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A. General Information

All reactions that required anhydrous conditions were carried out under nitrogen atmosphere.
Commercially available reagents were used as received from Alfa Aesar, Sigma-Aldrich and
TCI-Tokyo Kasei Kogyo Co. Ltd. Dichromethane and acetonitrile were dried by distillation
over the appropriate drying reagents. Anhydrous THF was purchased from EM Science and
used without further purification. HPLC grade chloroform was purchased from Fischer
Chemicals while HPLC grade hexane and isopropanol were purchased from Tedia and used
as received. Analytical thin layer chromatography (TLC) was performed with Merck pre-
coated TLC plates, silica gel 60 F-254, layer thickness 0.25 mm. The plate were visualized
under 254 nm UV light and stained with potassium permanganate. Flash chromatography
separations were performed on Merck 60 (0.040-0.0063 mm) mesh silica gel. '"H NMR and
C NMR spectra were recorded on a Bruker ACF 300 (300MHz) and AMX500 (500 MHz)
spectrometer. Chemical shift () are reported in parts per million (ppm) relative to
tetramethylsilane (TMS, §=0.00) for '"H NMR and are referenced to the residual solvent peak
chloroform (8=7.26). Chemical shift for >°C NMR are reported in ppm downfield from TMS
and are referenced to the carbon resonance of the solvent chloroform (6=77.0). Data are
represented as follow: chemical shift, multiplicity (br. s = broad singlet, s = singlet, d =
doublet, t = triplet, q = quartet, m = multiplet), coupling constants in Hertz (Hz). Low
resolution mass spectra (ESI) were obtained on a Finnnigan/MAT LCQ spectrometer. High
resolution mass spectra (ESI) were obtained on Finnnigan/MAT 95XL-T spectrometer.
Enantiomeric excesses were determined by HPLC analysis on Shimadzu HPLC units,
including the following instruments: LC-20AD pump, SPD-20A detector and Dacicel
Chiralpak IA, IB, IC or ODH columns. Optical rotations were recorded on a Jasco DIP-1000
polarimeter. Infrared spectra were recorded on a Varian 3100 FTIR spectrophotometer and
reported in wave numbers (cm™). Melting points were determined on a BUCHI B-540b

melting point apparatus.
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B. Experimental Procedures and Physical Data

All the amino-thiocarbamate catalysts were prepared according to our previously reported
procedure. Spectral data of other catalysts were reported in previous reports.'™

Amino-thiocarbamate 6a

White solid, mp 68.5-69.6 °C; [a] 3 +140.8 (c 1.0, CHCls); IR (KBr): 2952, 2868, 1619,
1510, 1464, 1308, 1284, 1208, 1159, 1033 cm™; "H NMR (300 MHz, CDCls): & 8.75 (br, 1H),
8.34 (s, 1H), 8.02 (d, J = 9.5 Hz, 1H), 7.66-7.44 (m, 1H), 7.38-7.34 (m, 3H), 6.50 (d, J = 7.6
Hz, 2H), 5.82 (br, 1H), 5.03-5.00 (m, 2H), 4.15 (br, 1H), 4.04 (br, 1H), 3.85-3.74 (m, 6H),
3.49 (br, 1H), 3.18 (br, 1H), 3.05 (br, 1H), 2.67 (m, 2H), 2.28 (br, 1H), 1.92-1.50 (m, 9H),
1.02 (d, J = 6.3 Hz, 1H); *C NMR (75 MHz, CDCls): 5 188.0, 158.6, 157.2, 152.0, 147.1,
144.6, 143.0, 141.6, 131.3, 127.0, 124.8, 123.8, 122.2, 119.4, 119.2, 114.3, 103.8, 102.5, 98.6,
81.5,66.7,59.5, 56.4, 55.4, 42.4,39.6, 37.7, 27.4, 25.0, 24.0, 22.5, 22.5; HRMS (ESI) calcd
for C33H4N304S [M + H]™: 576.2891; found: 576.2908.

Preparation of cis-olefinic acid 4

OH SOCl, OMe PhsP @ OMe
Br — > Br > Ph-P
/\/\g/ MeOH, 25 °C /\Aﬂ/ MeCN, reflux 3 BM

0]
A © B

1. NaHMDS, THF, -20 °C — OMe LiOH R OH
- R/—\/\n/ _ = /_\/\n/
2. RCHO, -78 °C THF:H,O (1:1)

0 . 0
c 25°C 4

General Procedure for the preparation of cis-olefinic acid 4: To a solution of 4-

bromobutyric acid (1.0 eq) in MeOH was added thionyl chloride (1.5 eq) dropwise at 0 °C
and the reaction mixture was stirred at 25 °C overnight. The reaction was by adding sat’d
NaHCO; solution and was then extracted with Et,O. The organic layer was dried over
Na,SO,, filtered and concentrated in vacuo. The residue was subjected to flash
chromatography to afford the desired ester product A.

A mixture of methyl 4-bromobutanoate A (1.0 eq) and triphenylphosphine (1.0 eq) was
refluxed in MeCN for 6 hours to yield salt B. The crude phosphonium bromide B was
recrystallized from MeCN and Et,0 to give the Wittig salt as white crystals.

The Wittig salt B (1.0 eq) was suspended in anhydrous THF at -20 °C. Sodium
bis(trimethylsilyl)amide (1.0 eq) was added dropwise into the suspension and stirred for 20
min. The reaction mixture was further cooled to -78 °C, to which a solution of the aldehyde

(1.0 eq) was added dropwise. The reaction mixture was allowed to rise to room temperature
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and stirred overnight. The reaction was then quenched with sat’”d NH4Cl solution and the
product was then extracted with Et,O. The organic layer was dried over Na,SOy, filtered and
the concentrated in vacuo. The residue was separated by flash column chromatography on
silica gel to afford the cis-alkenoate C.

To a solution of cis-alkenoate C (1.0 eq.) in THF:H,O (1:1) was added LiOH (5.0 eq.). The
reaction mixture was stirred at room temperature overnight. Upon termination, H,O was
added and an extraction with CH,Cl, was performed. The organic layer was discarded. The
aqueous layer was then acidified with 1 M HCI before it was extracted with CH,Cl,. The
combined organic layer was dried over Na,SO4 and filtered. The solvent was removed in

vacuo to yield cis-olefinic acid 4 in quantitative yield.

— OH

m

(2)-5-Phenyl-4-pentenoic acid (4a)

Colorless oil; 'H NMR (300 MHz, CDCly): 5 11.37 (br, 1H), 7.44-7.31 (m, 5H), 6.57 (d, J =

11.52 Hz, 1H), 5.76-5.67 (m, 1H), 2.79-2.71 (m, 2H), 2.62-2.54 (m, 2H); *C NMR (75 MHz,
CDCls): 8 179.4, 137.2, 130.5, 129.9, 128.7, 126.9, 34.2, 23 8.

. OH

m

(2)-5-p-toylpent-4-enoic acid (4b)

White solid; mp 54.4-55.0 °C; IR (KBr): 3009, 2927, 1700, 1508, 1425, 1296, 1212 cm’; 'H
NMR (500 MHz, CDCls): & 11.57 (br, 1H), 7.28-7.24 (m, 4H), 6.55 (d, J = 11.4 Hz, 1H),
5.71-5.66 (m, 1H), 2.79-2.76 (m, 2H), 2.59-2.56 (m, 2H), 2.44 (s, 3H); °C NMR (125 MHz,
CDCl3): 8 179.6, 136.4, 134.2, 130.2, 129.1, 128.9, 128.5, 34.1, 23.7, 21.0; HRMS (ESI)
calcd for C,H 140, [M — H] : 189.0921; found:189.0919.

— OH

\@/_\/\g/

(Z)-5-m-toylpent-4-enoic acid (4c)

Yellow oil; IR (Neat): 3018, 2922, 1709, 1413, 1281, 1216 cm™; 'H NMR (300 MHz,
CDCls): & 11.92 (br, 1H), 7.41-7.36 (m, 1H), 7.26-7.19 (m, 2H), 6.62 (d, J = 11.7 Hz, 1H),
5.81-5.73 (m, 1H), 2.82-2.79 (m, 2H), 2.65-2.50 (m, 2H), 2.51 (s, 3H); °C NMR (75 MHz,
CDCl3): & 179.6, 137.6, 136.9, 130.4, 129.6, 129.3, 128.0, 127.5, 125.6, 34.1, 23.6, 21.3;
HRMS (ESI) caled for C12H40, [M — H] : 189.0921; found:189.0918.
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— OH
0

(2)-5-o-toylpent-4-enoic acid (4d)

Pale yellow oil; IR (Neat): 3019, 1710, 1413, 1216 cm™; '"H NMR (300 MHz, CDCl3): &
11.74 (br, 1H), 7.33 (s, 4H), 6.68 (d, J = 11.3 Hz, 1H), 5.91-5.82 (m, 1H), 2.71-2.54 (m, 4H),
2.42 (s, 3H); *C NMR (75 MHz, CDCl3): § 179.9, 136.3, 129.9, 129.9, 129.8, 128.9, 127.2,
125.5, 342, 23.6, 19.9; HRMS (ESI) caled for C;,Hi40, [M — HJ: 189.0921;
found:189.0915.

— OH
\Om
(2)-5-(4-methoxyphenyl)pent-4-enoic acid (4e)
White solid; mp 64.2-65.0 °C; IR (KBr): 3031, 2837, 1698, 1508, 1251 cm'l; 'H NMR (300
MHz, CDCl3): & 11.25 (br, 1H), 7.30 (d, J = 8.7 Hz, 2H), 6.96 (d, J = 8.7 Hz, 2H), 6.50 (d, J
= 11.7 Hz, 1H), 5.66-5.57 (m, 1H), 3.87 (s, 3H), 2.78-2.71 (m, 2H), 2.59-2.54 (m, 2H); "*C
NMR (75 MHz, CDCls): 6 179.4, 158.3, 129.8, 129.7, 128.2, 113.6, 55.0, 34.0, 23.7; HRMS
(ESI) calcd for C1pH1405 [M — H] : 205.0870; found:205.0862.

_0 — OH
\©/_\/\g

(2)-5-(3-methoxyphenyl)pent-4-enoic acid (4f)

Colorless oil; IR (Neat): 3019, 1709, 1645, 1599, 1215 cm™; 'H NMR (300 MHz, CDCl;): &
11.40 (br, 1H), 7.36-7.31 (m, 1H), 6.97-6.86 (m, 3H), 6.54 (d, J = 11.7 Hz, 1H), 5.76-5.57 (m,
1H), 3.87 (s, 3H), 2.80-2.72 (m, 2H), 2.59-2.54 (m, 2H); >C NMR (75 MHz, CDCl3): & 179.4,
158.3, 129.8, 129.7, 128.2, 113.6, 55.0, 34.0, 23.7; HRMS (ESI) calcd for C1,H,405 [M — H]
205.0870; found:205.0862.

E @]
(2)-5-(4-fluorophenyl)pent-4-enoic acid (49)
White solid; mp 45.6-46.9 °C; IR (KBr): 3030, 2927, 1699, 1604, 1405, 1241 cm™; "H NMR

(300 MHz, CDCl3): & 11.79 (br, 1H), 7.32-7.27 (m, 2H), 7.12-7.06 (m, 2H) 6.50 (d, J = 11.7
Hz, 1H), 5.72-5.64 (m, 1H), 2.74-2.67 (m, 2H), 2.60-2.53 (m, 2H); °C NMR (75 MHz,
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CDCly): 5 179.5, 161.6 (d, Jor = 246 Hz), 133.1 (d, Jor = 3 Hz), 130.2 (d, Jor = 8 Hz), 129.7
(d, Jor = 1 Hz), 129.2, 115.1 (d, Jcr = 21 Hz), 34.0, 23.6; HRMS (ESI) caled for C11H;FO,
[M — H]: 193.0670; found: 193.0672.

F — OH

m
(2)-5-(3-fluorophenyl)pent-4-enoic acid (4h)
Colorless oil; IR (Neat): 3019, 1708, 1611, 1580, 1487, 1440, 1234, 1136 cm'l; 'H NMR
(300 MHz, CDCls): 6 11.51 (br, 1H), 7.39-7.32 (m, 1H), 7.13-6.98 (m, 3H), 6.51 (d, J=11.7
Hz, 1H), 5.79-5.70 (m, 1H), 2.77-2.69 (m, 2H), 2.62-2.53 (m, 2H); *C NMR (75 MHz,
CDCl): 6 179.5, 162.6 (d, Jor = 245 Hz), 139.2 (d, Jor = 8 Hz), 131.0, 129.6 (d, Jcr = 6 Hz),
129.2 (d, Jcr = 2 Hz), 124.3 (3 Hz), 115.3 (d, Jcr = 21 Hz), 113.6 (d, Jcr = 21 Hz), 33.9,
23.6; HRMS (ESI) caled for C;1H;;FO, [M — H] : 193.0670; found: 193.0668.

— OH
Clm
(2)-5-(4-chlorophenyl)pent-4-enoic acid (4i)
White solid; mp 48.1-49.1 °C; IR (KBr): 2927, 1700, 1491, 1424, 1216, 1097 cm™; '"H NMR
(300 MHz, CDCls): & 11.64 (br, 1H), 7.35 (d, J = 8.6 Hz, 2H), 7.24 (d, J = 8.6 Hz, 2H), 6.46
(d, J=11.7 Hz, 1H), 5.74-5.66 (m, 1H), 2.72-2.65 (m, 2H), 2.59-2.51 (m, 2H); >’C NMR (75
MHz, CDCIl;): 6 178.9, 135.3, 132.3, 130.4, 129.8, 129.0, 128.1, 67.6, 33.8, 33.8, 25.3, 23.5;
HRMS (ESI) calcd for C;1H;,ClO, [M — H] : 209.0375; found: 209.0366.

— OH
) /@/—\/\g/
(2)-5-(4-bromophenyl)pent-4-enoic acid (4j)
Pale yellow solid; mp 62.2-63.5 °C; IR (KBr): 2926, 1700, 1488, 1425, 1287, 1217, 1009 cm™
' 'TH NMR (300 MHz, CDCls): & 7.46 (d, J = 8.2 Hz, 2H), 7.13 (d, J = 8.2 Hz, 2H), 6.41 (d, J
=11.4 Hz, 1H), 5.67-5.65 (m, 1H), 2.64-2.60 (m, 1H), 2.54-2.48 (m, 1H); °C NMR (75 MHz,
CDClL): & 179.2, 135.9, 131.3, 130.6, 130.3, 129.3, 34.0, 23.6; HRMS (ESI) calcd for
C11H,BrO, [M — H]: 252.9870; found: 252.9861.

ol
FsC ©
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(2)-5-[(4-trifluoromethyl)phenyl]pent-4-enoic acid (4k)

White semi-solid; IR (Neat): 3020, 1711, 1326, 1215, 1167, 1128, 1068 cm™; 'H NMR (300
MHz, CDCl3): & 11.79 (br, 1H), 7.66 (d, J = 8.2 Hz, 2H), 7.43 (d, J = 8.2 Hz, 2H), 6.56 (d, J
= 11.7 Hz, 1H), 5.86-5.77 (m, 1H), 2.76-2.68 (m, 2H), 2.63-2.54 (m, 2H); *C NMR (75 MHz,
CDCl): § 179.6, 140.7 (q, Jcr = 1 Hz), 132.0, 130.5, 129.2, 128.9, 125.2 (q, Jc.r = 3 Hz),
124.2 (q, Jc.r = 272 Hz), 33.9, 23.6; HRMS (ESI) calcd for C1,H;F30, [M — H] : 243.0638;
found: 243.0631.

oy
F,CO ©

(2)-5-[(4-trifluoromethoxy)phenyl]pent-4-enoic acid (41)

Yellow oil; IR (Neat): 3020, 1712, 1507, 1415, 1262, 1215, 1170, cm™; "H NMR (300 MHz,
CDCls): 8 11.37 (br, 1H), 7.34 (d, J = 8.7 Hz, 2H), 7.24 (d, J = 8.1 Hz, 2H), 6.51 (d, J=11.5
Hz, 1H), 5.77-5.69 (m, 1H), 2.71-2.69 (m, 2H), 2.58-2.53 (m, 2H); °C NMR (75 MHz,
CDCl): § 179.6, 147.9 (q, Jc.r = 2 Hz), 135.8, 130.7, 130.0, 129.0, 120.7, 120.5 (q, Jcr =
257 Hz), 34.0, 23.6; HRMS (ESI) calcd for C1,H;F303 [M — H] : 259.0588; found: 259.0581.

— OH
SO
(2)-5-(naphthalen-2-yl)pent-4-enoic acid (4m)
White solid; mp 87.7-88.4 °C; IR (KBr): 3010, 2921, 1700, 1632, 1405, 1272, 1253, 1180
cm”; '"H NMR (300 MHz, CDCl3): & 11.88 (br, 1H), 7.97-7.62 (m, 4H), 7.61-7.55 (m, 3H)
6.78 (d, J = 11.7 Hz, 1H), 5.90-5.81 (m, 1H), 2.95-2.88 (m, 2H), 2.71-2.63 (m, 2H); "“C
NMR (75 MHz, CDCls): §179.7, 134.5, 133.2, 132.2, 130.3, 130.2, 127.9, 127.7, 127.5, 1274,
126.9, 126.0, 125.7, 34.1, 23.7; HRMS (ESI) calcd for C;sH 40, [M — H] : 225.0921; found:
225.0914.

