


General Methods. All commercially available reagents were used without further purification.
All reactions were carried out under an argon atmosphere. TLC was carried out on SiO; (silica
gel 60 Fjs4, Merck), and the spots were located with UV light or 1% aqueous KMnO,. Flash
chromatography was carried out on SiO; (silica gel 60, SDS, 230-400 mesh ASTM). Drying of
organic extracts during workup of reactions was performed over anhydrous Na,SO,.
Evaporation of solvents was accomplished with a rotatory evaporator. 'H- and "*C-NMR spectra
were recorded using Me,Si as the internal standard, with a Varian Mercury 400 instrument.
Chemical shifts are reported in ppm downfield ( ) from Me,Si for *H- and *C- NMR. HRMS
were obtained using a LC/MSD TOF mass spectrometer.

Experimental procedures and characterization data for the starting materials
METHOD A: Methyl 4-(N-benzyl-N-tert-butylamino)-2-diazobutanoate (1a).

Benzyl bromide (2.3 mL, 19.5 mmol) and K,CO; (3.5 g, 25.5 mmol) were added, under argon,
to a solution of N-tert-butylethanolamine (1.5 g, 12.7 mmol) in CH;CN (26 mL). The resulting
mixture was stirred at 80 "C for 24 h. The solvent was removed in vacuo and the residue was
partitioned between dichloromethane and water. The combined organic extracts were dried,
filtered and concentrated, and the residue was purified by chromatography (SiO,, from hexanes
to hexanes-EtOAc 4:1) to give 2-(N-benzyl-N-tert-butylamino)ethanol (2.3 g, 86%) as a
colorless oil.

2-(N-Benzyl-N-tert-butylamino)ethanol (2.3 g, 11.0 mmol) and triethylamine (2.3 mL, 16.4
mmols) were dissolved in CH,Cl, (22 mL), and methanesulfonyl chloride (1.8 mL, 23.3 mmols)
was added dropwise at 0 "C. The resulting solution was stirred at room temperature for 3 h. The
reaction mixture was poured into water and ice, basified with a saturated NaHCO; aqueous
solution, and extracted with CH,Cl,. The organic extracts were washed with brine, dried,
filtered and concentrated. The residue was dissolved in acetone (82 mL), and Nal (16.5 g, 111
mmols) was added. The mixture was stirred at reflux for 24 h, concentrated in vacuo and the
residue was partitioned between water and Et,O. The organic extracts were washed with water,
dried, filtered and concentrated to give N-benzyl-N-(2-iodoethyl)-tert-butylamine (3.4 g,
guantitative), which was used in the next step without purification.

A solution of methyl 3-oxobutanoate (6.8 mL, 62.7 mmols) in dry THF (50 mL) was added
dropwise, under an argon atmosphere, to a stirred suspension of NaH (1.5 g, 62.7 mmols) in dry
THF (50 mL) at room temperature. After the mixture became clear (5 min), a solution of N-(2-
iodoethyl)-N-benzyl-tert-butylamine (3.4 g) in dry THF (10 mL) was added dropwise, and the
mixture was stirred at 80 "C for 96 h. The reaction mixture was poured into a mixture of
saturated ammonium chloride aqueous solution and ice, and extracted with CH,Cl,. The organic



extracts were washed with brine, dried, filtered and concentrated. The resulting residue was
purified by chromatography (SiO,, from hexanes to hexanes-EtOAc 9:1) to give methyl 2-
acetyl-4-(N-benzyl-N-tert-butylamino)butanoate (1.53 g, 47% for two steps) as a colorless oil.

To a solution of methyl 2-acetyl-4-(N-benzyl-N-tert-butylamino)butanoate (1.53 g, 5.0 mmols)
and DBU (1.12 mL, 7.3 mmols) in dry acetonitrile (25 mL) was added dropwise a solution of p-
ABSA (1.56 g, 6.5 mmols) in dry acetonitrile (22 mL). The mixture was stirred at room
temperature overnight. The solvent was removed in vacuo and the resulting residue was purified
by chromatography (SiO,, CH,Cl,) to give 1a (0.9 g, 62%) as a yellow oil. '"H RMN (CDCl,,
400 MHz) 1.14 (s, 9H), 1.99 (t, J = 7.0 Hz, 2H), 2.73 (t, J = 7.0 Hz, 2H), 3.65 (s, 3H), 3.68 (s,
2H), 7.20 (ddt, J = 8.0, 6.4 and 1.6 Hz, 1H), 7.25-7.35 (m, 4H). *C RMN (CDCls, 100.5 MHz)

25.4 (CHy), 27.4 (3 CHj3), 49.4 (CH,), 51.8 (CHj3), 55.4 (CH,), 55.5 (C), 68.1 (C), 126.6 (CH),
128.2 (2 CH), 128.4 (2 CH), 142.7 (C). One C was not observed. IR (NaCl) v 2082, 1695 cm™.
HRMS (ESI-TOF) cald for C;6H24N30,: 290.1863 [M + H]"; found: 290.1867.

METHOD B: Methyl 4-(N-[2-(2-bromophenyl)ethyl]-N-tert-butylamino)-2-diazobutanoate
@).

A solution of 2-bromoacetaldehyde (1.3 g, 6.5 mmol) in methanol (14 mL) was cooled in an ice
bath. tert-Butylamine (0.69 mL, 6.5 mmol) was added, and the mixture was stirred at room
temperature for 3 h. Sodium borohydride (0.3 g, 7.79 mmol) was added slowly to the reaction
mixture, which was maintained at 0 "C by using an ice bath. After the addition, the mixture was
stirred at room temperature for 1 h. The solvent was removed under reduced pressure and the
residue was dissolved in water, and then extracted with CH,Cl,. The organic extracts were
dried, filtered and concentrated to give crude N-[2-(2-bromophenyl)ethyl]-tert-butylamine (1.35
g) as a colorless oil, which was used in the next step without purification.

A solution of N-[2-(2-bromophenyl)ethyl]-tert-butylamine (1.35 g), diisopropylethylamine (1.4
mL, 8.0 mmol), and methyl bromoacetate (1.3 mL, 13.8 mmol) in acetonitrile (34 mL) was
refluxed for 24 h. The solvent was removed in vacuo, and the residue was dissolved in
dichloromethane and washed with saturated aqueous NaHCO; and brine. The organic layer was
dried and concentrated. The residue was purified by chromatography (SiO,, from hexanes to 9:1
hexanes/EtOAc) to give methyl 2-(N-[2-(2-bromophenyl)ethyl]-N-tert-butylamino)acetate (1.0
g, 47% for two steps) as a colorless oil.

To a cooled (-30 "C) solution of methyl 2-(N-[2-(2-bromophenyl)ethyl]-N-tert-
butylamino)acetate (1.0 g, 3.05 mmol) in CH,CI, (60 mL), DIBAL-H (5.2 mL of 25% solution
in toluene, 7.8 mmol) was added dropwise. After 3 h at room temperature, the reaction mixture
was poured into a saturated NH,CI aqueous solution and stirring was continued for 1.5 h. The
mixture was extracted with CH,Cl, and the organic layer was washed with saturated NaHCO;
aqueous solution. The organic extracts were dried and the solvent was removed under vacuum



to give 2-(N-[2-(2-bromophenyl)ethyl]-N-tert-butylamino)ethanol (0.8 g), which was used in the
next step without purification.

2-(N-[2-(2-Bromophenyl)ethyl]-N-tert-butylamino)ethanol (0.8 g) and triethylamine (0.56 mL,
4.1 mmols) were dissolved in CH,Cl, (5 mL), and methanesulfonyl chloride (0.26 mL, 3.4
mmols) was added dropwise at 0 "C. The resulting solution was stirred at room temperature for
3 h. The reaction mixture was poured into water and ice, basified with a saturated NaHCO;
aqueous solution, and extracted with CH,Cl,. The organic extracts were washed with brine,
dried, filtered and concentrated. The residue was dissolved in acetone (24 mL), and Nal (5 g, 31
mmols) was added. The mixture was stirred at reflux for 24 h, concentrated in vacuo and the
residue was partitioned between water and Et,O. The organic extracts were washed with water,
dried, filtered and concentrated to give N-[2-(2-bromophenyl)ethyl]-N-(2-iodoethyl)-tert-
butylamine (0.87 g), which was used in the next step without purification.

A solution of methyl 3-oxobutanoate (1.4 mL, 12.7 mmols) in dry THF (11 mL) was added
dropwise, under an argon atmosphere, to a stirred suspension of NaH (0.3 g, 12.7 mmols) in dry
THF (11 mL) at room temperature. After the mixture became clear (5 min), a solution of N-[2-
(2-bromophenyl)ethyl]-N-(2-iodoethyl)-tert-butylamine (0.87 g) in dry THF (11 mL) was added
dropwise, and the mixture was stirred at 80 "C for 96 h. The reaction mixture was poured into a
mixture of saturated ammonium chloride aqueous solution and ice, and then extracted with
CH,CI,. The organic extracts were washed with brine, dried, filtered and concentrated. The
resulting residue was purified by chromatography (SiO,, from hexanes to hexanes-EtOAc 4:1)
to give methyl 2-acetyl-4-(N-[2-(2-bromophenyl)ethyl]-N-tert-butylamino)butanoate (0.45 g,
37% for three steps) as a colorless oil.

