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1. General Methods of Synthesis

Air and moisture sensitive reactions were carried out in oven-dried glassware sealed with rubber
septa under a positive pressure of dry CO mixed gas or nitrogen from a balloon, unless otherwise
indicated. Similarly sensitive liquids and solutions were transferred via syringe. Reactions were stirred
using Teflon-coated magnetic stir bars. FElevated temperatures were maintained using
thermostat-controlled silicone oil baths. Organic solutions were concentrated using a Biichi rotary
evaporator with a desktop vacuum pump. Tetrahydrofuran and diethyl ether were distilled from sodium
and benzophenone prior to use. Dioxane (extra dry, water < 50 ppm), [Rh(CO),Cl], was commercially
available and used as received. Analytical TLC was performed with 0.25 mm silica gel 60F plates with
a 254 nm fluorescent indicator. The TLC plates were visualized by ultraviolet light and treatment with
acidic p-anisaldehyde stain followed by gentle heating. Purification of products was accomplished by
flash chromatography on silica gel and the purified compounds show a single spot by analytical TLC.

NMR spectra were measured on a Varian INOVA 600 (‘H at 600 MHz, "*C at 150 MHz) magnetic
resonance spectrometer. Data for "H-NMR spectra are reported as follows: chemical shift (ppm: s =
singlet, d = doublet, t = triplet, q = quartet, dd = doublet of doublets, td = triplet of doublets, ddd =
doublet of doublet of doublets, tdd = triplet of doublet of doublets, m = multiplet), coupling constant
(Hz), and integration. Data for *C-NMR are reported in terms of chemical shift (ppm) relative to
residual solvent peak. Infrared spectra were recorded on an AVATAR 330 Fourier transform
spectrometer (FT-IR) and are reported in wavenumbers (cm™'). Mass spectra (MS) and high-resolution

mass spectra (HRMS) were recorded on a VG-ZAB-HS mass spectrometer (EI, 70 eV).

Abbreviations:

THF = tetrehydrofuran

PE = petroleum ether

EA = ethyl acetate

DCE = 1,2-dichloroethane

PCC: Pyridinium Chlorochromate

PDC: Pyridinium Dichromate
DIBAL-H: Diisobutylaluminum Hydride
DEAD = diethyl azodicarboxylate

m.p. = melting point
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2. General Procedure for the Preparation of Ene-VCP Substrates

(1) Procedure for the Preparation of Bicyclo[3.1.0]hexane-1-carboaldehyde (S4)

(IOH NalQy4, Et,O @/CHO NaBH, @/CHZOH
2 M NaOH MeOH

OH
62% s1 9% s2

ZnEtz, CH2|2 @CHZOH PCC, CH2C|2 CHO
_— > B
Et,0 &

90%
80% s3

S4

O:OH NalO,, Et,O @/CHO

OH 2 M NaOH
62% S1

Cyclopent-1-enecarboaldehyde (S1)!"
To a solution of sodium periodate (20.3 g, 94.8 mmol) in H,O (150 mL) at 0 °C was added
1,2-diol-cyclohexane (10.0 g, 86.2 mmol) dropwise over 10 min. After stirring for 10 min, a solution of
Et,0 (80 mL) and 2 N NaOH (40 mL) was added consecutively. Then the reaction was stirred for 1 h
at room temperature. The mixture was extracted with Et,O (40 mL x 3). After washing with saturated
water and brine, the combined organic layer was dried over MgSO, and concentrated. The residue was
purified by flash column chromatography to afford 4.7 g (62% ) S1 as a colorless oil.
CHO NaBH CH,OH

O e O

s1 91% s2
Cyclopentenylmethanol (S2)"*!
A solution of 5.17 g (53.8 mmol) S1 dissolved in 50 mL of methanol was cooled to 0°C. Then NaBH,4
(0.6 g, 16 mmol) was added in small portion to the above prepared solution over 10 minutes. After 2 h,
the reaction solution was evaporated to about one-half volume under reduced pressure. The reaction
was then quenched with water and the resulting aqueous phase was extracted with ether and washed
with brine. The combined ether phase was dried over anhydrous Na,SO,. After removal of the solvent,

the residue was purified by flash column chromatography to give 4.8 g (91%) S2 as a colorless liquid.