— OH
M
(Z2)-6-methylhept-4-enoic acid (4n)
Colorless oil; IR (Neat): 3019, 2961, 1708, 1645, 1216 cm™; "H NMR (300 MHz, CDCls): &
10.62 (br, 1H), 5.29-5.18 (m, 2H), 2.67-2.55 (m, 1H), 2.39 (s, 4H), 0.94 (d, 6H); °C NMR
(75 MHz, CDCL): & 179.9, 139.3, 124.5, 34.4, 26.5, 23.0, 22.6; HRMS (ESI) calcd for
CsH140, [M —H] : 141.0921; found: 141.0925.
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— OH
m

(Z2)-5-cyclohexylpent-4-enoic acid (40)

Colorless oil; IR (Neat): 3020, 2928, 1708, 1644, 1215 cm™'; '"H NMR (300 MHz, CDCl3): &
11.36 (br, 1H), 5.30-5.17 (m, 2H), 2.38 (s, 4H), 2.37-2.21 (m, 1H), 1.71-1.55 (m, 5H), 1.35-
0.98 (m, 5H); °C NMR (75 MHz, CDCl3): & 180.0, 137.8, 125.0, 36.3, 26.0, 25.9, 22.7;
HRMS (ESI) caled for C;1H g0, [M — H] : 181.1234; found: 181.1231.

General procedure for Bromolactonization: The corresponding cis-alkenoic acid 4 (0.05
mmol, 1.0 eq) and catalyst 7 (3.0 mg, 0.005 mmol, 0.1 eq) were dissolved in CHCl; (0.5 ml)
and n-hexane (1.0 ml) and stirred at -78 °C in the dark under nitrogen atmosphere. N-
bromosuccinimide (10.6mg, 0.06 mmol, 1.2 eq) was added. The reaction mixture was stirred
at the corresponding temperature and monitored by TLC. Sat’d Na,SOs (3.0 ml) was added to
quench the reaction mixture. The resulting biphasic mixture was warmed to 25 °C before it
was diluted with water and extracted with CH,Cl, (3 x 5 ml). The combined organic extracts
were dried over MgSOs, filtered and concentrated in vacuo. The residue was purified by flash

column chromatography over silica gel to provide the corresponding product 5.

Br
5-bromo(phenyl)methyldihydrofuran-2(3H)-one (5a)

White solid; [a]% -101.8 (¢ 0.8, CHCls, 93% ee); 'H NMR (300 MHz, CDCl3): & 7.39-7.27
(m, 5H), 4.91 (d, J=5.61 Hz, 1H), 4.86-4.80 (m, 1H), 2.47-2.26 (m, 2H), 2.21-2.09 (m, 1H),
2.02-1.89 (m, 1H); °C NMR (125 MHz, CDCLy): § 175.8, 136.9, 129.1, 128.9, 128.5, 81.9,
55.1, 28.3, 25.6; HPLC (Daicel Chiralpak IC, i-PrOH/n-hexane = 25/75, 0.6 mL/min, 214 nm)

t;= 31.4 min (minor), t, = 35.7 min (major).
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0 5 10 15 20 25 30 35
min
Detector A Chl 214mm
Peak# Ret. Time Area Height Area % Height %
1 32.023 2190304 60568 49.932 52.891
2 35,792 2196230 53948 50.068 47.109
Tota 4386534 114516 100.000 100.000
mAU
] E Det A Chi
2500+ [l
i |'I ||tv:|
] g /]
N ' /
0 — | PR .
0 10 20 30 40 50
min
Detector A Chl 214m
Peaki# Ret. Time Area Height Area % Height %o
1 31.431 5562444 174883 3.473 5.236
2 35.741 154513311 3164890 96.523 94.764
Total 1600757535 3339773 100.000 100.000
0]
(0]
Br

5-bromo(p-toyl)methyldihydrofuran-2(3H)-one (5b)
Colorless oil; [a]E -34.0 (¢ 0.5, CHCls, 98% ee); IR (Neat): 3019, 1776, 1739, 1713, 1215

cm™; "H NMR (500 MHz, CDCls): & 7.34 (d, J = 8.0 Hz, 2 H), 7.16 (d, J = 7.8 Hz, 2 H), 4.97
(d, J=5.5Hz, 1 H), 4.92-4.88 (m, 2H), 2.50-2.41 (m, 1H), 2.39 (s, 1H), 2.39-2.35 (m, 1H),
2.27-2.01 (m, 1H); *C NMR (125 MHz, CDCl;): & 176.0, 139.2, 133.9, 129.5, 128.3, 82.1,
55.2, 28.3, 25.6, 21.1; HRMS (EI) calcd for C;,H;3BrO, [M]": 268.0099; found: 268.0089;
HPLC (Daicel Chiralpak IC, i-PrOH/n-hexane = 20/80, 0.6 mL/min, 214 nm) t;= 39.2 min

(minor), t; = 40.9 min (major).
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my
25 | S Det.A Ch1
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| [ o) =
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0__-__I _ T l:J T lkfl\___‘_‘_ﬁ" — _.-T__ﬂ T |. = j\| r_ﬁkl_f}__ T I — _.|___ ——
0 10 20 30 40 50
min
Detector A Chl 214mm
Peak#f Ret. Time Area Height Area % Height %4
1 39.343 1254300 20695 48.603 49.909
2 41.046 1326395 29803 51.397 50.091
Total 2580695 59498 100.000 100.000
my
| 15 DetAChH
. =
250-] | s
1 | A
1 | II| | = |I \
1 Iy} A =
0 Py L — I L W ﬂ_,\ri:f';l_
T T | T T T T | T T T T | T T T T | T T T | T T T | T L | T T |
0 5 10 15 20 25 30 35 40 45
min
Detector A Chl 214m
Peakit Ret. Time Area Height Area %o Height %o
1 39.166 177592 3880 1.030 1.572
2 40.880 17060333 368158 98.970 98.428
Total 17237924 374038 100.000 100.000
O
@)
Br

5-bromo(m-toyl)methyldihydrofuran-2(3H)-one (5c)
Colorless oil; [a]? -111.7 (c 1.1, CHCI;, 97% ee); IR (Neat): 3020, 1780, 1216 cm'l; 'H
NMR (300 MHz, CDCls): 8 7.26-7.15 (m, 4H), 4.96-4.88 (m, 2H), 2.52-2.41 (m, 2H), 2.36 (s,
3H), 2.30-2.17 (m, 1H), 2.11-1.99 (m, 1H); °C NMR (75 MHz, CDCl;): & 179.3, 138.7,
136.8, 129.9, 129.0, 128.8, 125.5, 121.8, 82.1, 55.3, 28.4, 25.8, 21.4; HRMS (EI) calcd for
C12H13BrO; [M]': 268.0099; found: 268.0091; HPLC (Daicel Chiralpak IC, i-PrOH/n-hexane
=20/80, 0.6 mL/min, 214 nm) t;= 33.7 min (minor), t; = 36.0 min (major).
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my
12 18 Det.A Ch1
AE
| l\m (e
o M_’__,"\;'.\ _ - o N oL a _
| I I I I T | T T
0 10 20 30 40 50 60
min
Detector A Chl 214m
Peakit Ret. Time Area Height Area % Height %
1 33.900 3973241 160716 49.442 51.520
2 36.192 6108023 151233 30.558 48.480
Total 12081264 311949 100.000 100.000
myv )
] N Det A Ch1
N I =
1000 [18
] g 'I I|
] o |I !
0__ S N e ,pfj I\Ll'wlv
| | T T | T L. T T | T | T
0 10 20 30 40 50
min
Detector A Chl 214mm
Peak# Ret. Time Area Height Area % Height %
1 33.663 979211 35032 1.548 2275
2 36.021 62206213 1504840 98.452 97.723
Total 63275424 1539871 100.000 100.000
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(0]
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5-bromo(o-toyl)methyldihydrofuran-2(3H)-one (5d)
(5-exo : 6-endo = 11:1) Colorless oil; [a]¥ -20.1 (¢ 0.6, CHCl;, 86% ee); IR (Neat): 3018,
2972, 1732, 1216 cm™; "H NMR (500 MHz, CDCl3): & 7.56-7.54 (m, 1H), 7.26-7.16 (m, 3H),
5.21 (d, J = 6.4 Hz, 1H), 5.04-5.00 (m, 1H), 2.55-2.52 (m, 2H), 2.40 (s, 3H), 2.30-2.26 (m,
1H), 1.97-1.93 (m, 1H); °C NMR (125 MHz, CDCls): & 175.7, 135.6, 130.9, 128.9, 128.2,
126.9, 82.0, 51.5, 28.5, 26.3, 19.4; HRMS (EI) calcd for C,H,3BrO, [M]: 268.0099; found:
268.0087; HPLC (Daicel Chiralpak ODH, i-PrOH/n-hexane = 20/80, 0.6 mL/min, 214 nm)

t;= 34.1 min (minor), t; = 44.0 min (major).
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Detector A Chl 214m min
Peakit Ret. Time Area Height Area % Height %6
1 33.716 31278590 456815 49.007 54.486
2 43.716 32546443 381592 50.993 45.514
Total 63825035 838408 100.000 100.000
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0 10 20 30 40 50
min
Deiector A Chl 214mm
Peakif Ret. Time Area Height Area %o Height %o
1 34.065 800386 11857 7.249 8.769
2 44.011 10241387 123361 92.751 91.231
Total 11041772 135218 100.000 100.000
0]
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l
(5R,6S)-5-bromo-6-(4-methoxyphenyl)tetrahydro-2H-pyran-2-one (8e)

White solid; [a]% -7.8 (¢ 0.2, CHCls, 24% ee); '"H NMR (300 MHz, CDCls): & 7.25 (d, J =
8.4 Hz, 2H), 6.92 (d, J = 8.7 Hz, 2H), 5.49 (d, J = 6.8 Hz, 1H), 4.37-4.31 (m, 1H), 3.82 (s,
3H), 2.99-2.88 (m, 1H), 2.76-2.65 (m, 1H), 2.49-2.40 (m, 1H), 2.34-2.23 (m, 1H); °C NMR
(75 MHz, CDCls): 6 169.2, 160.1, 129.3, 127.8, 114.1, 85.4, 55.3, 47.4, 28.5, 28.0; HRMS
(EI) calcd for C,H3BrO; [M]+: 284.0048; found: 284.0046; HPLC (Daicel Chiralpak IC, i-
PrOH/n-hexane = 25/75, 0.6 mL/min, 214 nm) t;= 43.4 min (minor), t; = 45.2 min (major).
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Detector A Chl 214mm
Pealkit Ret. Time Area Height Area %% Height %
1 43.529 2011358 42908 49.922 51.078
2 45.294 2017675 41097 50.078 48.922
Total 4029033 84005 100.000 100.000
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0 10 20 30 40 50
min
Detector A Chl 214m
Peakit Ret. Time Area Height Area % Height %o
1 43.446 2762825 59964 37.842 39.300
2 45.194 4538209 92614 62.158 60.700
Total 7301035 152578 100.000 100.000
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5-bromo(o-toyl)methyldihydrofuran-2(3H)-one (5f)
Pale yellow oil; [a]Z -122.9 (¢ 1.0, CHCls, 95% ee); IR (Neat): 3020, 1780, 1215 cm™; 'H

NMR (300 MHz, CDCls): & 7.30-7.25 (m, 1H), 7.03-6.98 (m, 2H), 6.89-6.85 (m, 1H), 4.96-
4.87 (m, 2H), 3.82 (s, 3H), 2.55-2.42 (m, 2H), 2.40-2.18 (m, 1H), 2.11-1.98 (m, 1H); “C
NMR (75 MHz, CDCls): 6 175.9, 159.8, 138.2, 130.0, 120.6, 114.5, 114.2, 82.0, 55.3, 55.0,
28.3, 25.7; HRMS (EI) caled for C;,H3BrO, [M]": 284.0048; found: 284.0044; HPLC
(Daicel Chiralpak IA, i-PrOH/n-hexane = 25/75, 0.6 mL/min, 214 nm) t;= 12.5 min (minor),

t, = 13.6 min (major).
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min
Detector A Chl 214mm
Peak# Ret. Time Area Height Area % Heizht %
1 12421 7998445 471912 49.260 51.617
2 13.620 8238685 442336 50.740 48.383
Total 16237130 914248 100.000 100.000
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min
Detector A Chl 214m
Peak# Ret. Time Area Height Area %o Height %o
1 12.468 1733340 123692 2.420 3.226
2 13.616 69901043 3710688 97.580 96.774
Total 71634383 3834380 100.000 100.000
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5-bromo(p-fluorophenyl)methyldihydrofuran-2(3H)-one (59)

(5-exo : 6-endo = 23:1) Yellow oil; [a]F -100.8 (c 0.6, CHCI3, 93% ee); IR (Neat): 3020,
1780, 1644, 1607, 1511, 1216 cm™; 'H NMR (300 MHz, CDCLs): & 7.47-7.44 (m, 2H), 7.07-
7.03 (m, 2H), 4.99 (d, J = 5.0 Hz, 1H), 4.88-4.84 (m, 1H), 2.52-2.44 (m, 2H), 2.31-2.23 (m,
1H), 2.11-2.04 (m, 1H); >C NMR (75 MHz, CDCls): § 175.8, 162.8 (d, Jc.r = 249 Hz), 133.0
(d, Jc.e =4 Hz), 130.3 (d, Jc.e = 8 Hz), 115.8 (d, Jc.r = 22 Hz), 81.7, 54.5, 28.2, 25.7; HRMS
(EI) caled for C;1H¢BrFO, [M]+: 271.9848; found: 271.9851; HPLC (Daicel Chiralpak IC, i-
PrOH/n-hexane = 20/80, 0.6 mL/min, 214 nm) t;= 31.5 min (minor), t; = 34.3 min (major).
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0 5 10 15 20 25 30 35 40
min
Detector A Chl 214m
Peak# Ret. Time Area Height Area % Height %6
1 31.591 2692427 77488 50.050 52.319
2 34.461 2687094 70620 49.9350 47.681
Total 5379522 148108 100.000 100.000
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min
Detector A Chl 214mm
Peakit Ret. Time Area Height Area % Height %
1 31.469 583532 18457 3.425 4.090
2 34.333 16453813 432858 96.575 95.910
Total 17037344 451315 100.000 100.000
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5-bromo(m-fluorophenyl)methyldihydrofuran-2(3H)-one (5h)

Colorless oil; [a]F -128.8 (c 0.9, CHCI;, 92% ee); IR (Neat): 3020, 1782, 1216 cm'l; 'H
NMR (500 MHz, CDCls): 6 7.34-7.31 (m, 1H), 7.23-7.20 (m, 2H), 7.05-7.01 (m, 1H), 4.97 (d,
J=5.1 Hz, 1H), 4.88-4.84 (m, 1H), 2.55-2.44 (m, 2H), 2.32-2.25 (m, 1H), 2.11-2.05 (m, 1H);
BC NMR (125 MHz, CDCls): 8 175.7, 162.6 (d, Jc.r = 248 Hz), 139.4 (d, Jc.r = 7 Hz), 130.4
(d, Jc.r = 8 Hz), 124.1 (d, Jc.r = 3 Hz), 116.1 (d, Jc.r =21 Hz), 115.7 (d, Jc.r = 23 Hz), 81.5,
54.2 (d, Jc.r = 2 Hz), 28.2, 25.7; HRMS (EI) calcd for C;;H,oBrFO, [M]": 271.9848; found:
271.9857; HPLC (Daicel Chiralpak IC, i-PrOH/n-hexane = 25/75, 0.6 mL/min, 214 nm) t;=

25.9 min (minor), t; = 27.4 min (major).
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0 5 10 15 20 25 30 35 40
min
Detector A Chl 214mmn
Peak# Ret. Time Area Height Area % Height %
1 25.695 10593981 368772 50.338 51.574
2 27.109 10451836 346267 49.662 48.426
Total 21045817 715039 100.000 100.000
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Detector A Chl 214mn
Peakit Ret. Time Area Height Area % Height %o
1 25.868 97TTTS 35869 3.862 4.413
2 27.350 24342333 777010 96.138 95.587
Total 25320109 812879 100.000 100.000
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5-bromo(p-chlorophenyl)methyldihydrofuran-2(3H)-one (5i)
Colorless oil; [a]Z -115.1 (¢ 0.8, CHCls, 93% ee); IR (Neat): 3020, 1780, 1215 cm™; 'H

NMR (500 MHz, CDCl3): 6 7.42-7.28 (m, 4H), 4.97 (d, J = 3.0 Hz, 1H), 4.87-4.84 (m, 1H),
2.55-2.42 (m, 2H), 2.32-2.25 (m, 1H), 2.11-2.04 (m, 1H); °C NMR (125 MHz, CDCL): &
175.8, 135.5, 135.1, 129.8, 129.1, 81.5, 54.3, 28.2, 25.6; HRMS (EI) calcd for C;;H;oClO,
[M-Br]": 209.0364; found: 209.0370; HPLC (Daicel Chiralpak IC, i-PrOH/n-hexane = 25/75,

0.6 mL/min, 214 nm) t;= 26.3 min (minor), t, = 28.3 min (major).
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Detector A Chl 214m min
Peakit Ret. Time Area Height Area %0 Height %6
1 26.259 1074607 35211 49.903 52.144
2 28173 1078780 32316 50.097 47.856
Total 21353387 67526 100.000 100.000
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0 5 10 15 20 25 30 35
min
Detector A Chl 214mm
Peakit Ret. Time Area Height Area % Height %
1 26.297 1409239 51003 3.672 4.360
2 28.330 36972729 1118820 96.328 95.640
Total 38381968 1169824 100.000 100.000
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5-bromo(p- bromophenyl)methyldihydrofuran-2(3H)-one (5j)
(5-ex0 : 6-endo = 5:1) Orange semi-solid; [a]¥ -91.7 (c 1.3, CHCl;, 94% ee); IR (Neat):