To a solution of methyl 2-acetyl-4-(N-[2-(2-bromophenyl)ethyl]-N-tert-butylamino)butanoate
(0.45 g, 1.1 mmols) and DBU (0.25 mL, 1.7 mmols) in dry acetonitrile (5 mL) was added
dropwise a solution of p-ABSA (0.35 g, 1.5 mmols) in dry acetonitrile (5 mL). The mixture was
stirred at room temperature overnight. The solvent was removed in vacuo and the resulting
residue was purified by chromatography (SiO,, CH,Cl,) to give 3 (324 mg, 75%) as a yellow
oil. '"H RMN (CDCls, 400 MHz) 1.10 (s, 9H), 2.44 (t, J = 6.8 Hz, 2H), 2.69-2.74 (m, 2H), 2.79
(t, J = 6.8 Hz, 2H), 2.83-2.88 (m, 2H), 3.77 (s, 3H), 7.05 (ddd, J = 8.0, 6.0 and 3.2 Hz, 1H),
7.20-7.25 (m, 2H), 7.51 (dd, J = 8.0 and 0.8 Hz, 1H). **C RMN (CDCls;, 100.5 MHz) 25.3
(CHy), 27.5 (3 CH), 38.6 (CHy), 49.0 (CHy), 51.4 (CH,), 52.0 (CH,3), 55.4 (C), 124.6 (C), 127.7
(CH), 127.9 (CH), 131.1 (CH), 132.9 (CH), 140.2 (C). Two C were not observed. IR (NaCl) v
2083, 1693 cm™. HRMS (ESI-TOF) cald for Ci;HzsBrN;O,: 382.1125 [M + H]*; found:
382.1133.

Methyl 4-[N-tert-butyl-N-(4-chlorobenzyl)amino]-2-diazobutanoate (1b). 1b was obtained
as a yellowish oil following Method A [(a) alkylation, 80%; (b) MsCI, Et;N; then Nal; (c)



CH,COCH,CO,CHs, NaH, 50% two steps; (d) p-ABSA, DBU, 60%]. 'H RMN (CDCls, 400
MHz) 1.12 (s, 9H), 2.05 (t, J = 6.8 Hz, 2H), 2.72 (t, J = 6.8 Hz, 2H), 3.63 (s, 2H), 3.65 (s, 3H),
7.22-7.29 (m, 4H). ®C RMN (CDCl,, 100.5 MHz) 25.5 (CHy), 27.4 (3 CHa), 49.2 (CH,), 51.9
(CHs), 54.7 (CHy), 55.6 (C), 66.4 (C), 128.3 (2 CH), 128.7 (C), 129.6 (2 CH), 141.3 (C). One C
was not observed. IR (NaCl) v 2083, 1694 cm™.

Methyl 4-[N-tert-butyl-N-(2-fluorobenzyl)amino]-2-diazobutanoate (1c). 1c was obtained as
a yellowish oil following Method A [(a) alkylation; (b) MsCI, Et;N; then Nal; (c)
CH;COCH,CO,CH;, NaH, 56% three steps; (d) p-ABSA, DBU, 80%]. '"H RMN (CDCls, 400
MHz) 1.13 (s, 9H), 2.06 (t, J = 7.2 Hz, 2H), 2.76 (t, J = 7.2 Hz, 2H), 3.66 (s, 3H), 3.75 (s, 2H),
6.97 (ddd, J = 10.8, 8.0 and 1.2 Hz, 1H), 7.08 (td, J = 7.6 and 1.2 Hz, 1H), 7.18 (dddd, J = 8.0,
7.6, 5.2 and 1.6 Hz, 1H), 7.50 (td, J = 7.6 and 1.6 Hz, 1H). *C RMN (CDCls, 100.5 MHz)
25.3 (CH,), 27.3 (3 CHy), 47.7 (d, J = 2.7 Hz, CH,), 49.3 (CH,), 51.9 (CH3), 55.6 (C), 65.6 (C),
115.0 (d, J = 22.0 Hz, CH), 123.9 (d, J = 3.5 Hz, CH), 128.1 (d, J = 8.2 Hz, CH), 129.4 (d, J =
13.4 Hz, C), 130.9 (d, J = 4.6 Hz, CH), 160.9 (d, J = 245.1 Hz, C). One C was not observed. IR
(NaCl) v 2083, 1696 cm™. HRMS (ESI-TOF) cald for CysH,3FN30,: 308.1774 [M + H]*; found:
308.1770.

Methyl 4-[N-(2-bromobenzyl)-N-tert-butylamino]-2-diazobutanoate (1d). 1d was obtained
as a brownish oil following Method A [(a) alkylation, 70%; (b) MsCI, Et;N; then Nal; (c)
CH5;COCH,CO,CH3, NaH, 25% two steps; (d) p-ABSA, DBU, 65%]. ‘H RMN (CDCl;, 400
MHz) 1.12 (s, 9H), 2.13 (t, J = 7.2 Hz, 2H), 2.80 (t, J = 7.2 Hz, 2H), 3.69 (s, 3H), 3.78 (s, 2H),
7.06 (ddd, J = 8.0, 7.6 and 1.6 Hz, 1H), 7.26 (td, J = 7.6 and 1.2 Hz, 1H), 7.47 (dd, J = 8.0 and
1.2 Hz, 1H), 7.67 (dd, J = 7.6 and 1.6 Hz, 1H). *C RMN (CDCls;, 100.5 MHz) 25.1 (CH,),
27.3 (3 CHg), 49.6 (CH,), 51.9 (CHj3), 54.7 (CH,), 55.7 (C), 66.5 (C), 123.1 (C), 127.2 (CH),
128.0 (CH), 130.6 (CH), 132.4 (CH), 141.6 (C), 168.1 (C). IR (NaCl) v 2082, 1696 cm™.

Methyl 4-[N-tert-butyl-N-(2-methoxybenzyl)amino]-2-diazobutanoate (1e). 1e was obtained
as a brownish oil following Method A [(a) alkylation, 68%; (b) MsCI, Et;N; then Nal; (c)
CH;COCH,CO,CH;, NaH, 23% two steps; (d) p-ABSA, DBU, 66%]. '"H RMN (CDCls, 400
MHz) 1.12 (s, 9H), 2.08 (t, J = 7.0 Hz, 2H), 2.76 (t, J = 7.0 Hz, 2H), 3.67 (s, 3H), 3.72 (s, 2H),
3.82 (s, 3H), 6.80 (dd, J = 8.0 and 1.2 Hz, 1H), 6.91 (td, J = 7.6 and 1.2 Hz, 1H), 7.17 (tdd, J =
8.0, 7.6 and 1.6 Hz, 1H), 7.52 (dd, J = 7.6 and 1.6 Hz, 1H). *C RMN (CDCl;, 100.5 MHz)
25.0 (CHy), 27.3 (3 CHy), 48.7 (CHy), 49.4 (CHy,), 51.8 (CH3), 55.3 (CHs), 55.4 (C), 109.9 (CH),
120.4 (CH), 127.3 (CH), 129.9 (CH), 130.9 (C), 157.0 (C), 168.3 (C). One C was not observed.
IR (NaCl) v 2083, 1696 cm™.

Methyl 4-(N-[2-(benzyloxy)ethyl]-N-tert-butylamino)-2-diazobutanoate (5). 5 was obtained
from N-[2-(benzyloxy)ethyl]-tert-butylamine as a yellow oil following Method B [(a)
BrCH,CO,Me; (b) DIBAL-H, 43% two steps; (c) MsCI, Et;N; then Nal; (d)



CHsCOCH,CO,CH,, NaH, 18% two steps; () p-ABSA, DBU, 53%]. ‘H RMN (CDCls, 400
MHz) 1.04 (s, 9H), 2.35 (t, J = 6.8 Hz, 2H), 2.69 (t, J = 6.8 Hz, 2H), 2.76 (t, J = 6.8 Hz, 2H),
3.45 (t, J = 6.8 Hz, 2H), 3.74 (s, 3H), 4.50 (s, 2H), 7.26-7.33 (m, 5H). *C RMN (CDCls, 100.5
MHz) 25.0 (CH,), 27.2 (3 CHy), 50.1 (CHy), 50.7 (CH,), 52.0 (CH3), 55.2 (C), 72.1 (CH,),
73.3 (CH,), 127.7 (CH), 127.8 (2 CH), 128.5 (2 CH), 138.6 (C). Two C were not observed. IR
(NaCl) v 2083, 1693 cm™. HRMS (ESI-TOF) cald for CysH»sN305: 334.2131 [M + HJ*; found:
334.2130.

Methyl 4-(N-tert-butyl-N-[3-phenylpropyl]amino)-2-diazobutanoate (7). 7 was obtained
from 3-phenylpropanal as a yellowish oil following Method B [(a) '‘BuNH,; then NaBH,; (b)
BrCH,CO,Me; (c) DIBAL-H; (d) MsCI, EtN; then Nal, 44% four steps; (e)
CH;COCH,CO,CH;, NaH, 80% two steps; (f) p-ABSA, DBU, 68%]. ‘H RMN (CDCl;, 400
MHz) 1.03 (s, 9H), 1.71-1.79 (m, 2H), 2.31 (t, J = 6.8 Hz, 2H), 2.52 (t, J = 7.6 Hz, 2H), 2.58
(t, J =7.6 Hz, 2H), 2.66 (t, J = 6.8 Hz, 2H), 3.71 (s, 3H), 7.14-7.19 (m, 3H), 7.24-7.29 (m, 2H).
3C RMN (CDCl;, 100.5 MHz)  25.6 (CH,), 27.3 (3 CHs), 32.9 (CH,), 33.8 (CH,), 49.1 (CH,),
50.7 (CH,), 52.0 (CHj3), 55.2 (C), 125.8 (CH), 128.4 (2 CH), 128.5 (2 CH), 142.4 (C), 169.2
(C). One C was not observed. IR (NaCl) v 2082, 1694 cm™.

