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General Information

Unless otherwise noted, all reagents were obtained commercially and used without purification. Gold(l) complexes were
prepared according to the procedure of Toste™™. (S)-AgTRIP was prepared according to the procedure of Toste>%.
Nitromethane (MeNO,) (CHROMASOLV®, =96%) was obtained from Sigma-Aldrich. Toluene (99.98%) was obtained from
EMD chemicals. Gold(l)-catalyzed reactions were performed in screw-cap vials under air without exclusion of moisture.
Racemic samples were obtained using 5 mol % (+)-BINAP(AuPNB), as catalyst.

Additional abbreviations. PNB = 4-nitrobenzoate; Ns = 4-nitrobenzenesulfonyl

Chromatography. Analytical thin layer chromatography was performed on EMD glass-backed TLC plates (silica gel 60
F254) and visualized by UV lamp (254 nm), anisaldehyde, or potassium permanganate. Column chromatography was
carried out using Fisher 230-400 mesh, grade 60 silica gel. Purified compounds were further dried under high vacuum.

Nuclear magnetic resonance spectra. 'H and *c spectra were recorded on Bruker AV-300, AVQ-400, or AVB-400
spectrometers. Chemical shifts (8) are reported in me. 'H NMR spectra were referenced to CHCI; (7.26 ppm) and 3¢
NMR spectra were referenced to CDCl, (77.0 ppm). °C spectra were recorded with proton decoupling. Peak multiplicities
are designated by the following abbreviations: s, singlet; d, doublet; t, triplet; g, quartet; m, multiplet; br, broad; app,
apparent. Coupling constants (J) are reported in units of Hz.

HPLC analyses. Chiral high performance liquid chromatography (HPLC) was performed on Shimadzu VP and Shimadzu
prominence series instruments using the specified column (4.6 mm x 25 cm).

Mass spectrometry. Mass spectral data were obtained in the QB3/Chemistry Mass Spectrometry Facility, University of
California, Berkeley.

X-ray crystallography. Data collection and analysis performed in the X-ray Crystallography Facility, College of
Chemistry, University of California, Berkeley.

Synthesis of Allene Substrates

la-le, 1g, 1h, and 1m-1p were synthesized according to the methods of Backvall®® starting from the corresponding
propargyl alcohol. 1i — 1k were synthesized according to the method of Toste® starting from the corresponding
homoallenic alcohol. 11 was synthesized according to the method of Toste®*, using 4-nitrobenznesulfony! chloride for the
final protection step.

N-(5-cyclohexylidenepent-4-en-1-yl)-4-nitrobenzenesulfonamide (1a)

-~ ~_NHNs

Ly

Purified by column chromatography on silica gel (hexanes:EtOAc 4:1) to afford 1a (6.20 g, 77%) as a yellow solid; *H
NMR (400 MHz, CDCls): 6 8.36 (d, J = 8.8, 2H), 8.05 (d, J = 8.8, 2H), 4.88-4.82 (m, 2H), 3.06 (q, J = 6.4, 2H), 2H), 2.02-
1.92 (m, 6H), 1.62-1.49 (m, 8H); °C NMR (100 MHz, CDCly): & 198.4, 150.0, 146.1, 128.3, 124.4, 103.5, 87.1, 42.8, 31.6,
28.6, 27.4, 26.07,26.06; HRMS (ESI): found [M+H]* 351.1380 C7H»3N,0,%S requires 351.1373

N-(6-methylhepta-4,5-dien-1-yl)-4-nitrobenzenesulfonamide (1b)
/\/\/NHNS

T

Purified by column chromatography on silica gel (hexanes:EtOAc 4:1) to afford 1b (1.10 g, 77%) as a brown solid; ‘H
NMR (400 MHz, CDCl,): 6 8.36 (d, J = 8.8, 2H), 8.05 (d, J = 8.8, 2H), 4.90-4.82 (m, 2H), 3.05 (g, J = 6.4, 2H), 1.92 (q, J =
6.8, 2H), 1.62-1.54 (m, 8H); °C NMR (100 MHz, CDCl): & 201.8, 150.1, 146.1, 128.3, 124.3, 96.1, 87.2, 42.8, 28.7, 26.0,
20.6; HRMS (ESI): found [M+H]" 311.1060 C14H1sN,0,>°S requires 311.1060
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N-(5-cycloheptylidenepent-4-en-1-yl)-4-nitrobenzenesulfonamide (1c)

o~ ~_NHNs

Cr

Purified by column chromatography on silica gel (hexanes:EtOAc 4:1) to afford 1c (352 mg, 49%) as a yellow solid; 'H
NMR (400 MHz, CDCl3): 6 8.36 (d, J = 9.2, 2H), 8.05 (d, J = 9.2, 2H), 4.89-4.84 (m, 1H), 4.75-4.71 (m, 1H), 3.07 (q, J =
6.8, 2H), 2.17-2.14 (m, 4H), 1.94 (q, J = 6.4, 2H), 1.62-1.51 (m, 10 H); *C NMR (100 MHz, CDCl,): & 201.8, 150.0, 146.0,
128.3, 124.4, 105.4, 86.8, 42.8, 32.5, 29.3, 28.7, 28.4, 26.0; HRMS (ESI): found [M+H]* 365.1529 C15H,sN,0,*’S requires
365.1530

N-(5-cyclohexylidenepent-4-en-1-yl)-4-methylbenzenesulfonamide (1d)
MNHTS

oy

Purified by column chromatography on silica gel (hexanes:EtOAc 4:1) to afford 1d (2.96 g, 48%) as a white solid; 'H NMR
(400 MHz, CDCl,): 6 7.74 (d, J = 8.4, 2H), 7.30 (d, J = 8.0, 2H), 4.88-4.84 (m, 1H), 4.63-4.60 (m, 1H), 2.96 (g, J = 6.8,
2H), 2.42 (s, 3H), 2.02-1.90 (M, 6H), 1.59-1.48 (m, 10H); **C NMR (100 MHz, CDCl,): & 198.3, 143.3, 137.0, 129.7,127.1,
103.3, 87.3, 42.6, 31.6, 28.6, 27.5, 26.2, 26.1, 21.6; HRMS (ESI): found [M+H]" 320.1684 CisH»sNO,*’S requires
320.1679

4-methyl-N-(6-methylhepta-4,5-dien-1-yl)benzenesulfonamide (1e)
A~~~ NHTs

T

Purified by column chromatography on silica gel (hexanes:EtOAc 4:1) to afford 1e (897 mg, 54%) as a yellow oil; *H NMR
(400 MHz, CDCly): & 7.75 (d, J = 8.4, 2H), 7.30 (d, J = 8.4, 2H), 4.86-4.83 (m, 1H), 4.72-4.69 (m, 1H), 2.96 (q, J = 6.8,
2H), 2.42 (s, 3H), 1.91 (g, J = 6.8, 2H), 1.61 (d, J = 2.8, 6H), 1.54 (quintet, J = 7.2, 2H); **C NMR (100 MHz, CDCly): &
201.7, 143.3, 136.9, 129.7, 127.1, 95.7, 87.4, 42.6, 28.7, 26.0, 21.5, 20.6; HRMS (ESI): found [M+H]" 280.1365
C15H2,NO,**S requires 280.1366

4-methyl-N-(2,2,6-trimethylhepta-4,5-dien-1-yl)benzenesulfonamide (1f)

1) LDA, THF /A><CN 1) LAH, Et,0 MNHTS
CN o~ OMs \’/ 2) TsCl. pyridine \y/

Under a nitrogen atmosphere, a solution of n-butyllitium (7.1 mL, 13 mmol, 1.8 M in hexanes) was added dropwise to a
solution of diisopropylamine (1.7 mL, 12 mmol) in dry THF (10 mL). The mixture was stirred for 15 min at 0°C and cooled
to -78 °C. Isobutyronitrile (1.1 mL, 12 mmol) was added slowly and the mixture was stirred for 30 min at -78 °C. A solution
of 4-methylpenta-2,3-dien-1-yl methanesulfonate®® (2.15 g, 12 mmol) in dry THF (10 mL) was added via cannula and the
mixture was stirred for 14 h while gradually warming to r.t.. The mixture was quenched with sat. NH,Cl ), extracted with
ether, washed with brine, dried over MgSO,, and concentrated in vacuo. The crude product purified by column
chromatography on silica gel (hexanes:EtOAc 19:1) to afford A (310 mg, 17%) as a clear oil.

To a solution of A (268 mg, 1.80 mmol) in ether (3.7 mL) at 0 °C was added slightly crushed pellets of LiAlH, (82 mg, 2.2
mmol). The reaction was stirred for 2 h at r.t. under a nitrogen atmosphere after which the mixture was carefully quenched
with 1 M NaOH,q), the solids removed, dried over MgSQO,, and concentrated in vacuo. The crude product was dissolved in
pyridine (1 mL) and cooled to 0 °C. 4-tolulenesulfonyl chloride (226 mg, 1.18 mmol) was added in one portion and the
reaction was stirred for 14 h at r.t.. The mixture was extracted with ether, washed with CuSOy.q), Washed with brine, dried
over MgSO,, and concentrated in vacuo. The crude product was purified by column chromatography on silica gel
(hexanes:EtOAc 4:1) to afford 1f (147 mg, 61%) as a white solid,; 'H NMR (400 MHz, CDCl3): 6 7.73 (d, J = 8.4, 2H), 7.29
(d, J =8.0, 2H), 4.84-4.78 (m, 1H), 4.62-4.59 (m, 1H), 2.71 (d, J = 7.2, 2H), 2.42 (s, 3H), 1.83 (d, J = 8.0, 2H), 1.61 (d, J =
2.8, 6H), 0.86 (s, 6H); **C NMR (100 MHz, CDCly): & 203.3, 143.3, 137.1, 129.7, 127.1, 94.2, 84.2, 52.5, 39.8, 34.5, 24.8,
21.5, 20.5; HRMS (ESI): found [M+H]" 308.1676 C;7H,sNO,>*S requires 308.1679
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N-(5-(8,9-dihydro-5H-benzo[7]annulen-7(6H)-ylidene)pent-4-en-1-yl)-4-methylbenzenesulfonamide (19)
MNHTS

Purified by column chromatography on silica gel (hexanes:EtOAc 9:1) to afford 1g (927 mg, 90%) as a white solid; ‘H
NMR (400 MHz, CDCls): 8 7.76 (d, J = 8.4, 2H), 7.30 (d, J = 8.0, 2H), 7.13 (s, 4H), 4.93-4.92 (m, 1H), 4.66-4.63 (m, 1H),
2.98 (g, J = 6.8, 2H), 2.88-2.76 (m, 4H), 2.42 (s, 3H), 2.24-2.20 (m, 4H), 1.96 (g, J = 6.8, 2H), 1.56 (quintet, J = 7.2, 2H);
*C NMR (100 MHz, CDCly): 5 200.8, 143.3, 142.3, 136.9, 129.7, 129.1, 127.1, 126.2, 106.2, 87.0, 42.6, 36.2, 33.6, 28.6,
26.1, 21.5; HRMS (ESI): found [M+H]" 382.1833 C,3H,sNO,**S requires 382.1835

N-(5-(1,4-dioxaspiro[4.5]decan-8-ylidene)pent-4-en-1-yl)-4-methylbenzenesulfonamide (1h)
/\/\/NHTS

=
Og
(@]

Purified by column chromatography on silica gel (hexanes:EtOAc 3:1) to afford 1h (667 mg, 92%) as a colorless oil; *H
NMR (400 MHz, CDCly): & 7.73 (d, J = 8.4, 2H), 7.29 (d, J = 8.0, 2H), 4.92-4.89 (m, 1H), 4.67-4.64 (m, 1H), 3.94 (s, 4H),
2.95 (q, J = 6.8, 2H), 2.41 (s, 3H), 2.20-2.17 (m, 4H), 2.94 (q, J = 6.4, 2H), 1.70-1.66 (m, 4H), 1.54 (quintet, J = 7.2, 2H);
3¢ NMR (100 MHz, CDCl): 6 198.6, 143.3, 137.0, 129.7, 127.1, 108.3, 100.7, 88.0, 64.3, 42.6, 35.4, 28.65, 28.60, 26.1,
21.5; HRMS (ESI): found [M+H]* 378.1730 C,H3:NNaO,*S requires 378.1734

tert-butyl (4-cyclohexylidenebut-3-en-1-yl)oxycarbamate (1i)
/\/\O,NHBOC

L

Purified by column chromatography on silica gel (hexanes:EtOAc 19:1) to afford 1i (437 mg, 98%) as a white solid; 'H
NMR (400 MHz, CDCl,): 8 7.14 (br s, 1H), 4.97-4.92 (m, 1H), 3.88 (t, J = 7.2, 2H), 2.29 (q, J = 6.8, 2H), 2.09-2.06 (m, 4H),
1.56-1.47 (m, 15H); *C NMR (100 MHz, CDCl;): 5 199.1, 156.9, 103.0, 84.4, 81.6, 76.1, 31.6, 28.2, 28.1, 27.4, 26.1;
HRMS (ESI): found [M+H]" 268.1908 C;5H,6NO5 requires 268.1907

tert-butyl (5-methylhexa-3,4-dien-1-yl)oxycarbamate (1j)
/\/\O,NHBOC

T

Purified by column chromatography on silica gel (hexanes:EtOAc 19:1) to afford 1j (395 mg, 74%) as a colorless oil; 'H
NMR (400 MHz, CDCl3): 6 7.21 (br s, 1H), 4.95-4.90 (m, 1H), 3.86 (t, J = 6.8, 2H), 2.26 (q, J = 7.2, 2H), 1.65 (d, J = 3.2,
6H), 1.46 (s, 9H); *C NMR (100 MHz, CDCly): & 202.4, 157.0, 95.6, 84.5, 81.6, 76.1, 28.2, 20.6; HRMS (ESI): found
[M+H]" 228.1595 C1,H,,NO; requires 228.1594

tert-butyl (4-cycloheptylidenebut-3-en-1-yl)oxycarbamate (1k)
.NHBoc
-/\/\O

Cr

Purified by column chromatography on silica gel (hexanes:EtOAc 19:1) to afford 1k (764 mg, 57%) as a yellow oil; 'H
NMR (400 MHz, CDCls): 6 7.21 (br s, 1H), 4.94-4.91 (m, 1H), 3.87 (t, J = 7.2, 2H), 2.27 (q, J = 6.8, 2H), 2.21-2.18 (m, 4H),
1.58-1.46 (m, 17H); **C NMR (100 MHz, CDCl;): 5 202.4, 156.9, 104.9, 84.0, 81.5, 76.1, 32.5, 29.3, 28.4, 28.2, 27.9;
HRMS (ESI): found [M+H]" 282.2064 C,sH,sNO; requires 282.2064
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tert-butyl 1-(4-cyclohexylidenebut-3-en-1-yl)-2-((4-nitrophenyl)sulfonyl)hydrazinecarboxylate (1)
/\/\N,NHNS

q ' Boc

Purified by column chromatography on silica gel (hexanes:EtOAc 6:1) to afford 1l (181 mg, 59%) as a white solid; 'H NMR
(400 MHz, CDCly): 6 8.32 (d, J = 8.4, 2H), 8.08 (d, J = 9.2, 2H), 6.94 (br s, 1H), 4.83-4.81 (m, 1H), 3.65 (br s, 2H), 2.28-
2.24 (m, 2H), 2.05-2.03 (M, 4H), 1.55-1.49 (m, 6H), 1.18 (s, 9H); *C NMR (100 MHz, CDCl,): & 199.3, 150.5, 130.1,
123.8, 103.1, 84.8, 82.9, 31.4, 27.7, 27.4, 26.1; HRMS (ESI): found [M+Na]" 474.1667 C,1H29N3NaOg>%S requires
474.1669