3020, 1780, 1216 cm™; 'H NMR (500 MHz, CDCls): § 7.50 (d, J = 8.8 Hz, 2H), 7.35 (d, J =
8.2 Hz, 2H), 4.95 (d, J = 4.9 Hz, 1H), 4.88-4.82 (m, 1H), 2.55-2.41 (m, 2H), 2.35-2.23 (m,
1H), 2.13-2.01 (m, 1H); *C NMR (125 MHz, CDCls): & 175.7, 136.1, 132.0, 130.1, 123.3,
81.4, 54.4, 28.2, 25.6; HRMS (EI) calcd for C;H;oBr,O, [M]": 331.9048; found: 331.9054;
HPLC (Daicel Chiralpak IC, i-PrOH/n-hexane = 20/80, 0.6 mL/min, 214 nm) t;= 33.5 min

(minor), t; = 35.7 min (major).
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Detector A Chl 214m
Peak# Ret. Time Area Height Area % Height %0
1 33.663 116353933 299599 50.345 51.478
2 35.777 11494112 282395 49.655 48.522
Total 23148046 381995 100.000 100.000
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min
Detector A Chl 214m
Pealif Ret. Time Area Height Area %o Height %o
1 33.512 1303128 39621 3.206 4.017
2 35.713 39347033 946756 96.794 95.983
Total 40650160 086378 100.000 100.000
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5-bromo-[(p-trifluoromethyl)phenyl]methyldihydrofuran-2(3H)-one (5k)

Yellow semi-solid; [a]? -100.9 (c 0.6, CHCIl;, 91% ee); IR (Neat): 3021, 1781, 1326, 1216,
1170, 1115, 1068 cm™; "TH NMR (300 MHz, CDCl3): 8 7.66-7.59 (m, 4H), 5.03 (d, J = 4.6 Hz,
1H), 4.90-4.84 (m, 1H), 2.55-2.44 (m, 2H), 2.38-2.27 (m, 1H), 2.17-2.05 (m, 1H); >C NMR
(125 MHz, CDCls): & 175.7, 141.0, 131.2 (q, Jcr = 33 Hz), 129.0, 125.8 (q, Jcr = 4 Hz),
123.7 (q, Jcf = 272 Hz), 81.2, 54.1, 28.2, 25.7; HRMS (EI) calcd for C;,H;oBrF;0, [M]':
321.9816; found: 321.9803; HPLC (Daicel Chiralpak IA, i-PrOH/n-hexane = 20/80, 0.6

mL/min, 214 nm) t;= 12.6 min (major), t, = 13.9 min (minor).
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Detector A Chl 214mm
Peakit Ret. Time Area Height Area %o Height %
1 12640 14544631 903926 49.409 51.038
2 13.841 14892792 867147 50.591 48.962
Total 20437423 1771073 100.000 100.000
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min
Detector A Chl 214m
Peakif Ret. Time Area Height Area %o Height %o
1 12.645 16050367 978616 95.658 95.282
2 13.887 728626 48462 4342 4.718
Total 16778993 1027078 100.000 100.000
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5-bromo-[(p-trifluoromethoxy)phenyllmethyldihydrofuran-2(3H)-one (5I)
Yellow semi-solid; [a] % -96.2 (c 1.0, CHCls, 87% ee); IR (Neat): 3020, 1781, 1216 cm'l; 'H
NMR (500 MHz, CDCly): 6 7.53-7.50 (m, 2H), 7.21 (d, J = 8.2 Hz, 2H), 5.01 (d, J = 3.0 Hz,
1H), 4.87-4.83 (m, 1H), 2.53-2.49 (m, 2H), 2.35-2.27 (m, 1H), 2.13-2.08 (m, 1H); °C NMR
(125 MHz, CDCls): 8 175.8, 149.4 (q, Jc e = 1.8 Hz), 135.8, 130.1, 121.1, 120.3 (q, Jc,r= 258
Hz), 81.4, 54.2, 28.2, 25.7; HRMS (EI) caled for C;;H;oBrF;0; [M]": 337.9765; found:
337.9769; HPLC (Daicel Chiralpak IC, i-PrOH/n-hexane = 25/75, 0.6 mL/min, 214 nm) t;=

23.6 min (minor), t, = 25.6 min (major).

S19



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

mAU
e B Det.A Ch1
N o
| |C\l 3]
|| | |
] J‘..""J\I\f { \/ [ |I| I'.
o _/ — A ) Sy
— — 7 — —
0 5 10 15 20 25 30
min
Detector A Chl 214mm
Peakit Ret. Time Area Height Area %% Height %6
1 23.795 2517899 94703 50.106 52.262
2 25679 2507247 863503 49.894 47.738
Total 5025145 181208 100.000 100.000
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0 5 10 15 20 25 30
min
Detector A Chl 214mm
Peakit Ret. Time Area Height Area % Height %o
1 23.643 2617723 103788 6.501 7.435
2 25.564 37651339 1292232 93.499 92.565
Total 40269062 1396020 100.000 100.000
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5-bromo(naphthalene-2-yl)methyldihydrofuran-2(3H)-one (5m)

Yellow semi-solid; [a]¥ -102.0 (c 1.0, CHCls, 95% ee); IR (Neat): 3019, 1776, 1326, 1221,
1210, 1169, 1136, 1068 cm™; "H NMR (300 MHz, CDCls): & 7.88-7.83 (m, 4H), 7.60-7.51
(m, 3H), 5..15 (d, J = 5.6 Hz, 1H), 5.05-4.98 (m, 1H), 2.52-2.45 (m, 2H), 2.31-2.19 (m, 1H),
2.16-2.06 (m, 1H); *C NMR (75 MHz, CDCls): & 178.6, 134.3, 133.3, 132.9, 128.9, 128.1,
127.7, 127.6, 127.0, 126.8, 125.6, 82.0, 55.7, 28.4, 25.9; HRMS (EI) calcd for C;sH;3BrO,
[M]": 304.0099; found: 304.0096; HPLC (Daicel Chiralpak IA, i-PrOH/n-hexane = 5/95, 0.6

mL/min, 214 nm) t;= 41.5 min (minor), t; =49.5 min (major).
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min
Detector A Chl 214mm
Peak# Het. lmme Arca Height Area % Height %
1 41.165 112834642 1786832 49,949 53.509
2 49.579 113064004 1552454 50.051 46491
Total 225898646 3339286 100.000 100.000
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Detector A Chl 214mm
Peak# Ret. Tims Area Heicht Area % Heigat %
1 41.545 6226762 128075 2.149 3143
2 49 458 283510956 3946707 97.851 96.857
Total 289737718 4074782 100.000 100.000
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5-bromo(isopropyl)methyldihydrofuran-2(3H)-one (5n)
Yellow oil; [a]& -19.9 (¢ 1.1, CHCls, 53% ee); IR (Neat): 3019, 1772, 1216 cm™; "H NMR
(500 MHz, CDCls): & 4.76-4.70 (m, 1H), 3.88-3.84 (m, 1H), 2.77-2.65 (m, 1H), 2.58-2.43 (m,
1H), 2.41-2.44 (m, 1H), 2.22-2.05 (m, 1H), 1.09 (d, J = 1.0 Hz, 6H); *C NMR (75 MHz,
CDCl3): 6 176.3, 79.9, 66.8, 32.9, 28.3, 26.7, 21.2, 20.3; HRMS (EI) caled for CgH;30; [M-
Br]": 141.0910; found: 141.0909; HPLC (Daicel Chiralpak IC, i-PrOH/n-hexane = 25/75, 0.6

mL/min, 214 nm) t;= 26.2 min (major), t, = 29.6 min (minor).
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Detector A Chl 214m
Peaktt Ret. Time Area Height Area % Height %5
1 25923 1152502 41618 50.049 53.650
2 29.062 1150224 35954 49.951 46.350
Total 2302727 FI572 100.000 100.000
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Detector A Chl 214mm
Peaki Ret. Time Area Height Area % Height %6
1 26.213 2295322 79603 76.786 78.529
2 29.560 693909 21765 23.214 21.471
Total 2089231 101368 100.000 100.000
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5-bromo(cyclohexyl)methyldihydrofuran-2(3H)-one (50)

Colorless oil; [a]# -31.1 (¢ 1.0, CHCls, 75% ee); IR (Neat): 3020, 2933, 1775, 1216 cm'l; 'H
NMR (500 MHz, CDCls): & 4.82-4.76 (m, 1H), 3.87-3.84 (m, 1H), 2.78-2.67 (m, 1H), 2.57-
2.45 (m, 1H), 2.42-2.30 (m, 1H), 2.26-2.14 (m, 1H), 2.05 (d, J=12.0 Hz, 1H), 1.89-1.74 (m,
4H), 1.67 (d, J = 12.0 Hz, 1H), 1.35-1.05 (m, 5H); °*C NMR (75 MHz, CDCl): & 179.3, 78.8,
66.3, 54.3, 42.4, 31.3, 31.2, 28.2, 26.6, 26.1, 26.0, 25.9; HRMS (EI) calcd for C;;H;7BrO,
[M]": 260.0412; found: 260.0409; HPLC (Daicel Chiralpak IC, i-PrOH/n-hexane = 25/75, 0.6

mL/min, 214 nm) t;= 26.9 min (major), t, = 33.3 min (minor).
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0 5 10 15 20 25 30 35
min
Detector A Chl 214m
Peal# Ret. Time Area Height Area % Height %4
1 27266 2969120 97783 49.680 57.333
2 33.347 3007346 72178 50.320 42,467
Total 3976466 169962 100.000 100.000
mAU
7 \ = Det.A Ch1
@
- [Riw)
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0 5 10 15 20 25 30 35 40
min
Detector A Chl 214m
Peak# Ret. Time Area Height Area%o Height %
1 26.894 14067363 393692 g§7.561 £8.323
2 33310 1998503 52048 12.439 11.677
Total 16065865 445740 100.000 100.000
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C. Study on the effect on regioselectivity by various catalysts

The regioselectivities of the reaction were determined via the ratio of the integration values of
both the 5-exo and 6-endo lactone products (spectrums attached in the following pages). The
'H signals corresponding to the 5-exo and 6-endo lactones are in agreement with the literature

values.’

General procedure for the bromolactonization of 4d

4d (95 mg, 0.05 mmol, 1.0 eq) and the corresponding catalyst (3.0 mg, 0.005 mmol, 0.1 eq)
were dissolved in CH,Cl, (1.5 ml) at 25 °C in the dark under nitrogen atmosphere. N-
bromosuccinimide (10.6 mg, 0.06 mmol, 1.2 eq) was then added. The reaction mixture was
stirred at 25 °C for 24 h before subjecting to the work up procedure for the

bromolactonization as described above.

S24



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

Scheme 2, with PhsP=S (10 mol%) as catalyst
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*** Current Data Parameters ***

NAME ck0207
EXPNO 1
PROCNO 1

*** Acquisition Parameters ***
LOCNUC 2H

NS 8
NUCLEUS : off

01 2751.27 Hz
PULPROG : 79
SFO1 500.2327513 MHz
SOLVENT : CDCI3

SwW 15.0080 ppm
TD 32768

TE 296.4 K
*** Processing Parameters ***

LB 0.10 Hz
SF 500.2300083 MHz

*** 1D NMR Plot Parameters ***

NUCLEUS :

off
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Scheme 2, with 6b:7 (1:1, 10 mol%b) as catalyst
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D. Study on the effect of various halogen sources

Olefinic acid 2 was synthesized according to our previous report.

General procedure for the halolactonization with various halogen sources

The corresponding olefinic acid (0.05 mmol, 1.0 eq) and the corresponding catalyst (0.005

mmol, 0.1 eq) were dissolved in the stated solvent blends at -78 °C in the dark under nitrogen

atmosphere. The corresponding halogen source (0.06 mmol, 1.2 eq) was then added. The

reaction mixture was stirred at -78 °C and monitored using TLC until completion. Upon

completion the mixture was subjected to the work up procedure for the bromolactonization as

described above.

Bromolactonization with NBS (Table 3, entry 1)

mAU
| | NS D&.A Ch1
1= AT
50 |8y 8
i \ || I
R | ‘ I| |
_ [ I| '\
| | [ /
0~ fJ \—-,f L"L\l_,ri L
T T | T T T T | T T | T T T T | T T T T | T T T T | T T T T | T T T
0 5 10 15 20 25 30 35
min
Detector AChl 214mm
Peak# Ret. Time Area Height Area % Height %
1 32.023 2190304 60568 49.932 52.891
2 35.792 2196230 53948 50.068 47.109
Total 4386534 114516 100.000 100.000
mAL
4 I."||§ Det.A Ch1
2500+ M
j | I‘m
] g |
] L)
G T |l T | T T | T T T | 1 T IT T T | T T T
0 10 20 30 40 50
min
Detector A Chl 214m
Peak# Ret. Time Area Height Area % Height %
1 31.431 5562444 174883 3.475 5.236
2 35.741 154513311 3164890 96.525 94.764
Total 160075755 3339773 100.000 100.000
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Bromolactonization with NBP (Table 3, entry 2)

mAU
. fBet.A Ch1
250 ‘ | I / gj
1 || | 2 [
] | ~i
o) i ,J l )I \ T,—,I) _T_j L
b 1 1 1 1 1 1 1 1 | 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 |
o] 5 10 15 20 25 30 35
min
Detector AChl 214mm
Peak# Ret. Time Area Heght Area % Height %
1 32.204 303356 9928 2415 3.157
2 36.129 12256482 304511 07.5R85 06.843
Total 12559838 314439 100.000 100.000
Bromolactonization with DBH (Table 3, entry 3)
mAU -
] ‘ B DetA Ch1
s
7 |3
=+ [
4 3 / |
J H = |l
o _Jl_ A ~ ~ ~ A 1“/_\']' T;' v
T T T T | T T T T | T T T | T | T T T
0 10 20 30 40 50
min
Detector A Chl 214nn
Peak= Ret. Time Area Height Area % Height %
1 31.404 689756 20094 7.801 8.817
2 35.068 8152338 207799 92.199 91.183
Total 8842004 227893 100.000 100.000

Bromolactonization with TABCO (Table 3, entry 4)

mAU
1 " © n®  Det.AChi
J ~ | e
0| — A k_ - - _ _ _/-\.___T T T )
) T T T T | T T T T | T T T | T T T T | T T T T | T T T T | T T T | T T T T T
0 5 10 15 0 25 20 35 40
min
Detector AChl 214mm
Peaks Ret Time Area Height Area % Height %
1 31.710 3063221 11200 5.502 0.704
2 35.528 6238251 154460 94 408 03236
Total 6601471 165666 100.000 100.000

528



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

Bromolactonization of acid 2with TABCO (Table 3, entry 5)

mAU
i Iq.?o @ Det AChi
| Mo
1000 &R
. l |
i || | L
I | I| || \
I I A
| || |I |I I| ||
o L DN — N Ay ek —
— T T T [ T T T T [ T T T T [ T T T T [ T T L
0 5 10 15 20 25 30 35
min
Detector AChl 214m
Peak# Ret. Time Area Height Area % Height %
1 26.984 39751616 1271491 49 873 51.686
2 29285 39954651 1188519 50.127 48 314
Total 79706268 2460010 100.000 100.000
mAU
: |I.I|% Det
1 |
500+ h [
1 | AN
1 |, .' \ g
0_ T T I_ I_ | JJI\_ T T T | T T T T I T T T T T T T T | Fr/ T T - T | T .I_
o 5 10 15 20 25 30
Detector A Chl 214mm
Peak# Ret. Time Area Height Area % Height %
1 26.888 26957774 877305 02.081 03.204
2 20135 2034852 63972 7.019 6.796
Total 28992626 941277 100.000 100.000
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E. Synthetic application of bromolactones 2 and 5a

Bromolactone 3 was prepared using the procedure described in our previous report.”

O
NaN3 (10 eq) N (0)
DMSO i
W
3 10

Synthesis of (5S,6S)-5-azido-6-phenyltetrahydro-2H-pyran-2-one (10)

Bromolactone 3 (434 mg, 2 mmol, 1.0 eq) and NaNj3 (1.30 g, 20 mmol, 10.0 eq) were first
evacuated in vacuo and flushed with N, for 3 cycles. DMSO (6 ml) was injected and the
reaction mixture was stirred at 60 °C for 6 hours. Upon termination, the reaction mixture was
cooled to r.t. before quenching with water (30 ml). The product was extracted with ethyl
acetate (3 x 20 ml). The combined ethyl acetate layer was further washed with brine (50 ml),
dried over anhydrous sodium sulfate, filtered and concentrated in vacuo. The product was
purified over silica gel with hexane:ethyl acetate (1:1) as the eluent.