Methyl 4-[N-benzyl-N-(2-iodobenzyl)amino]-2-diazobutanoate (9a). 9a was obtained from
N-(2-iodobenzyl)ethanolamine as a yellow oil following Method A [(a) alkylation; (b) MsClI,
EtsN; then Nal, 40% two steps; (¢) CH;COCH,CO,CHs;, NaH, 25%; (d) p-ABSA, DBU, 80%].
'H RMN (CDCls, 400 MHz) 2.37 (t, J = 6.8 Hz, 2H), 2.65 (t, J = 6.8 Hz, 2H), 3.65 (s, 3H),
3.65 (s, 2H), 3.66 (s, 2H), 6.92 (td, J = 8.0 and 1.6 Hz, 1H), 7.20-7.35 (m, 6H), 7.50 (dd, J = 8.0
and 1.6 Hz, 1H), 7.80 (dd, J = 7.6 and 1.2 Hz, 1H). *C RMN (CDCl;, 100.5 MHz) 22.2
(CHy), 51.8 (CH,), 51.9 (CHs), 58.9 (CH,), 63.1 (CH,), 66.4 (C), 100.4 (C), 127.2 (CH), 128.3
(CH), 128.5 (2 CH), 128.9 (CH), 129.0 (2 CH), 130.2 (CH), 139.0 (C), 139.5 (CH), 141.4 (C),
167.9 (C). IR (NaCl) v 2081, 1691 cm™. HRMS (ESI-TOF) cald for CigH,1IN;O,: 450.0673 [M
+ H]"; found: 450.0686.

Methyl 4-[N-benzyl-N-(2-fluorobenzyl)amino]-2-diazobutanoate (9b). 9b was obtained from
N-(2-fluorobenzyl)ethanolamine as a yellow oil following Method A [(a) alkylation; (b) MsClI,
Et3N; then Nal; (c) CH;COCH,CO,CHs;, NaH, 55% three steps; (d) p-ABSA, DBU, 72%)]. H
RMN (CDCls, 400 MHz) 2.39 (t, J = 6.4 Hz, 2H), 2.65 (t, J = 6.4 Hz, 2H), 3.60 (s, 2H), 3.64
(s, 2H), 3.66 (s, 3H), 7.01 (ddd, J = 10.4, 7.6 and 1.2 Hz, 1H), 7.10 (td, J = 7.6 and 1.2 Hz, 1H),
7.18-7.33 (m, 6H), 7.39 (td, J = 7.6 and 1.6 Hz, 1H). *C RMN (CDCl;, 100.5 MHz) 22.2
(CHy), 51.1 (d, J = 2.1 Hz, CH,), 51.7 (CH,), 51.9 (CH3), 58.9 (CH,), 115.4 (d, J = 22.3 Hz,
CH), 124.1 (d, J = 3.6 Hz, CH), 125.9 (d, J = 14.4 Hz, C), 127.2 (CH), 128.4 (2 CH), 128.7 (d, J
= 8.2 Hz, CH), 128.9 (2 CH), 131.2 (d, J = 4.5 Hz, CH), 139.3 (C), 161.6 (d, J = 245.8 Hz, C).
Two C were not observed. IR (NaCl) v 2082, 1692 cm™.



Methyl 4-(N-benzyl-N-isopropylamino)-2-diazobutanoate (11). 11 was obtained from N-
isopropylethanolamine as a yellow oil following Method A [(a) alkylation, 60%; (b) MSsCI,
Et;N; then Nal; (c) CH;COCH,CO,CH;, NaH, 58% two steps; (d) p-ABSA, DBU, 81%]. 'H
RMN (CDCls, 400 MHz) 1.01 (d, J = 6.8 Hz, 2H), 2.25 (t, J = 6.4 Hz, 2H), 2.59 (t, J = 6.4 Hz,
2H), 2.93 (hept, J = 6.8 Hz, 1H), 3.56 (s, 2H), 3.67 (s, 3H), 7.18-7.30 (m, 5H). *C RMN
(CDCl;, 100.5 MHz)  17.9 (2 CHjy), 23.4 (CH,), 47.9 (CH,), 50.1 (CH), 51.9 (CH,), 54.5
(CHy), 126.8 (CH), 128.3 (2 CH), 128.6 (2 CH), 140.9 (C). Two C were not observed. IR
(NaCl) v 2083, 1694 cm™. HRMS (ESI-TOF) cald for Cy5H2,N30,: 276.1707 [M + H]"; found:
276.1712.

Methyl (E)-4-[N-(2-butenyl)-N-tert-butylamino]-2-diazobutanoate (14). 14 was obtained
from E-2-butenal as a brown oil following Method B [(a) 'BuNH,; then NaBH, (b)
BrCH,CO,Me, 50% two steps; (c) DIBAL-H; (d) MsCl, Et;N; then Nal; (e)
CH3;COCH,CO,CH;, NaH, 41% three steps; (f) p-ABSA, DBU, 60%)]. '"H RMN (CDCls, 400
MHz) 1.06 (s, 9H), 1.66 (d, J = 5.2 Hz, 3H), 2.32 (broad t, J = 7.6 Hz, 2H), 2.67 (broad t, J =
7.6 Hz, 2H), 3.10 (broad s, 2H), 3.75 (s, 3H), 5.44-5.55 (broad signal, 2H). *C RMN (CDCl,
100.5 MHz) 17.9 (CHj3), 25.1 (CHy), 27.4 (3 CH3), 47.9 (CH,), 51.9 (CHs), 52.5 (CH,), 55.1
(C), 126.4 (CH), 131.7 (CH). Two C were not observed. IR (NaCl) v 2082, 1696 cm™. HRMS
(ESI-TOF) cald for C13H24N30,: 254.1863 [M + H]"; found: 254.1872.

Methyl 4-[N-tert-butyl-N-(2-methyl-2-propenyl)amino]-2-diazobutanoate (16a). 16a was
obtained as a brown oil following Method A [(a) alkylation; (b) MsCI, Et;N; then Nal; (c)
CH3;COCH,CO,CH3, NaH, 65% three steps; (d) p-ABSA, DBU, 67%]. *H RMN (CDCls, 400
MHz) 1.05 (s, 9H), 1.70 (dd, J = 1.2 and 0.8 Hz, 3H), 2.26 (t, J = 7.2 Hz, 2H), 2.65 (t, J = 7.2
Hz, 2H), 2.98 (broad s, 2H), 3.73 (s, 3H), 4.74 (q, J = 1.2 Hz, 1H), 4.93 (g, J = 0.8 Hz, 1H). °C
RMN (CDCl;, 100.5 MHz) 20.6 (CH3), 25.4 (CH,), 27.2 (3 CHs), 49.5 (CH,), 51.9 (CHy),
55.1 (C), 57.7 (CH,), 111.4 (CH,), 146.4 (C), 168.4 (C). One C was not observed. IR (NaCl) v
2082, 1697 cm™. HRMS (ESI-TOF) cald for C13H,,N30,: 254.1863 [M + H]"; found: 254.1866.

Methyl 4-[N-(2-bromo-2-propenyl)-N-tert-butylamino]-2-diazobutanoate (16b). 16b was
obtained as a brown oil following Method A [(a) alkylation; (b) MsCI, Et;N; then Nal; (c)
CH;COCH,CO,CH;, NaH, 46% three steps; (d) p-ABSA, DBU, 74%]. '"H RMN (CDCls, 400
MHz) 1.08 (s, 9H), 2.34 (t, J = 7.2 Hz, 2H), 2.73 (t, J = 7.2 Hz, 2H), 3.32 (m, 2H), 3.75 (s,
3H), 5.50 (m, 1H), 6.04 (m, 1H). *C RMN (CDCl;, 100.5 MHz) 25.3 (CH,), 27.2 (3 CHy),
49.6 (CH,), 52.0 (CHj3), 55.4 (C), 60.0 (CH,), 116.6 (CH,), 136.0 (C), 168.0 (C). One C was not
observed. IR (NaCl) v 2084, 1694 cm™. HRMS (ESI-TOF) cald for Ci,H»;BrN;O,: 310.1945
[M + H]*; found: 310.1953.

Methyl 4-[N-tert-butyl-N-(2-iodo-2-propenyl)amino]-2-diazobutanoate (16c). 16¢c was
obtained as a brown oil following Method A [(a) alkylation; (b) MsCI, Et;N; then Nal; (c)



CH;COCH,CO,CHs, NaH, 40% three steps; (d) p-ABSA, DBU, 55%]. ‘H RMN (CDCl;, 400
MHz) 1.07 (s, 9H), 2.33 (m, 2H), 2.70 (t, J = 7.6 Hz, 2H), 3.27 (t, J = 1.6 Hz, 2H), 3.74 (s,
3H), 5.79 (m, 1H), 6.50 (m, 1H). *C RMN (CDCl;, 100.5 MHz) 25.3 (CH,), 27.3 (3 CHy),
49.4 (CH,), 52.0 (CH3), 55.4 (C), 63.9 (CH,), 124.9 (CH,), 150.5 (C), 173.4 (C). One C was not
observed. IR (NaCl) v 2083, 1693 cm™.

Methyl (Z)-4-(N-tert-butyl-N-propargylamino)-2-diazobutanoate (18a). 18a was obtained as
a brownish oil following Method A [(a) alkylation; (b) MsCI, Et:N; then Nal; (c)
CH3;COCH,CO,CH;, NaH, 35% two steps; (d) p-ABSA, DBU, 60%]. '"H RMN (CDCls, 400
MHz) 1.12 (s, 9H), 2.15 (t, J = 2.4 Hz, 1H), 2.41 (t, J = 6.8 Hz, 2H), 2.84 (t, J = 6.8 Hz, 2H),
3.47 (broad, 2H), 3.76 (s, 3H). *C RMN (CDCl;, 100.5 MHz) 23.4 (CH,), 27.5 (3 CH3), 36.9
(CHy), 45.9 (CH,), 52.0 (CHj3), 55.4 (C), 72.2 (CH), 82.7 (C), 168.3 (C). One C was not
observed. IR (NaCl) v 2083, 1693 cm™.