@/CHon ZnEty, CHal, @CHZOH

CH2C|2
S2 80% S3

Bicyclo[3.1.0]hexane-1-methanol (S3)"

Diethyl zinc solution (19.2 mL, 1.5 M in hexane, 28.8 mmol) and CH,I, (4.6 mL, 57.4 mmol) were
sequentially added to a solution of S2 (2.8 g, 28.7 mmol) in anhydrous CH,Cl, (40 mL) at 0 °C. The
reaction mixture gradually became a white suspension while stirred at 0 °C. The reaction was

monitored by TLC. After 12 h, the reaction was quenched with saturated NH4Cl. The resulting mixture
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was extracted with ether and the combined organic phase was dried over MgSQO, and concentrated. The

residue was purified by flash column chromatography to afford 2.5 g (80%) S3 as a colorless oil.

i ;CH20H PCC, CH.Cl, CHO

0,
S3 0% S4

Bicyclo[3.1.0]hexane-1-carboaldehyde (S4)

Si0, (6.9 g) was added to a solution of 1.8 g (16.0 mmol) S3 in 100 mL of CH,Cl,. Two equivalents of
PCC (6.9 g, 32.0mmol) were added dropwise to the above solution over 10 minutes. The resulting
mixture was stirred at room temperature for 2 h. Then the reaction mixture was filtered and the
precipitate was washed with excess Et,O. The organic layers were collected and dried over MgSQ,.
After concentrated, the residue was purified by flash column chromatography to afford the desired
product S4 1.58 g as a colorless oil in 90% yield.

'H-NMR (600 MHz, CDCls): 6 8.99 (s, 1H), 2.18-2.13 (m, 1H), 1.97-1.94 (m, 1H), 1.84-1.73 (m, 4H),
1.37-1.28 (m, 2H), 1.1 (t, J = 6.0 Hz, 1H). *C-NMR (150 MHz, CDCl;): & 200.7, 42.12, 28.57, 26.26,
24.54, 20.84, 15.39. IR (FT-IR): v = 2941, 2868, 1684, 1450, 1288, 1227, 1192, 1153, 1040, 958, 930
em’. MS (EI): m/z (%) = 110 (M", 100), 95 (53), 81 (100), 67 (65), 41 (100). HRMS calcd for C;H,0:
110.0732. Found: 110.0728.

(2) Procedure for the Preparation of 1-(Bicyclo[3.1.0]hexan-1-yl)ethanone (S6)

OH o)
GLCHO CH3MgBr PDC
Et,0 CH,Cl,
60% 70%
S4 ° S5 ° s6

ﬁCHO CH4MgBr G/Oi

Et,0
sS4 60% S5
1-(Bicyclo[3.1.0]hexan-1-yl)ethanol (S5)*
Methylmagnesium bromide (15.0 mL, 3 M, 45.0 mmol) was dissolved in 270 mL anhydrous dimethyl
ether under N, and then cooled to 0 °C. S4 (45.0 mmol, in 10 mL Et,0) was added slowly to the above
solution. The solution was then stirred under 0 °C for 30 minutes before it was poured into the mixture
of 100 g ice and 100 mL 1 M H,SO, (aq). After extracted with Et,O, washed with water, and brine,
dried over MgSO,, and concentrated in vacuo, the crude mixture was purified by flash column

chromotography to afford 3.4 g (60 %) S5 as a light yellow liquid.
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OH (0]

PDC
CH,Cl,
70%
S5 S6

1-(Bicyclo[3.1.0]hexan-1-yl)ethanone (S6)"”’

1-(Bicyclo[3.1.0]hexan-1-yl)ethanol S5 (3.4 g, 27.0mmol) was dissolved in 100 mL anhydrous CH,Cl,
and cooled to 0 °C. Then PDC (11.1 g, 30 mmol) was added in batches and the resulting solution was
stirred for 10 h at room temperature. The product mixture was filtered through a short silica gel column.

Then the filtrate was concentrated to get the product with 70% yield (2.7 g) as a light yellow liquid.

(3) General Procedure for the Preparation of Vinyl Cyclopropyl Alcohols

o
é/‘(w . (EtO)szcozEt Step 1 EtOZC\/Kb Step 2 Ho/\)\b

R'=H, CH, 22 R'=H (76%) 24 R'=H (58%)
23 R'=CH; (75%) 25 R1-CH3 (60%)

Step 1: To a flask containing NaH (1.2 equiv.) and THF at 0 °C was added triethyl phosphonoacetate
(1.2 equiv.). After stirring at room temperature for 30 min, the corresponding cyclopropyl carbonyl
compound (1.0 equiv.) was added dropwise and the reaction was allowed to stir overnight. After
quenching with brine, extracting with Et,O, and drying over MgSQ,, concentration of the organic
phase in vacuo gave a crude oil that was further purified by flash chromatography (petroleum
ether/EtOAc = 9:1). 22 or 23 was obtained as a clear, colorless oil.