Pale yellow oil; Yield: 63%; [a]% +36.0 (c 1.0, CHCls, 93% ee); IR (Neat): 3020, 2110,
1712, 1216 cm™; "TH NMR (300 MHz, CDCls): & 7.40-7.36 (m, 5H), 5.48 (d, J = 2.0 Hz, 1H),
4.09-4.06 (m, 1H), 2.84-2.61 (m, 2H), 2.37-2.15 (m, 2H); >C NMR (75 MHz, CDCl3): &
169.3, 135.8, 128.7, 128.6, 126.0, 81.7, 59.0, 25.3, 24.8; HPLC (Daicel Chiralpak IC, i-PrOH
(1% Ethanolamine)/n-hexane = 80/20, 0.3 mL/min, 214 nm) t; = 22.8 min (major), t, =24.2

min (minor).
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mAL
250 '. e = DetAChi
. [ @ [l=
| I [ |
: | W -\\‘ I :I II:
0- T T T = — e T .-fl._ T\.JTI |M_| —- T |F_ —
0 5 10 20 25
min
Detector A Chl 214nm
Peak# Ret. Tune Area Height Area % Height %
1 22.570 7311235 250486 50.450 51.656
2 23.917 7180931 242852 49.550 48.344
Tota 14492166 502337 100.000 100.000
mAU ) . .
na Det A Ch1
11
i
(. g
.|I ':I\ -
| I '—' I_ | T T 1 T -'TJ|_\%‘-_(J_| T
0 5 10 15 20 25
Detector AChl 214mm min
Peal= Ret. Tune Area Height Area % Heizht %
1 22.790 12774805 429456 96.705 96,283
2 24.190 435218 16580 3.295 3.717
Tota 13210024 446036 100.000 10:0.000
O
H, (1 atm)
e} Pd/C
EtOH/EtOAC (1/2)
r.t.
N; 18h
10 11

Synthesis of (S)-5-((S)-hydroxy(phenyl)methyl)pyrrolidin-2-one (11)°

The azide 10 (217 mg, 1 mmol) was dissolved in ethanol (2 ml) and ethyl acetate (4 ml).
Pd/C (80 mg) was added before the attachment of a hydrogen balloon. The reaction mixture
was stirred at r.t. for 18 h. The reacted mixture was filtered over celite with several washings
of chloroform. The filtrate was dried over anhydrous sodium sulfate, filtered and
concentrated in vacuo. The product was then purified over silica gel with MeOH:chloroform
(1:20) and 1% ammonia solution as the eluent.

White solid, mp 136.6-138.3; Yield: 55%; [a]¥ +27.0 (c 1.0, CHCIl3, 91% ee); IR (KBr):
2937, 1682, 1541, 1350, 1164 cm™; "H NMR (300 MHz, MeOD): § 7.38-7.27 (m, 5H), 4.49
(d, J=6.9 Hz, 1H), 3.90-3.30 (m, 1H), 2.23-2.03 (m, 2H), 1.93-1.77 (m, 2H); >C NMR (75
MHz, MeOD): & 181.1, 142.3, 129.4, 128.9, 128.0, 78.0, 61.7, 31.0, 23.8; HRMS (ESI) calcd
for C;;H;3NNaO, [M]+: 214.0844; found: 214.0846. HPLC (Daicel Chiralpak IC, i-PrOH
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(1% Ethanolamine)/n-hexane = 80/20, 0.3 mL/min, 214 nm) t; = 26.4 min (minor), t, = 35.1

min (major).

mAU
N a Det.A Ch1
| ™ o)
1 | B Al
. | .l f i\,
4 |I \ ZI II'L
_— L
0 5 10 15 20 25 30 35 40
min
Detector AChl 214mm
Peaks# Ret Time Area Heght Area% Hewght %
1 26.268 114300673 2323493 50.131 58.606
2 35.320 113703905 1641116 49.869 41.394
Total 228004578 3064608 100,000 100.000
mAL i B
e Det.A Ch1
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0 5 10 15 20 25 30 35 40
min
Detector A Chl 214amn
Peak= Ret. Time Area Height Area % Height % |
1 26.353 8070361 226032 4457 0844
2 35.006 172083509 2070159 05,543 00.156
Tota 181053871 2206191 100.000 10:0.000
H
DBU R O
THF, reflux H
18 h
3 12

Synthesis of (1S,4R,5R)-4-phenyl-3-oxabicyclo[3.1.0]hexan-2-one (12) ’

The bromolactone 3 (147 mg, 0.67 mmol, 1.0 equiv) was evacuated in vacuo and flushed

with N, for 3 cycles. THF (6 ml) was injected followed by DBU (110 pL, 0.74 mmol, 1.1

equiv). The reaction mixture was then refluxed for 18 h. The reacted mixture was then

quenched with water (30 ml) and extracted with ethyl acetate (3 x 15 ml). The ethyl acetate

layers were combined and was dried over anhydrous sodium sulfate, filtered and concentrated

in vacuo. The product was then purified over silica gel with EtOAc:Hexane (1:3) as the

eluent.

Colorless oil; Yield: 42%; [a]? +36.0 (¢ 1.0, CHCls, 91% ee); IR (Neat): 3020, 1767, 1641,

1216 cm™; 'H NMR (500 MHz, CDCl3): § 7.39-7.33 (m, 5H), 5.31 (s, 1H), 2.28-2.19 (m, 2H),
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1.34 (ddd, J = 8.8, 7.6, 5 Hz, 1H), 1.07-1.04 (m, 1H); *C NMR (125 MHz, CDCl5): & 175.9,
139.6, 128.8, 128.7, 125.5, 81.5, 24.6, 17.7, 12.8; DEPT 135 (125 MHz, CDCl3) 128.9 (CH),
128.8 (CH), 125.6 (CH), 81.6 (CH), 24.7 (CH), 17.8 (CH), 12.9 (CH,); HRMS (ESI) calcd
for C11HoNaO, [M]": 197.0578; found: 197.0573. HPLC (Daicel Chiralpak IB, i-PrOH/n-

hexane = 15/85, 0.6 mL/min, 214 nm) t; = 17.6 min (major), t; = 18.7 min (minor).

mAU
N, 8 Det.A Ch1
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1000+ | |I‘r: | "Ieg
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AR
07 a— 2 ml 1 —\$“
— 77 T T T
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min
Detector A Chl 214mm
Peak# Ret. Time Area Height Areca % Height %
1 17.622 35235891 1380707 48.528 52.218
2 18.499 37373991 1263434 51.472 47.782
Total 72600883 2644141 100.000 100.000
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0 5 10 15 20 25 30
min
Detector A Chl 214mm
Peak# Ret. Time Area Height Area % Height %
1 17.676 20402239 1154421 95.270 95.506
2 18.760 1459749 54316 4.730 4.494
Total 30861988 1208737 100.000 100.000
(@) 0]
(@) NaN3
DMF, 60°C, 6 h
Br yield 85% N3
93% ee 93% ee
5a 13

Synthesis of 5-azido(phenyl)methyldihydro-furan-2(3H)-one (13)

5a (213 mg, 0.84 mmol, 1.0 eq) and sodium azide (82 mg, 1.26 mmol, 1.5 eq) were dissolved
in DMF (15 ml) and the reaction mixture was stirred for 6 hours at 60 °C. Upon completion,
H,O (50 ml) was added before extracting with diethyl ether (3 x 50 ml). The combined
organic layer were washed with brine (2 x 100 ml), dried over sodium sulfate and the solvent
was removed in vacuo. The product was purified using flash column chromatography over

silica gel with EtOAc:Hexane (1:3) as the eluent. Light brown oil; [a]% -146.7 (¢ 1.0, CHCl;,
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93% ee); IR (Neat): 3020, 2111, 1778, 1642, 1216 cm™; '"H NMR (500 MHz, CDCl3): § 7.44-
7.35(m, 5H), 4.90 (d, J = 4.4 Hz, 1H), 4.70-4.66 (m, 1H), 2.58-2.42 (m, 2H), 2.23-2.16 (m,
1H), 2.13-2.05 (m, 1H) ; >C NMR (125 MHz, CDCls): § 176.4, 134.5, 129.1, 128.9, 127.2,
81.4, 67.5, 28.1, 22.3; HRMS (EI) calcd for C;;H;7BrO; [M]": 217.0851; found: 217.0847;
HPLC (Daicel Chiralpak IB, i-PrOH/n-hexane = 25/75, 0.6 mL/min, 214 nm) t;= 17.6 min

(minor), t; = 22.5 min (major).

mALU
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Detector A Chl 214m min
Peakit Ret. Time Area Height Area %o Height %
1 17.495 12101669 547571 49.878 56.322
2 22.533 12160992 424636 50.122 43.678
Total 24262661 972207 100.000 100.000
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0 5 10 15 20 25
min
Detector A Chl 214m
Pealsf Ret. Time Area Height Area % Height %o
1 17.557 500124 24094 3811 5.181
2 22,514 12621663 440977 96.189 94.819
Total 13121787 465071 100.000 100.000
O

1. Hy, Pd/C, EtOH/EtOAC (1:1)
25°C, 16 h

2. DBU, 120°C, 18 h

Ns yield 64% )
12 14

Synthesis of 5-hydroxy-6-phenylpiperidin-2-one (14)*

To a solution of azide 12 (154 mg, 0.71 mmol) in 1:1 mixture of EtOH/EtOAc (16 ml), Pd/C
(100 mg, 10% on activated carbon) was added. The flask was evacuated and charged with
hydrogen, and the mixture was stirred at 25 °C overnight. The mixture was filtered through a
pad of Celite, and washed with copious amount of CH,Cl,. The filtrate was concentrated

under reduced pressure to deliver 5-amino(phenyl)methyl-dihydrofuran-2(3H)-one as an
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orange oil. The crude product was then dissolved in DBU (1.5 ml) and heated at 120 °C for
18 hours. The mixture was allowed to cool to room temperature before subjecting to silica gel
column chromatography with MeOH:CH,Cl, (2:98) to deliver product 13 as a white solid.
White solid, mp 176.5-177.8; [a]#% -30.1 (c 1.0, MeOH, 93% ee); 'H NMR (300 MHz,
MeOD): & 7.41-7.27(m, 5H), 4.46 (d, J = 4.8 Hz, 1H), 3.92-3.88 (m, 1H), 2.63-2.52 (m, 1H),
2.47-2.37 (m, 1H), 1.93-1.76 (m, 2H) ; °C NMR (125 MHz, MeOD): § 174.8, 142.0, 129.7,
128.9, 128.0, 70.4, 64.5, 28.3, 25.8; HRMS (ESI) calcd for C;;H;3NO; [M — H]: 190.0868;
found: 190.0870; HPLC (Daicel Chiralpak IC, i-PrOH/n-hexane = 50/50, 0.6 mL/min, 214

nm) t;= 17.4min (major), t, = 30.4 min (minor).
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1 17346 3187690 131667 49.274 65.513
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Total 6469265 200078 100.000 100.000
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1 17.363 T668551 317767 96.909 98.176
2 30.377 244623 5902 3.001 1.824
Total 7913174 323670 100.000 100.000

1. Me,S.BH3, THF, reflux, 6 h
2. K,CO3, EtOH, reflux, 18 h

yield 77%
13 15

Synthesis of 2-phenyl-3-piperidinol (15)
To a solution of 13 (100 mg, 0.52 mmol, 1.0 eq) in THF (3 mL) was added borane-dimethyl
sulfide complex (1.30 mL, 2.6 mmol, 2 M in Et;O, 5.0 eq) under nitrogen atmosphere. The
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reaction mixture was heated to reflux for 6 h. After the reaction was cooled to room
temperature, MeOH (20 mL) was added cautiously to quench the excess borane-dimethyl
sulfide complex. The solvent was removed in vacuo. The residue together with powdered
K,CO; (215 mg, 1.56 mmol, 3.0 eq) were dissolved in EtOH (6 mL) and. The resulting
mixture was heated to reflux for 18 h, cooled, and concentrated in vacuo. The residue was
then dissolved in CH,Cl, (5 mL) and H,O (15 mL). The layers were separated and further
extraction with CH,Cl, (2 x 5 mL) were performed. The combined organic layer was then
washed with brine (15 mL), dried over Na,SOy, filtered and concentrated in vacuo to yield
product 14 was a white solid. White solid, mp 154.4-155.1; [a]% -21.4 (¢ 1.0, MeOH);'H
NMR (300 MHz, MeOD): 6 7.42-7.26 (m, SH), 3.63-3.58 (m, 1H), 3.32-3.31 (d, 2H), 3.04-
3.01 (d, 1H), 2.68-2.63 (m, 1H), 2.16-2.14 (d, 1H), 1.81-1.79 (d, 1H), 1.75-1.67 (m, 1H),
1.52-1.44 (m, 1H); °C NMR (125 MHz, MeOD): & 142.9, 129.4, 129.3, 128.6, 72.7, 70.0,
35.4,26.5; HRMS (ESI) calcd for C;;H3NO; [M + H]+: 178.1232; found: 178.1223.
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1H AMX500 ck-v-cat 6a

*** Current Data Parameters ***

NAME ck0213
P P@mEEET ©© ® il TYeeeee e g g gty PROCNO : 1
| Ss—== NN WA T T T e e paquiiton Parameters
LOCNUC : 2H
NS : 8
NUCLEUS : off
o1 : 3088.51 Hz
PULPROG : 230
OMe H SFO1 : 500.1330885 MHz
N.__S N SOLVENT : cpei
\f sw 20.6557 ppm
MeO © N ™ : 32768
. TE : 297.9 K
O (Isoamyl) AN *** Processing Parameters ***
P LB : 0.30 Hz
N SF 500.1300000 MHz
6 *** 1D NMR Plot Parameters ***
a NUCLEUS : off
TE
silelel|e |z 3 S 2 5SSzl |5 b
“H‘Q“‘HE)‘.OHHB‘SHHB.‘O‘“‘7.‘5”“7‘,0””6‘,5””‘”H“‘HS‘O‘“‘4‘.5”H‘.OHHE)‘.SH“3.‘0‘”‘2‘5””2‘0””1‘,5”“1‘.0””‘HH
(ppm)
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13C Standard AC300 ck-v-157 cat

*** Current Data Parameters ***

> D oo ©oaNb®Oor © o o NAME : fellck
g 88 853SY 3538833 3 SS g 4 KEe § 383 Jg%5 KIQNN
\OYSSE SSs TN R O A T i 1
**% Acquisition Parameters ***
LOCNUC : 2H
NS : 207
NUCLEUS : off
o1 : 7924.11 Hz
OMe H PULPROG : 20pg30
N S X SFO1 754756731 MHz
\|¢ SOLVENT : cDCI3
O swW : 238.2968 ppm
MeO N D : 32768
O(isoamyl) N TE : 207.1K
*** Processing Parameters ***
N/ LB : 100 Hz
SF :© 75.4677620 MHz
6a % 1D NMR Plot Parameters ***
NUCLEUS : off

b PR i

T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

(ppm)
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1H normal range AC300 cc-112-B

*** Current Data Parameters ***

—H0oOuwmg n ONNTSNOONON DANMNMOOOIDODNEHANTOONMNMOAINMNMOOVONOD - TANMN NAME : ja05|cc
© OO0 [=] LOMVAD MO NRNVOOOOIONOLOMITONATHOLMNMULANTOONNON
n NN © TNOWWN OO TOAONTNOOUITNNANNTAIDODONNTINONAHOOONNT EXPNO : 4
coom N SORRRBRR® D DLEDITANONOOINMNNONNNNTAI I Id40000
NNNN ~ NI ANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN .
%‘ ‘ u\"u#gggﬁ Ll J 1Tl | PROCNO 1
*** Acquisition Parameters ***
BF1 :300.1300000 MHz
LOCNUC  : 2H
NS : 8
o1 : 1853.43 Hz
PULPROG : 2930
SFO1 :300.1318534 MHz
SOLVENT : cDei3
0 SW : 17.9519 ppm
NN ¥ Processing Parameters ***
OH .
LB : 0.30 Hz
4a PHCO 33.705 degree
PHC1 : 0.332 degree

@

K
) ® o |m |0 |o
Q oo} o | o Q|0 |
= [} oM™ w |~ |
£ S S |9 S ||
< - N |
T T — T T T "t
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5
(ppm)
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13C Standard AC300 cc-112-B

*** Current Data Parameters ***
o M <0 .
3 aeg R} 59 i N NAME : ja05lcc
[°e] o mwm © NO® (o] O N
o o010 = Yo = N EXPNO : 5
5 9y NN 3 88
B = ] st s
% Acquisition Parameters ***
BF1 . 75.4677490 MHz
LOCNUC 2H
NS : 202
01 : 7924.11 Hz
o PULPROG : 2gpg30
SFO1 . 75.4756731 MHz
AN SOLVENT cDei3
OH
SW : 238.2968 ppm
4a *** Processing Parameters **
LB : 1.00 Hz
PHCO : 133.257 degree
‘H PHC1 : 7.962 degree
180 170 160 150 140 130 120 110 100 90 8o 70  eo  so 40 30 20 10

(ppm)
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1H AMX500 cc-i-33a

*** Current Data Parameters ***

3 VOMNDOMNO©RN DO TNOOSINNT OND NAME : k0820
~ FRONODLNNN QM o TOOOAROANNN T
- NNNNLOLWO MO OO0 SIS SIS~ nW00n S
— NSO OWWWLWLWLW ANANANNANNNNANNN .
%‘wk\u%%l‘ PR PROCNO 1
rir *kk Acquisition Parameters ***
LOCNUC : 2H
NS : 8
NUCLEUS : off
o1 : 3088.51 Hz
(0] PULPROG : 2930
SFO1 :500.1330885 MHz
OH SOLVENT : CDCI3
4b sw : 20.6557 ppm
TD : 32768
TE : 300.0 K
*** Processing Parameters ***
LB : 0.30 Hz
SF :500.1300000 MHz
“ *** 1D NMR Plot Parameters ***
NUCLEUS : off
_ \ o
o
o> © o o o ~[r~|w
8 o N o Yo} ™M | O
= I ™ S =] o | N
£ © @ |3 S S|+
o (32) - - NN ™M
A B e L A A o e o L B R o o e R a
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
(ppm)
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13C AMX500 cc-i-33a