Methyl 4-[N-tert-butyl-N-(2-butynyl)amino]-2-diazobutanoate (18b). 18b was obtained as a
yellowish oil following Method A [(@) alkylation; (b) MsCIl, Et;N; then Nal; (c)
CH5;COCH,CO,CH3, NaH, 58% three steps; (d) p-ABSA, DBU, 79%)]. *H RMN (CDCls, 400
MHz) 1.10 (s, 9H), 1.78 (t, J = 2.4 Hz, 3H), 2.41 (t, J = 6.8 Hz, 2H), 2.80 (t, J = 6.8 Hz, 2H),
3.39 (g, J = 2.4 Hz, 2H), 3.76 (s, 3H). *C RMN (CDCl;, 100.5 MHz) 3.7 (CH3), 23.7 (CH,),
27.5 (3 CHgy), 37.4 (CH,), 46.1 (CH,), 52.0 (CH3), 55.2 (C), 77.6 (C), 79.4 (C), 168.4 (C). One
C was not observed. IR (NaCl) v 2083, 1694 cm. HRMS (ESI-TOF) cald for Cy3H2,N30,:
252.1712 [M + H]"; found: 252.1717.

Methyl  4-(N-tert-butyl-N-[3-(trimethylsilyl)-2-propynyllamino)-2-diazobutanoate (18c).
18c was obtained as a yellowish oil following Method A [(2) alkylation; (b) MsCI, Et;N; then
Nal; (c) CH;COCH,CO,CHs, NaH, 24% three steps; (d) p-ABSA, DBU, 74%]. 'H RMN
(CDCl3, 400 MHz) 0.12 (s, 9H), 1.09 (s, 9H), 2.40 (t, J = 6.8 Hz, 2H), 2.81 (t, J = 6.8 Hz, 2H),
3.44 (s, 2H), 3.74 (s, 3H). °C RMN (CDCl;, 100.5 MHz)  0.02 (3 CHj3), 23.4 (CH,), 27.5 (3
CHs), 37.9 (CHy), 45.9 (CH,), 52.0 (CHj3), 55.4 (C), 88.9 (C), 105.4 (C). Two C were not
observed. IR (NaCl) v 2084, 1694 cm™. HRMS (ESI-TOF) cald for Cy5H25N30,Si: 310.1945 [M
+ H]"; found: 310.1953.

Methyl 4-[N-allyl-N-tert-butylamino]-2-diazobutanoate (20). 20 was obtained as a brownish
oil following Method A [(a) alkylation; (b) MsCI, Et;N; then Nal; (¢) CH;COCH,CO,CHj,
NaH, 43% three steps; (d) p-ABSA, DBU, 80%]. ‘H RMN (CDCl;, 400 MHz) 1.06 (s, 9H),
2.32 (t, J = 6.8 Hz, 2H), 2.68 (t, J = 6.8 Hz, 2H), 3.18 (d, J = 6.4 Hz, 2H), 3.75 (s, 3H), 4.99 (dq,
J=11.6 and 1.6 Hz, 1H), 5.13 (dg, J = 17.2 and 1.6 Hz, 1H), 5.85 (ddt, J = 17.2, 11.6 and 6.4
Hz, 1H),. *C RMN (CDCls, 100.5 MHz) 25.0 (CH,), 27.4 (3 CH3), 48.3 (CH,), 52.0 (CHsy),
53.6 (CH,), 55.2 (C), 115.3 (CH,), 139.5 (CH). Two C were not observed. IR (NaCl) v 2082,
1694 cm™,



Representative procedure for the C-H insertion reaction (Table 1, Entry 1). A mixture of
diazoester 1a (40 mg, 0.14 mmol) and Ru-1 (3.3 mg, 0.004 mmol) in dichloromethane (10 mL)
was stirred at reflux under Argon atmosphere for 24 h. The solvent was removed in vacuo, and
the residue was purified by chromatography (SiO,, from hexanes to hexanes-EtOAc 95:5) to
give 2a (32.5 mg, 90%).

Characterization data for the compounds of Tables 1-4 and Scheme 2

Methyl cis-1-tert-butyl-2-phenylpyrrolidine-3-carboxylate (2a). ‘H NMR (CDCls;, 400 MHz)
00.98 (s, 9H), 1.85 (dtd, J = 12.4, 6.0 and 0.8 Hz, 1H), 2.29 (dddd, J = 13.2, 12.4, 12.0 and 6.8
Hz, 1H), 2.82 (ddd, J = 12.0, 9.0 and 6.0 Hz, 1H), 3.09 (ddd, J = 13.2, 9.0 and 6.0 Hz, 1H), 3.24
(ddd, J = 9.6, 6.8 and 0.8 Hz, 1H), 3.25 (s, 3H), 4.38 (d, J = 9.6 Hz, 1H), 7.14 (tt, J = 7.2 and
1.6 Hz, 1H), 7.19-7.25 (m, 2H), 7.31-7.35 (m, 2H). *C NMR (CDCls;, 100.6 MHz) & 26.3
(CHy), 27.0 (3 CHsy), 46.9 (CH,), 51.1 (CH), 51.2 (CHs), 53.8 (C), 62.9 (CH), 126.8 (CH), 127.5
(2 CH), 127.8 (2 CH), 145.5 (C), 172.3 (C). IR (film) 1743 cm™. HRMS (ESI-TOF) cald for
C1sH24NO,: 262.1802 [M + H]"; found: 262.1805.

Methyl cis-1-tert-butyl-2-(4-chlorophenyl)pyrrolidine-3-carboxylate (2b). '"H NMR (CDCls,
400 MHz) 6 0.97 (s, 9H), 1.86 (dtd, J = 12.4, 5.6 and 0.8 Hz, 1H), 2.24 (dddd, J = 12.8, 12.4,
11.6 and 6.8 Hz, 1H), 2.81 (ddd, J = 11.6, 9.6 and 5.6 Hz, 1H), 3.08 (ddd, J = 12.8, 9.6 and 5.6
Hz, 1H), 3.23 (ddd, J = 9.6, 6.8 and 0.8 Hz, 1H), 3.29 (s, 3H), 4.35 (d, J = 9.6 Hz, 1H), 7.17-
7.21 (m, 2H), 7.26-7.30 (m, 2H). **C NMR (CDCls, 100.6 MHz) & 26.3 (CH,), 27.0 (3 CHy),
46.9 (CH,), 51.0 (CH), 51.4 (CHj3), 53.8 (C), 62.2 (CH), 127.8 (2 CH), 129.2 (2 CH), 132.4 (C),
145.2 (C), 172.1 (C). IR (film) 1742 cm™.

Methyl cis-1-tert-butyl-2-(2-fluorophenyl)pyrrolidine-3-carboxylate (2c). *H NMR (CDCls,
400 MHz) 6 0.98 (s, 9H), 1.90 (dddd, J = 12.0, 6.4, 5.6 and 1.2 Hz, 1H), 2.30 (dddd, J = 12.8,
12.0, 11.6 and 7.2 Hz, 1H), 2.83 (ddd, J = 11.6, 8.4 and 5.6 Hz, 1H), 3.14 (ddd, J = 12.8, 9.6
and 6.4 Hz, 1H), 3.25 (ddd, J = 8.4, 6.4 and 1.2 Hz, 1H), 3.31 (s, 3H), 4.79 (d, J = 9.6 Hz, 1H),
6.88 (dddd, J = 10.0, 7.6, 1.2 and 0.8 Hz, 1H), 7.07 (tdd, J = 7.6, 1.2 and 0.4 Hz, 1H), 7.10-7-16
(m, 1H), 7.64 (td, J = 7.6 and 2.0 Hz, 1H). *C NMR (CDCls, 100.6 MHz) & 26.8 (3 CHs), 27.0
(CH,), 46.8 (CH,), 50.2 (CH), 51.3 (CHs), 53.9 (C), 54.9 (d, J = 3.2 Hz, CH), 114.2 (d, J = 22.5
Hz, CH), 123.7 (d, J = 3.3 Hz, CH), 128.1 (d, J = 8.3 Hz, CH), 131.0 (d, J = 4.3 Hz, CH), 132.6
(d, J = 12.5 Hz, C), 159.6 (d, J = 244.3 Hz, C), 172.4 (C). IR (film) 1743 cm™. HRMS (ESI-
TOF) cald for Ci5H3FNO,: 280.1713 [M + H]*; found: 280.1715.

Methy! cis-2-(2-bromophenyl)-1-tert-butylpyrrolidine-3-carboxylate (2d). ‘H NMR (CDCls,
400 MHz) & 0.97 (s, 9H), 1.91 (dddd, J = 12.0, 6.8, 5.6 and 1.6 Hz, 1H), 2.33 (qd, J = 12.0 and
6.8 Hz, 1H), 2.84 (ddd, J = 12.0, 8.8 and 5.6 Hz, 1H), 3.19 (ddd, J = 12.0, 9.6 and 6.8 Hz, 1H),



3.28 (ddd, J = 8.8, 6.8 and 1.6 Hz, 1H), 3.26 (s, 3H), 4.83 (d, J = 9.6 Hz, 1H), 7.02 (ddd, J =
8.0, 7.6 and 1.6 Hz, 1H), 7.25 (ddd, J = 8.0, 7.6 and 1.2 Hz, 1H), 7.39 (dd, J = 8.0 and 1.2 Hz,
1H), 7.69 (dd, J = 8.0 and 1.6 Hz, 1H). **C NMR (CDCl,, 100.6 MHz) & 26.9 (3 CH;), 27.5
(CH,), 47.1 (CH,), 49.9 (CH), 51.2 (CHy), 54.0 (C), 61.6 (CH), 123.0 (C), 127.0 (CH), 128.3
(CH), 131.6 (CH), 131.9 (CH), 144.4 (C), 172.4 (C). IR (film) 1740 cm™.