Step 2: To a Schlenk flask charged with ester 22 or 23 (1.0 equiv.) in THF at -78 °C was added
DIBAL-H (1 M in toluene, 2.2 equiv.) dropwise. The reaction was warmed to room temperature
overnight and was quenched with ethylacetate and aqueous potassium tartrate tetrahydrate. Stirring was
continued until the solution was clear. Extracted with Et,O, washed with brine, dried over MgSQO,,
evaporation and purification by flash column chromatography (petroleum ether/EtOAc = 4:1) provided

alcohol 24 or 25 as a clear, colorless oil.

Physical Data

EtOZC\/\b

22
(E)-Ethyl 3-(bicyclo[3.1.0]hexan-1-yl)acrylate (22)
'H-NMR (600 MHz, CDCl;): § 6.80 (d, J = 15.6 Hz, 1H), 5.79 (d, J = 15.6 Hz, 1H), 4.18 (q,J= 7.2 Hz,
2H), 1.87-1.84 (m, 1H), 1.78-1.75 (m, 3H), 1.69-1.67(m, 1H), 1.56-1.54 (m, 1H), 1.28 (t, J = 7.2 Hz,
3H), 0.95 (t, J = 5.4 Hz, 1H), 0.87-0.84 (m, 2H). *C-NMR (150 MHz, CDCL): 6 167.1, 155.2, 116.2,
59.9,31.8, 29.1, 28.1, 27.0, 20.7, 16.9, 14.3. IR (FT-IR): v=2934, 2862, 1638, 1446, 1308, 1275, 1209,
1161, 1095, 1044, 983 cm™. MS (EI): m/z (%) = 180 (M", 35), 151 (33), 79 (47), 43 (100). HRMS
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caled for Cy;H;60;: 180.1150. Found: 180.1148.

CHs
EtOZCV/Kb

23
(E)-Ethyl 3-(bicyclo[3.1.0]hexan-1-yl)but-2-enoate (23)
'H-NMR (600 MHz, CDCLs): d 6.74 (s, 1H), 4.17 (q, J = 7.2 Hz, 2H), 1.98-1.92 (m, 1H), 1.95 (s, 3H),
1.88 (d, J = 1.8 Hz, 1H), 1.84-1.78 (m, 1H), 1.73 (dd, J = 12.0 and 7.8 Hz, 1H), 1.68-1.63 (m, 1H),
1.40-1.38 (m,1H), 1.28 (t, J = 5.4 Hz, 3H), 0.88-0.84 (m, 1H), 0.78 (t, J = 4.8 Hz, 1H), 0.67-0.64 (m,
1H). BC.NMR (150 MHz, CDCl3): 6 168.8, 145.4, 127.9, 60.3, 31.2, 28.8, 27.5, 27.0, 21.3, 14.7, 14.3,
13.2. IR (FT-IR): v = 2956, 2924, 1708, 1461, 1261, 1111, 1090, 745 cm’. MS (ED): m/z (%) = 194
(M, 95), 165 (77), 147 (63), 121(100), 79 (75). HRMS caled for C;,H;30,: 194.1307. Found:
194.1306.

HO/\/\b

24
(E)-3-(Bicyclo[3.1.0]hexan-1-yl)prop-2-en-1-ol (24)
'H-NMR (600 MHz, CDCl3): 6 5.65-5.57 (m, 2H), 4.10 (d, J = 5.4 Hz, 2H), 1.86-1.81 (m, 1H),
1.77-1.69 (m, 3H), 1.66-1.61 (m, 1H), 1.53 (bs, 1H), 1.27-1.25 (m, 1H), 1.23-1.19 (m, 1H), 0.69 (t, J =
4.8 Hz, 1H), 0.59-0.57 (m,1H). BC-NMR (150 MHz, CDCl;): ¢ 138.8, 124.6, 63.8, 30.2, 29.2, 27.2,
26.6, 20.8, 14.5. IR (FT-IR): v=3327, 2932, 2860, 1664, 1451, 1040, 1006, 966 cm™. MS (ED): m/z (%)
= 138 (M", 8.0), 120 (15), 91 (52), 79 (100), 41 (66). HRMS calcd for CoH,40: 138.1045. Found:
138.1044.