*** Current Data Parameters ***

ck0820
2
1

*** Acquisition Parameters ***

2H
101
off
13204.57 Hz
29pg30
125.7709936 MHz
CDCI3
238.7675 ppm
65536
3000 K

*** Processing Parameters ***

1.00 Hz
125.7578120 MHz

*** 1D NMR Plot Parameters ***

(2] NS T IONO©
[ee] AN M — O O N~ nom
& NO AN © ho< 5 ~ o NAME
by SANG oD VoY ] ST
o O <+ SO0 NoM~ = ~Q EXPNO
S 3399 S kR S RN
= - Y e
LOCNUC
NS
NUCLEUS :
o1
PULPROG :
SFO1
O SOLVENT :
SwW
NN
OH D
TE
4b
“ LB
SF
NUCLEUS :
( R . Al ~ A |
T T T T T T T T T T T T T T T T T T T
180 160 140 120 100 80 60 40 20

(ppm)
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1H normal range AC300 cc-i-083-B

** Current Data Parameters ***

% NINALOOO O ONTNOM DONONONT M NAME : nv0llcc
(=l LWoOMed—=NO VO MAOTOON O N 00 O©NON—
(2] —HNOOITNOD MO —HON~NOLN OYTHOLNO EXPNO : 5
o YOONNNT O DNNNNN DRONOOOID
**% Acquisition Parameters ***
NS : 8
NUCLEUS : off
o1 : 1853.43 Hz
PULPROG : 2930
SFO1 . 300.1318534 MHz
SOLVENT : CDCI3
SW : 17.9519 ppm
(@) D : 32768
S *** Processing Parameters ***
OH LB : 0.30 Hz
4C *** 1D NMR Plot Parameters ***
NUCLEUS : off
A L ok
©
> [} < | < o © v |w|N
g 13 s19llgl |8 INE
< o oo [S] o oo |o
- o | N - o N | =M
‘ "T20 T Tido 100 9o 8o 70 | eo | so0 | a0 3 20 10
(ppm)
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13C Standard AC300 cc-i-083-B

(ppm)

© TNWLOMOTY
© SANNOON Y oo o ™ 10
I} 2O0YNNO©O 400 o 0o
) NEOLNOTQ 3gr e 38
o NGO OOQN WY N ° oN
~ MOOMONNNNN ~NN~© < ™
- A A A A A A NN~ (v NN
4c
\ " m I L
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

*** Current Data Parameters ***

NAME : nv0llcc
EXPNO : 6
PROCNO 1

*** Acquisition Parameters ***

BF1 . 75.4677490 MHz
LOCNUC 2H

NS : 108

01 : 7924.11 Hz
PULPROG : 2gpg30

SFO1 . 75.4756731 MHz
SOLVENT : CDCI3

SW : 238.2968 ppm
** Processing Parameters ***

LB : 1.00 Hz
PHCO : 172.629 degree
PHC1 : -3.689 degree
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1H normal range AC300 cc-i-076-A

** Current Data Parameters ***
g © ONHONONN OTOONHAHD O O NAME : OCZlICC
< M OUONODNNM OITOWTNNW0O
~ M O0OO0OVOVWOTN OCOOSNONL SO EXPNO : 4
o 0 NOG®ODQQ KROOOONIN I
h "‘ %”’ T%TWN PROCNO 1
**% Acquisition Parameters ***
NS : 8
NUCLEUS : off
01 : 1853.43 Hz
PULPROG : 2930
SFO1 . 300.1318534 MHz
0] SOLVENT : cDei3
N SW : 17.9519 ppm
OH D : 32768
4d *** Processing Parameters ***
LB : 0.30 Hz
*** 1D NMR Plot Parameters ***
NUCLEUS : off
T
> @ H o o v | o
Q b=l N o n ~ |~
=3 [o0] © o o mn o
E =] @ S S <o
- [y - - < | N
"20 110 100 | @0 8o 7o &0 | s0 a0 | 30 20 | 10

(ppm)
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13C Standard AC300 cc-i-076-A

*** Current Data Parameters ***
g K e ’
PROCNO 1
‘\V\#%HH ‘ ‘HX ‘ ‘ ‘ *** Acquisition Parameters ***
BF1 . 754677490 MHz
LOCNUC 2H
NS : 111
01 : 7924.11 Hz
PULPROG : 7gpg30
O SFO1 . 75.4756731 MHz
S OH SOLVENT cpei3
SW : 238.2968 ppm
4d ** Processing Parameters ***
LB : 1.00 Hz
PHCO : 172.766 degree
PHC1 : 1.067 degree
|
| |
|
|
|
J A
180 170 160 150 140 130 120 110 100 9o 8o 70 60  s0 40 30 20 10

(ppm)
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1H normal range AC300 cc-i-103-C

*** Current Data Parameters ***
% 0w OO noe von~unN- ™ VOSTOMOO NAME : d€‘02|CC
< mg O SN OO~ T o ~ JSowmog o
N 0 N~ AN 0MEHO O N © VUOMAD O I EXPNO : 5
— NN OO0 1Y ©oooinly Q NNNNDDGY
ﬂ Uy 4 (it o
** Acquisition Parameters ***
BF1 :300.1300000 MHz
LOCNUC 2H
~ NS : 8
o1 : 1853.43 Hz
PULPROG : 2930
SFO1 :300.1318534 MHz
0 SOLVENT : CDCI3
SW : 17.9519 ppm
A OH *** Processing Parameters ***
LB : 0.30 Hz
4e
PHCO : 126.073 degree
PHC1 : -0.278 degree
©
53 I} - ||o o I} 10 ® |-
g |9 8113 18 3 ] 8|8
£ o < ||lS =] o) ~ o |N
- N N Ll o (v} N[N
"'115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05

(ppm)
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13C Standard AC300 cc-i-103-C

S £ 8 % ﬁ E “ O« 0 o 0 ** Current Data Parameters ***
< © o O~ © [ NeNe] N N o
< N 0 © - 0 N O N~ < [o9) Y] NAME : de02icc
o) 0 ool I NI © o © }
N & NaS g NINEI < 5 8 e :
] ] | T s oo
** Acquisition Parameters ***
NS : 108
01 : 792411 Hz
~ PULPROG : zgpg30
0] SFO1 : 75.4756731 MHz
SOLVENT CDCI3
SW : 238.2968 ppm
D : 32768
@) *** Processing Parameters ***
N LB : 1.00 Hz
OH
4e
JA Il .
T 1 1 T 1 1 T 1 1 v 1 r 1 T 1 T 1 T 1 T 1 T I T 1 T I T T T T T 1
180 160 140 120 100 80 60 40 20

(Ppm)
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1H normal range AC300 cc-090-B

*** Current Data Parameters ***

& SHOINHO VO T 0O —HONLN - NOSOENNO NAME : deOSICC
o OSYNEHNOOAOAON M QCOHNNS — NOoOOMOOS
< OMNONTHDONO ©ON OMON-HOD N N~ ONTANNQO EXPNO . 8
o MO0 00N 00O 00 NNNNO© @ NNNNNOWO0Y
T “L:%Qiq “g“’ “%w”’ ¢ }L‘%ﬁl‘“ PROCNO : 1
*** Acquisition Parameters ***
NS : 8
NUCLEUS : off
01 : 1853.43 Hz
_0O
PULPROG : 2930
O SFO1 :300.1318534 MHz
SOLVENT : CDCI3
AN SW : 17.9519 ppm
OH P
D : 32768
4f *** Processing Parameters ***
LB : 0.30 Hz
*** 1D NMR Plot Parameters ***
NUCLEUS : off
T
8 2 3 3%
= [o) © n o
c o N o |
o ™ N sl
120 | 110 10.0 9.0 "8l0 ‘ 70 60 50 2.0 30 20 | 1o

(ppm)
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13C Standard AC300 cc-i-090-B

** Current Data Parameters ***

o (2] (= N~ I~ 00 N N0 .
S R 9 295 8 5% AN e 8 y NAME : de05lcc
Y] N m —HOO o — N Mo 2] < ©
o @ © SO RN N o o © EXPNO 9
S 3 2 223 g4 33 ININI 3 8 Q
ST - | " on s
*** Acquisition Parameters ***
BF1 . 75.4677490 MHz
LOCNUC 2H
NS : 108
01 : 7924.11 Hz
PULPROG : zgpg30
/O
SFO1 . 754756731 MHz
SOLVENT : cDCI3
(@) sw . 238.2968 ppm
_ *** Processing Parameters ***
OH LB : 1.00 Hz
4f PHCO : 129.443 degree

‘ PHC1 : 4.161 degree

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
(PPmM)
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1H normal range AC300 cc-i-073-B

*** Current Data Parameters ***
~ NAME : ocl7lcc
© OCVDOMANY® —HNLLWOS O CoOoOYTOANO LN
o] AATAMNOODD dANTHONNOD NOOOSTIN~NMO© .
~ NOON—OM NONO XN OQ M NHROODNI AN EXPNO : 2
o NHNNTOS HINROOOQ ~ROOOmIL NN
T E%E\T «;; mﬁp’ ‘W‘“ PROCNO : 1
*** Acquisition Parameters ***
INSTRUM spect
LOCNUC  : 2H
NS : 8
F .
NUCLEUS : off
0O1 : 1853.43 Hz
PULPROG : zg30
O SFO1 :300.1318534 MHz
SOLVENT : CDCI3
A OH SwW : 17.9519 ppm
TD : 32768
49 TE : 298.3 K
** Processing Parameters *+*
LB : 0.30 Hz
*#* 1D NMR Plot Parameters ***
NUCLEUS : off
N k | ‘ N
s
g 2 g8/ 8 2 2|3
£ S 18| |8 3 81S
- — - — o o
"o 10 100 9o ‘ T o " so 4o TEe T 2o ‘ ‘
(ppm)
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13C Standard AC300 cc-039-A

*** Current Data Parameters ***
n N~ N NOWOOWOMOD n o
S 8 b FIBEBID &0 R85 2 ] NAME 1 de0Slce
< N O cCoNANNN N O Mo m [} n
) 0 0 HBHOOD DD 0 < N o 0 EXPNO : 7
S a3 aaa33ay ad KRR 3 Q
N - [ R
*** Acquisition Parameters ***
BF1 ;754677490 MHz
LOCNUC : 2H
F NS : 108
01 : 7924.11 Hz
PULPROG : 2gpg30
SFO1 . 75.4756731 MHz
(@) SOLVENT : CDCI3
X SW : 238.2968 ppm
OH *** Processing Parameters ***
4g LB : 1.00 Hz
PHCO : 60.894 degree
PHC1 : 6.282 degree
l. ‘ ‘ A M J,
"1s0 180 170 160 150 140 130 120 110 100 9o 8o 70 6o  so 40 30 =20 10

(ppm)
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1H normal range AC300 cc-i-103-A

*** Current Data Parameters ***
8 NOSNHONODASTWWOATNOO O« VMOS0 VCOATTHMOMWL LN NAME : d902|cc
(=} NNOOOOOONNTOLMW O 0 = N oNHMO S LOoOONTYTHOOO S AN
n ONOYTTANOONT MHO0ON m O OONITANO COTHODAADOT M EXPNO : 1
- NMOOMNT4000000000 DY NNNNNN NNNNOOOOWWNI
- NNNNNNNNNNNNNNOOGO ©o 10101010 1610 ANNNNNNNNNNN .
e TERENES RN = | PROCNO 1
L = Acquisition Parameters **
BF1 . 300.1300000 MHz
LOCNUC : 2H
NS : 8
01 : 1853.43 Hz
= PULPROG : zg30
SFO1 . 300.1318534 MHz
SOLVENT CDCI3
(0] sw : 17.9519 ppm
Fkk 1 *kk
2 Processing Parameters
OH LB : 0.30 Hz
4h ‘ PHCO : 123.186 degree
PHC1 : 1.190 degree
@ 7 T j
o) © ™ | o o) < < | ®
b < © | o) o 0 | oM
= [)] - | M o )] n|o
£ o 5|8 |8 5 S |3
- - | ™M - o N | N
"'125 12.0 115 11.0 105 100 95 90 85 80 7.5 70 65 60 55 50 45 40 35 30 25 20 15 10 05
(ppm)
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13C Standard AC300 cc-i-103-A

*** Current Data Parameters ***
N N O NOTOONATO NN
[ N 303TRELI N 3808 Z3R 3 2 NAME : de02lcc
< N O N=HODON=HMM tHNYT NOMN n n
o < o oo ReRo RN R Iy WM N © 0 EXPNO : 2
S a3S 233933333 Jd4d KRR 3 Q
| || A I N e - . it :
*** Acquisition Parameters ***
BF1 ;754677490 MHz
LOCNUC : 2H
F NS : 108
01 : 7924.11 Hz
PULPROG : zgpg30
@) SFO1 . 75.4756731 MHz
N SOLVENT : CDCI3
OH SW : 238.2968 ppm
4h *** Processing Parameters ***
LB : 1.00 Hz
PHCO : 123.730 degree
PHC1 : 8.448 degree
| Ll j u I ‘
180 170 160 150 140 130 120 110 100 9o 8o 70 60  s0 4o 30 20 10

(ppm)
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1H normal range AC300 cc-i-087-A

D
- O —HOODNDHONO O OO MS =L < LD
< THNTLONTNOMNMST OO OO0 WOMN~OM I~
[{e) OMULANOTTHO O LW —TADNTONLOMAO
— MOANNT IS OO ~© OO LWLWLW0LW0
- NN OOLWWLWLWLW ANANANNANNNANNN
4i
n JK

[

.

(o)) o O | o ~ | ©

8 ~ | N o [{e] < | ©

c [ee] Q| D o [ee] (sl

= S S| |S S S|
— | — AN | N

L L B —
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 2.0 1.0
(ppm)

*** Current Data Parameters ***

NAME : nv04lcc
EXPNO : 1
PROCNO : 1

*** Acquisition Parameters ***
LOCNUC : 2H

NS : 8
NUCLEUS : off

o1 : 1853.43 Hz
PULPROG : 2930
SFO1 : 300.1318534 MHz
SOLVENT : CDCI3

SW : 17.9519 ppm
TD : 32768

TE : 2971 K
*** Processing Parameters ***

LB : 0.30 Hz
SF :300.1300000 MHz
*** 1D NMR Plot Parameters ***
NUCLEUS : off
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13C Standard AC300 cc-i-087-A

(ppm)

[\ NIONMNNAA

o NOSOHO 0o N n 9] o ®
© O MWL — O 00 — m 0 O
[0} mons~O - NON oo} [os] - O
© LG O @ w© Soun 0 ~ 0y
~ mMOOMNNN NN © N~ (V) n o
- A A A Ao NN © ] NN

X OH
4i
‘AJK i m ‘ L.
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

*** Current Data Parameters ***

NAME nv04icc
EXPNO : 2
PROCNO : 1

*** Acquisition Parameters ***

BF1 75.4677490 MHz
LOCNUC 2H

NS : 108

01 : 7924.11 Hz
PULPROG : 2gpg30

SFO1 75.4756731 MHz
SOLVENT CDCI3

SW : 238.2968 ppm
** Processing Parameters ***

LB : 1.00 Hz
PHCO 229.915 degree
PHC1 15.443 degree
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1H AMX500 4-Br acid

*** Current Data Parameters ***

ga8dp 3K RR&8 DT NAME ck0214
onosN NO N O YNHOTOON
MR TO 0000 ©00OUNTY EXPNO 5
NNNNN © 0 0w NNNNNNNN
N — T
***k Acquisition Parameters ***
LOCNUC 2H
NS 8
NUCLEUS : off
o1 3088.51 Hz
PULPROG : 2930
r SFO1 500.1330885 MHz
SOLVENT : CDCI3
SW 20.6557 ppm
TD 32768
0 TE 298.0 K
NN *** Processing Parameters ***
OH
LB 0.30 Hz
4j SF 500.1300140 MHz
*** 1D NMR Plot Parameters ***
NUCLEUS : off
-
o (VAN ¥ o] < [
9 S| o] 0 n [N
= $| |0 o] N d g
£ @l Q o Q|
R - o NN
85 8o 7.5 <70 685 60 55 50 45 40 35 30 25 20 15 10 05
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13C AMX500 4-Br acid

*** Current Data Parameters ***

3 230k 3 789 s
8 00.2@.N.N. R %'3\, 8 3 NAME ck0214
PROCNO : 1
‘\'\\‘\M ‘ ‘% ‘ ‘ *** Acquisition Parameters ***
LOCNUC 2H
NS : 30
NUCLEUS : off
r o1 : 13204.57 Hz
PULPROG : zgpg30
SFO1 1 125.7709936 MHz
o) SOLVENT : CcDCI3
SW : 238.7675 ppm
A OH ™ : 65536
. TE : 298.3 K
4j *** Processing Parameters ***
LB : 1.00 Hz
SF 1 125.7577970 MHz
*** 1D NMR Plot Parameters ***
NUCLEUS : off

| ‘ I ‘ ‘ \ T

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

(PPM)
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1H normal range AC300 cc-093-A

11.7920

7.6656
7.6382
7.4398
7.4125

7

F3
X OH
A | A J A
®
53 o - |N o 0 o~
@ N~ o | ® S © I |o
= 10 < |0 <] o o |Q
£ N @ | o e S |o
“ | “ - RN
S e L S L B SR e L e T B L B S o
12,5 12.0 115 11.0 105 100 95 9.0 85 8.0 7.5 7.0 6.5 .0 55 50 45 40 35 30 25 20 15 1.0 05
(ppm)

*** Current Data Parameters ***

NAME : nv25lcc
EXPNO : 1
PROCNO 1

*** Acquisition Parameters ***

BF1 :300.1300000 MHz
LOCNUC 2H

NS : 8

o1 : 1853.43 Hz
PULPROG : zg30

SFO1 : 300.1318534 MHz
SOLVENT : CDCI3

SW : 17.9519 ppm
*** Processing Parameters ***

LB : 0.30 Hz
PHCO : 126.640 degree
PHC1 : 0.468 degree
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13C Standard AC300 cc-093-A