Methyl cis-1-tert-butyl-2-(2-methoxyphenyl)pyrrolidine-3-carboxylate (2e). 'H NMR
(CDCl3, 400 MHz) 6 0.97 (s, 9H), 1.87 (dddd, J = 12.0, 6.8, 5.6 and 1.6 Hz, 1H), 2.23 (qd, J =
12.0 and 6.8 Hz, 1H), 2.81 (ddd, J = 12.0, 8.8 and 5.6 Hz, 1H), 3.07 (ddd, J = 12.0, 9.6 and 6.8
Hz, 1H), 3.23 (ddd, J = 8.8, 6.8 and 1.2 Hz, 1H), 3.26 (s, 3H), 3.79 (s, 3H), 4.87 (d, J = 9.6 Hz,
1H), 6.73 (dd, J = 8.0 and 1.2 Hz, 1H), 6.91 (td, J = 7.6 and 1.2 Hz, 1H), 7.13 (ddd, J = 8.0, 7.6
and 1.6 Hz, 1H), 7.64 (dd, J = 7.6 and 1.6 Hz, 1H). *C NMR (CDCls, 100.6 MHz) & 26.8 (3
CH,), 27.8 (CHy), 46.9 (CHy), 50.0 (CH), 51.2 (CH3), 53.8 (C), 55.3 (CH), 55.6 (CHs), 109.2
(CH), 120.2 (CH), 127.4 (CH), 130.2 (CH), 133.8 (C), 155.9 (C), 172.9 (C). IR (film) 1737 cm’

1

Methyl cis-2-[(2-bromophenyl)methyl]-1-tert-butylpyrrolidine-3-carboxylate (cis-4). *H
NMR (CDClIs, 400 MHz) 6 0.72 (s, 9H), 2.02 (dddd, J = 12.4, 8.0, 6.0 and 1.6 Hz, 1H), 2.33
(qd, J=12.0and 8.0 Hz, 1H), 2.50 (dd, J = 13.2 and 9.6 Hz, 1H), 2.76 (dd, J = 13.2 and 4.8 Hz,
1H), 2.78-2.86 (m, 2H), 3.10 (ddd, J = 10.0, 8.4 and 1.6 Hz, 1H), 3.54 (s, 3H), 3.78 (ddd, J =
9.6, 8.0 and 4.8 Hz, 1H), 7.01 (ddd, J = 8.0, 6.8 and 2.4 Hz, 1H), 7.16-7.22 (m, 2H), 7.48 (d, J =
8.0 Hz, 1H). ®*C NMR (CDCl;, 100.6 MHz) & 26.7 (3 CHj), 27.0 (CH,), 40.1 (CH,), 46.0
(CH,), 48.3 (CH), 51.6 (CHs), 53.9 (C), 58.3 (CH), 125.7 (C), 126.6 (CH), 127.7 (CH), 132.4
(CH), 133.0 (CH), 139.3 (C), 173.2 (C). IR (film) 1736 cm™. HRMS (ESI-TOF) cald for
C17H,5BrNO,: 354.1063 [M + H]; found: 354.1070.

Methyl trans-2-[(2-bromophenyl)methyl]-1-tert-butylpyrrolidine-3-carboxylate (trans-4).
'H NMR (CDCl;, 400 MHz) & 1.14 (s, 9H), 2.03 (broad, 1H), 2.13 (dddd, J = 8.8, 6.8, 5.6 and
2.4 Hz, 1H), 2.67 (d, J = 6.8 Hz, 1H), 2.83-2.90 (m, 2H), 3.01-3.08 (m, 2H), 3.53 (s, 3H), 3.83
(broad, 1H), 7.07 (td, J = 7.6 and 1.6 Hz, 1H), 7.24 (td, J = 7.6 and 1.2 Hz, 1H), 7.30 (dd, J =
7.6 and 1.6 Hz, 1H), 7.53 (dd, J = 7.6 and 1.2 Hz, 1H). *C NMR (CDCl;, 100.6 MHz) & 27.4
(CHy), 27.6 (3 CH3), 29.9 (CH,), 45.1 (C), 47.5 (CH), 47.6 (CH,), 51.9 (CHj3), 61.3 (CH), 125.2
(C), 127.5 (CH), 128.1 (CH), 131.8 (CH), 133.0 (CH), 139.2 (C), 175.0 (C). IR (film) 1736 cm’
. HRMS (ESI-TOF) cald for C1;H,sBrNO,: 354.1063 [M + H]*; found: 354.1069.

Methyl cis-2-(benzyloxymethyl)-1-tert-butylpyrrolidine-3-carboxylate (cis-6). 'H NMR
(CDCls, 400 MHz) & 1.05 (s, 9H), 1.91 (dt, J = 12.0 and 6.0 Hz, 1H), 2.23 (qd, J = 12.4 and 7.2
Hz, 1H), 2.59-2.68 (m, 1H), 2.69-2.80 (m, 1H), 2.94 (t, J = 8.0 Hz, 1H), 3.29 (dd, J = 8.8 and
3.2 Hz, 1H), 3.38 (ddd, J = 9.6, 6.4 and 3.2 Hz, 1H), 3.43-3.48 (masked, 1H), 3.47 (s, 3H), 4.34
(d, J = 11.6 Hz, 1H), 4.40 (d, J = 11.6 Hz, 1H), 7.29-7.34 (m, 5H). *C NMR (CDCls;, 100.6



MHz) & 26.5 (3 CHa), 27.3 (CHy), 46.0 (CH), 46.6 (CH,), 51.6 (CH3), 53.6 (C), 58.7 (CH), 73.2
(2 CH,), 127.6 (CH), 128.0 (2 CH), 128.4 (2 CH), 138.3 (C), 173.0 (C). IR (film) 1737 cm™.
HRMS (ESI-TOF) cald for C1gH,sNO5: 306.2069 [M + H]*; found: 306.2060.

Methyl trans-2-(benzyloxymethyl)-1-tert-butylpyrrolidine-3-carboxylate (trans-6). ‘H NMR
(CDCls, 400 MHz, signals from a  5:1 mixture of trans-6 and cis-6) & 1.06 (s, 9H), 1.96
(broad, 1H), 2.14 (dd, J = 12.8 and 5.6 Hz, 1H), 2.83 (td, J = 10.0 and 6.0 Hz, 1H), 2.90-3.00
(m, 1H), 2.99 (d, J = 7.2 Hz, 1H), 3.22 (broad, 1H), 3.42-3.50 (m, 1H), 3.41-3.56 (m, 1H), 3.69
(s, 3H), 4.52 (d, J = 12.4 Hz, 1H), 4.58 (d, J = 12.4 Hz, 1H), 7.26-7.34 (m, 5H). *C NMR
(CDCl;, 100.6 MHz, signals from a  5:1 mixture of trans-6 and cis-6) & 27.0 (3 CHa), 27.2
(CHy), 47.0 (CH), 47.4 (CH,), 52.0 (CH3), 54.2 (C), 60.5 (CH), 73.2 (CH,), 74.8 (CH,), 127.8
(CH), 127.9 (2 CH), 128.5 (2 CH), 138.4 (C), 175.2 (C). IR (film) 1736 cm™.

Methyl cis-1-tert-butyl-2-(2-phenylethyl)pyrrolidine-3-carboxylate (8). *H NMR (CDCls,
400 MHz) & 1.02 (s, 9H), 1.59 (broad, 1H), 1.75-1.85 (m, 1H), 1.93 (dt, J = 12.0 and 6.4 Hz,
1H), 2.22 (qd, J = 12.0 and 7.6 Hz, 1H), 2.43-2.57 (m, 2H), 2.68 (ddd, J = 11.2, 9.6 and 6.4 Hz,
1H), 2.79 (ddd, J = 12.4, 8.0 and 6.8 Hz, 1H), 3.00 (t, J = 8.8 Hz, 1H), 3.27-3.35 (m, 1H), 3.72
(s, 3H), 7.13-7.17 (m, 3H), 7.23-7.27 (m, 2H). *C NMR (CDCls, 100.6 MHz) & 26.8 (3 CHs),
27.6 (CHy), 33.2 (CH,), 38.0 (CH,), 46.5 (CH,), 47.9 (CH), 51.7 (CH,), 54.2 (C), 58.7 (CH),
125.8 (CH), 128.4 (2 CH), 128.6 (2 CH), 142.7 (C), 173.5 (C). IR (film) 1737 cm™.