CHs
HO/\/\b

25
(E)-3-(Bicyclo[3.1.0]hexan-1-yl)but-2-en-1-ol (25)
'H-NMR (600 MHz, CDCly): ¢ 5.52-5.49 (m, 1H), 4.18 (d, J = 6.6 Hz, 2H), 1.80-1.73 (m, 4H), 1.67
(bs, 1H), 1.60 (s, 3H), 1.39-1.37 (m, 1H), 1.27-1.22 (m, 2H), 0.62 (dd, /= 8.4 and 4.8 Hz , 1H), 0.54 (t,
J =42 Hz, 1H). "C-NMR (150 MHz, CDCly): § 142.2, 122.0, 59.6, 34.9, 30.8, 27.4, 23.8, 20.9, 14.3,
12.5. IR (FT-IR): v = 3330, 2930, 2859, 1649, 1448, 1128, 997, 933 cm™. MS (EI): m/z (%) = 152 (M,
11), 123 (47), 93 (75), 79 (73), 43 (66). HRMS calcd for C;oH;60: 152.1201. Found: 152.1200.
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(4) General Procedure for the Preparation of Geminal Diester-Tether Substrates 4, 6, and 14
M602C> + X/\% NaH MeO,C
MeO,C R2 THF MeO,C R?

X=Br, orl |

2
RP=H. CHs _ 24R'=H
HO 1
n-BuLi, MsCl 25R'=CH;,
LiBr, THF

4 R'=H, R?=H (40%)
6 R'=H, R2=CH, (35%)
14 R'=CH3, R?=H (32%)

Step 1: To a flask charged with NaH (1.8 equiv.) and THF at 0 °C was added dimethyl malonate (1.8
equiv.) dropwise. After stirred for 30 min, allyl iodide or allyl bromide (1.0 equiv.) was added and the
reaction mixture was stirred at room temperature overnight. Quenching with brine, extracting with
Et,0, drying over MgSQ,, evaporation, and purification by flash column chromatography (petroleum
ether/EtOAc = 9:1) provided | as a clear colorless oil.

Step 2: (a) To a 250 mL flask containing alcohol 24 or 25 (1.0 equiv.) in THF at -78 °C was added
n-BuLi (1.6 M in hexane, 1.2 equiv.), followed 10 min later by methane sulfonyl chloride (1.2 equiv.),
and then immediately by lithium bromide (4.5 equiv.) in one portion. The reaction mixture was stirred
for 30 min. (b) To a second flask charged with NaH (1.6 equiv.) in THF was added | (1.6 equiv.)
dropwise over 15 min. After stirred for 30 min at room temperature, the solution was cooled to -78 °C
and the solution of the first flask was transferred in via cannula. The reaction mixture was stirred for 2
h at -78 °C, then allowed to warm to room temperature. Quenching with water, extracting with Et,0O,
drying over MgSQ,, evaporation and purification by flash column chromatography (petroleum

ether/EtOAc = 9:1) provided geminal diester derivatives 4, 6, and 14 as clear colorless oils.

Physical Data

MeOzC\/%
MeO,C" ¢

4
(E)-Dimethyl 2-allyl-2-(3-(bicyclo[3.1.0]hexan-1-yl)allyl)malonate (4)
'H-NMR (600 MHz, CDCl3): 6 5.69-5.61 (m 1H), 5.42 (d, J = 15.6 Hz, 1H), 5.21-5.17 (m, 1H),
5.12-5.07 (m, 2H), 3.71(s, 6H), 2.65-2.58 (m, 4H), 1.76-1.75 ( m ,2H), 1.68-1.65 (m, 2H), 1.62-1.59
(m, 2H), 1.21-1.16 (m, 1H), 0.62 (t, J = 4.8 Hz, 1H), 0.51-0.49 (m, 1H). *C-NMR (150 MHz, CDCl;):
0171.5,140.6, 132.7, 119.21, 119.17, 58.3, 52.5, 52.4, 37.2, 36.1, 30.7, 29.7, 27.4, 26.5, 21.1, 14.4. IR
(FT-IR): v = 2952, 2860, 1734, 1436, 1208, 994, 920, 858 cm™ . MS (EI): m/z (%) = 292 (M", 4.0), 219
(47), 120 (86), 91 (82), 79 (100). HRMS calcd for C;7H2404: 292.1675. Found: 292.1676.
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MeOZC%
MeO,C" N