4-nitro-N-(nona-4,5-dien-1-yl)benzenesulfonamide (1m)

= NHNs
\/\/,/\/\/
Purified by column chromatography on silica gel (hexanes:EtOAc 4:1) to afford 1m (1.07 g, 36%) as a brown solid; 'H
NMR (400 MHz, CDCly): 6 8.36 (d, J = 8.4, 2H), 8.06(d, J = 8.8, 2H), 5.10-4.96 (m, 3H), 3.04 (q, J = 6.4, 2H), 1.98-1.86
(m, 4H), 1.59 (quintet, J = 6.8, 2H), 1.37 (sextet, J = 7.6, 2H), 1.86 (t, J = 7.6, 3H); *C NMR (100 MHz, CDCls): & 203.9,
150.0, 145.9, 128.3, 124.4, 91.8, 89.2, 42.7, 30.9, 28.7, 25.6, 22.3, 13.6; HRMS (ESI): found [M+H]" 325.1221
C15H21N,0,%%S requires 325.1217

6-methylhepta-4,5-dienoic acid (1n)

\]/./\/\[O]/OH

Purified by acid-base extraction to afford 1n (3.83 g, 88%) as a yellow oil; "H NMR (1400 MHz, CDClz): & 10.79 (br s, 1H),
5.04-4.98 (m, 1H), 2.44 (t, J = 7.2, 2H), 2.26 (q, J = 6.0, 2H), 1.65 (d, J = 2.8, 6H); *C NMR (100 MHz, CDCly): & 201.5,
180.0, 97.2, 87.2, 33.0, 23.8, 20.5; HRMS (ESI): found [M-H] 139.0764 CgH;,0, requires 139.0765

5-(8,9-dihydro-5H-benzo[7]annulen-7(6H)-ylidene)pent-4-enoic acid (10)

./\/\H/OH

o

Purified by column chromatography on silica gel (hexanes:EtOAc 3:1) to afford 1o (167 mg, 56%) as a white solid; ‘H
NMR (400 MHz, CDCls): & 10.62 (br s, 1H), 7.13 (s, 4H), 5.10-5.09 (m, 1H), 2.88-2.85 (m, 4H), 2.49 (t, J = 7.2, 2H), 2.34-
2.26 (m, 6H); "*C NMR (100 MHz, CDCls): & 200.5, 179.6, 142.4, 129.1, 126.2, 107.5, 86.8, 36.1, 33.6, 33.0, 23.8; HRMS
(ESI): found [M-H] 241.1234 C,¢H,70, requires 241.1234

5-(8,9-dihydro-5H-benzo[7]annulen-7(6H)-ylidene)pent-4-en-1-ol (1p)

Purified by column chromatography on silica gel (hexanes:EtOAc 5:1) to afford 1p (147 mg, 82%) as a white solid; ‘H
NMR (300 MHz, CDCls): & 7.14 (s, 4H), 5.10-4.90 (m, 1H), 3.70 gt, J =8.8, 2H), 2.89-2.86 (m, 4H), 2.31-2.28 (m, 4H), 2.08
(9, 3 =9.2, 2H), 1.69 3.70 (quart., J = 9.6, 2H), 1.41 (br s, 1H); °C NMR (75.5 MHz, CDCly): 8 201.1, 142.7, 129.4, 126.5,
106.4, 88.0, 62.7, 36.6, 34.1, 32.2, 25.8; HRMS (ESI): found [M+H]" 229.1589 C,H,,0 requires 229.1587
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Gold(1)-Catalyzed Enantioselective Bromocyclizations

General Procedure A:

Unless otherwise noted, in a one-dram vial, to the specified dinuclear gold(l) catalyst (0.005 mmol) and 6a (33 mg, 0.20
mmol) was added the specified allene (0.10 mmol) as a solution in MeNO, (0.5 mL). The mixture was stirred in the dark
for the specified time at r.t. at which point the solvent was evaporated under a stream of nitrogen. The residue was
purified by column chromatography on silica gel with the specified mobile phase to afford the corresponding vinyl bromide.

General Procedure B:

In a one-dram vial, to (R)-DM-BINAP(AuUPNB), (7.3 mg, 0.005 mmol) and 6¢ (31 mg, 0.15 mmol) was added the specified
allene (0.10 mmol) as a solution in MeNO, (0.5 mL). The mixture was stirred in the dark for 2 h at r.t. at which point the
solvent was evaporated under a stream of nitrogen. The residue was purified by column chromatography on silica gel
(pentanes:Et,O 9:1 to 4:1) to afford the corresponding vinyl bromide.

(S)-2-(bromo(cyclohexylidene)methyl)-1-((4-nitrophenyl)sulfonyl)pyrrolidine (3a)

Br
Ns
% N

General procedure A was used. L(AuPNB),: (R)-DM-BINAP(AuPNB), (7.3 mg, 0.005 mmol); allene: la (35 mg, 0.10
mmol); time: 12 h; mobile phase (pentanes:DCM 1:1); afforded 3a (38 mg, 88%) as a white solid; 'H NMR (400 MHz,
CDCl): 6 8.30 (d, J = 8.8, 2H), 7.95 (d, J = 8.8, 2H), 5.15 (app t, 1H), 3.86-3.81 (m, 1H), 3.42-3.35 (m, 1H), 2.54-2.48 (m,
1H), 2.40-1.96 (m, 6H), 1.87-1.82 (m,1H), 1.73-1.59 (m, 6H); **C NMR (100 MHz, CDCl,): & 149.7, 146.2, 142.4, 128.3,
123.9, 121.1, 60.2, 49.5, 35.7, 32.6, 32.1, 27.7, 27.1, 26.3, 25.5; HRMS (ESI): found [M+H]* 429.0476 Cy;H,, *BrN,0,**S
requires 429.0478; HPLC Chiralpak IA column (98:2 hexanes:isopropanol, 1.0 mL/min, 250 nm); major enantiomer t, =
15.24 min, minor enantiomer t, = 17.07 min, 99% ee; absolute configuration assigned as (S) by analogy to 3b.

(S)-2-(1-bromo-2-methylprop-1-en-1-yl)-1-((4-nitrophenyl)sulfonyl)pyrrolidine (3b)
Br

Ns
\%\ﬂ)

General procedure A was used. L(AuPNB),: (R)-CI-MeO-BIPHEP(AUPNB), (6.9 mg, 0.005 mmol); allene: 1b (31 mg, 0.10
mmol); time: 13 h; mobile phase (pentanes:Et,0 9:1 to 4:1); afforded 3b (35 mg, 89%) as a white solid; "H NMR (400
MHz, CDCl5): 6 8.30 (d, J = 8.8, 2H), 7.91 (d, J = 8.8, 2H), 5.05 (app t, 1H), 3.85-3.79 (m, 1H), 3.42-3.36 (m, 1H), 2.21-
2.05 (m, 2H), 2.01-1.84 (m, 2H), 1.99 (s, 3H), 1.83 (s, 3H); *C NMR (100 MHz, CDCl): & 149.7, 146.1, 135.3, 128.3,
123.8, 123.4, 60.8, 49.4, 32.3, 25.8, 25.4, 21.1; HRMS (EI): found [M]" 388.0093 C1,H1; °BrN,O,*S requires 388.0092;
HPLC Chiralpak IA column (97:3 hexanes:isopropanol, 1.0 mL/min, 250 nm); major enantiomer t, = 12.90 min, minor
enantiomer t, = 13.94 min, 98% ee; absolute configuration assigned as (S) by X-ray crystal structure analysis of 3b;
crystals obtained by slow evaporation of toluene solution or by MTBE/hexane vapor diffusion.

(S)-2-(bromo(cycloheptylidene)methyl)-1-((4-nitrophenyl)sulfonyl)pyrrolidine (3c)

B
r Ns
/ N

General procedure A was used. L(AuUPNB),: (R)-Cl-MeO-BIPHEP(AuUPNB), (6.9 mg, 0.005 mmol); allene: 1c (36 mg, 0.10
mmol); time: 13 h; mobile phase (pentanes:Et,O 9:1 to 4:1); afforded 3c (41 mg, 93%) as a white solid; *H NMR (400
MHz, CDCl3): 6 8.29 (d, J = 8.8, 2H), 7.94 (d, J = 8.8, 2H), 5.08 (app t, 1H), 3.85-3.80 (m, 1H), 3.41-3.35 (m, 1H), 2.67-
2.61 (M, 1H), 2.47-2.33 (m, 2H), 2.21-1.75 (m, 6H), 1.67-1.34 (m, 7H); **C NMR (100 MHz, CDCls): 5 149.7, 146.1, 143.8,
128.3, 124.2, 123.8, 60.5, 49.5, 37.1, 32.8, 32.3, 28.6, 28.4, 27.8, 26.1, 25.5; HRMS (ESI): found [M+H]" 443.0633
CigH24"*BrN,O,*S requires 443.0635; HPLC Chiralpak IA column (98:2 hexanes:isopropanol, 1.0 mL/min, 250 nm); major
enantiomer t, = 14.69 min, minor enantiomer t, = 17.72 min, 99% ee; absolute configuration assigned as (S) by analogy to
3b.
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(R)-2-(bromo(cyclohexylidene)methyl)-1-tosylpyrrolidine (3d)

Br
Ts
/ ‘\\N

General procedure A was used. L(AuPNB),: (S)-DM-BINAP(AUPNB), (7.3 mg, 0.005 mmol); allene: 1d (32 mg, 0.10
mmol); time: 13 h; purified by preparatory TLC (hexanes:EtOAc 3:1); afforded 3d (37 mg, 93%) as a white solid; 'H NMR
(400 MHz, CDCl,): & 7.70 (d, J = 8.4, 2H), 7.28 (d, J = 7.2, 2H), 4.94 gapp t, 1H), 3.67-3.63 (m, 1H), 3.43-3.37 (m, 1H),
2.45-2.32 (m, 4H), 2.42 (s, 3H), 2.02-1.99 (m, 3H), 1.79-1.45 (m, 7H); °C NMR (100 MHz, CDCl,): 5 143.0, 140.8, 136.7,
129.3, 127.3, 122.2, 59.7, 49.4, 35.8, 32.6, 32.1, 27.6, 27.0, 26.4, 25.2, 21.5; HRMS (ESI): found [M+H]" 398.0784
CigHas "BrNO,*S requires 398.0784; HPLC Chiralpak IA column (98:2 hexanes:isopropanol, 1.0 mL/min, 250 nm); major
enantiomer t, = 17.50 min, minor enantiomer t, = 15.99 min, 98% ee; absolute configuration assigned as (R) by analogy to
3b.

(R)-2-(1-bromo-2-methylprop-1-en-1-yl)-1-tosylpyrrolidine (3e)

B
r Ts
/ ‘\\N

General procedure A was used. L(AuPNB),: (S)-DM-BINAP(AUPNB), (7.3 mg, 0.005 mmol); allene: 1e (28 mg, 0.10
mmol); time: 14 h; mobile phase (pentane:Et,O 5:1); afforded 3e (32 mg, 89%) as a white solid; ‘H NMR (400 MHz,
CDCl;): 6 7.68 (d, J = 8.4, 2H), 7.27 (d, J = 8.0, 2H), 4.86 (app t, 1H), 3.66-3.61 (m, 1H), 3.42-3.36 (m, 1H), 2.41 (s, 3H),
2.08-1.92 (m, 3H), 1.91 (s, 3H), 1.80 (s, 3H), 1.63-1.60 (m, 1H); °C NMR (100 MHz, CDCl,): 5 143.1, 136.7, 133.6, 129.3,
127.4, 124.4, 60.5, 49.3, 32.3, 25.8, 25.2, 21.6, 21.0; HRMS (ESI): found [M+H]" 358.0467 CisH» *BrNO,*S requires
358.0471; HPLC Chiralpak IA column (98:2 hexanes:isopropanol, 1.0 mL/min, 250 nm); major enantiomer t, = 21.12 min,
minor enantiomer t, = 15.85 min, 99% ee; absolute configuration assigned as (R) by analogy to 3b.

(S)-2-(1-bromo-2-methylprop-1-en-1-yl)-4,4-dimethyl-1-tosylpyrrolidine (3f)
B
r Ts
% N

General procedure A was used except the amounts of 6a (41 mg, 0.25 mmol) and MeNO, (0.625 mL) were increased
proportionally to 1f. L(AuPNB),: (R)-CI-MeO-BIPHEP(AUPNB), (8.6 mg, 0.0063 mmol); allene: 1f (38 mg, 0.13 mmol);
time: 14h; mobile phase (pentanes:Et,O 9:1 to 4:1); afforded 3f (42 mg, 87%) as a white solid; 'H NMR (400 MHz, CDCls):
0 7.65 (d, J = 8.4, 2H), 7.24 (d, J = 8.0, 2H), 4.96 (dd, J = 8.8, 7.6, 1H), 3.47 (dd, J = 10.0, 1.2, 1H), 3.12 (d, J = 10, 1H),
2.40 (s, 3H), 1.92 (s, 3H), 1.90-1.86 (m, 1H), 1.76 (s, 3H), 1.74-1.71 (m, 1H), 1.07 (s, 3H), 0.94 (s, 3H); *C NMR (100
MHz, CDCls): 6 142.8, 137.7, 133.9, 129.1, 127.2, 124.6, 60.7, 60.4, 45.7, 38.1, 26.3, 25.8, 25.3, 21.6, 21.0; HRMS (ESI):
found [M+H]" 386.0780 C17H,s " BrNO,*S requires 386.0784; HPLC Chiralpak IA column (98:2 hexanes:isopropanol, 1.0
mL/min, 250 nm); major enantiomer t, = 13.92 min, minor enantiomer t, = 11.72 min, 91% ee; absolute configuration
assigned as (S) by analogy to 3b.