Methyl cis-1-(2-iodobenzyl)-2-phenylpyrrolidine-3-carboxylate (cis-10a). ‘H NMR (CDCls,
400 MHz, signals froma 12:1 mixture of cis-10a and trans-10a) 6 1.98 (dddd, J = 12.4, 8.4,
6.4 and 1.6 Hz, 1H), 2.28-2.48 (m, 2H), 3.10 (s, 3H), 3.27-3.39 (m, 2H), 3.38 (d, J = 14.8 Hz,
1H), 3.72 (d, J = 14.8 Hz, 1H), 3.98 (d, J = 9.6 Hz, 1H), 6.88-6.93 (m, 1H), 7.19-7.41 (m, 6H),
7.59 (dt, J = 7.6 and 1.2 Hz, 1H), 7.76 (dd, J = 7.6 and 1.6 Hz, 1H). *C NMR (CDCl;, 100.6
MHz, signals from a  5:1 mixture of cis-10a and trans-10a) & 26.5 (CH,), 49.7 (CH), 51.3
(CHg), 52.9 (CH,), 62.1 (CH,), 71.4 (CH), 99.6 (C), 127.7 (CH), 128.1 (2 CH), 128.4 (CH),
128.5 (2 CH), 128.6 (CH), 130.0 (CH), 139.2 (CH), 139.5 (C), 141.4 (C), 173.6 (C). IR (film)
1736 cm™. HRMS (ESI-TOF) cald for C1oH,,INO,: 422.0611 [M + H]"; found: 422.0620.

Methyl trans-1-(2-iodobenzyl)-2-phenylpyrrolidine-3-carboxylate (trans-10a). 'H NMR
(CDCl;, 400 MHgz, significant signals from a  5:1 mixture of cis-10a and trans-10a) o 2.05-
2.15 (m, 1H), 2.15-2.27 (m, 1H), 2.94 (ddd, J = 10.8, 8.4 and 5.6 Hz, 1H), 3.16 (ddd, J = 9.6,
8.4 and 2.0 Hz, 1H), 3.65 (s, 3H), 3.80 (d, J = 8.4 Hz, 1H). *C NMR (CDClI;, 100.6 MHz,
signals from a  5:1 mixture of cis-10a and trans-10a) & 27.7 (CH,), 52.0 (CHj3), 52.4 (CHy),
52.8 (CH), 62.0 (CH,), 72.7 (CH), 99.8 (C), 139.4 (CH), 141.5 (C), 141.6 (C), 175.2 (C).

Methyl cis-1-(2-fluorobenzyl)-2-phenylpyrrolidine-3-carboxylate (cis-10b). 'H NMR
(CDCls, 400 MHz, signals from a  5:1 mixture of cis-10b and trans-10b) & 1.90-1.97 (m, 1H),
2.29-2.48 (m, 2H), 3.08 (s, 3H), 3.20-3.32 (m, 2H), 3.37 (dd, J = 13.6 and 1.2 Hz, 1H), 3.78 (dt,



J =13.6 and 0.8 Hz, 1H), 3.84 (d, J = 10.0 Hz, 1H), 6.98 (m, 1H), 7.09 (td, J = 7.6 and 1.2 Hz,
1H), 7.17-7.42 (m, 7H). *C NMR (CDCls, 100.6 MHz, signals froma  5:1 mixture of cis-10b
and trans-10b) & 26.4 (CH,), 49.7 (CH), 49.9 (d, J = 2.2 Hz, CH,), 51.3 (CH,), 52.6 (CH,), 70.9
(CH), 115.2 (d, J = 22.1 Hz, CH), 124.0 (d, J = 3.5 Hz, CH), 125.6 (d, J = 14.9 Hz, C), 127.7
(CH), 128.1 (2 CH), 128.6 (2 CH), 128.7 (d, J = 5.5 Hz, CH), 131.4 (d, J = 4.8 Hz, CH), 139.5
(C), 161.3 (d, J = 245.5 Hz, C), 173.7 (C). IR (film) 1738 cm™.

Methyl trans-1-(2-fluorobenzyl)-2-phenylpyrrolidine-3-carboxylate (trans-10b). 'H NMR
(CDCls, 400 MHz, significant signals from a  5:1 mixture of cis-10b and trans-10b) & 1.99-
2.08 (m, 1H), 2.15-2.31 (m, 2H), 2.87-2.94 (m, 1H), 3.11-3.17 (m, 1H), 3.63 (s, 3H), 3.66-3.74
(m, 2H). *C NMR (CDCl;, 100.6 MHz, significant signals froma  5:1 mixture of cis-10b and
trans-10b) 6 27.4 (CH,), 50.3 (d, J = 2.2 Hz, CH,), 51.9 (CH3), 52.4 (CH,), 52.5 (CH), 72.4
(CH), 115.3 (d, J = 21.8 Hz, CH), 141.5 (C), 175.2 (C).

Methyl cis-1-(benzyl)-2-(2-fluorophenyl)pyrrolidine-3-carboxylate (cis-10b’). *H NMR
(CDCls, 400 MHz, signals from a  3:1 mixture of cis-10b and cis-10b) & 1.90-2.01 (m, 1H),
2.22-2.41 (m, 2H), 3.10 (s, 3H), 3.12 (d, J = 13.6 Hz, 1H), 3.19-3.25 (m, 1H), 3.34-3.41 (m,
1H), 3.88 (d, J = 13.6 Hz, 1H), 4.19 (d, J = 9.6 Hz, 1H), 7.01 (m, 1H), 7.06-7.42 (m, 7H), 7.66
(td, J=7.6 and 2.0 Hz, 1H).

Methyl cis-1-isopropyl-2-phenylpyrrolidine-3-carboxylate (cis-12). 'H NMR (CDCls;, 400
MHz, signals froma 5.8:1 mixture of cis-12 and trans-12) 6 0.89 (d, J = 6.4 Hz, 3H), 1.02 (d,
J =6.4 Hz, 3H), 1.82 (dddd, J = 12.4, 8.4, 6.4 and 1.6 Hz, 1H), 2.35 (dddd, J = 12.4, 10.0, 9.6
and 7.6 Hz, 1H), 2.64 (ddd, J = 10.0, 8.4 and 6.4 Hz, 1H), 2.79 (hept, J = 6.4 Hz, 1H), 3.11 (s,
3H), 3.18-3.23 (m, 2H), 4.09 (d, J = 9.6 Hz, 1H), 7.16-7.40 (m, 5H). *C NMR (CDCl;, 100.6
MHz, signals from a  5.8:1 mixture of cis-12 and trans-12) & 15.8 (CHs), 22.2 (CH3), 26.2
(CHy), 46.3 (CH,), 49.2 (CH), 49.9 (CH), 50.9 (CHs,), 66.7 (CH), 127.0 (CH), 127.6 (2 CH),
128.2 (2 CH), 141.5 (C), 173.1 (C). IR (film) 1737 cm™.

Methyl trans-1-isopropyl-2-phenylpyrrolidine-3-carboxylate (trans-12). ‘H NMR (CDCls,
400 MHz, significant signals from a  5.8:1 mixture of cis-12 and trans-12) 6 0.91 (d, J = 6.4
Hz, 3H), 1.01 (d, J = 6.4 Hz, 3H), 1.99-2.06 (m, 1H), 2.14-2.15 (m, 1H), 3.63 (s, 3H), 3.87 (d, J
= 7.6 Hz, 1H).

Methyl 1-benzyl-2,2-dimethylpyrrolidine-3-carboxylate (13). *H NMR (CDCl,, 400 MHz) &
0.90 (s, 3H), 1.35 (s, 3H), 1.88 (dddd, J = 13.2, 9.6, 9.2 and 5.6 Hz, 1H), 2.18 (dddd, J = 13.2,
10.0, 9.2 and 4.8 Hz, 1H), 2.49 (ddd, J = 10.0, 9.6 and 5.6 Hz, 1H), 2.79 (td, J = 9.2 and 4.8 Hz,
1H), 2.81 (t, J = 9.2 Hz, 1H), 3.25 (d, J = 13.0 Hz, 1H), 3.71 (s, 3H), 3.80 (d, J = 13.0 Hz, 1H),
7.19-7.33 (m, 5H). **C NMR (CDCl;, 100.6 MHz) & 15.9 (CHs), 23.9 (CH,), 26.3 (CH3), 49.5
(CHy), 51.7 (CHj3), 52.8 (CH,), 54.5 (CH), 62.8 (C), 126.9 (CH), 128.4 (2 CH), 128.6 (2 CH),



140.5 (C), 174.2 (C). IR (film) 1736 cm™. HRMS (ESI-TOF) cald for CisH,,NO,: 248.1645 [M
+ HJ*; found: 248.1650.

Methyl (E)-cis-1-tert-butyl-2-(1-propenyl)pyrrolidine-3-carboxylate (cis-15). 'H NMR
(CDCl;, 400 MHz, signals from a  8:1 mixture of cis-15 and trans-15) 6 1.06 (s, 9H), 1.61
(ddd, J = 6.0, 1.6 and 0.4 Hz, 3H), 1.89 (dtd, J = 12.4, 6.4 and 1.2 Hz, 1H), 2.20 (tdd, J = 12.4,
10.8 and 7.6 Hz, 1H), 2.70 (ddd, J = 11.2, 8.8 and 6.0 Hz, 1H), 2.89 (ddd, J = 12.4, 8.8 and 6.8
Hz, 1H), 3.02 (t, J = 8.8 Hz, 1H), 3.61 (s, 3H), 3.74 (d, J = 8.4 Hz, 1H), 5.35-5.52 (m, 2H). ©*C
NMR (CDCl3, 100.6 MHz, signals from a  8:1 mixture of cis-15 and trans-15) 0 17.8 (CHs),
26.4 (CH,), 27.0 (3 CHy), 46.4 (CH,), 49.5 (CH), 51.5 (CHjy), 54.2 (C), 61.5 (CH), 125.8 (CH),
133.1 (CH), 172.8 (C). IR (film) 1742 cm™. HRMS (ESI-TOF) cald for Cy3H4NO,: 226.1802
[M + H]*; found: 226.1810.