6
(E)-Dimethyl 2-(3-(bicyclo[3.1.0]hexan-1-yl)allyl)-2-(2-methylallyl)malonate (6)
'H-NMR (600 MHz, CDCl5): 6 5.40 (d, J = 15.3 Hz, 1H), 5.25-5.20 (m, 1H), 4.86-4.85 (m, 1H), 4.73(t,
J=0.6 Hz, 1H), 3.69 (s, 6H), 2.69 (s, 2H), 2.61 (d, J = 7.2 Hz, 2H), 1.76-1.70 (m, 2H), 1.68-1.66 (m,
2H), 1.67 (s, 3H), 1.63-1.58 (m, 2H), 1.19-1.15 (m, 1H), 0.61 (t, J = 4.8 Hz, 1H), 0.51-0.48 (m, 1H).
BC-NMR (150 MHz, CDCl,): ¢ 171.5, 140.4, 139.9, 119.3, 1154, 57.7, 51.9, 40.2, 35.8, 30.3, 29.4,
27.1,26.1, 23.0, 20.7, 14.0. IR (FT-IR): v = 2950, 2859, 1735, 1436, 1272, 1199, 1176, 968 cm™. MS
(ED): m/z (%) = 306 (M", 5.0), 187 (36), 165 (34), 151(100), 120 (68), 79 (78). HRMS calcd for
C1sH2604: 306.1831. Found: 306.1845.

Meozc%
MeO,C" N

14
(E)-Dimethyl 2-allyl-2-(3-(bicyclo[3.1.0]hexan-1-yl)but-2-enyl)malonate (14)
'H-NMR (600 MHz, CDCls): § 5.69-5.62 (m, 1H), 5.08-5.05 (m, 3H), 3.70 (s, 6H), 2.63-2.61 (m, 4H),
1.81-1.64 (m, 5H), 1.56(s, 3H), 1.29- 1.23 (m, 2H), 0.51-0.47 (m, 2H). >C-NMR (150 MHz, CDCL): 6
171.5, 141.6, 132.6, 118.9, 116.3, 66.2, 58.0, 52.2, 37.0, 35.4, 31.2, 31.1, 27.6, 22.3, 12.5. IR (FT-IR):
v =2951, 2859, 1735, 1436, 1269, 1139, 920, 862 cm™. MS (EI): m/z (%) = 306 (M", 6.0), 233 (20),
147 (30), 134 (100), 119 (52), 79 (46). HRMS calcd for C sH,504: 306.1831. Found: 306.1830.

(5) General Procedure for the Preparation of Tosylamide-Tether Substrates 8, 10, 16, and 20

K,CO. H\]/
Ts—NH, + x% PP TsHN
R

n
acetone R2 .
1} R

n=1, 2 P

R2=H,CHj3 HO

PhPy,DEAD,THF | 5, o1y,

25 R'=CHj,

= é , 8 n=1, R'=H, R%=H (64%)
R

TN D 10 n=1, R'=H, R?=CHj3 (52%)

16 n=1, R'=CH3, R?>=H(47%)
A 20 n=2, R'=H, R2=H (39%)
R1

Step 1: To a flask was added TsNH; (1.1 equiv.), K,CO; (1.5 equiv.) and acetone at 0 °C. After stirring
for 30 min, allyl bromide or 4-bromobut-1-ene (1.0 equiv.) was added and the reaction mixture was
refluxed for 7 h. Quenching with brine, extraction with Et,O, drying over MgSQ,, evaporation, and
purification by flash column chromatography (petroleum ether/EtOAc = 2:1) provided Il as a white
solid.

Step 2: To a solution of alcohol 24 or 25 (1.0 equiv.), Il (1.2 equiv.), and PPh; (2.2 equiv.) in THF was
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added DEAD (2.2 equiv.) at room temperature and the reaction mixture was stirred for 20 h at room
temperature. The resulting mixture was diluted with Et,O, washed with water and brine, and dried over
Na,SO4. After removal of the solvent, the residue was purified by flash column chromatography with

Et;N-impregnated silica gel (petroleum ether/EtOAc = 9:1) to give 8, 10, 16, and 20 as colorless oils.