*** Current Data Parameters ***
n OAdAdNTAANITINOD
2 RN R g 3 NAME  : nv2Sice
n COONHOWONAHO NOMN o <
o SO HOOWOWWLIYAN N o © EXPNO : 2
> SRHRRRRRRRR NN 8 R
LR - [ R
*** Acquisition Parameters ***
BF1 ;754677490 MHz
LOCNUC : 2H
F3 NS : 108
01 : 7924.11 Hz
PULPROG : 2gpg30
SFO1 . 75.4756731 MHz
(@) SOLVENT : CDCI3
X SW : 238.2968 ppm
OH *** Processing Parameters ***
4k LB : 1.00 Hz
PHCO : 132.986 degree
PHC1 : -2.942 degree
_— N I l
"1s0 180 170 160 150 140 130 120 110 100 9o 8o 70 6o  so 40 30 =20 10

(ppm)
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1H normal range AC300 cc-079-A

*** Current Data Parameters ***

NAME : oc25lce
n T Ty TITTTTTYY PROCNO : 1
\kﬂ %\%ﬁ Vﬁ%%%éu *** Acquisition Parameters ***
LOCNUC : 2H
NS : 8
NUCLEUS : off
o1 : 1853.43 Hz
PULPROG : 2930
CF; SFO1 © 3001318534 MHz
SOLVENT : CDCI3
SW : 17.9519 ppm
D : 32768
O TE : 2974 K
NN *** Processing Parameters ***
OH LB : 0.30 Hz
4] SF ©300.1300000 MHz
**% 1D NMR Plot Parameters ***
NUCLEUS : off

T
S
g B 3 = 2 B
g o 8 g g 28
- )] =] S =} S |
3 N 3 = SN
12.0 11.0 10.0 9.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0

(ppm)
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13C Standard AC300 cc-079-A

*** Current Data Parameters ***
n n N~ O H© [eNejo]
2 33 8838 393 R g3 NAME  :  oc2Ske
n [oX¢] NNOO NN NON @ o
) NN 0o oo NG ® N o 0 EXPNO : 2
S 33 aady  §ad KRR @ Q
T - [ R
*** Acquisition Parameters ***
BF1 ;754677490 MHz
LOCNUC : 2H
N : 1
CF3 S 08
01 : 7924.11 Hz
PULPROG : 2gpg30
SFO1 . 75.4756731 MHz
(@) SOLVENT : CDCI3
X SW : 238.2968 ppm
OH *** Processing Parameters ***
41 LB : 1.00 Hz
PHCO : 165.849 degree
PHC1 : 2.377 degree
) I L ST - m b
"1s0 180 170 160 150 140 130 120 110 100 9o 8o 70 6o  so 40 30 =20 10

(ppm)
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1H normal range AC300 cc-i-076-B

*** Current Data Parameters ***
8 TONOUONOMN——=0MN 0 @ O DO MO MMM O N NAME : OCZ:“CC
~ NOMOMONNONNNOM oM <t QONMO LNON—HMO S
[e] NOWUSONNNOODO®Q®OLWLWH o © oONOMm- SANON—=H0LW0M EXPNO : 6
— Q0 NNQOYOWIIOINLY @ Q) © 00 0 0 QO0ONOOQ
- MRS ©0 o [ToRToRToRToNToNTo] ANANNNNNNN .
Y \‘ m%) ‘K%%J PROCNO 1
BRI =+ Acquisition Parameters ***
NS : 8
NUCLEUS off
o1 : 1853.43 Hz
PULPROG : 2930
SFO1 : 300.1318534 MHz
SOLVENT : CDCI3
SwW : 17.9519 ppm
O ™ : 32768
N *** Processing Parameters ***
OH LB : 0.30 Hz
4m ** 1D NMR Plot Parameters ***
NUCLEUS off
M |
@ F T
o o ~ | o o ~ < | N
[0} N n | o o ~ W |~
£ © o [~ [} o g | N
c o N | O o o o |N
- < | ™ - o N | N
"120 U 1lo 100 9o 8o ‘ "s0 | 50 | a0 30 ‘ T

(ppm)
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13C Standard AC300 cc-i-076-B

*** Current Data Parameters ***
< TONEANITINOST OO
? LR R R R 288 ) g NAME 1 oc2llcc
© NAAMA0OITMOONMN NOMN © "
o FONOONNNNG GO0 N C ~ EXPNO : 7
> ihhhhRRRRRR NN 58
LA - ] R
*** Acquisition Parameters ***
BF1 ;754677490 MHz
LOCNUC : 2H
NS : 108
01 : 7924.11 Hz
PULPROG : zgpg30
SFO1 . 75.4756731 MHz
o) SOLVENT : CDCI3
SW : 238.2968 ppm
A OH *** Processing Parameters ***
LB : 1.00 Hz
4m
PHCO : 173.391 degree
PHC1 : -0.418 degree
180 170 160 150 140 130 120 110 100 9o 8o 70 60  s0 4o 30 20 10

(ppm)
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1H normal range AC300 cc-i-103-B

*** Current Data Parameters ***
g < NND=HO 0N ©® DA ANEANN0O [eoles} NAME : d902|cc
N o T0OH0OMO OCONOOTOHLMO O
© © OVNTHO0 O ® NYYNNOO QN0 0N EXPNO : 3
o N NNNNNN ©COOOOOLWNY® 00
1 N u[ji%m T%T%\L%m T; PROCNO : 1
*** Acquisition Parameters ***
BF1 :300.1300000 MHz
LOCNUC : 2H
NS : 8
0 01 : 1853.43 Hz
N PULPROG : 2930
OH
SFO1 :300.1318534 MHz
4n SOLVENT : coei
SW : 17.9519 ppm
*** Processing Parameters ***
LB : 0.30 Hz
‘ PHCO : 236.844 degree
‘ PHC1 : 2.939 degree
| |
[
o) )] ~ o |m )
bl I 1 o |m V]
= ™ o o | o <
£ )] 5} S |o o
o — - < ©
LU L L LN L L N L L L L L L L L L L L L LB L L LN R I | T T T T

0.5

e
o]

2.0 1.5

N
0]

e
115 11.0 105 100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 3.0
(ppm)
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13C Standard AC300 cc-i-103-B

(PPmM)

— ® o
o © & =MW o )
© e} ) 0O I = o NO©
® ® < NO® o @ ©0
o o) < N & ¥ o
~ ® N ~NN© < S o
- - - NN~ [l N NN
4n
iy y
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

** Current Data Parameters ***

NAME
EXPNO
PROCNO

de02Icc
4
1

*** Acquisition Parameters ***

BF1
LOCNUC
NS

01

PULPROG :

SFO1
SOLVENT
SW

75.4677490 MHz
2H
108
7924.11 Hz
zgpg30
75.4756731 MHz
CDCI3
238.2968 ppm

*** Processing Parameters ***

LB
PHCO
PHCL

1.00 Hz

125.135 degree
8.434 degree
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1H normal range AC300 cc-i-103-D

*** Current Data Parameters ***

0 .
I AN NO O AR NN O RO OTONNNONRODNO NI OONTRdDdrndosmonm | NAME : de02lce
© ONOOOROYNRTNINDNODNOODNAINNONAOXDONNDOONTOTINVMONNON ©

o] COOONATOONONNDIOONODVINTHOOODVVTIOPOVNAOONLMNOROONABN | EXPNO : 7
~ NONNNNNAAAIOOOONNNNNNANOCOQOUOOOONNNNNNAAAT1000C000 000 ’

B N 161610 10 - e

PROCNO : 1

nwuw NN e e
\{L‘LLLLL N I L \HIT%AJ '
*** Acquisition Parameters ***

BF1 . 300.1300000 MHz
LOCNUC 2H
NS : 8
o1 : 1853.43 Hz
PULPROG : zg30
O SFO1 . 300.1318534 MHz
A OH SOLVENT cpei3

SW : 17.9519 ppm

4o ** Processing Parameters ***
LB : 0.30 Hz
PHCO : 126.063 degree
PHC1 : 1.329 degree

_

I [ m O o ©
~ N~ m O < o
© m - O © <
o o ®|o| |of |=
o - ™ |- n n
11.5 11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
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13C Standard AC300 cc-i-103-C

*** Current Data Parameters ***
© [v] [+
3 3 Q LR 8 39n 388 NAME : de02icc
[} ~ 9] NON~ nso nu N
o N < Nk N Q@0 EXPNO 8
5 9 S NN 833 44%
[ R N R T
*** Acquisition Parameters ***
BF1 © 75.4677490 MHz
LOCNUC 2H
NS : 57
o1 : 7924.11 Hz
o) PULPROG : zgpg30
SFO1 : 75.4756731 MHz
AN SOLVENT : cDCi3
OH
SW : 238.2968 ppm
40 *** Processing Parameters ***
LB : 1.00 Hz
PHCO : 114.104 degree
‘ PHC1 : 31.913 degree
‘ I . A ‘
"1so 170 160 150 140 130 120 110 100  eo 80 70 60  s0 4o 30 20 10

(PPmM)
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1H AMX500 cis lactone 1

OUOODOMNODOXNEANOANT MO AN MO ATdO0ONOUTOMOODOONITITNMNMOMNMWLOITONAMOO NN O
MO ANNOOOOOOVOMOSNTSNAOAdOITUTAOOOTOMOTOMO N O0WOL AN LN LD LW
ONOUTNOOONOTOONLUMANTODDONOONMNOULULSITONANNTOODDOONNNNOOOLL S S
MOOMOONOOOOAMIIIIIIIITINNNMNOANNANNNNNNNNNNHOOOOOOOOOOQOO0
NN NMNODS ST AN
LLLLLLLLLLL\\\\\\\\\\LLLLLLLLLLLLLLLLLLL&QJJJJJJJJJJ

T —TI oW

5a

©
5 ol m ~ «Q
D o © o|© o]
= om0 [ce )] o
c ol 0|0 R

N ™M o| o N
L e e R St N

9.0 8.0 7.0 6.0 5.0

(ppm)

*** Current Data Parameters ***

NAME ck0415
EXPNO 3
PROCNO 1

*** Acquisition Parameters ***
INSTRUM av500
LOCNUC 2H

NS 8
NUCLEUS off

o1 3088.51 Hz
PULPROG : 2930
SFO1 500.1330885 MHz
SOLVENT CDCI3

SW 20.6557 ppm
D 32768

** Processing Parameters *+

LB

0.30 Hz

*** 1D NMR Plot Parameters ***

NUCLEUS

off
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13C AMX500 cis lactone 1

(ppm)

§ 88&(?) O 0O o N ™M~
o SARE 2583 < 29
o © o 0 00 NS N — N ©
5 S99y NN B 8
N W )
o) O,
Br
5a
H\
|
|
|
| |
WWWMMWWMNMMMM
180 160 140 120 100 80 60 ‘

r
** Current Data Parameters ***
NAME ck0415
EXPNO 4
PROCNO 1

*** Acquisition Parameters ***
INSTRUM av500
LOCNUC 2H

NS 201
NUCLEUS off

o1 13204.57 Hz
PULPROG : zgpg30
SFO1 125.7709936 MHz
SOLVENT CDCI3

SW 238.7675 ppm
D 65536

** Processing Parameters *+

LB

1.00 Hz

*** 1D NMR Plot Parameters ***

NUCLEUS

off
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cc-i-167a

Br
5b

Integral

1.0000
0.9466

|

75

71.1380
1.1026

15

11796\
< 142758

g
o

1.0 05

*** Current Data Parameters ***

NAME : ck0214
EXPNO : 1
PROCNO : 1

*** Acquisition Parameters ***
LOCNUC : 2H

NS : 8
NUCLEUS : off

o1 : 2751.27 Hz
PULPROG : 29
SFO1 : 500.2327513 MHz
SOLVENT : CDCI3

SwW : 15.0080 ppm
TD : 32768

TE : 300.0 K
*** Processing Parameters ***

LB : 0.10 Hz
N :500.2300090 MHz
*** 1D NMR Plot Parameters ***
NUCLEUS : off
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cc-i-167a
*** Current Data Parameters ***
© o ©ma NAME : ck0214
5 S a9y [EENINEN B {8 PROCNO 1
‘ \ H ‘ H&"‘ ‘ ’ ‘ *** Acquisition Parameters ***
LOCNUC : 2H
NS : 210
NUCLEUS : off
o1 : 12577.84 Hz
PULPROG : zgpg30
SFO1 1 1257955118 MHz
SOLVENT : CDCI3
SwW : 238.7210 ppm
O O ™ : 65536
Br TE : 300.0 K
5p *** Processing Parameters ***
LB : 1.00 Hz
N 1 125.7829370 MHz
*** 1D NMR Plot Parameters ***
NUCLEUS : off
"o 180 170 160 150 140 130 120 110 100 9 8 70 6o s 40 30 20 10

(ppm)
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1H normal range AC300 cc-i-112-D

*** Current Data Parameters ***

NAME : jao0slce
W iy TITICICTCTeTTyTIeIIeTetevesy procno ]
e *** Acquisition Parameters ***
LOCNUC : 2H
NS : 8
NUCLEUS : off
o1 : 1853.43 Hz
PULPROG : 2930
SFO1 : 300.1318534 MHz
0] 0. SOLVENT : cpei3
Br SwW : 17.9519 ppm
5¢ TD : 32768
TE : 678.6 K
**% Processing Parameters ***
LB : 0.30 Hz
SF :300.1300115 MHz
**% 1D NMR Plot Parameters ***
NUCLEUS : off
|
= e g SRIEIE
T s T g0 45 70 65 60 55 50 a5 40 a5 30 25 20 15 10 05

S73



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

13C Standard AC300 cc-i-112-D

*** Current Data Parameters ***
< NO NOO 1D M .
8 9% 89l 8§ g 2832 3 32 5 NAME 1 ja0Slec
] NN OON & © n N O ® ~ ©oumn
o 0O OD®W 1 o © Yo N an o EXPNO : 7
5 55888 9 8§ § RRE 8 84 d
ST N 11 R
*** Acquisition Parameters ***
BF1 . 75.4677490 MHz
LOCNUC 2H
NS : 222
01 : 7924.11 Hz
PULPROG : 2gpg30
[0) SFO1 . 75.4756731 MHz
@)
Br SOLVENT : CDCI3
SW : 238.2968 ppm
5c *** Processing Parameters ***
LB : 1.00 Hz
PHCO : 139.602 degree
H PHCI - -3.288 degree
180 170 160 150 140 130 120 110 100 9o 8o 70 60  s0 4o 30 20 10

(ppm)
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1H normal range AC300 cc-i-162b

*** Current Data Parameters ***

NAME : fellck
EE e S b R ek 33585888 s  sggEge J3283C28URB8BLIZNNISISEBEE  EXPNO 1
AR RN Be BB BB RABAE  YtddTT SRR ININ R N ARSI i s s i PROCNO - 1
EE— e i TSI e acqustion parametrs o
LOCNUC  : 2H
NS : 8
NUCLEUS : off
o1 : 1853.43 Hz
PULPROG : 2930
SFO1 : 300.1318534 MHz
0=© o) SOLVENT : cocis
Br 0 Br SwW : 17.9519 ppm
™ : 32768
5d ] 8d TE . 297.1 K
11 . 1 **% Processing Parameters ***
LB : 0.30 Hz
SF :300.1300000 MHz
*** 1D NMR Plot Parameters ***
NUCLEUS : off
8d

5d

Integral

=
S
0.1036 L

4{1.0191

85 8.0 75 7.0 6.5 6.0 55
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ck-v-119
*** Current Data Parameters ***
PROCNO : 1
H‘\ﬁ ‘ \ \‘H ‘ H ‘ *** Acquisition Parameters ***
BF1 : 125.7829340 MHz
LOCNUC 2H
NS : 140
0o1 : 12577.84 Hz
PULPROG : zgpg30
SFO1 : 125.7955118 MHz
') (@) SOLVENT : CDCI3
Br SW : 238.7210 ppm
*** Processing Parameters ***
5d LB : 1.00 Hz
PHCO : 188.334 degree
PHC1 : 11.705 degree
“ ‘ I " " Iy ) " J
"1o0 180 170 160 150 140 130 120 110 100 9o 8o 70 60  so 40 30 20 10

(PPmM)
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1H normal range AC300 cc-i-104-A

*** Current Data Parameters ***

noe oo ™o NOHMAM TOMWNO—HOMMNMOWMOOWONOANNNNISIITIOILNNNONNOOSTO NAME : deOG|CC
mn 0o ~ < MO NN AONY AANTONMOANDONANNONLWOSYTONNNNOOOS NM -
oM MO on OUITONO NOOOTNOORWNHINNHNOONKOIINNNTOTNONIO® EXPNO . 1
NN 0O NS MOMM0O VRRNAANRONNNOOOMIYIIIIIIIIIIILOMMONNN
~NN o 0o n TS MOANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN .
H‘ H‘ H‘ %gw Kp‘u;,gggﬁﬁ‘ﬁ 3 D PROCNO 1
*** Acquisition Parameters ***
NS : 8
NUCLEUS : off
\ o1 : 1853.43 Hz
o) PULPROG : 2930
SFO1 : 300.1318534 MHz
SOLVENT : coei3
sw : 17.9519 ppm
™ : 32768
O ***P 1 P Fkk
rocessing Parameters
o Br
LB : 0.30 Hz
1D NMR Plot Parameters ***
8e NUCLEUS off
@ F r
o o N o o] n NI~ [
Q o (v} o — [ © n - | <
= o (32} o N~ N N N N[N
E Q| |9 o o o oS |0
™ N — — (o] — — — —
‘ ‘5 8‘0 7‘5 7‘0 6[5 G‘. ‘ ‘ ‘ IO 3‘5 3‘0 2[5 2[0 1[5 1[0 O‘.5