(S)-2-(bromo(8,9-dihydro-5H-benzo[7]annulen-7(6H)-ylidene)methyl)-1-tosylpyrrolidine (3g)

B
' Ts
yZ N

General procedure A was used. L(AUPNB),: (R)-CI-MeO-BIPHEP(AUPNB), (6.9 mg, 0.005 mmol); allene: 1g (38 mg, 0.10
mmol); time: 14 h; mobile phase (pentanes:Et,O 4:1); afforded 3g (40 mg, 86%) as a white solid; 'H NMR (400 MHz,
CDCl,): 6 7.69 (d, J = 8.4, 2H), 7.26 (d, J = 8.0, 2H), 7.14 (s, 4H), 5.00 (app t, 1H), 3.71-3.66 (m, 1H), 3.45-3.39 (m, 1H),
3.11-3.04 (m, 1H), 2.86-7.32 (m, 3H), 2.66-2.63 (m, 2H), 2.58-2.56 (m, 2H), 2.41 (s, 3H), 2.06-1.93 (m, 3H), 1.65-1.62 (M,
1H); **C NMR (100 MHz, CDCly): 5 143.2, 142.5, 141.6, 141.2, 136.8, 129.5, 129.42, 129.39, 127.4, 126.4, 126.3, 125.4,
60.1, 49.5, 37.5, 35.1, 34.2, 33.0, 32.9, 25.3, 21.6; HRMS (ESI): found [M+H]" 460.0938 C3H,; °BrNO,*S requires
460.0940; HPLC Chiralpak AD-H column (95:5 hexanes:isopropanol, 1.0 mL/min, 250 nm); major enantiomer t, = 18.11
min, minor enantiomer t, = 15.98 min, 95% ee; absolute configuration assigned as (S) by analogy to 3b.
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(R)-2-(bromo(1,4-dioxaspiro[4.5]decan-8-ylidene)methyl)-1-tosylpyrrolidine (3h)

B
rTs

/ ‘\\N
0

Co

General procedure A was used except the amounts of 6a (36 mg, 0.22 mmol) and MeNO, (0.54 mL) were increased
proportionally to 1h. L(AUPNB),: (S)-BINAP(AuPNB), (7.3 mg, 0.0054 mmol); allene: 1h (41 mg, 0.11 mmol); time: 14 h;
mobile phase (pentanes:Et,O 1:1); afforded 3h (37 mg, 74%) as a white solid; 'H NMR (400 MHz, CDCl3): 6 7.68 (d, J =
8.0, 2H), 7.26 (d, J = 8.4, 2H), 4.92 (app t, 1H), 3.96 (s, 4H), 3.70-3.64 (m, 1H), 3.42-3.36 (m, 1H2, 2.68-2.61 (m, 1H),
2.57-2.52 (m, 1H), 2.47-2.41 (m, 5H), 2.06-1.99 (m, 3H), 1.88-1.82 (m, 1H), 1.73-1.62 (m, 4H); °C NMR (100 MHz,
CDCl,): 6 143.1, 138.4, 136.9, 129.4, 127.3, 123.4, 108.3, 64.45, 64.43, 60.0, 49.4, 35.1, 34.7, 32.7, 32.5, 28.3, 25.3,
21.6; HRMS (ESI): found [M+H]" 456.0836 C,oH,; “BrNO,*’S requires 456.0839; HPLC Chiralpak AD-H column (90:10
hexanes:isopropanol, 1.0 mL/min, 250 nm); major enantiomer t, = 19.40 min, minor enantiomer t, = 20.57 min, 93% ee;
absolute configuration assigned as (R) by analogy to 3b.

(S)-tert-butyl 3-(bromo(cyclohexylidene)methyl)isoxazolidine-2-carboxylate (3i)

Boc

N
= 0

General procedure B was used. Allene: 1i (27 mg, 0.10 mmol); afforded 3i (26 mg, 75%) as a white solid; 'H NMR (400
MHz, CDCly): 8 5.27 (app t, 1H), 4.21 (td, J = 7.6, 2.8, 1H), 3.72-3.66 (m, 1H), 2.50-2.35 (m, 6H), 1.65-1.52 (m, 15H); °C
NMR (100 MHz, CDCl,): 6 156.8, 141.2, 119.6, 81.9, 69.2, 59.4, 35.8, 35.4, 31.8, 28.3, 27.9, 27.1, 26.3; HRMS (ESI):
found [M+H]" 346.1010 C;sH,s *BrNO; requires 346.1012; HPLC Regis Whelk-O1 column (98:2 hexanes:isopropanol, 1.0
mL/min, 210 nm); major enantiomer t, = 25.92 min, minor enantiomer t, = 21.05 min, 91% ee; absolute configuration
assigned as (S) by analogy to 3b.

(S)-tert-butyl 3-(1-bromo-2-methylprop-1-en-1-yl)isoxazolidine-2-carboxylate (3j)

B
f rE\Bloc
T

General procedure B was used. Allene: 1j (23 mg, 0.10 mmol); afforded 3j (26 mg, 83%) as a white solid; 'H NMR (400
MHz, CDCl5): 6 5.18 (dd, J = 8.8, 7.2, 1H), 4.21 (td J = 8.0, 2.4, 1H), 3.74-3.68 (m, 1H), 2.44-2.37 (m, 2H), 1.95 (s, 3H),
1.91 (s, 3H), 1.48 (s, 9H); *C NMR (100 MHz, CDCly): & 156.7, 133.9, 121.8, 81.9, 69.2, 60.0, 35.0, 28.3, 25.9, 20.8;
HRMS (ESI): found [M+Na]® 328.0516 C1,Hz0 °BrNNaO; requires 328.0519; HPLC Regis Whelk-O1 column (98:2
hexanes:isopropanol, 1.0 mL/min, 210 nm); major enantiomer t, = 27.03 min, minor enantiomer t, = 23.76 min, 88% ee;
absolute configuration assigned as (S) by analogy to 3b.

(S)-tert-butyl 3-(bromo(cycloheptylidene)methyl)isoxazolidine-2-carboxylate (3k)

Boc
N

= o

General procedure B was used. Allene: 1k (28 mg, 0.10 mmol); afforded 3k (32 mg, 88%) as a white solid; *H NMR (400
MHz, CDCls): 6 5.22 (app t, 1H), 4.21 (td, J = 8.0, 2.4, 1H), 3.73-3.67 (m, 1H), 2.67-2.54 (m, 2H), 2.44-2.33 (m, 4H), 1.83-
1.72 (m, 1H), 1.63-1.34 (m, 16H); *C NMR (100 MHz, CDCl,): 8 156.7, 142.5, 122.7, 81.9, 69.2, 59.7, 37.2, 35.4, 32.1,
28.5, 28.2, 27.8, 26.1; HRMS (ESI): found [M+H]" 360.1165 C;sH,;" *BrNO; requires 360.1169; HPLC Regis Whelk-O1
column (98:2 hexanes:isopropanol, 1.0 mL/min, 210 nm); major enantiomer t, = 23.90 min, minor enantiomer t, = 19.45
min, 91% ee; absolute configuration assigned as (S) by analogy to 3b.
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(S)-tert-butyl 3-(bromo(cyclohexylidene)methyl)-2-((4-nitrophenyl)sulfonyl)pyrazolidine-1-carboxylate (3l)
Br
Ns
= N,
NBoc

In a one-dram vial, to (R)-DM-BINAP(AUPNB), (7.3 mg, 0.005 mmol) and 6b (29 mg, 0.15 mmol) was added allene 1l
(45mg, 0.10 mmol) as a solution in MeNO, (0.5 mL). The mixture was stirred in the dark for 17 h at r.t. at which point the
solvent was evaporated under a stream of nitrogen. The residue was purified by column chromatography on silica gel
(pentanes:Et,O 9:1 to 4:1) to afford 3l (42 mg, 80%) as a white foam; "H NMR (400 MHz, CDCly): & 8.35 (d, J = 8.8, 2H),
8.15 gd, J=9.2, 2H), 5.56 (app t, 1H), 4.25-4.21 (m, 1H), 3.23-3.14 (m, 1H), 2.58-2.20 (m, 6H), 1.74-1.50 (m, 6H), 1.19 (s,
9H); **C NMR (100 MHz, CDCl,): d 150.6, 143.9, 142.4, 130.9, 123.8, 117.3, 82.0, 47.9, 35.9, 32.2, 27.8, 27.2, 26.3;
HRMS (ESI): found [M+Na]" 552.0773 CyH,s 'BrNsNaOs>>S requires 552.0774; HPLC Chiralpak IA column (98:2
hexanes:isopropanol, 1.0 mL/min, 232 nm); major enantiomer t, = 16.30 min, minor enantiomer t, = 15.58 min, 96% ee;
absolute configuration assigned as (S) by analogy to 3b.

(S)-2-(1-bromopent-1-en-1-yl)-1-((4-nitrophenyl)sulfonyl)pyrrolidine (3m)

B
rNs
\/ﬁ‘\—\/l\ﬁ\l)

General procedure A was used. L(AuPNB),: (R)-DM-BINAP(AuUPNB), (7.3 mg, 0.005 mmol); allene: 1m (32 mg, 0.10
mmol); time: 18 h; mobile phase (hexanes:Et,O 4:1); afforded 3m (30 mg, 74%) as a turbid oil; 'H NMR (400 MHz,
CDCly): Z isomer: & 8.37 (d, J = 8.8, 2H), 8.02 (d, J = 8.8, 2H), 6.07 (t, J = 6.8, 1H), 4.59-4.56 (m, 1H), 3.67-3.62 (m, 1H),
3.53-3.47 (m, 1H); E isomer: & 8.37 (d, J = 8.8, 2H), 8.04 (d, J = 8.8, 2H), 5.96 (t, J = 7.6, 1H), 5.01-4.97 (m, 1H), 3.87-
3.80 (m, 1H), 3.44-3.35 (m, 1H); Unassigned: 2.31-2.21 (m, 1H), 2.15-2.02 (m, 4H), 1.90-1.84 (m, 1H), 1.56-1.43 (m, 2H),
1.01-0.95 (m, 3H); *C NMR (100 MHz, CDCly): Z isomer: 5 149.91, 145.2, 132.3, 128.5, 127.7, 124.1, 66.4, 49.5, 32.9,
32.2,24.4,21.5, 13.8; E isomer: & 149.86, 145.8, 136.5, 128.4, 126.2, 124.0, 59.3, 49.4, 32.3, 31.7, 25.4, 22.4, 13.7.
HRMS (ESI): submitted; HPLC Chiralpak IA column (98:2 hexanes:isopropanol, 1.0 mL/min, 250 nm); major enantiomer
(E) t; = 14.08 min, minor enantiomer (E) t, = 13.53 min, 91% ee; major enantiomer (Z) t, = 18.92 min, minor enantiomer
(2) t, = 16.35 min, 26% ee; absolute configuration assigned as (S) by analogy to 3b.

NOE experiments:
The diastereomeric assignment of 3m was performed by irradiation of the allylic proton (H;), which only gave
enhancement in one case; this was assigned as (Z) as the H;-H, distance is smaller on average.

Br Br

Ns Ns
W) Heas A~ N
H@ HE1

3.6% no signal

(R)-5-(1-bromo-2-methylprop-1-en-1-ydihydrofuran-2(3H)-one (3n)
Br

.0
= o)

In a one-dram vial, a mixture of (R)-DTBM-BINAP(AUCI), (4.2 mg, 0.0025 mmol), (S)-AgTRIP (4.3 mg, 0.005 mmol), and
toluene (0.5 mL) was sonicated for 10 min at r.t. at which point 6b (33 mg, 0.17 mmol) was added and the mixture cooled
to -35 °C. A solution of 1n (14 mg, 0.10 mmol) in toluene (0.5 mL) was added and the mixture stirred for 5 min at -35 °C.
The mixture then remained in the dark at -35 °C for 72 h without stirring at which point it was warmed to r.t. and quenched
with triethylamine (0.25 mL). The solvent was evaporated under a stream of nitrogen and the residue purified by column
chromatography on silica gel (pentanes:Et,O 2:1 to 1:1) to afford 3n (20 mg, 90%) as a white solid; 'H NMR (400 MHz,
CDCls): 6 5.51 (dd, J = 7.6, 6.8, 1H), 2.79-2.70 (m, 1H), 2.59-2.50 (m, 1H), 2.40-2.26 (m, 2H), 1.94 (s, 3H), 1.92 (s, 3H);
¥C NMR (100 MHz, CDCly): & 176.7, 137.6, 120.4, 77.6, 28.5, 27.0, 25.9, 21.1; HRMS (El): found [M]" 217.9938
CgH11°BrO, requires 217.9942; HPLC Chiralpak IA column (96:4 hexanes:isopropanol, 1.0 mL/min, 210 nm); major
enantiomer t, = 14.89 min, minor enantiomer t, = 13.91 min, 95% ee; absolute configuration assigned as (R) by analogy to
(S)-5-(2-methylprop-1-en-1-yl)dihydrofuran-2(3H)-one listed in reference S2.
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(R)-5-(bromo(8,9-dihydro-5H-benzo[7]annulen-7(6H)-ylidene)methyl)dihydrofuran-2(3H)-one (30)
Br

e
= o)

In a one-dram vial, a mixture of (R)-DTBM-BINAP(AuCI), (4.2 mg, 0.0025 mmoal), (S)-AgTRIP (4.3 mg, 0.005 mmol), and
toluene (0.5 mL) was sonicated for 10 min at r.t. at which point 6b (33 mg, 0.17 mmol) was added and the mixture cooled
to -35 °C. A solution of 10 (24 mg, 0.10 mmol) in toluene (0.5 mL) was added and the mixture stirred for 5 min at -35 °C.
The mixture then remained in the dark at -35 °C for 72 h without stirring at which point it was warmed to r.t. and quenched
with triethylamine (0.25 mL). The solvent was evaporated under a stream of nitrogen and the residue purified by column
chromatography on silica gel (pentanes:Et,O 2:1 to 1:1) to afford 30 (28 mg, 86%) as a white solid; "H NMR (400 MHz,
CDCly): d 7.16-7.11 (m, 4H), 5.65 (dd, J = 8.0, 6.4, 1H), 2.93-2.53 (m, 10H), 2.38-2.35 (m, 2H); *C NMR (100 MHz,
CDCls): 6 176.7, 146.5, 141.1, 140.5, 129.5, 129.4, 126.6, 126.4, 121.0, 76.98, 37.4, 35.2, 34.0, 33.2, 28.5, 27.2; HRMS
(ESI): found [M+H]" 321.0484 CysHs°BrO, requires 321.0485; HPLC Chiralpak IA column (95:5 hexanes:isopropanol,
1.0 mL/min, 210 nm); major enantiomer t, = 17.52 min, minor enantiomer t, = 16.50 min, 98% ee; absolute configuration
assigned as (R) by analogy to (S)-5-(2-methylprop-1-en-1-yl)dihydrofuran-2(3H)-one listed in reference S2.