Methyl cis-1-tert-butyl-2-(1-methylvinyl)pyrrolidine-3-carboxylate (cis-17a). 'H NMR
(CDCl3, 400 MHz) 6 1.03 (s, 9H), 1.72 (dd, J = 1.6 and 1.2 Hz, 3H), 1.85 (dddd, J = 12.0, 6.4,
5.6 and 0.8 Hz, 1H), 2.22 (dtd, J = 13.2, 12.0 and 7.2 Hz, 1H), 2.71 (ddd, J = 12.0, 8.4 and 5.6
Hz, 1H), 2.93 (ddd, J = 13.2, 9.6 and 6.4 Hz, 1H), 3.08 (ddd, J = 8.4, 7.2 and 0.8 Hz, 1H), 3.61
(s, 3H), 3.81 (d, J=9.6 Hz, 1H), 4.74 (dd, J = 1.2 and 0.8 Hz, 1H), 4.83 (dd, J = 1.6 and 0.8 Hz,
H). *C NMR (CDCls, 100.6 MHz) & 20.2 (CHs), 26.6 (3 CHs), 27.7 (CH,), 46.8 (CH,), 50.3
(CH), 51.5 (CH3), 53.9 (C), 64.6 (CH), 111.9 (CH,), 150.0 (C), 173.0 (C). IR (film) 1743 cm™.
HRMS (ESI-TOF) cald for C;3H,4NO,: 226.1802 [M + H]"; found: 226.1808.

Methyl trans-1-tert-butyl-2-(1-methylvinyl)pyrrolidine-3-carboxylate (trans-17a). '"H NMR
(CDCls, 400 MHz, signals from a  4:1 mixture of trans-17a and cis-17a) 6 1.02 (s, 9H), 1.75
(dd, J = 1.6 and 0.8 Hz, 3H), 1.90-2.00 (m, 2H), 2.59 (dt, J = 7.6 and 4.0 Hz, 1H), 2.86 (dddd, J
=10.0, 8.8, 6.4 and 0.8 Hz, 1H), 2.99 (ddd, J = 9.2, 6.4 and 2.8 Hz, 1H), 3.63 (dd, J = 4.0 and
0.8 Hz, 1H), 3.69 (s, 3H), 4.73 (m, 1H), 5.10 (dt, J = 2.4 and 0.8 Hz, H). *C NMR (CDClI;,
100.6 MHz, signals from a  4:1 mixture of trans-17a and cis-17a) 6 19.1 (CHs), 27.1 (3 CHjy),
27.8 (CHy), 47.5 (CHy), 50.0 (CH), 51.9 (CHjy), 53.7 (C), 66.5 (CH), 110.7 (CH,), 150.7 (C),
177.7 (C).

Methyl cis-2-(1-bromovinyl)-1-tert-butylpyrrolidine-3-carboxylate (cis-17b). 'H NMR
(CDClj3, 400 MHz, signals froma 11:1 mixture of cis-17b and trans-17b) & 1.05 (s, 9H), 1.87
(dddd, J = 12.0, 6.0, 5.6 and 0.8 Hz, 1H), 2.26 (dtdd, J = 13.2, 12.0, 7.2 and 0.4 Hz, 1H), 2.71
(ddd, J =12.0, 8.4 and 5.6 Hz, 1H), 2.86 (ddd, J = 13.2, 8.8 and 6.0 Hz, 1H), 3.10 (ddd, J = 8.4,
7.2 and 0.8 Hz, 1H), 3.69 (s, 3H), 3.95 (dd, J = 8.8 and 0.8 Hz, 1H), 5.63 (d, J = 1.2 Hz, 1H),
6.14 (t, J = 1.2 Hz, H). 1BC NMR (CDCl3, 100.6 MHz, signals froma 11:1 mixture of cis-17b
and trans-17b) & 26.7 (3 CHj3), 26.8 (CH,), 46.3 (CH,), 48.9 (CH), 51.9 (CHj3), 53.9 (C), 66.5
(CH), 119.1 (CH,), 137.8 (C), 172.0 (C). IR (film) 1743 cm™. HRMS (ESI-TOF) cald for
C1,H2:BrNO,: 290.0750 [M + H]"; found: 290.0758.



Methyl trans-2-(1-bromovinyl)-1-tert-butylpyrrolidine-3-carboxylate (trans-17b). ‘H NMR
(CDCls, 400 MHgz, significant signals froma 11:1 mixture of cis-17b and trans-17b) & 1.04 (s,
9H), 1.95-2.08 (m, 2H), 2.82-2.92 (m, 1H), 3.03 (ddd, J = 8.8, 6.8 and 2.0 Hz, 1H), 3.71 (s, 3H),
5.51 (t, J = 1.2 Hz, 1H), 6.22 (t, J = 1.2 Hz, H). *C NMR (CDCl;, 100.6 MHz, signals from a
11:1 mixture of cis-17b and trans-17b) & 27.2 (3 CH3), 29.9 (CH,), 47.3 (CH,), 49.6 (CH), 52.1
(CHs), 53.6 (C), 68.0 (CH), 116.6 (CH,), 140.2 (C). One C was not observed.

Methyl 1-bromo-3-(tert-butyl)-3-azabicyclo[4.1.0]heptane-6-carboxylate. *"H NMR (CDCls,
400 MHz) 6 1.01 (s, 9H), 1.58 (d, J = 5.6 Hz, 1H), 1.70 (ddd, J = 13.6, 12.0 and 6.4 Hz, 1H),
1.90 (d, J = 5.6 Hz, 1H), 2.08 (td, J = 12.0 and 4.8 Hz, 1H), 2.62 (ddd, J = 13.6, 4.8 and 2.0 Hz,
1H), 2.74 (d, J = 11.2 Hz, 1H), 2.85 (ddt, J = 12.0, 6.4 and 2.0 Hz, 1H), 3.47 (dd, J = 11.2 and
2.0 Hz, 1H), 3.74 (s, 3H). ®C NMR (CDCl;, 100.6 MHz) & 24.2 (CH,), 26.4 (3 CHj), 28.7
(CHy), 30.1 (C), 40.6 (C), 44.2 (CH,), 52.4 (CHj3), 53.8 (C), 54.5 (CH,), 172.2 (C). IR (film)
1739 cm™. HRMS (ESI-TOF) cald for C;,H,,BrNO,: 290.0750 [M + H]"; found: 290.0753.

Methyl cis-1-tert-butyl-2-(1-iodovinyl)pyrrolidine-3-carboxylate (cis-17c). *H NMR (CDCls,
400 MHz, signals froma 14:1 mixture of cis-17¢ and trans-17c) & 1.06 (s, 9H), 1.87 (dtd, J =
12.0, 6.0 and 0.8 Hz, 1H), 2.39 (dtd, J = 13.2, 12.0 and 7.2 Hz, 1H), 2.73 (ddd, J = 12.0, 8.4 and
6.0 Hz, 1H), 2.92 (ddd, J = 13.2, 9.2 and 6.0 Hz, 1H), 3.13 (ddd, J = 8.4, 7.2 and 0.8 Hz, 1H),
3.69 (s, 3H), 3.77 (dd, J = 9.2 and 0.8 Hz, 1H), 5.92 (d, J = 1.2 Hz, 1H), 6.50 (t, J = 1.2 Hz, H).
3C NMR (CDCl;, 100.6 MHz, signals from a  14:1 mixture of cis-17c and trans-17c) & 26.7
(CHy), 27.0 (3 CHs3), 46.5 (CH,), 49.8 (CH), 51.9 (CHj3), 53.7 (C), 67.9 (CH), 120.3 (C), 126.7
(CH,), 172.0 (C). IR (film) 1742 cm™.

Methyl trans-1-tert-butyl-2-(1-iodovinyl)pyrrolidine-3-carboxylate (trans-17c). 'H NMR
(CDCls, 400 MHgz, significant signals froma  14:1 mixture of cis-17c¢ and trans-17c) & 1.04 (s,
9H), 1.98-2.05 (m, 2H), 2.63-2.68 (m, 1H), 2.80-2.86 (m, 1H), 3.03-3.08 (m, 1H), 3.71 (s, 3H),
5.79 (t, J= 0.8 Hz, 1H), 6.63 (t, J = 1.2 Hz, H).

Methyl cis-1-tert-butyl-2-ethynylpyrrolidine-3-carboxylate (cis-19a). '"H NMR (CDCl;, 400
MHz, signals from a  6:1 mixture of cis-19a and trans-19a) & 1.16 (s, 9H), 1.99 (dtddd, J =
12.8, 7.2, 6.8 and 3.2 Hz, 1H), 2.27 (d, J = 2.0 Hz, 1H), 2.34 (ddt, J = 12.8, 11.6 and 8.4 Hz,
1H), 2.79 (td, J = 8.4 and 6.8 Hz, 1H), 3.01-3.09 (m, 2H), 3.72 (s, 3H), 4.13 (dd, J = 8.4 and 2.0
Hz, 1H). *C NMR (CDCls, 100.6 MHz, signals froma  6:1 mixture of cis-19a and trans-19a)
025.7 (CH,), 26.9 (3 CHs), 44.9 (CH,), 49.4 (CH), 50.6 (CH), 52.0 (CH,), 53.8 (C), 73.0 (CH),
84.2 (C), 171.9 (C). IR (film) 1744 cm™.