(ppm)
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13C Standard AC300 cc-i-166-C

*** Current Data Parameters ***

« ~ o< o NAME : felllcc
-t 2 S3 b=t NN 8 5 N PROCNO : 1
‘ ‘ H ‘ ‘ ‘ ‘\'\‘ ‘ ‘ ‘H *** Acquisition Parameters ***
LOCNUC : 2H
NS : 657
NUCLEUS : off
\O o1 : 7924.11 Hz
PULPROG : zgpg30
SFO1 : 75.4756731 MHz
SOLVENT : CDCI3
SW : 238.2968 ppm
O ™ : 32768
o Br TE : 2071 K
**% Processing Parameters ***
8e LB : 1.00 Hz
SF : 75.4677517 MHz
*** 1D NMR Plot Parameters ***
NUCLEUS : off
"0 10160 150 140 130 120 110 100 90 8 70 e S0 40 30 20 10

(ppm)
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1H normal range AC300 cc-112-A

*** Current Data Parameters ***
LNNONIOYTISTAITINNTON ostTmm- COXUEHADIMNOLANLONOLLNNROOONTOOLHONNVOOONMM®WNL NAME : jallcc
NOOQOWAOAONONDMATHOM oNMo - NOONOEANNTOONMTONONONOOMNMYIITINAAOOWUNOST VO S S
ONOTMOODODOOOOOLWLW nMdoON~ ATNAOOUULOANNOIINOTOONOUITINONTOOAONOWLWLMNAO® EXPNO B l
ANANOCGO0ONDNDD®D® D 9000 ® BUODIITIITIITNOONANNANNNNNNNATI0000090060
NEANNNMNNMNNNOOOOOOOOOO T TT MANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN A .
LUl L Ll %&‘ RN )| PROCNO 1
B I o **% Acquisition Parameters
BF1 :300.1300000 MHz
LOCNUC 2H
/ NS : 8
(o) o1 : 1853.43 Hz
PULPROG : 2930
SFO1 : 300.1318534 MHz
00O SOLVENT : cDei3
Br SwW : 17.9519 ppm
*** Processing Parameters ***
5f LB : 0.30 Hz
PHCO : 17.566 degree
PHC1 : 19.220 degree
©
S oo |o o n o |4
@ o|¥ |0 s} =1 ¢ |® |0
=3 © < |0 o < ©O ([
c o oo =} o N
— - | O 3] m N [
"85 8o 75 70 65 60 55 50 45 40 35 30 25 20 15 10 o5
(PPM)
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13C Standard AC300 cc-112-A

*** Current Data Parameters ***
© 0 @ © @ N© o o . .
3 8 9 8 g 33 S23. RB 39 NAME : jallce
9] ~ N o © N ~NEON o< M ©
0 ) ] ) S ¥ LR Mo 0o EXPNO : 2
> 5 5 8 §ad NS 53 28
I [N I N i :
*** Acquisition Parameters ***
BF1 © 75.4677490 MHz
LOCNUC 2H
/ NS : 131
o) o1 : 7924.11 Hz
PULPROG : zgpg30
SFO1 : 75.4756731 MHz
o) (@) SOLVENT : CDCI3
Br SwW : 238.2968 ppm
*** Processing Parameters ***
5f LB : 1.00 Hz
PHCO : 112.052 degree
H‘ PHCI 36,544 degree
g0 170 160 150 140 130 120 110 100  eo 8o 70 60  s0 4o 30 20 10

(PPmM)
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*** Current Data Parameters ***

NAME

Electronic Supplementary Material (ESI) for Chemical Communications
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off

0.30 Hz

500.1300140 MHz

32768
2979 K
*** 1D NMR Plot Parameters ***

20.6557 ppm
*** Processing Parameters ***

2H
8
off
3088.51 Hz
2930
500.1330885 MHz
CDCI3

*** Acquisition Parameters ***

LOCNUC

NS
NUCLEUS :

NUCLEUS :
PULPROG :
SFO1
SOLVENT :
SwW

D

PROCNO
01

T
TE
LB
SF

N
—
Br

86627 —mm
11522
6752
66522 —| (@)
£992°C —]
€127
15,22
9127
1827
9827 —|
12622 u
8/62'C
910 LL
621€7 —
0017'z —
€127’ —
STYY'Z —|
£5r'e u
995v'

a9y’ —| Q
89/t'2
818v'
w8y’

1005 o
.15
60257
€152
V€82 —|
GE627 —|
8687 —|
2887 —|
02587 —
1298'7 —
65987 —
09287 —
69867 —|
0L66'7 —|
099%°S u
T18%'S
S080°L M W
£780°L
28v0°L —| "
8090'2 — “I
9902 —
60L0'L —]
00922 —
SToy'L —
Bl
625v'L —
5Sv'L —)
265v'L —|
559v'2 —|
£697'L — jeabayu)

&g

59
23

Br

1

S81

10 05

15

4.0 35 3.0

45
(ppm)

6.0

6.5

8.0
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13C AMX500 cc-i-165

*** Current Data Parameters ***

- no oo oo NAME : ck0213
5 89 3333 o3 8 KRR 3 &8 PROCNO : 1
‘ H ‘ %% H‘ ‘ ‘% ‘ ‘ H *** Acquisition Parameters ***
LOCNUC : 2H
NS : 227
NUCLEUS : off
E o1 : 13204.57 Hz
PULPROG : zgpg30
SFO1 : 125.7709936 MHz
SOLVENT : CDCI3
SwW : 238.7675 ppm
') O, ™ : 65536
Br TE : 2983 K
*** Processing Parameters ***
59 LB : 1.00 Hz
SF : 125.7577950 MHz
*** 1D NMR Plot Parameters ***
NUCLEUS : off
W
"0 180 170 160 150 140 130 120 110 100 90 8 70 60 s 40 30 2 10

(ppm)
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cc-i-167b

*** Current Data Parameters ***

NAME : ck0214
TLLTITUI LI Ty TIILIYT TOTLTTCTCTTTICTUTISTLTICICICYITITT  proCNO 1
WJ L\&%%J v r *** Acquisition Parameters ***
LOCNUC : 2H
NS : 8
NUCLEUS : off
o1 : 2751.27 Hz
F PULPROG : 79
SFO1 :500.2327513 MHz
SOLVENT : CDCI3
o O,
SW : 15.0080 ppm
Br ™ : 30768
5h TE : 300.0 K
*** Processing Parameters ***
LB : 0.10 Hz
SF :500.2300090 MHz
*** 1D NMR Plot Parameters ***
NUCLEUS : off
A
5
£ JEE g8 S
EREEE R NS S
I L L L L L L L U L L L L N L L L L L L N R N L L L L B L L L R L L LB L
75 7.0 5.0 25

(ppm)
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cc-i-167b
*** Current Data Parameters ***
2 29 22 NE8UTDIB 2 oo - ~o NAME ck0214
T T TTOUTTTIY T T T PROCNO : 1
‘ H ‘ q % KN &"‘H ‘ ‘% P ‘ H *** Acquisition Parameters ***
LOCNUC : 2H
NS : 309
NUCLEUS : off
= o1 : 12577.84 Hz
PULPROG : zgpg30
SFO1 : 125.7955118 MHz
0 @) SOLVENT : CDCI3
Br SwW : 238.7210 ppm
TD : 65536
5h TE : 3000 K
*** Processing Parameters ***
LB : 1.00 Hz
SF : 1257829400 MHz
*** 1D NMR Plot Parameters ***
NUCLEUS : off
"0 180 170 160 150 140 130 120 110 100 90 8 70 60 s 40 30 2 10

(ppm)
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1H AMX500 cc-i-104c

CPoONNRINNON RO T O NN PN O N AN TN ORI CONNNI N RD OOV RATRARO T @

L833983898338:e ik e R b g e o b R b b bl R R R P i S - ]

NEEEEREEE R S g e N T R R L b R L - R - N R v =

NARRARARERREERERRERR] NNPVOOROIWVLBLIIIIIIIIIIINNMOONNNNNNNNNAAOCOOOOOOOOO QO

L e e e e e e L ST TTTANANANANANANANANNNANNANANNNNNANNNNNNNNNNNNNNNNNNNNNNNN NN
\‘ Lo e et et L L L L L L L L L L[ 5 I I |
J L N

T

]

2 o ol ~ g |a

g 3 213 5139

c < (=3 el (=3 @ o

- b S | REBEE b
3 3|3 SEEgRE

-—_——m -m - =
5 5. 25 20

(ppm)

*** Current Data Parameters ***

NAME ck0208
EXPNO 5
PROCNO : 1

*** Acquisition Parameters ***
LOCNUC : 2H

NS : 8
NUCLEUS : off

o1 : 3088.51 Hz
PULPROG : 2930
SFO1 500.1330885 MHz
SOLVENT : CDCI3

SW : 20.6557 ppm
TD : 32768

TE : 2953 K
*** Processing Parameters ***

LB : 0.30 Hz
SF :500.1300140 MHz
*** 1D NMR Plot Parameters ***
NUCLEUS : off
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13C AMX500 cc-i-104c

=% Current Data Parameters ***
o} N+ OO
8 g 23 g 589 N L NAME  : cko208
~ nNo 0o < 0woY N - M
) LY o0 0 NON © N© EXPNO 6
S a3 33 EEENININ 3 &8
N N || st :
*** Acquisition Parameters ***
BF1 1 125.7577890 MHz
| LOCNUC 2H
NS : 210
o1 : 13204.57 Hz
PULPROG : zgpg30
SFO1 : 125.7709936 MHz
o 0]
B SOLVENT : cbci3
r SwW : 238.7675 ppm
5i *** Processing Parameters ***
LB : 1.00 Hz
PHCO : -46.560 degree
PHC1 : 17.922 degree
"1o0 180 170 160 150 140 130 120 110 100 9o 8o 70 60  so 40 30 20 10

(PPmM)
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1H normal range AC300 cc-i-111

*** Current Data Parameters ***

NAME : de30lcc
UL I LI e T e e T T LTy Tt s Ig I eI eTeosesy rocNo 1
L mr *** Acquisition Parameters ***
LOCNUC : 2H
NS : 8
NUCLEUS : off
r r o1 : 1853.43 Hz
PULPROG : 2930
SFO1 : 300.1318534 MHz
SOLVENT : CDCI3
o @) o SW : 17.9519 ppm
Br TD : 32768
o Br TE : 6786 K
i **% Processing Parameters ***
5j .8 LB : 030 Hz
5 ’ 1 SF :300.1300123 MHz
*** 1D NMR Plot Parameters ***
NUCLEUS : off
8j
5j

E
g Q| 2 g |5 8 2 (2|8
g g3 g g |2 = 2|85
5 8|8 A g |8 S g% |8
3 \|S 3 313 S S|SS
75 6.5 55 5.0 25 2.0
(ppm)
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13C AMX500 4-Br lactone

2 ! ! E 2 ~Ndow o 0o **% Current Data Parameters ***
N 589 & § ﬁg g § § § NAME  : ck0214
NN : XPNO X
PROCNO : 1
‘ H ‘ ‘ H H‘H ‘ H *** Acquisition Parameters ***
LOCNUC : 2H
NS : 136
r NUCLEUS : off
0O1 : 13204.57 Hz
PULPROG : 29pg30
SFO1 : 125.7709936 MHz
o) SOLVENT : CDCI3
o SW : 238.7675 ppm
Br ™ : 65536
5j TE : 2983 K
*** Processing Parameters ***
LB : 1.00 Hz
SF : 125.7577930 MHz
*** 1D NMR Plot Parameters ***
NUCLEUS : off

R L e A e e A N e R AR N EA NS aE
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

(PpPmM)
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1H normal range AC300 cc-112-B

*** Current Data Parameters ***

NAME : jao0slce
Wy LTI T TITTITTITT PRocto 1
m *** Acquisition Parameters ***
LOCNUC : 2H
NS : 8
NUCLEUS : off
Fs 01 : 185343 Hz
PULPROG : 2930
SFO1 : 300.1318534 MHz
SOLVENT : CDCI3
0 O SW : 17.9519 ppm
Br TD : 32768
TE : 678.6 K
5k **% Processing Parameters ***
LB : 0.30 Hz
SF :300.1300122 MHz
*** 1D NMR Plot Parameters ***
NUCLEUS : off
K]
g 3 8|8 R RS
"T85 g 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05

(ppm)
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13C AMX500 cc-i-166a

*** Current Data Parameters ***
o VIFTOYTHOOMOD
8 SRRk 2 333 8 28 NAME  :  ck0210
© OMOMWWWNL 0 WO (9] o m
0 SddOwwl§ = NO~ o o~ EXPNO : 2
S 333333339 NN h) &8
Al N ] A
% Acquisition Parameters ***
BF1 : 125.7577890 MHz
LOCNUC 2H
Fs
NS : 499
o1 : 13204.57 Hz
PULPROG : zgpg30
SFO1 : 125.7709936 MHz
0 0] SOLVENT : coci3
Br SwW : 238.7675 ppm
*** Processing Parameters ***
Sk LB : 1.00 Hz
PHCO : 305.067 degree
PHC1 : 41.844 degree
VNN
"1o0 180 170 160 150 140 130 120 110 100 90 80 70 6o  s0 40 30 = 20 10

(PPmM)
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1H AMX500 cc-i-166b

*** Current Data Parameters ***
OO0HYHO O DONTMOAN S NSTOOANONOUNDONNOOTANUNNOAMANNOOOONOD S NAME : Ck0210
OCANONOND OCOoONMWO M NOROWUWOOOVUMTOVITHOTOANULANNAHOOMOT S WD
NN—HOOOHOD dONOWST Y M NHOOQODNXNITNMANAATAOOODVONMNMNAOODD DO NO EXPNO : 3
nouLLLNN- O O0m0wwn 0 LOLOLLYIITNNNMOONNNNMANNNNAAAA100000 0O
NNNNNNNN LR LI S N S N NI N N N N S N Nl N N SN N IO N N N NN I N NN NN .
k&ﬁ‘\ﬂ g&ﬂ Ll L Ll g I p1prr) | PROCNO 1
[ r **% Acquisition Parameters *+
BF1 :500.1300000 MHz
LOCNUC : 2H
NS : 8
0o1 : 3088.51 Hz
CF3 PULPROG : 230
SFO1 : 500.1330885 MHz
SOLVENT : CDCI3
sw : 20.6557 ppm
*kk 1 Kk
o (e) Processing Parameters
LB : 0.30 Hz
Br
PHCO : 274.235 degree
5l PHC1 : 1.980 degree
©
5 o o o | ©
@ © < o | ! ©
= 3 © o | O N
c 9] (o] o | o sl
- - — - N
‘ ‘815‘ o ‘810‘ o ‘715‘ ‘ ‘710‘ o ‘6.‘5‘ o ‘610‘ o ‘515‘ . ‘510‘ . ‘415‘ o ‘410‘ o ‘3.‘5‘ o ‘310‘ o ‘215‘ 2.0 1.5‘ 1.0 0.5

(PPmM)
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13C AMX500 cc-i-166b

*** Current Data Parameters ***
g %g g gg %%% § E§§ % §§ NAME : ck0210
PROCNO : 1
% ‘ H ‘ ﬂ ‘ ‘ "% ‘ ’ *** Acquisition Parameters ***
BF1 1 125.7577890 MHz
LOCNUC 2H
CFs3 NS : 382
o1 : 13204.57 Hz
PULPROG : z0pg30
SFO1 1 1257709936 MHz
0 o) SOLVENT : cDCI3
Br Sw : 238.7675 ppm
*** Processing Parameters ***
Sl L8 : 1.00 Hz
PHCO : 315.176 degree
PHC1 : 24.463 degree
ininehb
"1o0 180 170 160 150 140 130 120 110 100 9o 8o 70 60  so 40 30 20 10

(PPmM)
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1H normal range AC300 cc-i-112-c

NNOONOAHOOWNMO W~ i=l LOHAO0O O HOOWNONOATDONNANLAOOONOATNSNNONLWD
OMONLDOMNTOD0 0N [=} ML OUNMO OSTOTMOMNMIETONDDMOOLATOTOOONWONNT
NNUOSNOONOMANAHO © OTtTNON NOOONLLADDVOOUITITNNAOINMNAO DD O N O
QROOROUINWLIIL =+90000 DYLLIIILONNNNNNNNNNNAAAAAAOO0O0O0O
MNNNNNMNNMNNMNNMNNNNNN ~ [ToNToNToNToNTo IS NNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
L Ll YRR R

Br

5m

I R T

©
o o o o |o L )
@ o o) S| = |w o
2 o < o |© o |d|o
c Y] N ISHR- o N |
< o - | o ||
———— 7t 7 T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
(ppm)

*** Current Data Parameters ***

NAME : ja06lcc
EXPNO : 1
PROCNO 1

*** Acquisition Parameters ***

BF1 :300.1300000 MHz
LOCNUC 2H

NS : 8

0o1 : 1853.43 Hz
PULPROG : 2930

SFO1 :300.1318534 MHz
SOLVENT : CDCI3

SwW : 17.9519 ppm
*** Processing Parameters ***

LB : 0.30 Hz
PHCO : 29.363 degree
PHC1 : 3.159 degree
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13C Standard AC300 cc-i-112-c

** Current Data Parameters ***
g g rRe o :
PROCNO 1
%\ﬁ‘% ‘ ‘% ‘ ‘ *** Acquisition Parameters ***
BF1 © 75.4677490 MHz
LOCNUC 2H
NS : 355
0o1 : 7924.11 Hz
PULPROG : zgpg30
SFO1 : 75.4756731 MHz
SOLVENT : CDCI3
/o) SwW : 238.2968 ppm
o *** Processing Parameters ***
Br LB : 1.00 Hz
5m PHCO : 142.329 degree
H‘ PHC1 : -8.112 degree
Il
| |
H
|
"{so 170 160 150 140 130 120 110 100  eo 8o 70 60  s0 4o 30 20 10