(R)-2-(bromo(8,9-dihydro-5H-benzo[7]annulen-7(6H)-ylidene)methyl)tetrahydrofuran (3p)
Br

/ ‘\\O

In a one-dram vial, a mixture of (R)-DTBM-BINAP(AUCI), (8.3 mg, 0.005 mmol), (S)-AgTRIP (8.6 mg, 0.01 mmol), and
toluene (0.5 mL) was sonicated for 10 min at r.t. at which point 6b (33 mg, 0.17 mmol) was added and the mixture cooled
to -35 °C. A solution of 1p (23 mg, 0.10 mmol) in toluene (0.5 mL) was added and the mixture stirred for 5 min at -35 °C.
The mixture then remained in the dark at -35 °C for 72 h without stirring at which point it was warmed to r.t. and quenched
with triethylamine (0.25 mL). The solvent was evaporated under a stream of nitrogen and the residue purified by column
chromatography on silica gel (pentanes:Et,O 9:1 to 4:1) to afford 3p (26 mg, 85%) as a white solid; 'H NMR (400 MHz,
CDCl3): 6 7.15-7.11 (m, 4H), 4.97 (app t, 1H), 4.07-4.02 (m, 1H), 3.89-3.84 (m, 1H), 2.92-2.53 (m, 8H), 2.11-2.03 (m, 1H),
2.01-1.88 (m, 3H); *C NMR (100 MHz, CDCl,): & 143.4, 141.7, 141.1, 129.5, 129.4, 126.4, 126.2, 125.2, 69.1, 37.6, 35.6,
34.5, 33.2, 31.7, 26.7; HRMS (ESI): found [M+H]" 307.0692 CsH.," BrO requires 307.0692; HPLC Chiralpak IC column
(98:2 hexanes:isopropanol, 1.0 mL/min, 210 nm); major enantiomer t, = 9.46 min, minor enantiomer t, = 10.55 min, 86%
ee; absolute configuration assigned as (R) by analogy to (S)-5-(2-methylprop-1-en-1-yl)dihydrofuran-2(3H)-one listed in
reference S2.
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Synthesis of N-Bromolactams

The syntheses of compounds 6 were developed using reference S6 as a guide. In a sealed vial at -30 °C and protected
from ambient light, the lactams are indefinitely stable. Yellowing of the solid occurs at r.t. and in ambient light. 1-
bromoazonan-2-one could be prepared in an analogous manner to 6c. 1-bromopiperidin-2-one could not be prepared
using the methods described below.

1-bromopyrrolidin-2-one (6a)
O

E%NBr

To a mixture of pyrrolidin-2-one (2.00 g, 23.5 mmol), sodium bromate (1.77 g, 11.8 mmol), and concentrated sulfuric acid
(0.313 mL, 5.87 mmol) in water (7 mL) was added hydrobromic acid (1.78 mL, 15.7 mmol, 48% w/w in water) dropwise
over a period of 5 min. The mixture was then capped and allowed to stir for 1 h at r.t. during which the mixture lightened
from dark red to a pale yellow color. The mixture was then cooled to -78 °C for 5 min to induce precipitation and was
warmed to r.t.. The solid was collected on a fritted funnel and washed twice with 20 mL of cold water and allowed to dry
under a stream of nitrogen while pulling vacuum. The solid was then placed under high vacuum for 4 h to afford 6a (1.96
g, 51%) as a pale yellow solid; *H NMR (400 MHz, CDCl,): & 3.58 (t, J = 6.8, 2H), 2.37 (t, J = 7.2, 2H), 2.22 (quintet, J =
7.6, 2H); *C NMR (100 MHz, CDCly): & 174.4, 53.5, 26.6, 19.9; HRMS (EI): found [M]* 162.9631 C,Hs °BrNO requires
162.9633

1-bromoazepan-2-one (6b)
O

NBr

To a mixture of azepan-2-one (2.66 g, 23.5 mmol), sodium bromate (1.77 g, 11.8 mmol), and concentrated sulfuric acid
(0.313 mL, 5.87 mmol) in water (7 mL) was added hydrobromic acid (1.78 mL, 15.7 mmol, 48% w/w in water) dropwise
over a period of 5 min. The biphasic mixture was then capped and was stirred vigorously for 1 h at r.t. after which it was
cooled to -78 °C for 30 min during which the red bottom layer solidified and lightened in color. After warming to r.t., the
solid bottom layer was pulverized by vigorous stirring for 2h. The solid was collected on a fritted funnel and washed twice
with 20 mL of cold water and allowed to dry under a stream of nitrogen whlle pulling vacuum. The solid was then placed
under high vacuum for 4 h to afford 6b (2. 18 g, 48%) as a pale yellow solid; 'H NMR (400 MHz, CDCl3): 6 3.82-3.80 (m,
2H), 2.67-2.64 (m, 2H), 1.72-1.61 (m, 6H); **C NMR (100 MHz, CDCl3): 5 174.2, 59.5, 34.9, 29.2, 27.4, 22.9; HRMS (EI):
found [M]* 190.9949 C¢H,o °BrNO requires 190.9946

1-bromoazocan-2-one (6c):
O

NBr

To a mixture of azocan-2-one (2.50 g, 19.7 mmol), sodium bromate (1.48 g, 9.83 mmol), and concentrated sulfuric acid
(0.262 mL, 4.91 mmol) in water (7 mL) was added hydrobromic acid (1.49 mL, 13.2 mmol, 48% w/w in water) dropwise
over a period of 5 min. The biphasic mixture was then capped and was stirred vigorously for 1 h at r.t. after which it was
cooled to -78 °C for 30 min during which the red bottom layer solidified and lightened in color. After warming to r.t., the
solid bottom layer was pulverized by vigorous stirring for 2 h. The solid was collected on a fritted funnel and washed twice
with 20 mL of cold water and allowed to dry under a stream of mtrogen while pulling vacuum. The solid was then placed
under high vacuum for 4 h to afford 6¢ (2.92 g, 72%) as a white solid; 'H NMR (400 MHz, CDCly): & 3.78 (app t, 2H), 2.63-
2.60 (m, 2H), 1.77-1.68 (m, 4H), 1.54-1.50 (m 2H), 1.41-1. 36(m 2H); *C NMR (100 MHz, CDCly): & 174.0, 55.2, 33.4,
29.1, 28.8, 26.0, 22.9; HRMS (EIl): found [M]* 205.0096 C,H1, °BrNO requires 205.0102
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Cyclization and Subsequent Suzuki Reaction of 1e

(S)-2-(2-methyl-1-phenylprop-1-en-1-yl)-1-tosylpyrrolidine (7€)

Ph
Ts
\%\C\l}

In a one-dram vial, a mixture of (R)-BINAP(AUPNB), (14 mg, 0.010 mmol), 1e (56 mg, 0.20 mmol), and 6a (66 mg, 0.40
mmol) was dissolved in MeNO, (1.0 mL) and allowed to stir for 16 h at r.t. at which point the solvent was evaporated. The
residue was redissolved in 2:1 hexanes:EtOAc (1 mL) and passed through a pipette column packed with silica gel (0.65 g)
eluting with additional 2:1 hexanes:EtOAc (6 mL) to remove unreacted 6a. The solvent was evaporated under a stream of
nitrogen and briefly placed under high vacuum to afford crude 3e (42 mg, 59%) as a yellow solid (96% ee as determined
by HPLC).

In a one-dram vial under a nitrogen atmosphere, to a mixture of tris(dibenzylideneacetone)dipalladium(0) (4.6 mg, 0.0050
mmol), 2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl (4.1 mg, 0.010 mmol), crude 3e (36 mg, 0.10 mmol),
phenylboronic acid (24 mg, 0.20 mmol), and finely ground Ks;PO, (64 mg, 0.30 mmol) was added dry and degassed
toluene (0.4 mL). The mixture was vigorously stirred for 3 h at 100 °C at at which point it was passed through a short silica
gel plug and the solvent removed under a stream of nitrogen. The product was purified by column chromatography on
silica gel (hexanes:EtOAc 9:1) to afford 7e (19 mg, 52%) as a white solid; *H NMR (400 MHz, CDCly): & 7.75 (d, J = 8.4,
2H), 7.33-7.10 (m, 7H), 4.82 (dd, J = 8.4, 5.2, 1H), 3.21-3.15 (m, 1H%, 2.89-2.83 (m, 1H), 2.44 (s, 3H), 1.97(s, 3H), 1.82-
1.73 (m, 1H), 1.69-1.61 (m, 1H), 1.45 (s, 3H), 1.16-1.03 (m, 2H); *C NMR (100 MHz, CDCl,): 5 143.1, 140.0, 135.4,
135.2, 130.9, 130.1, 129.6, 127.7, 127.4, 126.2, 60.0, 49.5, 31.5, 24.4, 22.8, 21.5, 19.7; HRMS (ESI): found [M+H]"
356.1675 C,1HxsNO,*S requires 356.1679; HPLC Chiralpak IA column (98:2 hexanes:isopropanol, 1.0 mL/min, 210 nm);
major enantiomer t, = 26.25 min, minor enantiomer t, = 13.90 min, 93%ee; absolute configuration assigned as (S) by
analogy to 3e.
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PROBHD 5 mm QNP 1H/13
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DE 6.00 usec
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PULPROG

TD
SOLVENT
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5.065
5.056
5.048
5.039
5.031
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F3.049

£3.033

F3.016

0
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0.122266

4.0895586
Ly s
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Hz
sec

use
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6 use

.00
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1.00000000
h

=

sec
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1.911
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1.865
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1.623
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1.552
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PL1 0.00 dB
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SFO1 400.1324700 MHz
ST 65536
SF 400.1300172 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 4.00
1 M ’\ JWLLL'
T T T T [ T T T T T
9 8 7 6 5 4 3 2 1. 0 ppm
|
~| [0 Ofca|ey o IR 0
| |m n|m|o o | |o||e )
ol lo olo|o IS «~f ol —
ISR ol ~ <] |eallew o
2
NAME DHM3-08#B
EXPNO 6
PROCNO 1 ~ o o~ o
el B oy-ay oL 0oy ¥ owed o
TNSTRUM AVO-400 o I o5 b2 x] L C ol o I
PROBHD (05 mm QNP 1/13 2 o~ & L e " Sl o
PULPROGry 2909 — — o © <t MmN NN o
™ 65536
SOLVENT cpel3 I
NS 16
DS 0
SWH 24038.461 Hz
FIDRES 0.366798 Hz
a0 1.3632196 sec
RG 1638
W 20.800 usec
DE 6.00 usec
TE 292.9
D1 2.00000000 sec
D1 0.03000000 sec
DO 1
1
PL1 -2.00 dB
BLIW 47.77286148 W
SFOL 100. 6228298 Mz
PL13 200 aB
PL2W 9.54516888 W
PLI2W 0.30184472 W
PLL3W 0.19045115 W
SFO2 100.1316000 Mz
s1 €8
SF 100.6127755 MHz
WDwW M
SSB 0
LB 1.50 Hz
GB 0
C 1.40
" y owoy VA i oy p ¥ 4
® adid Gt T T T T T T T T T T T did| T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

S42



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

./\/\“/OH
T om

NAME DHM2-157
EXPNO 1 OMWOVOIM LD O CONSE- NSO ™
PROCNO 1 NN A O OO N MONOWLIN ML <
Date_ 20121112 [SE=R-RSReRSR- - -} < NN N0 O
Time 18.27 P R . e e e . .
INSTRUM AVQ-400 D000 0SS St NN NN NN
PROBED 5 mm QNP 1H/13 o
PULPROG zg30
™D 65536
SOLVENT cDCl3
NS 1
Ds 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
a0 4.0895586 sec
RG 45.3
D §2.400 usec
DE 6.00 usec
TE .5 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
1H
12.80 usec
0.00 dB
9.54516888 W
400.1324700 MHz
400.1300174 MHz
0
0.30 Hz
0
4.00
~
a
~
o
—
A
14 12 10 ppm 1 L
(Raas KL\ T T T T T T T \ T T 1
o] 8 7 6 5 4 3 2 I 0 ppm
o
o o<t fle]
o nio 0
o oo
— il 0
Naue DHNZ-157
EXPNO =
PROCNO 1
m g S — — o~ a\ Date_ 20121112
. = — ™~ o o ~t T 18.29
o Y . v .. usTROM AVg-400
= 2 RN o e R s m o
PULPRO 2gpg30
I i o o] ol o NN gy a3t
| soLvenT cocl3
us 15
| s 0
s 24038.461 Bz
FIDRES 0.366798 Hz
1.3632196 sec
RG 1638
oy 20.800 usec
Dz 6.00 usec
= i
oL 2.00000000 sec
1L 0103000000 sec
00 1
CHANNEL £1
13¢
PL 8.50 usec
PLL 2,00 an
PLIN 47.77286148 W
sFoL 100. 6228298 Mz
HANNEL £2
waltzl®
16
70.00 usec
0l0a ae
15.00 a8
17.00 an

100.6127755 MHz
Y

1.40

G "

R e RO

—r T 1

T T T T T T T T i Ry T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

S43



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

10.621

NAME mvha2b_6_12_12
EXPNC 1
PROCNC 1
Date_ 20121206
Time 13.41
INSTRUM AVB-400
PROBHD 5 mm PABBO BB-
PULPROG 2g30
65536
SOLVENT cpe13
ns 8
DS 0
Su 8278.146 Hz
FIDRES 0.126314 Hz
a0 3.9584243 sec
RG 2
oW
DE
TE 295.9 K
D1 1.00000000 sec
DO t

.126

097
5.092
5.088

5.

<

o woadws O
~E 00N S o~
© @ 0@ W
NSNS
L

I
/
|

342
325!
«311
2.29L

2

2.

