F
885
.\mm.m./
PEES
6€8'9
4589
190
+90°¢L
080
TETL
344
9L
80£%
¥IEYL
jrixa
9zEL
€LEt
8LEE
T8eL
S8EL
T6EL

8€T6—

Vo

5.0

0E'T
0T
10T

o0t

#66°0
>107
Aot

oot
Fooz

00T

¥E0'T
[
%mﬂ.v
Wwﬂ.m
£re

Fsso

0.0

0.5

35 3.0 25 2.0

4.0

85 80 75 70 65 60 55 4.5
(ppm)

9.0

9.5

"H NMR of compound 5j

tozzes
#2695~
8Y607,

604'29—
189°¢9—

§94°9L
6T0LL
mnwﬁnW
v..m.hn.

2196
EN.SW
07516

1SBOT

Lespar>

ZERE0T

8E9E0

L6HTIE

ESTIE

Iz

ThbRzE

Lzs BT

SSS'BEI

15671

8096717,

6921

ShESED

TH6SEN

8E6 Tk —

PE6DST~
T64BST—
ANt

,0Bn

60 50 40 30 20 10

70

(ppm)

160 150 140 130 120 110 100

170

3C NMR of compound 5j

545



Cl

> pr

£

Vs

=0T
oot
E00°T

Foot

860
#8610
00T

90
10T

FootT

r20°T
Eree
L6
ez

Foe0

8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 05 0.0 -0.5
(ppm)

8.5

9.0

9.5

"H NMR of compound 5k

1e7zes
098'9E~
8160k~

659'79—
999°49—

o_”w.on
ww:.hm/lvr
SECLL
mvw.hm“\‘
898'¢L

956'96—

PEDEL
sebeet
085821
T09°82T
0E€62T
£ES62I
SE96T
ObSHEL,
6E6SET—

959°ZbI—

#L0TT9T—

m_”
c 3
8 \o
pd = =3
c

m ‘

L4
n N 1
— —3
ZT —
_ 1
(@] 3
]
3
1

10

40

T
160

T
170

(ppm)

3C NMR of compound 5k

S46



000'0-—

Br

S

Vid

:f!r

FeotT
b1
=960

Foot

00T
=660
1ot

e
we

F00T

r90T

80
s
RITZ
“£6'0

Foso

9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
(ppm)

9.5

"H NMR of compound 51

mmw.mm-\
9E6'9E~
mmw.av/

299 —
PESLI—

8689,
€0T°LL
LSELL
evsrcd
9s8¢ed

8L96—

o.mm.mzv
PR
LEP'BZT
08E'8ZT
88T
809821

£ES'62T
;m.sz
PEEPET—
Pee'sET

048 THT—

621°79T—

,OBn
N
,\
BnO
(0]

51

Br,

150 140 130 120 110 100 90 80 70 60 50 10 30 20 10
(ppm)

160

3C NMR of compound 51

S47



10000-—

BLCo1—

s

rr

s

i // i/

,OBn

NC

— ="
879

g1t
ESOT
80T

= EI10T

—3 = 00T
— 0T
-

5901

rS0'T

==fu:

~S0T

— = 00T

roTe

91T
EF101T

100 95 2.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
(ppm)
1
H NMR of compound 5m

10.5

00—

BTTE—

e —
BS96E—

B9 13—

WER—

T99'SL
£16'SL
6919
0LL9¢

£80'S6~
S

gee1or—

DES'6TL

BEZ'EZT
0TI
ooz
Sm.um—w

s

zisean
mvn,mm_‘\
Seb'8ZI
FESHET—
T96'9ET —

LBGTH —

162091 —

,OBn

N
,N\
BnO
(@]

ZT

NC

5m

T T
30 20

40

70

80
(ppm)

T T T T T
150 140 130 120 110

160

BC NMR of compound 5m

S48



S690T—

L o

TR

im

O,N

Bgor
FLT'T
#E0'T

EFooT
» 660

=160
00T

20
Yot
Agg0

00T

s0'¢
wE

€8¢
%do.w
€0°T

E66'0

=£6°0

=060

70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05
(ppm)

15

11.0 105 100 95 90 85 80

11.5

"H NMR of compound Sn

8LETE—
LSTUE—
SLL0b—

81L79—
L0E7L9—

PELOL
ma.ahw.
o

SPELL .“‘

PigLL”

SET'96—
£56'96—

EF6011—

£98°911
EETLIT
595°LTT

SEF'8T14
LEY'BT1
£99°871

60"621
Cm‘mn_unﬁ
L9%'SET
£0S°5ET
6 6E1-"
209 TP
kL b1 —

6TIF 191 —

O,N

5n

|

150 140 130 120 110 100 20 70
(ppm)

160

3C NMR of compound 5n

S49



T000-—

HO

Fa

s

I, ..