(PPmM)
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1H normal range AC300 cc-118-C

*** Current Data Parameters ***
o ANOMOAdANONNMNONNTOOTOMNMTONOOOIAINANONONONOLWONTOOUNNDOSTDOL ONONOM NAME : jallcc
(o) NONODHODDOONOTONMNMNMNONULNDODHLNONONONDONMNONIHNMNMNOINONNOOOMONMOWO OO
© DTOANNAHOOOINOUTOULMNAHAADINONONUONODOMAONDANOUITINMNANODNONOONIITMNAHDNLW O O O EXPNO B 5
N  NNENNRNROOQQANNNRNOOOONDNNDIIIIINNNNNNNNNNNNATATTIIIIITTO00H00
~ TILILITITITITONNMONNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNAAA .
T B S H JJJ i1y | PROCNO 1
— *** Acquisition Parameters ***
BF1 :300.1300000 MHz
LOCNUC : 2H
NS : 8
o1 : 1853.43 Hz
(@) 0) PULPROG : 2930
Br SFO1 : 300.1318534 MHz
SOLVENT : CDCI3
5n
SwW : 17.9519 ppm
*** Processing Parameters ***
LB : 0.30 Hz
PHCO : 39.341 degree
PHC1 : -10.890 degree
B
) n [0} n - (%] o -
) © o} ™I~ N n [v]
= [ o] [ R B )] < vl
= <} o O |d|O |« [\
] ] R R ©
"85 8o 75 70 65 60 55 50 45 40 35 30 25 20 15 10 o5
(ppm)
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13C Standard AC300 cc-118-C

*** Current Data Parameters ***
(o] .
g gods 9 g 28 Ze NAME jallee
(o] nwMmon [« o OO0 © O
© QYO ~ @ NO H® EXPNO 6
5 NN 8 88 AR
S 1 A
% Acquisition Parameters ***
BF1 © 75.4677490 MHz
LOCNUC 2H
NS : 301
o1 : 7924.11 Hz
(@) @) PULPROG : zgpg30
Br SFO1 : 75.4756731 MHz
SOLVENT CDCI3
5n
SwW : 238.2968 ppm
*** Processing Parameters ***
LB : 1.00 Hz
PHCO : 106.061 degree
H‘ PHC1 : 31.741 degree
"{so 170 160 150 140 130 120 110 100  eo 8o 70 60  s0 4o 30 20 10

(PPmM)
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1H normal range AC300 cc-i-118-D

*** Current Data Parameters ***

NAME : jallce
NS N DRI M OMN © OO TNONTIRE DN NTNOE QIR DN ANOREOCRINNTROOMNO A AROD AR T VO o N ©
ODNANNDDOREANTNANOOANNNDON AT OODONTION~NODOONTITOON AV NOONVOOAANLWLWODOONNDNAD A0 dd D EXPNO . 3
PN B R OIS NN O BB I m N NS 8RR RIS Rl SN R R R o BY 8 e EYScR83582 :
MNENNOOQORNNNNERNENOOVDWDSTEIIITINOOONOMONONNNNAAAATOOONXORNNOONMNMOONNNNNATAAHOOQ
Y¥dYoomodanddanNdNNNd NN NN NN NN NNNN NN NS S S A dddddda s pa oy 1
Ll i P ]

—— :
*** Acquisition Parameters ***

LOCNUC : 2H
NS : 8
NUCLEUS : off
o1 : 1853.43 Hz
PULPROG : 2930

8 383588 SFO1 : 300.1318534 MHz
~ YIS @] O SOLVENT : cpei3

‘\v\\‘ H H Br sw 17.9519 ppm

TD : 32768

%

50
. _ TE : 2070 K
E g 8 **% Processing Parameters ***
e SN o N LB : 0.30 Hz
730 2 4% 4% 470 SF © 300.1300130 MH
(ppm) (ppm) : . z

*** 1D NMR Plot Parameters ***
NUCLEUS : off

©
i
54 =] < A |o oo vy o =3
3 =1 < I N - - S S S ] 2
€ =1 @ S|la|a|gs s | |a =3
= IS S S |o|a|a|ae|a|a >
= =] P I I R = I = I = I Y = <
L e e e L A e L e e e L L e L e e LA L e o B e LA A e e e A
.0 45 4.0 25 20 15
(ppm)
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13C Standard AC300 cc-118-C

** Current Data Parameters ***
© .
i gaar B 3 88 dB8mR NAME : jallce
(V] oNOMN o n OO0 d0OWnWON
o Q¥ oW @ ® AN NCCO® EXPNO 4
5 NI - ¢ 5588844
o NI A
** Acquisition Parameters ***
BF1 © 75.4677490 MHz
LOCNUC 2H
NS : 158
0o1 : 7924.11 Hz
PULPROG : zgpg30
SFO1 : 75.4756731 MHz
o 0)
B SOLVENT : CDCI3
r SwW : 238.2968 ppm
50 *** Processing Parameters ***
LB : 1.00 Hz
PHCO : 108.472 degree
m PHC1 : 38.307 degree
180 170 160 150 140 130 120 110 100 9o 8o 70 60  so 4o 30 20 10

(PPmM)
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ck-ii-134
smo o~ OHNNND ARSI T NONNNOOMRATNOMNOMON O LON
RS N ROROHN~NONOAOOT IR I HDODMDODROF T 00D MM DI
S0 o~ OO OB INORR - IMAHOOTNNADONODYN P IO DR~ 0T
HMN IS OC0ORDRNNNENROOOCOOOOMMMMMMANN NN NN NN o oo o
~~~ 00 R I A O R RS A R N R NI SN N S N S N S U N NN S SV SV N S U NN NS NNV
H\‘ % @%LLLLLLLLLLL H\ﬁJJJJJJJJJJJJJJJJJ
N3

(_s F 7

> o o - @ ®

@ S = = ® )

2 S > o 1) @

£ 3 3 3 3 3
Y o | o o

——— T e e e e

8.5 8.0 7.5 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5
(ppm)

*** Current Data Parameters ***

NAME : sel0ck
EXPNO : 1
PROCNO : 1

*** Acquisition Parameters ***
INSTRUM : spect
LOCNUC 2H

NS : 8
NUCLEUS : off

o1 : 1250.00 Hz
PULPROG : 20930
SFO1 :300.1312500 MHz
SOLVENT : D20

SW : 15.9573 ppm
D : 32768

TE : 299.2 K
*** Processing Parameters ***

LB : 0.10 Hz
*** 1D NMR Plot Parameters ***
NUCLEUS : off
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ck-ii-134

~ [N

© O VWO KooY © oY
~ ~ dO® SO I XS
o~ ~ N0 SNON ~ oo
o 5 0w ~New °'! ®Q
© o NN dN~© @ W<
= o oo N~~~ re) N

O
@]

10

WMWWWWMWWWMW Wil e o A

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

*** Current Data Parameters ***

NAME : sel0ck
EXPNO : 5
PROCNO : 1

*** Acquisition Parameters ***
INSTRUM : spect
LOCNUC 2H

NS : 52
NUCLEUS : off

o1 : 8365.03 Hz
PULPROG : zgdc
SFO1 . 75.4760840 MHz
SOLVENT : CDCI3

SW : 241.7743 ppm
D : 32768

TE : 299.2 K
*** Processing Parameters ***

LB : 2.00 Hz
*** 1D NMR Plot Parameters ***
NUCLEUS : off
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1H normal range AC300 ck-ii-215

*** Current Data Parameters ***

Besaaman3g o8I eN28 28RN eE RN REeRsy 8y MME 1 ok
BRBHIERERN 835588535 55NRESACBEIRACREIRIERE pevo - :
L el el el el D e e N SO MmMmommomomomaAaaNaNaANaAaNNANANNNAAAAAAA A A A .
uu;ggggﬁ \Kﬂ%m%gﬂngLpLimﬁngJJJuu inCNQ__- 1
Acquisition Parameters ***
LOCNUC : 2H
NS : 8
NUCLEUS : off
0 0o1 : 1853.43 Hz
PULPROG : 2930
\\NH SFO1 : 300.1318534 MHz
\ SOLVENT : MeOD
OH SW : 17.9519 ppm
™ : 32768
TE : 297.4 K
*** Processing Parameters ***
11 LB . 0.30 Hz
SE :300.1300050 MHz
*** 1D NMR Plot Parameters ***
NUCLEUS : off

Integral

0 15 10 05

85 80 75 70 65 60 55 50 45 40 35 30 25
(ppm)

5.3443
1.0000
1.0078
~ 121314
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13C Standard AC300 ck-ii-215

*** Current Data Parameters ***

oc23ck
2
1

*** Acquisition Parameters ***

2H
202
off
7924.11 Hz
29pg30
75.4756731 MHz
MeOD
238.2968 ppm
32768
2975 K

*** Processing Parameters ***

1.00 Hz
75.4676520 MHz

*** 1D NMR Plot Parameters ***

N — W
[e) < L o O o O O MOoOONO - N
o (32) o™ 0 O (2] N DOOVO M AN <t
= o oo~ 0’ © UOANON~Y O © EXPNO
3 S 999 = 8 2IIRERS ]
= | e e
LOCNUC
NS
NUCLEUS :
o o1
PULPROG :
NH SFO1
\ SOLVENT :
SwW
OH
™
TE
H 11 L8
SF
NUCLEUS :
T T T T T T T T T T T T T T T T T T T
180 160 140 120 100 80 60 40 20

(ppm)

off
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ck0209

*** Current Data Parameters ***

15612 —
28617 —
02027 —
S02'7 —
80127 —
1122 —
12222 —
9zzz —
eleez —
€12y’ —
y9er'z —
1Yz —
99572 —|
0eLr'e u
89/°C

ze6v'Z |
1052 —

2H

off
3088.51 Hz

2930
2947 K

500.1330885 MHz
20.6557 ppm
32768

CDCI3

*** Acquisition Parameters ***

LOCNUC

NS
*** Processing Parameters ***

SOLVENT :
SW
TD

PULPROG :
TE

NUCLEUS :
SFO1

PROCNO
o1

8157 —|
20257
98657 —|
versz —|
05857 —|
52957 —|
16.5°7 —
62997 —|
50297 —
5519 —
08297 —
16897 —
95897 —|
90697 —|
28697 —|

6687 —|
18067

0092°L ——

1SVE'L
96582 —/
12982
169€°L —|

0928
018€"L —
€188
668€'L —
880" —
1020
682 |

0.30 Hz
500.1300140 MHz
off

*** 1D NMR Plot Parameters ***

NUCLEUS :

LB
SF

EZ

€V90'T

\ ¥550'T

€L0T'C
—~

|
]

——_ 5860

oveEy'L —
S9eyL —

M 00005

|eabajul
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10 05

15

45 4.0 35 30
(ppm)
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6.5

7.0

8.0

8.5



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

13C AMX500 cc-i-azide

r
g E é % § % % § g % § § *** Current Data Parameters ***
H % ‘ ‘ ‘% ‘ ‘ ‘ NAME : ck0209
EXPNO : 2
PROCNO : 1
*** Acquisition Parameters ***
LOCNUC : 2H
NS : 201
NUCLEUS : off
o1 : 13204.57 Hz
PULPROG : zgpg30
SFO1 : 125.7709936 MHz
SOLVENT : CDCI3
SW : 238.7675 ppm
TD : 65536
TE : 295.6 K
*** Processing Parameters ***
LB : 1.00 Hz
SF : 125.7577940 MHz
*** 1D NMR Plot Parameters ***
NUCLEUS : off
"0 180 170 160 150 140 130 120 110 100 90 8 70 60 s 40 30 2 10

(ppm)
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1H normal range AC300 ck-v-93

L e e e el ol el el TLTTOOMOOMOMOMHMMNMMMOMMMANNNNNNNNNNNNNNAAAAA oA A A A A
Ll Ll Ll Ll %%;gﬂ;gggﬂ;;ggﬁw% J
—m
NH

OH

13
E
g o ~ < ~ | © ~
g g 2 g g |5 &
£ 8 > S =S =

3 g = =g 5
o e e B e
(ppm)

*** Current Data Parameters ***

NAME : jal2ck
EXPNO 3
PROCNO : 1

*** Acquisition Parameters ***
LOCNUC : 2H

NS : 8
NUCLEUS : off

01 : 1853.43 Hz
PULPROG : 2930
SFO1 :300.1318534 MHz
SOLVENT : MeOD

SW : 17.9519 ppm
TD : 32768

TE : 296.9 K
*** Processing Parameters ***

LB : 0.30 Hz
SF :300.1300050 MHz
*** 1D NMR Plot Parameters ***
NUCLEUS : off
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13C Standard AC300 ck-v-93

*** Current Data Parameters ***

8 g 2328 s 3 2e523NE 23 NAME Janzck
PROCNO : 1
‘ %‘ ‘ ‘ %‘% ‘ H *** Acquisition Parameters ***
LOCNUC : 2H
NS : 203
NUCLEUS : off
o1 : 7924.11 Hz
'e) PULPROG : zgpg30
SFO1 : 75.4756731 MHz
NH SOLVENT : MeOD
SW : 238.2968 ppm
- D : 32768
OH TE : 2971 K
**x Processing Parameters ***
13 LB : 100 Hz
SF © 75.4676440 MHz
*** 1D NMR Plot Parameters ***
NUCLEUS : off
ﬁ N I
T i 0 160 150 140 130 10 110 100 eo | 80 70 e so 40 30 20 | 10

(ppm)
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1H AMX500 cc-i-159

*** Current Data Parameters ***

NAME : ck0208
~orowooo NS NO O OO IR N O NNV ROIPOIME MO DN O N
WMo O LONOFTONOONOOQUWOANNMOMWULERATNNENMO OO DD EXPNO . 1
288883 Rs O8I L83 B8N baoRYrIToSl6N08883S :
MR COGUVVNNOOCCVOEddRRNERENERRCONDIIIII
NN RN R I I P R R INININEN RN Sddddd S ppaa o 1

——4.8910

NH

QO
T

14

| )

Pl
™
©
S
=

Integral

5.0000
1.3119

1.0814

H)W%HALL‘LJ *** Acquisition Parameters ***

LOCNUC : 2H

NS : 8
NUCLEUS : off

o1 : 3088.51 Hz
PULPROG : 2930
SFO1 :500.1330885 MHz
SOLVENT : CDCI3

SW : 20.6557 ppm
TD : 32768

TE : 2952 K
*** Processing Parameters ***

LB : 0.30 Hz
SF :500.1300060 MHz
*** 1D NMR Plot Parameters ***
NUCLEUS : off

9406
1.0753
1.0734

85 8.0 75 7.0 65 6.0 55 50 45 4.0 35
(ppm)

20 1 10 05

o
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13C AMX500 cc-i-159

*** Current Data Parameters ***

« oo NAME : ck0208
3 BEg 29 38983332y g
I LEEEL AL EXPNO 2
TOTTT Ty ISR PROCNO  : 1
‘ ‘*V‘ \ ‘ \ggﬂh%% H ‘ *** Acquisition Parameters ***
LOCNUC : 2H
NS : 165
NUCLEUS : off
NH o1 : 1320457 Hz
PULPROG : zgpg30
< SFO1 © 125.7709936 MHz
OH SOLVENT : MeOD
SW : 238.7675 ppm
14 TD : 65536
TE : 2959 K
**% Processing Parameters ***
LB : 1.00 Hz
SF : 125.7576130 MHz
**% 1D NMR Plot Parameters ***
NUCLEUS : off
"0 180 170 160 150 140 130 120 110 100 90 8 70 60 s 40 30 20 10

(ppm)
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MO MWOOS OO < MO NN—TOTdMOUODNDTHOMNMNAALO LT O~ ANM
SO MoOoSE St HO 0] OO ATNMOTNOMNMWUOMNNSNANANOSTIITOOONM
DO~ OCOITITMNMO o NOOUUUSANATO OO ITOANNATOLLW S
HNMOOHOHDHOMMN 5] ANNNNNNANNNRAATNOOONONNOOD O
e e e [Te) dAaaadadaaNaNaaaNaNdNNAdd T A A A A A A
R ey
©
P
[=2] o ~ @ x| ©
ko) S ™ S || 0
= =] o} S ®|| ©
£ S o S S|l S
wn o [9V] |
M L2 S PSS 11 DS SEMSSSS | MBS .1 NS
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*** Current Data Parameters ***

NAME ck0208
EXPNO 1
PROCNO 1

*** Acquisition Parameters ***
LOCNUC 2H

NS 8
NUCLEUS : off

o1 3088.51 Hz
PULPROG : 2930
SFO1 500.1330885 MHz
SOLVENT : CDCI3

SwW 20.6557 ppm
TD 32768

TE 3031 K
*** Processing Parameters ***

LB 0.30 Hz
SF 500.1300120 MHz

*** 1D NMR Plot Parameters ***

NUCLEUS :

off
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*** Current Data Parameters ***

NAME : ck0208
EXPNO 2
PROCNO : 1

*** Acquisition Parameters ***
LOCNUC : 2H

NS : 55
NUCLEUS : off

o1 : 13204.57 Hz
PULPROG : zgpg30
SFO1 : 125.7709936 MHz
SOLVENT : CDCI3

SW : 238.7675 ppm
TD : 65536

TE : 3010 K
*** Processing Parameters ***

LB : 1.00 Hz
SF : 1257578040 MHz
*** 1D NMR Plot Parameters ***
NUCLEUS : off
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X-ray Structure of 5a

Br

ba
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