2
-2.283

=== CHANNEL f1
1 8.20 usec
PL1 -3 daB
PL1W 23.05461311 W
SFOL 400.1324710 MHz
ST 32768
SF 400.1300172 MHz
WDW EM
5SB o
LB 0.30 Hz
o8 o
EBC 4.00
| |
L)L J oo R K L
) T T T T T T T T T 1
10 9 8 7 6 5 3 2 il ppm
.\ 1
- ) o ~[or
15 o S 2 5%
[ - & eillal
s B - - -
] g 2 i S i Sme &
S a o o = ol &
8 2
] & = ey S 8 onm B
I ‘ Wl
NAME mvh42b_21_9_12
EXPNO 2
EROCNO i
Date_ 20120921
Time 16.14
PROBHD S mm QNP 1H/13
FULDROG apg30
5536
SOLVENT cDCl3
NS 128
DS 0
S 24038.461 Hz
FIDRES 0.366798 Hz
2Q 1.3632196 sec
RG 16384
DW 20.800 usec
DE 6.00 usec
b -
D1 2.00000000 sec
D11 0.03000000 sec
TDO 3
CHANNEL f1
13C
8.50 usec
PL1 -2.00 dB
PL1W 47.77286148 W
SFOL 100.6228298 MHz
HANNEL £2
waltzl6
1H
70.00 usec
.00 dB
15.00 dB
i i R ¥ M e gy o MY o b
T T T T - T T T T T T T T T T T T g oS
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

S44



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

OH

);l;l;l:},o DH’M}»AICthp[iOH o m MEACNANMANOWMOrS O o<
PROCNO 1 < e NOOWONW-WVWHAS AN <O <
— o OOV OMANNHOoOOON~™S VOO
Date_ 20121218 . p PRl Sl r - w m N " P 8
18.02
INSTRUM av-300 |l n OO MANANNANNANANNANN A AAAA A
PROBHD 5 mm Dual 13C/
PULZROG 293
TD 65536
SOLVENT €DCcl3
NS
DS 0
SWH €172.839 Hz
FIDRES 0.094190 Hz
AQ 5.3084660 sec
RG 61.3
DW 81.000 usec
DE 6.00 usec
TE 293.8 K
Dl 0.20000000 sec
TDO 1
CHANNEL f1
1H
11.00 usec
-3.00 dB
25.05936241 W
300.1318533 MHz
32768
300.1300065 MHz
EM
o
0.30 Hz
[
4.00
T T T T T T T T T 1
9 8 T 5 4 3 2 b ppm
o o\ e < o0 ISIRIN
o LN (o)) o~ o <l | |\O
o o [e)) o (=] [e) ol o
i o — < sl (o8] o |
0 « o ©
3 2 e - © ~ o swn o
g : ' ! a a8 2 384 2
A I oW © ] g : e T
s S QA8 3 I N o Sun
S 3 B = & IS 8 mea &
. [ W
NAME DHM3-ArCyhept50H
EXPNO 2
PROCNO 1
Date_ 20121218
Time 18.03
INSTRUM av-301
PROBHD 5 mm Dual 13C/
PULPROG zgpg3
65536
SOLVENT 'DCL3
NS 48
DS 0
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RC 3276
W 27.800 usec
DE 6.00 usec
TE 293.8 K
D1 1.00000000 sec
D11 0.03000000 sec
00 1
CHAMNEL £1 =
13C
10.50 usec
32.65452194 W
75.4760505 Mz
L £2 === =
waltzlé
N
120.00 usec
-3.00 dB
17.76 aB
23.00 4B
25.05936241 W
021036330 W
0.06294627 W
300.1300000 MHz
SI 32768
SF 75.4677293 MHz
WD =
SSB 0
s 1.50 6z
a8
= 1.40
T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S45



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

~o ©w o
o nm ©
RN ~
© o~ ~
NAME DHM2-169A
EXPNO %
PROCNO 1
Date_ 20120621
Time 15.23
INSTRUM AVB- 400
PROBHD 5 mm PABEO B3-—
PULPROG 2930
TD 65536
SOLVENT cpel3
NS 8
DS 0
SWH 8278.146 Hz
FIDRES 0.126314 Hiz
aQ 3.9584243 scc
RG 112
oW 60.400 usec
DE 6.00 usec
TE 296.6 K
D1 1.00000000 sec
TDO 1
SFO1 400.1324710 MHz
ST 327€8
SF 400.1300173 MHz
wow EN
55B 0
LB 0.20 Hz
cB 0
pC 4.00
3 T T T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 0 ppm
] [ o = [« o[ )of [to =]
<| |w =3 o| |o || || [ o<
EYEY o S| |o S| =] [o|e|m
Al e - [ Al finl Sl =ln
Diee2-1690 N NN N O o
i o~ ISEER:N I < O NN HO MO
proco o~ Mmoo © ) W NMMA OO
Time o o <+ mOwA~OMmS
= o0& © ™ . £ tih s e A
Eiierca < S ISESES] o~ o O N NS00
ey o o ~ 0 < MM NN
= Y | I SN\
be
S
fra
B
o
T
ot 150000000 sec
I E
T s1.77205148
o {05 5326298 e
e, £2 ==
i
t
70.00 usec
00 5
13000 &
15000 &
23.05068301 1t
355031038 w
63503008
a6- 1316008 s
1006127630 ez
o
o
150 ne
140
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm

S46



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

3b Br

Mmoo o FHAR O VONNTANDALNMOMANMSONNONODS D NOS 0000
o NOo =3 g FMANTdToOOONONX T INHOoOAAVWIN O INFOoOOTWLVIINT NNV MO
Mo oo ~ COCOoINVRIVEITIMNMMOANTAHOOOOOONNAANNN A DD DRD D DR
©w -~ ~ mmmmmmmmr’\mmmmmmMMNNNNNNNNNNNﬁHri-—(r!-—ix—iﬂv—(-—i—i-—(\—(\—(v—(
NAME DHEM2-1698
EXPNO 1
PROCNO 1
Date_ 20120622
Time 15.41
INSTRUM AVB-400
PROBHD 5 mm PABBO BB-
PULPROG 2g30
TD 65536
SOLVENT cpels3
NS 8
Ds 0
SWH 8278.146 Hz
FIDRES 0.126314 Hz
290 3.9584243 sec
RG 128
Dv 60.400 usec
DE 6.00 usec
TE 295.7 K
D1 1.00000000 sec
TDO .
CHANNEL £1
1H
B.20 usec
-3.00 dB
23.05461311 W
400.1324710 MHz
32768
400.1300173 MHz
EM
0
0.30 Hz
0
4.00
| 1 A * M}U«L AL
I T T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 0 ppm
o] [on o~ | [0 ©(<(st|m)o
= @ © o |= ~|~|0|® (o
o |ov £ o | INISES
Al o SV —lo|<tclm
o o o~ SN o
<t o o o n | g <t n n <t ™M 00
el = m Noom o o] © W~
.o . oo o ~ o M~ mo
o) o n wmm . i . e e
< < M NN r~ o (o)} oW
— v el e~ 0o i Mmoo
B A IR | | |V /
o=y H
e i
Date aoizgezd
e ab-ide
PROBID. 5 mm PABGO B
i Zapa30
@ B
o el
i )
b ]
S 2080.514 1
Fiomes Sigiain ne
o 1386475 nee
" 1580
o 202350 usee
et 00 ace
b 257
o 50000030 5o
B 353000000 s
ot H
i 5130 useo
5 2o
Eu a7.7706148 W
ol 16! 33ea0s e
o 406- 1516005 wiz
E Sihes
100, 6137630 sz
& 1
i 150 5
& o
e 10
T T T T T T ' T ' T T T T
200 180 160 140 120 100 80 60 40 20 ppm

S47



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

wem s
cw e
BRI
® o~ o~
NAME DHM2-194
EXPNO 1
PROCNO p
Date_ 20120720
Time 13.02
INSTRUM AVB-400
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT cpcl3
NS 8
DS 0
Si 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9584243 sec
RG 90.5
W 60.400 usec
DE 6.00 usec
TE 295.4 K
DL 1.00000000 sec
TDO 1
= CHANNEL f1
Nucl 1H
Pl 8.20 usec
PL1 -3.00 dB
PL1W 23.05461311 W
SFOL 400.1324710 MHz
ST 32768
SF 400.1300172 MHz
WDW
SSB 0
LB 0.30 Hz
GB 0
PC 4.00
r T T T T T T T T T 1
L 8 6 5 4 3 2 1 0 ppm
| [ =) o © ogw{m\o\m o
o| | S E N ol |~
o |ov S o ol o| |o|o|.—< ~
= = — o 2! I leal el ~
n o m o m <t
o™ — O o™ o~ o OUdNFMINDON
=i~ ™ — 0 | e ™ W~000O0WNO QWY
s e & & W (=] mn HTO>NMLIN < 0O
o0 mMm o <t ™ - . « e e e s s e s e
ME DHMZ-194 < <t < oA ~ o O >N (NSO
oW § o o - e MMM NN
7 W T TR
e avitioo
PROBID. 5 m FaBS0 B
FoieRoa Sapg30
™ B8
Sowva =
N
b3 o
S 23500014 12
Fies oTaesein e
o 12384756 se
e Teaed
5o 207320 use
= 25t K
o 150000306 5o
b 0103000000 30
oo i
comwz 11
o135
3700 &b
17.97288148
10" saze208 iz
s
i S
E 100, 6137630 e
o =
o
i 1.50 4
% o
S 1e0
. g e e . y y W !
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 PP

S48



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

3d

Ts
N

7z
after prep TLC
s 0 A0 L DVOVDMAD SO T N OO0
—o ©w LIN CUMAMATOCABOM AN M NN DM N I
~o aa OOV VLLOIIIMOMFIIOMMO OO 10
S~ LLEL NN OMOMNNEN NN A A A A
NAME DHM2-145
EXPNO 1
PROCNO 1
Date_ 20120530
Time 13.01
INSTRUM AVQ-400
PROBED 5 mm QNP 1H/13
PULPROG 2930
65536
SOLVENT coe13
ns 8
bs 0
Su 8012.820 Hz
FIDRES 0.122266 Hz
Q 14.0895586 sec
RG 12
oW 62.400 usec
DE 6.00 usec
L 292.1
D1 1.00000000 sec
D0 1
CHANNEL £1 =
1H
12.80 usec
0.00 dB
9.54516888 W
400.1324700 MHz
65536
400.1300142 MHz
EM
[
0.30 Hz
0
4.00
= T T T T T T T T T T 1
9 8 7 6 5 4 3 2 i 0 ppm
— < o o| | (D[ |eof ||
o ~ o o| o ololof |=| |o|n
o o~ — | | Alealen] o] [l
after prep TLC e o ) " B
meE 98 9 =S & - 28SLheadn
o v an o : : :
SS o da o o a a 100 60
S35 S5 S = o & MancAanQN
W | L N
R
NAME DHM2-145
EXPNO 2
PROCNO 1
Date_ 20120530
ime 1302
INSTRUM AVQ-400
PROBHD 5 mm QNP 14/13
PULPROG zgpg30
™ 65536
SOLVENT cocl3
NS 96
s o
W 24038.461 Hz
FIDRES 0.366798 Hz
ag 1.3632196 sec
RG 1638
oW 20.800 usec
DE 6.00 usec
T8 292.2 K
D1 2.00000000 sec
D11 0.03000000 sec
DO 1
CHANNEL £1
13¢
8.50 usec
-2.00 s
47.77286148 W
100.5228298 MHz
CHANNEL £2 ==
waltz16
1
70.00 usec
0.00 dB
15.00 dB
" T ————— ‘ m,w.wmmnr - ?
R M T T T T T T T T T T T Ty T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

S49



Electronic Supplementary Material (ESI) for Chemical Science

This journal is ©

The Royal Society of Chemistry 2013

NAME DHM2-175
EXPNO 2
PROCNO 1
Date_ 20120625
Time 14.12
INSTRUM AVB-400
PROBHD 5 mm PABBO BB-
PULPROG 2g30
D 65536
SOLVENT cpel3
NS 8
DS 0
SWH 8278.146
FIDRES 0.126314
20 = 9554243
RG 90
W 60 400
DE 00
TE

D1 1.00000000
TDO : &

T~7.255

_~7.275

T~7.672

__-7.693

Hz
Hz
sec

usec
usec
K
sec

4.872
4.857
4.853

= N
CONONLSHNAOVNOH AT N HOOANNO O DDA MIN L1000~
ML IMAAONONNDOENADEOMNNONDONLINO NN O
PLOLLLEEIIMMMMMMIODOOSS0 NN NGO ATN©LWYN
b e o e 0 1 e Y NN N NN NN o e

L P g

PL1W 23.05461311
SFOL 400.1324710 MHz
s1 8
SF 400.1300172 MHz
WD EM
ssB 0
LB 0.30 Hz
GB 0
rC 4.00
.| 4A_h__JL_/J N
T T T T T T T T
9 8 6 5 4 3 2 1 0 ppm
o) [0 i o] (o ) |ofem)o
S| |o n ~||o PRI I
ol |o EN o |o al |ofe|=
B I TN o o |- o hofele
<& 0N
cooaarm 0 ™ « ~ O oo
AN mmn ~ © < — N0~
e o175 e s e - o < @ ™M —ino
ey 3 qenany A . s
i NN B~ (=} o N0 o
fres Bt A ~ 0 ~ NN NN
. avcid
.
Souvme Coct
& %
S s30m0.514 112
Fiies Sests e
i e
B 205830 uas
B e
= 25
5 1.50080050 sec
Bh 5155500009 cee
£
[
f
b 535 usec
Ha 5
Eu 17255148 W
R 1272358258 e
H 100. 6137690 ke
S =
i 150 e
H 3
® 140
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 Ppm

S50



__~7.660
=~~17.639

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

3f Br

=
=Y 588y
=i ey
~~ AR
V N4

INSTRUM
PROBHD
PULPROG

DHM2-193
1

1
20120719

11.32

AVB-400

5 mm PABBO BB—

0
8278.146
0.126314

3.9584243
71.8
60.400
6.00

285.2
1.00000000
1

Hz
Hz
sec

usec
usec

=

sec

100 aB

PL1 ~3.
PL1W 23.05461311 W
SFO1 400.1324710 MHz
SI 3276
SF 400.1300174 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 4.00
T T T T T T T T T 1
9 7 6 5 4 3 2 1 0 ppm
ARNS A ARA ) Gl (e
S = S 9 FREE [RR
r=] 2 pat E [l b P B - P
I ¥ EN al Jelolelsl ol
[To e Meo R e BTN ol
O oM O oo o <t~ o O i M O\ 0 00 <t <
WO N o[~ 0 (o) Y] o™ O oML
P . . . . MmO~ w ™M ~ O Mmoo Mmoo
e D 3o T © mamno
MmN NN ~ o~ w oo mn W W W
A A . aall g w0 o t M NN
e ——
2, 3
s, :
e otk
o i
il
i
e £
B, —
. ame
g gonte
£ S5
o b e
E R
Ey s st e
o Lt e
B ;
e
B
-
iy
| ‘Il L " 4 L L n
z : v e . i
T * T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 PP