Methyl trans-1-tert-butyl-2-ethynylpyrrolidine-3-carboxylate (trans-19a). *H NMR (CDCls,
400 MHZz, significant signals froma 6:1 mixture of cis-19a and trans-19a) & 1.16 (s, 9H), 2.08
(ddt, J = 12.4, 6.8 and 3.6 Hz, 1H), 2.16-2.24 (m, 1H), 2.29 (d, J = 2.4 Hz, 1H), 2.74-2.81
(masked, 1H), 2.96-3.12 (m, 2H), 3.72 (s, 3H), 4.07 (dd, J = 3.6 and 2.4 Hz, 1H). *C NMR



(CDCls, 100.6 MHz, signals froma  6:1 mixture of cis-19a and trans-19a) & 27.2 (3 CHj3), 28.0
(CHy), 45.8 (CHy), 51.1 (CH), 51.7 (CH), 52.3 (CHj3), 53.9 (C), 71.2 (CH), 174.1 (C). One C
was not observed.

Methyl cis-1-tert-butyl-2-(1-propynyl)pyrrolidine-3-carboxylate (cis-19b). "H NMR (CDCls,
400 MHz, signals froma  4:1 mixture of cis-19b and trans-19b) 6 1.14 (s, 9H), 1.75 (d, J = 2.4
Hz, 3H), 1.87 (dtd, J = 12.8, 6.8 and 3.2 Hz, 1H), 2.32 (dddd, J = 12.8, 11.2, 8.4 and 8.0 Hz,
1H), 2.74 (td, J = 8.4 and 6.8 Hz, 1H), 2.95-3.06 (m, 2H), 3.70 (s, 3H), 4.08 (ddt, J = 8.4, 2.4
and 2.0 Hz, 1H). *C NMR (CDClI;, 100.6 MHz, signals from a  4:1 mixture of cis-19b and
trans-19b) & 3.8 (CHj3), 25.8 (CH,), 26.9 (3 CHj3), 45.0 (CH,), 49.6 (CH), 50.9 (CH), 51.9
(CHs), 53.6 (C), 79.0 (C), 80.5 (C), 172.3 (C). IR (film) 1744 cm™.

Methyl trans-1-tert-butyl-2-(1-propynyl)pyrrolidine-3-carboxylate (trans-19b). 'H NMR
(CDCls, 400 MHz, significant signals from a  4:1 mixture of cis-19b and trans-19b) 6 1.15 (s,
9H), 1.78 (d, J = 2.4 Hz, 3H), 2.03 (ddt, J = 12.4, 7.2 and 4.0 Hz, 1H), 2.17 (dtd, J = 12.4, 8.8
and 7.6 Hz, 1H), 3.70 (s, 3H), 3.97 (m, 1H). *C NMR (CDCl;, 100.6 MHz, signals froma 4:1
mixture of cis-19b and trans-19b) 6 4.0 (CHs), 27.2 (3 CHjs), 28.0 (CH,), 46.1 (CH,), 51.5 (CH),
52.0 (CH3), 52.2 (CH), 53.9 (C), 78.7 (C), 82.4 (C), 174.5 (C).

Methyl cis-1-tert-butyl-2-[2-(trimethylsilyl)ethynyl]pyrrolidine-3-carboxylate (cis-19c). *H
NMR (CDCls;, 400 MHz) 6 0.11 (s, 9H), 1.16 (s, 9H), 1.96 (m, 1H), 2.32 (dddd, J = 12.0, 10.4,
9.2, and 8.0 Hz, 1H), 2.78 (g, J = 9.2 Hz, 1H), 2.98-3.08 (m, 2H), 3.69 (s, 3H), 4.13 (d, J = 8.0
Hz, 1H). *C NMR (CDCl;, 100.6 MHz) & 0.1 (9 CHj), 25.4 (CHy), 27.0 (3 CHs), 44.6 (CH,),
49.5 (CH), 51.5 (CH), 51.9 (CHj3), 53.7 (C), 89.6 (C), 106.1 (C), 171.9 (C). IR (film) 1747 cm™.
HRMS (ESI-TOF) cald for C;5HsNO,Si: 282.1884 [M + H]*; found: 282.1887.

Methyl trans-1-tert-butyl-2-[2-(trimethylsilyl)ethynyl]pyrrolidine-3-carboxylate  (trans-
19¢). *H NMR (CDCls, 400 MHz, significant signals from a  3:1 mixture of cis-19¢ and trans-
19¢) 6 0.10 (s, 9H), 1.15 (s, 9H), 3.69 (s, 3H), 4.05 (d, J = 3.2 Hz, 1H).

Methyl cis-5-(tert-butyl)-3,3a,4,5,6,7-hexahydro-7aH-pyrazolo[4,3-c]pyridine-7a-
carboxylate (21). '"H NMR (CDCl;, 400 MHz) & 1.00 (s, 9H), 1.90-1.98 (m, 1H), 2.35-2.64 (m,
6H), 3.78 (s, 3H), 4.43 (dd, J = 17.2 and 6.4 Hz, 1H), 4.63 (dd, J = 17.2 and 7.6 Hz, 1H). *°C
NMR (CDCls, 100.6 MHz) 6 26.2 (3 CH3), 30.0 (CHy), 36.3 (CH), 42.0 (CH,), 44.6 (CH,), 52.9
(CH3), 53.7 (C), 80.5 (CH,), 91.9 (C), 171.2 (C). HRMS (ESI-TOF) cald for C;,H,,N3O,:
240.1707 [M + H]"; found: 240.1705.

Methyl cis-5-(tert-butyl)-1,3a,4,5,6,7-hexahydro-7aH-pyrazolo[4,3-c]pyridine-7a-
carboxylate (22). 22 was isolated as a brown oil (35%) from the crude reaction mixture of the
reaction of 20 with Ru-1 (Scheme 1). "H NMR (CDCl;, 400 MHz) & 1.06 (s, 9H), 1.87 (ddd, J =
14.0, 4.8 and 3.2 Hz, 1H), 2.02 (dtd, J = 14.0, 10.0 and 4.4 Hz, 1H), 2.13 (dd, J = 11.6 and 9.2



Hz, 1H), 2.45 (ddd, J = 12.0, 10.0 and 3.2 Hz, 1H), 2.67 (ddd, J = 12.0, 4.8 and 4.4 Hz, 1H),
2.95 (ddd, J = 11.6, 6.0 and 1.6 Hz, 1H), 3.31 (dd, J = 9.2 and 6.0 Hz, 1H), 3.73 (s, 3H), 6.16 (s,
1H), 6.79 (dd, J = 1.6 and 0.8 Hz, 1H). **C NMR (CDCl,, 100.6 MHz) & 26.3 (3 CH;), 30.9
(CH,), 42.1 (CH,), 45.4 (CH,), 47.2 (CH), 52.8 (CH;), 54.2 (C), 68.3 (C), 147.8 (CH), 175.7
(C). IR (film) 1732 cm™. HRMS (ESI-TOF) cald for C1,H,,N30,: 240.1707 [M + H]*; found:
240.1709.

Methyl (E)-cis-1-tert-butyl-2-vinylpyrrolidine-3-carboxylate (23). 23 was isolated as a brown
oil (15%) from the crude reaction mixture of the reaction of 20 with Ru-1 (Scheme 1). ‘H NMR
(CDCls, 400 MHz) 6 1.09 (s, 9H), 1.90 (dtd, J = 12.4, 6.0 and 1.2 Hz, 1H), 2.18 (tdd, J = 12.4,
11.2 and 7.6 Hz, 1H), 2.72 (ddd, J = 11.2, 8.8 and 6.0 Hz, 1H), 2.92 (ddd, J = 12.4, 8.8 and 6.0
Hz, 1H), 3.04 (ddd, J = 8.8, 7.6 and 1.2 Hz, 1H), 3.63 (s, 3H), 3.78 (t, J = 8.8 Hz, 1H), 4.98
(ddd, J = 10.0, 2.0 and 1.2 Hz, 1H), 5.12 (ddd, J = 17.2, 2.0 and 1.2 Hz, 1H), 5.76 (ddd, J =
17.2, 10.0 and 8.8 Hz, 1H). IR (film) 1744 cm™ HRMS (ESI-TOF) cald for C;,H;,NO,:
212.1651 [M + H]"; found: 212.1649.
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I{
Bu.
! N/\)kCOQMe

oMe e

o

1907
SLQ'Z%

960°C

LT
bQL'Z}

ol 4rd

BLFE,
BILE—
ags’

649
Y649
<189
STH99
168'9-
»68'9
0T6'9
ZT6°9~

8769

€91~
85147
ELTLY
I7AYS
6T°L
96T,
09T¢
01847
S1SL]
6257

ey

€55

S o AT

——— St

=

P wm”___—_.%
.
S
Sy

- -

=076

40C

o0 ¢

iEG'E

0T |

Reoe

Rcen |
5560

¥6'0

7960

00T

4.0 35 30 2.5 2.0 15 1.0 0.5 4.0

4.5

9.0 8.5 8.0 75 74 6.5 6.0 5.5 50
f1 {ppm)

9.5



COzMe
1e

OMe

B
U~y

(wdd) 15
og oy 05 09 o 08 06 00T OIT 021 OET  ObT
. L i .

il

04t 091 1741 1518 06T
1

i » i " H 1

[+13 0z

iyt eletin. A

£95'29 -

N2 £ b ur i et X ] [ o b b [
o Shmua AN 3 B N¥e &
22 GEHER £85 & 8 B3R S
wn o N b iy
{HON — TA09EYY 1eOS0MW / /G 1Hensr — BI0Z/08T :B0d'N — 267 :dwal / £ppd JUOAI0S / €10 — bBESOZ AUTWINN / JO0PSHWNA (0iabT —~ £TD-TJ00EY 81022091 J00KSUWNA BE0Z-08T



-H1 — VNMRS400F / Num.Inv, 205984 — odel3 / Temp: 25C / N.Reg: XO000000XX ~ Ustiari: brz / Mostra: aad48f1 — Nom: ARIANNA AMENTA — Data: 13/0
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