Foze
Fse1

Foo1

+E0'1
€01
001

Isre
Febe

E00°T

H,mi
Rept
7S01

51’9
mﬁw.v

81

T

8.0

7.0 6.5 6.0 55 5.0 45 4.0 35 30 25 2.0 1.5 1.0 05 0.0
(ppm)

75

"H NMR of compound 50

ozetes
59656
0T Tbn

ZIS29—

Bv0'89—
EI£'9L
9969
02T L
zvaeed]
985241

[#1°96~
08546~

TZS0T—

9PT'TIT
SZETIT

905821
9v5'8t
TI9'82T
mwm.mﬁ%
YIL6TT
orz1ET
096'SET
zzeostdl
o 1T
BhLGET—

295'09T—

,OBn

HO

120 110 100 90 80 70 60 50 40 30 20 10
(ppm)

130

160 150

170

BC NMR of compound 50

S50



00—

0oL
608°L
[y
8I8°T
98T
SHE'L
6k8'L
ey
1981
08'L \

HoN

oars

Fevz |

=921

90T |

ST

oy

&.mn._”

| .Ll R

Al

Hlmu.m r

ar't
Mmm.ﬂ r

Rz

Feez
oot |

HK.BA L

»0e9 |

Fs60

35 30 25 20 1.5 Lo 0.5 0.0

4.0

8.0 75 7.0 6.5 6.0 55 5.0 4.5
(ppm)

8.5

'"H NMR of compound Sp

6o61E/
05098~
HOTThy

§25° 19—
S¢0'89—
TIE9L
.Gc.nhW
TEELL
mmm.n...“
EL6°LL

PSTL6—

S9¥"50T—

SRITI~
$L5°2TT

mo&.wﬁ
Nnm.wwﬁ
wmm.wwﬁw
6667871
965671
9047671
6F0TET
9£6°5ET
Y62 9ET
LL98ET
£8T°IHT
Tew'0s1—

€19°09T—

,OBn
N
,N\
BnO
O

5p

H,N

>

DU

i

-

-

100

" J Ll

80
(ppm)

150 140 130 120 110

160

3C NMR of compound 5p

S51



000°0-—

w7
16ls
EBIL
L
90EL:
[ird¥A
OEEL:
SHEL
2_EL
E9EL
L9EL

LICYE
EEPL
18kL
¥IL
9L

,OBn

e

€01
60'1
50

Foot

Fore
oot

Ferz
Frze

=001

Froz

4.5

5.0

5.5

6.0

6.5

7.0

7.5

(ppm)

"H NMR of compound 5¢q

0S5 zE—
TBHE—

L05 T —

B/IT—

€009 —

£30%A
5% W
sevt

£51%—

661 Z01—
98011 —

5001~
LTI~
PR
¥BE8TI-Y
kg4l

_..hmw_ M‘

hm.ﬂmm_
114 om_v

[l
9ZIBS1~_
085091~

.OBn

\

N
BnO
5q

10

60

T T T T T T T T
150 140 130 120 110 100 90 80
(ppm)

160

BC NMR of compound 5q

S52



1000-—

a1y
1591
199'T
0491
0891
069°1
LELT
SPLT

1941
041
6441

BEE
€657
955°T
195°T
£958°C

ﬂwm.n
omm.n/
es'e
SES'E
TS5°E
LISE
S85°C
£65°C

0S4+
9L
LY

88LF

P16t
8Z6't
SE6'F
056+
265'5—

$Z6'S
626'S
SE6'S

IH6'S
259
Rm.oW
&
8vTL
o5eL
6524
et
sLee
082e
GEEL
bSEL

$ST8—

,OBn

\

2T

BnO
5r

o

r

S S

L1
90'1
01

Feo

¥EDT
ST
£6°0

80T

Fsoe

001

Fe60

Foot

€09
0

Foso

0.0

0.5

8.0 7.5 70 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15
(ppm)

8.5

"H NMR of compound Sr

11
PIb9E~
10504

SP3'T9—
Z51'89—
TEL'9LA
985 whw
orTLL
mmmkl\
gL

Z5196—

S55°€01—
BED'BOT—

PETLTT—

9LE8TI
S9p'8Z1~
BbS 621
eraeerd
z99'eE1~,
1809€14
£0E9gT4

9TL091—

,OBn

\

2T

BnO
5r

S | TN

(ppm)

90

T T T T T
150 140 130 120 110

T
160

T
170

3C NMR of compound 5r

S53



Single Crystal X-ray Structure of Sn

S54