S51



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

39

OO AN I NN O XM
Braandiegziseessn
2580852 Re25883T
S o o o o e
S Y T e - o o
\n‘l‘\\w
NAME DHM2-195
EXPNO 1
PROCNO 1
Date_ 20120720
Time 13.10
INSTRUM AVB-400
PROBHD 5 mm PABBO BB—
PULPROG zg30
TD 65536
SOLVENT cpel3
NS
DS 0
SWH 8278.146 Hz
FIDRES 0.126314 Hz
2AQ 3.9584243 sec
RG 71.8
DW 60.400 usec
DE 6.00 usec
TE 295.6 K
D1 1.00000000 sec
TDO %
CHANNE. f1
1H
8.20 usec
.00 dB
23.05461311 W
400.1324710 MHz
32768
400.1300171 MHz
EM
0
0.30 Hz
0
4.00
T T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 0 ppm
(ol o <l (o] GlafalaR) \of |
s 2 2 2] Relsle] 18] |2
3 (g 5 SR = S
B o ol [l lolslalalelml lml =
Mmoo~ NAN AdAdt A m
NWOESWWHAONWOMM ™ — 0 >~ MmOooWn
A0 ANt mo Mt o wn ~ MO NN O M
o O 1 NONOW®MLN
IO AANANANANNAN o Oy > <t MmN
e Ho-192 A A A A A A A AAAA - o <t MMM N
=\ \ Ny \ | S\ //
=
R
i
-
2
iE
:
i
=
- L , i A
" " . " v o . o
T I T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 pp:

S52



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

N
S HO M AMMNEORIONINON®ENO A FWONONIND NN OGO MmN 00 00 1N 0
Bo Nin NNV D OONINAOD RN ODOOIMNHRNMADINMOW MO MDD N M 0
NAME DHM2-197B 010 N 510G oW 000000 b 9 1 1 0 016 B BB N NN MW < HO DO D D600 ®® O
sl I B RN e memmmnmmnmmnmm e NN NN N NNN NN NNN NS oo
B s UV O (e s
Time 10.30
INSTRUM AVB-400
PROBHD 5 mm PABBO BB-
PULPROG 2930
65536
SOLVENT cDel3
NS 8
Ds 0
SWE 8278.146 Hz
FIDRES 0.126314 Hz
a0 3.9584243 sec
RG 90.5
oW 60.400 usec
DE 6.00 usec
E 296.6 %
D1 1.00000000 sec
00 1
CHANNEL £1
NUCL 1H
P1 8.20 usec
PLL -3.00 aB
PL1W 23.05461311 W
SFO1 400.1324710 MHz
s1 32768
SF 400.1300172 MHz
WoW EM
SSB 0
1B 0.30 Hz
cB 0
| 4'00 AJ;AAM\
I T T T T T T T T T T 1
g 8 7 6 5 4 3 2 i) 0 pPm
AR : AYAVAREARNNA
w| o 15} o (= = D A P 1 o
E IS 3 a3l e D] Y o i
— {3 — < ] I | [ M| o]
wWo oA ©
N0 WWY A ™ N~ NOOY N VWO INWO S
—momm ™ O FTMO M DHAONO®IN
SO <9 W ONLYNNI
@O~ M @ :
NN N = ~ <YYo O NN NDWN
RIS IR R ek | — ~ VOND ¥ OOMEOOMANN
f
-2 23080018 1
Pines ooSessis e
X e v
2 It
H 205850 usee
o 50 beee
] 25
o 1.50000008 sec
™ 5 aananen ses
£ !
i 35 wseo
i 530 o
e o.maseies o
Y 1502335295 e
53 :
e 100
a e
B 23,058 5385 §
B FRE
e o 3absie
o RISt -
T 1o
H 100. 6137658 e
e 4
£ i
o 150
H f
2 148
! " { J - " H ( I _—
o 3 L g i y i
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S53



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

3i

NAME DHM3-064A

EXPNO 1 NLONOOVOOVANNANFOC NV MAMIOVENMONANSLFAAOOHOMO
PROCNO 1 NN MATONONOONXOXENOAXRCVLIMAAAONWOSWVNWNLODSN N
Date_ 201210;; ANANNNNNAADT DT OV LVLLDLVFIIIIILSLLLOO MO MO O LWL LN NN
INSTRUM AVO-400 OSSO OONOMOONNNNNNNANNNNTNNNNN A A A A A A A
PROBHD 5 mm QNP 1H/13 (T [ -

™D 65536

SOLVENT cpel3

NS 8

DS 0

SWH 8012.820 Hz

FIDRES 0.122266 Hz

aQ 4.0895586 sec

RG 128

bW 62.400 usec

DE 6.00 usec

TE 293.3

D1 1.00000000 sec

DO 1

CHANNEL f1 =

1H
12.80 usec
0 dB

9.54516888 W
400.1324700 MHz

65536
400.1300175 MHz
EM

0
0.30 Kz
0
4.00
| Nl A m A AL
T T T T T T T T T T "
9 8 7 6 5 4 3 2 1 0 ppm
(=3 ”m 0 o\ (o))
o o o <t @
il o o =3 o
— — H © ©
=
. ® ™ @
e ol ~ ~ 0 = ~ ™ML m
b . . o o ™ WN>~N0OmM
20121021 © ol o A s H e a
s 0 < — =~ o o N AN N ©
5 i — — — o~ © o MMM NN
=apg30 \ )
et N\ A
coc1s
61

]
s 24038.461 1z
FIDRES 0.366798 Hz
20

WMMWMWH. oA,

T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 P

S54



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

¢ MU AN AT ATNVANSNDASTONWNOMOOISOMN WO ®
NAME DEM3-0648 AN MO AT FANAOONXIMAATOO OO OO~
e 1 A A A NNNNAA NN NN~ SAALIN NN NN
PROCNO § EENE N R BT SR R S
Dpate. 20121021 FOOOONOONONNNNNNNNNNNN A A A

b 16.29
TNSTRUM AVQ-400 \lmwﬁ //

PROBHD 5 mm QNP 1H/13

PULPROG 2930
TD 65536
SOLVENT C6D6
NS
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
A0 4.0895586 sec
RG 161.3
oW 62.400 usec
DE 6.00 usec
TE 293.2
D1 1.00000000 sec
TDO 1
= CHANNEL f1 =
1H
12.80 usec
.00 dB
9.54516888 W

400.1324700 MHz

65536
400.1300255 MHz
EM

0
0.30 Hz
0
4.00
1 [l S A
| Tl T T T T T T T T T T i
9 8 7 6 5 4 3 2 Ak 0 Prm
o @ ™ o~ ) o
o o — o ~ n
o o o o o —
r4 — — ~ © o
e 1 © @ s
EXPNO 2 0o o) [eo] — N o o a1 oY O
EROCHO 1 - - ao - o o N0~
Date. 20121021 © o — . e . . & w6
Time 16.32 i e {7 e 4 o - e
NSTRON avQ-400
PROBND 5 mm QNP 1H/13 =1 = = o~ v M NN
PULPROG 2gpg30 | ‘ ‘ ‘ ‘ ‘ ‘
™ 85536
soLvent cep6
xS 64
bs o
S 26038.461 Hz
rIDRas 0.366798 ha
20 1.3632196 sec
o 15184
oW 20.800 usec
or 5.00 usec
B 293.5 K
o1 2.00000000 sec
bi1 003000000 sec
0 1
cmmEL £1 =
13c
8.50 usee
2,00 a5
47.77285148 W
100.6228298 wHe
ecrD2 70.00 usee
5Lz 0700 an
P12 15.00 B
13 az
FLz0 9.54516338 W
PL1ZW 0.30184472 W
LW 19045115 W
sroz 400.1316000 Mz
327
st 100.6127755 Mz
F
358 o
LB 1.50 Bz
s o
e 1.40
e Kaataaus ettt . . 7 y : i " " , . ' ’ . - : .
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 P

S55



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

3k

S56

ﬁoo
/ \O
AHONWVWOWVWOSHOVOMWVLWMAWWOWUAAFONMWMOINWAO O IINNWOL WO
- iR FNOMM AN NOOROVWROVONIMNMAHASNTNIIHINANOND OINFNDOLW SO
gi‘;m i NNANNNNNAASR OOV OVLVOVVLLVLVLLISILILIMMMNOOMMO MDD OO
PROCNO 1 mmmﬂ'ﬁ*ﬁ*ﬁ‘dwmmmmrﬁ(\l(\lNNNNNNNNNNNNNNNNNNNNNNﬁv—!\—!r;
Date_ 20121022 L Al i sl e i BhB
Time 18.26 N'%%‘\n MMJ#W%
INSTRUM AVQ-400
PROBHD S mm QNP 1H/13
PULPROG 230
™D 65536
SOLVENT cDpell
NS 8
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0895586 sec
RG 114
oW 62.400 usec
DE 6.00 usec
TE 293.5 K
o 1.00000000 sec
TDO 1
pLL .00 dB
PLIW 9.54516888 W
SFO1 400.1324700 MHz
sI 36
SF 400.1300176 MHz
wow EM
SSB 0
LB 0.30 Hz
GB 0
EC 4.00
T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 0 ppm
=5 © Cx o <t
o ~ o T s @|o|oy
o o o afo o™
— o o o | < Ofcu|s
—
Di-065A < — I
EXPNO 2 ~ o w0 oo ® 0 VWHOWVWN HO
BROCHD : : . . oo o © e R S |
vate_ 20z © o ~ P . . 2 Pl e
e aaine 0 <t o~ a4~ O a [~ 10 N Q0 Q@ [~ 0
ROSKD 5 mm QNP 1H/13 — — — © >~ 0 re) R KRS RS KR
FULEROG 20pa30
g i N SSWE
souvEnT cocls
s 100
s
swn 24036461 1z
FIprss
AQ
Rt
o
e
& 293
o1 2.00000000 cec
D11 0203000000 sec
o0 1
& 100.6127755 101
o B
SSB. 0
L5 1.50 1z
= o
e 1.0
” n o L L
Y ' g
Giaiaiiy T e T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppr



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

3l Br

NAME DHMI-0HRA 0 Oy O &
EXPNO Ol 1 ™ 0w <
PROCNO e 5
Dpatc_ 20121107 . . . S
Time 1100200 0O O [TolTalTe)
INSTRUM AVO-4Q0 | |
PROBHD 5 mm QNP 1H/1 ‘ ‘/ \‘/
PULPROG 2930
™D 65536
SOLVENT cpe13
NS 1
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
aQ 4.0895586 sec
RG 128
DW 62.400 usec
DE 6.00 usec
TE 293.2 K
D1 1.00000000 sec
DO 1
= CHANNEL f1 =
nucl 1H
Pl 12.80 usec
PL1 .00 dB
PL1W 9.54516888 W
SFOL 400.1324700 MHz
ST
SF 400.1300174 MHz
WowW EM
SSB 0
LB 0.30 Hz
aB 0
BC 4.00
* M N
== T T T T T T T T T T 1
9 8 7 6 5 4 3 2 Al 0 ppm
o~ o o 4] ch o ™
nfin o o w o — )
| o I o o S o
e — — {1 © ~ o
. ©0 O © 1 0
NavE DEM3-0742
EXENO 2 0 o © o~ o <+ o ™ o< owwm
PROCNO 1 s @B - s w o o o SN
Date_ 20121107 o Mo o ™ . v el Y
Time 11.14 R m N o o~ o~ ~ NN~ I~ O
INSTRUM AVQ-400 — o e B @ o~ < MmN NN
PROBHD 5 mm QNP 1H/13 )
PULERCG 200030 ‘ \/ 1 ‘ ‘ ‘ ‘ ! \\\//
1D 65536
SOLVENT cocl3
ns B
DS o
su 24038.461 Hz
FIDRES 0.366798 Hz
20 1.3632196 sec
RG 6384
D 20.800 usec
DE 6.00 usec
TE 293.4 K
DI 2.00000000 sec
p11 0203000000 sec
DO 1
CHANNSL £1
13c |
8.50 usec
-2.00 dB
47.77286148 W
100.6228298 Mz
CPDPRG2
Nucz
PCED2
PL2
PL12
PL13
PL2W 9.54516888 W
PL12W 0.30184472 W
PL13W 0.19045115 W
sFO2 400.1316000 MHz
st 3
sF 1006127755 MHz
wow Y
ssB 0
LB 1.50 Hz
aB
e 1.40
) ol L itk s
. W Y A g u o ¢ .
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

S57



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

Q‘NO\O@(\]LDOOQ‘Lﬂml\N00|—1Nﬁ'NmNNCOHmU\Q‘ODK\HWQ‘\D[\D\Lﬂl\wDHmC\meOO\\DmM\D\O[\Nﬁ‘MmW\D

mw%mom\ovhmmomwl\ml\kol\wmn—imy—iﬁwl\Oom[\\owmoﬁNommmwmﬁol\dmmm@vNﬁc\ml\ww

mmoooooommmocnmmmmm@wmmmqu'wmmwt\'mmmﬁHﬂooooooc\wmmqu'vwommmc\m

mwwww\D\Dkommmmﬁ‘ﬂ‘ﬁ'ﬁ‘ﬁ‘Q‘("‘A("\mmmMMMMNNNNNNNNNNNNNNNN|—||—i|—(|—|r—(|—1r‘||—<r—<|—|ooooo

el it o

e e —————
e

NAME DHM4-054A

EXPNO 10

PROCNO 3

Date_ 20130621

Time 8.57

INSTRUM AVB-400

PROBHD 5 mm PABBO BB-

PULPROG zg30

TD 65536

SOLVENT cpCl3

NS

DS 0

SWH 8278.145 Hz

FIDRES 0.126314 Hz

AQ 3.9584243 sec

RG 1

oW 60.400 usec
DE 6.00 usec
TE .
D1 1.00000000 sec
DO 1

P1 8.20 usec
PL1 -3.00 d8
PLIN 23.05461311 W
SFOL 400.1324710 MHz
sI 131072
SF 400.1300000 Mz
WDW EM
ssB 0
LB 0.30 Hz
GB 0
PC 4.00
L L;L__—
I T | T T T T T T T T 1
C] 8 7 6 5 4 3 2 1 0 ppm
~| [0 oo w| (o ~[d o] o<t (oo 0
ol o o|o ol |o O|m || wloo|nl|n|o o
| |0 o|< ol |o <|o|o|« oo |||l <t
™~ —lo — old|-|o -l lolm <t
- O WD NN O
e Thota-Baek OO oM INWINWO O M A N MOPO MM O WCM
MWD ANNHIMONO O N OWONWVWWONMNID—®
M MFMONN~M>MS
GV O) LN LN O (N 00 00 [~ O H
FHESLOMNNNNAN N W NN NN OO TN
B R R s R R R | O NFIOPMNNOMNNNNN

/
7
\
£
)
%

1.50000000
0.03000000

T T T T
200 180 160 140 120 100 80 60 40 20 0 jojel}

S58



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

3m Br
Ns
= N
NOE spectra
NAME DHM4-054A00 © — MmO — 1N o
EXPNO 4N O © WO S o >~ WO
PROCNO ee Si=gs) I 10 )
Date_ 2013061500 oo W0 W W < <t <t

Time 11.13
INSTRUM AVB-400 \/ \‘/

PROBHD 5 mm PABBO BB-

v
~N

PULPROG selnogp
TD 65536
SOLVENT cpcl3
NS 32
Ds 4
SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9584243 sec
RG 322.5
DW 60.400 usec
DE 6.00 usec
TE 295.2 K
D1 4.00000000 sec
D8 0.69999999 sec
D16 0.00020000 sec
D20 0.34880000 sec
TDO 10
CHANNEL f1
1H
7.64 usec
15.28 usec
50000.00 usec
120.00 dB
dB

0.00000000 W
23.05461311 W
400.1318315 MHz

61 dB

l

=" T T T T T T T T T T
9 8 7 6 5 4 3 2 1 0 ppm
™ o o
o O o
s} n s}
— ™ =]
I I o
—
NAME DHM4—054A$ g g lU\D g
EXPNO 2
PROCNO 19 a9
Date_ 2013061500 o0 n <t <t
Time 11.06
INSTRUM AVB-400 \/ \l/
PROBHD 5 mm PABBO BB-
PULPROG selnogp
TD 65536
SOLVENT cpcl3
NS 40
ok 8
SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9584243 sec
RG 322.5
DW 60.400 usec
DE 6.00 usec
TE 285.2 K
D1 4.00000000 sec
D8 0.69999999 sec
D16 0.00020000 sec
D20 0.34880000 sec
TDO 0
CHANNEL f1 =
1H
7.64 usec
15.28 usec
50000.00 usec
120.00 dB
-3.00 dB
0.00000000 W
23.05461311 W
400.1319970 MHz
65.61 dB
g
I T T LR T T T T T T 1
9 8 7 6 5 4 3 2 1 0 ppm
— o
o~ =)
<t o
<" <}
1 o
| —

S59



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

3n Br
/ \\\O
PO HAOFIMOMOAOIANDMNMMADNAITNMANOFAYOF N
NAME DHM3-141A N AdONONOIHINAODOLOVULINANOIFITMNANAA SO NN~ OFN
EXPNO 1 NOMNSENSNNESEEEEOOONONONSOOOOOOMMMOMANATNA o0
PROCNO 1 MOOLODANNANNNNANNNNNNNNNNNNENNNANNNNNNNN A A
Date_ 20130213 L -
Time 13.21
INSTRUM AVB-400
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT cpcl3
NS 1
DS 0
SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9584243 sec
RG 181
oW 60.400 usec
DE 6.00 usec
TE 295.6
D1 1.00000000 sec
TDO 1
P1 8.20 usec
PL1 -3.00 dB
PL1W 23.05461311 W
SFO1 400.1324710 MHz
SI 32768
SF 400.1300173 MHz
wDwW EM
sSB 0
LB 0.30 Hz
GB 0
PC 4.00
h=F T T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 0 ppm
o [sal [ Gl oo
o ai|m|lm| |0
=3 olo|l-| |ov
— Alllea] o
o Dran-141 - - -
E i o <t o ' —“oow
frey gt - Loy L) & IChi0 T
msTROn avB-400 . . o nowo
FROSMD 5 1m PARBO BB~ © ~ o . RN
e 82 ~ ) IS ~ 0~ 10
S E=t — — — ~ ISENNS |
. | \ \\//
Fiines 0365918 Hx
bt 1"588a756 sec
fE
5 20,850 usec
o2 200 uaac
= 25507 ¥
e 1.50000000 sec
Fey 003000000 sec
™ H
comE €1 .
3
» 8150 usec
w1 2200 an
) 4777208108 W
Srot 106, 6220208 iz
S 1006127690 iz
o £
e o
i 150 1z
@ o
e 140
T T I T T T T
80 79 78 77 76 75 ppm
T T T T T T T 1 T T T
200 180 160 140 120 100 80 60 40 20 0 P!

S60



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

3o Br

NAME DHM3-143B MmOOmNN MM AN AT MOANANTOONTME AN MN© N O
EXPNO 1 NS NN A DEOM A FANDOOOMOWVINA AN WOODDOW AN N O~
PROCNO 1 Ju L WOV NEPPPEPEEEEESOVWOVINNINMMMMMMA MO
??;e— 201132%2 e N LOVNANNNNNNNNNNNNNNNNENNNNNNNNNN N
L o e -

e o e a0t W N / M/NMLA
PROBHD 5 mm PABEO BB-

PULPROG 2930

TD 65536

SOLVENT cpcl3

NS 1

DS 0

SWH 8278.146 Hz

FIDRES 0.126314 Hz

AQ 3.9584243 sec

RG 128

W 60.400 usec

DE 6.00 usec

TE 298.0

D1 1.00000000 sec

TDO 1

CHANNEL f1

NUCl 1H
Pl 8.20 usec
PL1 -3.00 dB
PL1W 23.05461311 W
SFOl 400.1324710 MHz
SI 32768
SF 400.1300171 MHz
wow EM
SsB 0
LB 0.30 Hz
GB ]
0 4.00
L "
} T T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 0 ppm
o~ o | ||
o~ =1 o ||
o o | o
<t — oo |eallea
D143
Froco : ] NN ONWM O
te 0130218 © HINO~ S ®o o N MM
e Avaio0 © N H N0 oSO © CNHNMO
PROBHD 5 mm PAREO BE- . P ) o SFTNONUM
Fpe09 ey o W H OO WW . B LR
- 3 ~ R S ESESESES w0 I~ 10 S 00~
» ol — e ~ MM maN
S 23900014 1z \ \/ \\ V/ \\\\/ //
Fibes Sagias i
2 1356a788 Sac
® Tihe
S 20830 usec
B 2200 e
= 25000 ¥
o 150030000 sec
B 333000000 2o
™ H
e
78 77 ppm
s A Ay o " ¥ e WA
T T T T T T T T T T o T
200 180 160 140 120 100 80 60 40 20 0 pD

S61



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

3p Br

O,
NAME DHM3-141B N~ OMINbONOMSFOVUSENFATOOLVA~TODVWOARNONVAOALNFOFTONONO MO
EXPNO 1 N OO INF NNV INENOOV~-OOALVLADOA~TWVINEMANAND >N O S
PROCNO 1 A dd OO0 0000 WWWROWAMNONDONFFLVLVLOVONINIWNMININHAODOOO OO O
g?:\:7 Mligzig DN SIS OO O MM AN NNANNNNANNNNNANNNANNNNNNNNNNAAA
INSTRUM AVB-400
PROBHD 5 mm PABBO BB-
PULPROG zg30
D 65536
SOLVENT cDpCl3
NS 1
DS 0
SWH 8278.146 Hz
FIDRES 0.126314 Hz
AQ 3.9584243 sec
RG 128
DWw 60.400 usec
DE 6.00 usec
TE 296.3 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
1H
8.20 usec
-3.00 @B
23.05461311 W
400.1324710 MHz
32768
400.1300171 MHz
ot
0
0.30 Hz
0
4.00
r T T T T T T T T T T 1
9 8 7 6 5 4 3 2 1 0 ppm
oy o ~|o | o < |~
| o o oo ol |lo oo
o o o|o | [N oo
[a2] o | || — [N
e 7 SRE R99’R =
e %ito i
PROBHD 5 mm PABEO BB-
B = %, \ NV
D 65526
Suvawe &t
NS 96
b H
SWH 23980.814 Hz
FIDRES 0.365918 Hz
AQ 1.3664756 sec
RG 16384
oW 20.850 usec
DE 6.00 usec
TE 296.2 K
D1 1.50000000 sec
D11 0.03000000 sec
DO 1
commer, £1
8.50 usec
3130 a5
47.77286148 W
100.6228298 MHz
crmEL £2
waltzl6
1H
PCED2 70.00 usec
L2 =B daB
B b
PL13 B
PL2W 23.05461311 W
PL12W 0.29024038 W
PL13W 0.29024038 W
SF02 400.1316005 MHz
sI 32768
SF 100.6127690 MHz
o E
SSB 0
LB 1.50 Hz
PC 1.40
T T T T T T T T T ] T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10 0 Ppm

S62



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

6a O
NBr
NAME DHM3-NBPyr
EXPNO 1
PROCNO i o muw O N NI W SO
Date_ 20121231 o ® 0 O >0 N 00— O D~
Time 10232 Lwin  mmeeSE
INSTRUM AVQ-400 ™ eom NNNNNNNN
PROBHD 5 mm ONP 1H/13 B
PULPROG 2930 \‘/ \ /'/
TD 65536 :
SOLVENT cpc13
NS 1
DS o
SWH 8012.820 Hz
FIDRES 0.122266 Hz
nQ 4.0895586 sec
RG 228.
W 62.400 usec
DE 6.00 usec
TE 294.1 K
D1 1.00000000 sec
1
Pl 12.80 usec
PL1 0.00 dB
PL1W 9.54516888 W
SFO1 400.1324700 MHz
sI 65536
SF 400.1300174 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB ]
pC 4.00
1 i
[~ T T T T T T T T T T ]
9 8 i/ 6 5 4 3 2 1 0 ppmn
o~ ol =
@ o|o
o oo
— Al
oiv-NBRYE —
H <t = L ]
201 = o o
orzal o 1 T 3
- 5 I”" L L ™M 0 o
Mt = ~ n N
D i |
cocl3 |
NS 3
os 3
Sw 20030.061 1z
Shens 0366798 1z
0 11333006 sac
%8 60
o 20,200
D2 500 usee
= 26401 ¥
2.00000000 zec
3203000000 2ec
7
- cunmss 61
=
e
P 150 ur
»c 140
e L i M ) T T T T kil T T T T T T T T I T T i
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

S63



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

6b o}
NBr
NAME DHM3 -NBCap o~ oo D~ 00N N0
EXPNO 1 NE=K:\ VI M OO0 WINM
PROCNO 1 © o~ ©OWN N~ DYWL
Dae, 29021251, Moo NN A A A A A A A A
Time 10.37
INSTRUM AVQ-400 \./ \/ w%
PROBHD 5 mm ONP 1H/13
PULPROG 2g30
TD 65536
SOLVENT cnel3
NS 1,
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Ez
a0 4.0895586 sec
RG oG .5
oW 62.400 usec
DE 6.00 usec
TE 294.2 K
D1 1.00000000 sec
TDO 1
CHANNEI, f1
12.80 usec
0.00 dB
9.54516888 W
400.1324700 MHz
65536
400.1300173 MHz
EM
0
0.30 Hz
0
4.00
M T T T t T T T T T i |
9 8 b7 5, 4 3 2 0 pom
™ =] n
o o —
o IS) —
(o] ™ O
e D3 -NeCap
S p .
Bacar 2021231 ~ o o~ <+ N0 O
Time friey) . =) N oMo
INSTH Avg-d00 < 3 § N
~ ~ o < oS o
o ~ n RS RIS
|
|
1
" ) ”m
prerT T T T o T T T e i T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 30 70 60 50 40 30 20 10 ppm

S64



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

N ONNOVHANOFOOMN®N N IO
OV NHOAVINMAOAMAN O 0 © LN
M~ OONMNNNNWVWNOOSE MMM

et e -BEE0E MM NNNAAAAAAAAA A A A A A

'PROCNO ;4

Date_ 20121231

Time 10.41

INSTRUM AVQ-400

PROBHD 5 mm QNP 1H/13

PULPROG 2930

£ 65536

SOLVENT cpcl3

NS 1

DS 0

S| 8012.820 Hz

WH
FIDRES 0.122266 Hz
I

Q 4.0894966 sec
RG 64

oW 62.400 usec
DE 6.00 usec
TE 294.2 K
D1 1.00000000 sec
DO 1.

CHANNEL £1

1H
12.80 usec
0 dB

9.54516888 W
4001324700 Mz

65536
400.1300173 MHz
M

0
0.30 Hz
0
4.00
L ——
r T T T T T T T T T T
9 8 7 6 5 4 3 2 1 0 Ppm
o =3 |0
[ee] (=] oMoy
o0 o Ol |
— o <N
NAME DHM3-NBEna o
eno 2 o & ~ R
PROCNO 1 . — o™ M O W oo
Date 20121231 = . c e
ime 10.42 ~ o~ 0 ™Moy 1 N
o avo-in 5 = s o G0 4
TROBID 5 mm OND 1/L3 ‘
BULPROG N \/ / /
soLvENT )
ne
DS
5
FioRES
a0
P
ou
oE
%
o1 2.00000000 sec
o1 3103000000 zac
oo i
cnmmEL £1
b1
P -2
L 47.77280148 W
sFoL 106, 6228208 iz

CHANNEL
waltzle
Ey

70.00 usee
00 4B

15.00 a8
00 ap
9.54516888 W

s1

e

WO

ssB

Lo 1.50 Hz

=

e 1.40

A o ‘
" b ¥

b b R ok T T T T b I T T v T e T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppim

S65



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

7e Ph

Z
NAME DHM3-100B
EXPNO 5
PROCNO 1 HOAddA AN 00 OO LANWAANOMMWWANWONSWVINNHSMI A A MW
et 201212124 O ¥ O H O > QN> FANAOHAN O VNATOVNINMOANEOINDNS O M 0O ™A
T?ef 12 g5 T e oLE e o ©O@ONAAA A ADDDODOHNOEOOOOOOSAAAAD
INSTRUM AVQ-400 [~ [~ [~ [~ DS 0~ 0> D~ 0~ LSOO OO NNNNNNNAAAAAAAA A A A A A A A A A
PROBHD 5 mm QNP 1H/13 ENCE N N - - S T A T
PULPROG zg30 r/ —~ ———
D 65536
SOLVENT cpc13
NS i
DS [
SWH 8012.820 Hz
FIDRES 0.122266 Hz
A0 4.0895586 sec
RG 181
DW 62.400 usec
DE 6.00 usec
TE 293.5 K
D1 1.00000000 sec
DO 1
CHANNEL £1
1H
12.80 usec
0.00 dB
9.54516888 W
400.1324700 MHz
65536
400.1300175 MHz
EM
0
0.30 Hz
0
4.00
A " L,J%‘A ] J«jmk.A
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 0 ppm
0 152 o~ —| (0 o olov|oo|a] |
v o o o| (o o O|m|n|m| |
o [a2] o o o o o|lolo|o |~
~ ~ — - o Il L)
NaNE DHM3-100B
EXPNO 4
PROCNO 1
Date_ 20121214 WHO A HND O™
Time 11.59 COFTNOOWLIHA o w0 © NS oW
INSTR AvVQ-4! S & 5 e a4 8 & ® o o < N M 0 10 O
PROBHD 5 mm QNP 1H/13 MO O OO~ \© 5 5 o = Hh
EULPROG 290930 SO OOONN NN o~ o o oo
™ 55390 R R R B e R B s R [ 0 <t MNN N
SOLVENT cpcl3
B K SN | | VNV
DS 0
SWH 24038.461 Hz
FIDRES 0.366798 Hz
A 1.3632196 sec
RG 1638
DW 20.800 usec
DE 6.00 usec
TE 1K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL £1

47.77286148 W
100.6228298 MHz

CHANNEL £2
waltz16
1

H
70.00 usec
0.00 di
15.00 dB
17.00 dB

9.54516888 W

0.30184472 W

0.19045115 W

400.1316000 MHz

7

100.6127755 Miz
EM

0
1.50 Hz
0
1.40
R— T | WS S J ( :
N ; W " i i ¥ ¥ y il a 4 e
T T T T 4 T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppr

S66



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

Crystal Structure of 3b

ORTEP Representation:

\04 N1
L -

Experimental Details:

A colorless block 0.120 x 0.100 x 0.100 mm in size was mounted on a Cryoloop with Paratone oil. Data were collected in
a nitrogen gas stream at 100(2) K using phi and omega scans. Crystal-to-detector distance was 60 mm and exposure
time was 5 seconds per frame using a scan width of 1.0°. Data collection was 99.9% complete to 67.000° in 0. A total of
33759 reflections were collected covering the indices, -9<=h<=9, -16<=k<=16, -16<=I<=17. 2848 reflections were found to
be symmetry independent, with an R;,, of 0.0251. Indexing and unit cell refinement indicated a primitive, orthorhombic
lattice. The space group was found to be P 21 21 21 (No. 19). The data were integrated using the Bruker SAINT software
program and scaled using the SADABS software program. Solution by charge flipping methods (SUPERFLIP) produced a
complete heavy-atom phasing model consistent with the proposed structure. All non-hydrogen atoms were refined
anisotropically by full-matrix least-squares (SHELXL-2012). All hydrogen atoms were placed using a riding model. Their
positions were constrained relative to their parent atom using the appropriate HFIX command in SHELXL-2012. Absolute
stereochemistry was unambiguously determined to be S at C10.

Table S1. Crystal data and structure refinement.

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Y4
Density (calculated)

C14 H17BrN204 S
389.26

100(2) K

1.54178 A
Orthorhombic
P212121
a=7.6678(10) A
b = 13.5683(18) A
c =14.958(2) A
1556.3(4) A3

4

1.661 Mg/m3

o= 90°.
B=90°.
y = 90°.
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Absorption coefficient

F(000)

Crystal size

Crystal color/habit

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.000°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

Table S2. Atomic coordinates (x 104) and equivalent isotropic displacement parameters (A2x 103). U(eq) is defined as one
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5.038 mm1

792

0.120 x 0.100 x 0.100 mm3
colorless block

4,399 to 68.291°.

-9<=h<=9, -16<=k<=16, -16<=I<=17

33759
2848 [R(int) = 0.0251]
99.9 %

Semi-empirical from equivalents

0.753 and 0.669

Full-matrix least-squares on F2

2848/ 0/ 202

1.183

R1 = 0.0159, wR2 = 0.0411
R1 = 0.0159, wR2 = 0.0411
-0.007(4)

0.00218(12)

0.270 and -0.252 e.A3

third of the trace of the orthogonalized Ui tensor.

X

c() 2069(3)
c() 3838(4)
c@3) 5031(4)
C(4) 4408(3)
C(5) 2649(4)
C(6) 1468(3)
c(?) 2021(4)
C(8) 1047(4)
C(9) 91(4)
C(10) -381(3)
C(11) -90(3)
C(12) -1262(3)
C(13) -3180(3)
C(14) -859(4)
N(1) 5682(3)
N(2) 739(3)
o(1) 5170(3)
0(2) 7174(3)
0(3) -1150(2)
0(4) 1116(3)
S(1) 553(1)
Br(1) 2318(1)

Table 3. Bond lengths [A] and angles [°].

C(1)-C(2) 1.393(4)
C(1)-C(6) 1.395(4)
C(1)-S(1) 1.782(3)
C(2)-C(3) 1.383(4)
C(2)-H(2) 0.9500

C(3)-C(4) 1.385(4)
C(3)-H(3) 0.9500

C(4)-C(5) 1.389(4)
C(4)-N(1) 1.479(3)

y z
12457(2) 1873(2)
12526(2) 1669(2)
12627(2) 2357(2)
12671(2) 3225(2)
12612(2) 3440(2)
12499(2) 2752(2)
10818(2) -14(2)
9947(2) -423(2)
9482(2) 370(2)
10350(2) 995(2)
10156(2) 1976(2)
10169(2) 2629(2)
10333(2) 2442(2)
10024(2) 3599(2)
12771(2) 3961(2)
11159(2) 650(1)
13128(2) 4663(1)
12480(2) 3831(1)
12388(1) 1365(1)
12906(1) 268(1)
12280(1) 984(1)
9887(1) 2245(1)
C(5)-C(6)
C(5)-H(5)
C(6)-H(6)
C(7)-N(2)
C(7)-C(8)
C(7)-H(7A)
C(7)-H(7B)
C(8)-C(9)
C(8)-H(8A)
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U(eq)

12(1)
14(1)
14(1)
14(1)
15(1)
14(1)
15(1)
20(1)
18(1)
12(1)
12(1)
14(1)
17(1)
20(1)
20(1)
13(1)
34(1)
26(1)
17(1)
17(1)
12(1)
17(1)

1.379(4)
0.9500
0.9500
1.472(3)
1.527(4)
0.9900
0.9900
1.529(4)
0.9900
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C(8)-H(8B)  0.9900 C(7)-C(8)-H(8A) 110.9
C(9)-C(10) 1.547(4) C(9)-C(8)-H(8A) 110.9
C(9)-H(9A)  0.9900 C(7)-C(8)-H(8B) 110.9
C(9)-H(9B)  0.9900 C(9)-C(8)-H(8B) 110.9
C(10)-N(2) 1.485(3) H(8A)-C(8)-H(8B) 109.0
C(10)-C(11)  1.508(3) C(8)-C(9)-C(10) 105.5(2)
C(10)-H(10)  1.0000 C(8)-C(9)-H(9A) 110.6
C(11)-C(12)  1.327(3) C(10)-C(9)-H(9A) 110.6
C(11)-Br(1)  1.925(2) C(8)-C(9)-H(9B) 110.6
C(12)-C(14)  1.497(4) C(10)-C(9)-H(9B) 110.6
C(12)-C(13)  1.513(3) H(9A)-C(9)-H(9B) 108.8
C(13)-H(13A) 0.9800 N(2)-C(10)-C(11) 112.4(2)
C(13)-H(13B) 0.9800 N(2)-C(10)-C(9) 102.56(19)
C(13)-H(13C) 0.9800 C(11)-C(10)-C(9) 114.9(2)
C(14)-H(14A) 0.9800 N(2)-C(10)-H(10) 108.9
C(14)-H(14B) 0.9800 C(11)-C(10)-H(10) 108.9
C(14)-H(14C) 0.9800 C(9)-C(10)-H(10) 108.9
N(1)-O(1) 1.221(3) C(12)-C(11)-C(10) 127.8(2)
N(1)-0(2) 1.226(3) C(12)-C(11)-Br(1) 119.91(18)
N(2)-S(1) 1.608(2) C(10)-C(11)-Br(1) 112.24(16)
0(3)-S(1) 1.4324(19) C(11)-C(12)-C(14) 124.8(2)
0(4)-S(1) 1.4334(19) C(11)-C(12)-C(13) 121.6(2)

C(14)-C(12)-C(13) 113.5(2)
C(2)-C(1)-C(6) 121.7(2) C(12)-C(13)-H(13A)  109.5
C(2)-C(1)-S(1) 118.70(19) C(12)-C(13)-H(13B)  109.5
C(6)-C(1)-S(1) 119.58(19) H(13A)-C(13)-H(13B) 109.5
C(3)-C(2)-C(1) 119.2(2) C(12)-C(13)-H(13C)  109.5
C(3)-C(2)-H(2) 120.4 H(13A)-C(13)-H(13C) 109.5
C(1)-C(2)-H(2) 120.4 H(13B)-C(13)-H(13C) 109.5
C(2)-C(3)-C(4) 118.2(3) C(12)-C(14)-H(14A)  109.5
C(2)-C(3)-H(3) 120.9 C(12)-C(14)-H(14B)  109.5
C(4)-C(3)-H(3) 120.9 H(14A)-C(14)-H(14B)  109.5
C(3)-C(4)-C(5) 123.3(2) C(12)-C(14)-H(14C)  109.5
C(3)-C(4)-N(1) 118.3(2) H(14A)-C(14)-H(14C) 109.5
C(5)-C(4)-N(1) 118.3(2) H(14B)-C(14)-H(14C) 109.5
C(6)-C(5)-C(4) 118.2(2) 0(1)-N(1)-0(2) 124.4(2)
C(6)-C(5)-H(5) 120.9 O(1)-N(1)-C(4) 117.7(2)
C(4)-C(5)-H(5) 120.9 0(2)-N(1)-C(4) 118.0(2)
C(5)-C(6)-C(1) 119.4(2) C(7)-N(2)-C(10) 112.86(19)
C(5)-C(6)-H(6) 120.3 C(7)-N(2)-S(1) 124.43(18)
C(1)-C(6)-H(6) 120.3 C(10)-N(2)-S(1) 122.71(17)
N(2)-C(7)-C(8) 100.7(2) 0(3)-S(1)-0(4) 120.74(12)
N(2)-C(7)-H(7A) 111.6 0(3)-S(1)-N(2) 107.49(12)
C(8)-C(7)-H(7A) 111.6 0(4)-S(1)-N(2) 107.60(11)
N(2)-C(7)-H(7B) 111.6 0(3)-S(1)-C(1) 106.52(12)
C(8)-C(7)-H(7B) 111.6 O(4)-S(1)-C(1) 106.36(11)
H(7A)-C(7)-H(7B) 109.4 N(2)-S(1)-C(1) 107.51(12)
C(7)-C(8)-C(9) 104.1(2)

Symmetry transformations used to generate equivalent atoms:
-none-

Table 4. Anisotropic displacement parameters (A2x 103). The anisotropic displacement factor exponent takes the form:
-2m?[ h2 a*2ull + . + 2 h k a* b* U12].

Ull UZZ U33 U23 Ul3 UlZ
CcQ1) 15(1) 11(1) 9(1) 0(1) -2(1) 2(1)
C(2) 18(1) 11(1) 12(1) 0(1) 2(1) 0(1)
C@3) 14(1) 12(1) 16(1) 0(1) 0(1) 1(1)
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C(4) 18(1) 11(1) 14(1) 1(1) -4(1) 0(1)
C(5) 22(1) 15(1) 8(1) 0(1) 3(1) 3(1)
C(6) 12(1) 15(1) 16(1) -2(1) 1(1) 3(1)
c(7) 15(1) 16(1) 14(1) -2(1) 5(1) -1(1)
C(8) 26(1) 21(1) 13(1) -5(1) 4(1) -7(2)
C(9) 21(1) 18(1) 14(1) -2(1) 0(1) -5(1)
C(10)  10(1) 14(1) 12(1) 2(1) -1(1) -4(1)
Cc(11)  10(1) 13(1) 13(1) 2(1) -4(1) 0(1)
c(12)  17(1) 10(1) 14(1) 1(1) 0(1) -1(1)
C(13)  16(1) 18(1) 18(1) 2(1) 4(1) -1(1)
C(14)  26(1) 22(1) 12(1) 3(1) 2(1) -1(1)
N(1) 24(1) 18(1) 16(1) 2(1) -6(1) -4(1)
N(2) 14(1) 14(1) 11(1) 0(1) 2(1) 0(1)
o(1) 35(1) 52(1) 14(1) -10(1) -6(1) 1(1)
0(2) 20(1) 29(1) 29(1) -1(1) -11(1) 3(1)
0(3) 14(1) 22(1) 15(1) -1(1) -2(1) 5(1)
0(4) 26(1) 15(1) 10(1) 2(1) -3(1) 0(1)
S(1) 15(1) 13(1) 9(1) 0(1) -2(1) 2(1)
Br(1) 14(1) 22(1) 16(1) 1(1) -4(1) 3(1)

Table 5. Hydrogen coordinates (x 104) and isotropic displacement parameters (A2x 10 3).

X y z U(eq)
H(2) 4220 12506 1065 16
H(3) 6246 12664 2237 17
H(5) 2270 12649 4043 18
H(6) 256 12449 2876 17
H(7A) 3124 10608 273 18
H(7B) 2273 11333 -465 18
H(8A) 1869 9472 -696 24
H(8B) 211 10171 -884 24
H(9A) 852 9004 681 21
H(9B) -976 9137 166 21
H(10) -1631 10531 899 15
H(13A) -3324 10597 1836 26
H(13B) -3654 10803 2876 26
H(13C) -3805 9706 2492 26
H(14A) 270 9693 3660 30
H(14B) -1770 9617 3873 30
H(14C) -814 10665 3899 30
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