Physical Data

——
TsN\/\/b
8

(E)-N-Allyl-N-(3-(bicyclo[3.1.0]hexan-1-yl)allyl)-4-methylbenzenesulfonamide (8)

'H-NMR (600 MHz, CDCl5): ¢ 7.69 (d, J = 8.4 Hz, 2H), 7.28 (d, J = 7.8 Hz, 2H), 5.66-5.59 (m, 1H),
5.39 (d, J = 10.2 Hz, 1H), 5.16-5.11 (m, 3H), 3.80-3.75 (m, 4H), 2.42 (s, 3H), 1.75-1.58 (m, 6H),
0.88-0.84 (m, 1H), 0.64 (t, J = 4.8 Hz ,1H), 0.48-0.47 (m, 1H). *C-NMR (150 MHz, CDCL): 6 143.0,
141.0, 133.0, 129.5, 127.3, 119.4, 118.6, 49.0, 48.8, 30.2, 29.1, 27.2, 26.5, 21.5, 20.8, 14.4. IR (FT-IR):
v = 2917, 2860, 1340, 1157, 1090, 1032, 952, 814, 753 cm’™". MS (EI): m/z (%) = 331 (M", 2.0), 250
(18), 224 (38), 155 (48), 91 (100), 41 (84). HRMS calcd for C;oH,sNO,S: 331.1606. Found: 331.1614.

Ts N/\f
“\Jb

10
(E)-N-(3-(Bicyclo[3.1.0]hexan-1-yl)allyl)-N-(2-methylallyl)-4-methylbenzenesulfonamide (10)
'H-NMR (600 MHz, CDCls): 6 7.69 (d, J = 7.8 Hz, 2H), 7.28 (d, J = 7.8 Hz, 2H), 5.57-5.50 (m, 1H),
5.34 (d, J = 15.6 Hz, 1H), 5.06-4.84 (m, 2H), 3.74-3.67 (m, 4H), 2.42 (s, 3H), 1.70 (s, 3H), 1.69-1.53
(m, 6H), 0.88-0.83 (m, 1H), 0.60 (t, J = 4.8Hz, 1H), 0.45-0.40 (m, 1H). *C-NMR (150 MHz, CDCL):
01429, 141.2, 140.4, 1334, 129.2, 127.3, 118.9, 114.2, 52.5, 48.8, 30.2, 29.0, 27.2, 26.4, 21.5, 21.4,
20.8, 14.3. IR (FT-IR): v = 2927, 2859, 1337, 1157, 1093, 1002, 912, 814, 763 cm™ . MS (EI): m/z (%)
= 345 (M, 4.0), 264 (16), 238 (38), 190 (46), 91 (100), 55 (100). HRMS calcd for C,0H»7NO,S:
345.1763. Found: 345.1767.
—

TSNV\rb

SN

16
(E)-N-Allyl-N-(3-(bicyclo[3.1.0]hexan-1-yl)but-2-enyl)-4-methylbenzenesulfonamide (16)
'H-NMR (600 MHz, CDCL): 6 7.69 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 7.8 Hz, 2H), 5.69-5.63 (m, 1H),
5.15-5.11 (m, 2H), 5.01-4.98 (m, 1H), 3.83 (d, J = 6.6 Hz, 2H), 3.77 (d, J = 6.0 Hz, 2H), 2.42(s, 3H),
1.70-1.68 (m, 2H), 1.64-1.60 (m, 2H), 1.59-1.58 (m,2H), 1.57 (s, 3H), 0.89-0.83 (m, 2H), 0.47-0.45
(m,1H). BC-NMR (150 MHz, CDCl5): 6 142.9, 142.5, 133.3, 129.53, 129.51, 127.2, 118.3, 117.1, 49 4,
44.6,35.0, 30.8,27.4, 23.6, 21.5, 20.9, 14.3, 12.3. IR (FT-IR): v = 2926, 2855, 1339, 1156, 1089, 1037,
922, 814, 756 cm™ . MS (EI): m/z (%) = 345 (M, 2.0), 238 (32), 224 (36), 155 (64), 91 (100), 41 (78).
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HRMS calcd for CyH,70,S: 345.1763. Found: 345.1771.

(E)-N-(3-(Bicyclo[3.1.0]hexan-1-yl)allyl)-N-(but-3-enyl)-4-methylbenzenesulfonamide (20)
'H-NMR (600 MHz, CDCl3): 6 7.69 (d, J = 8.4 Hz, 2H), 7.28 (d, J = 7.8 Hz, 2H), 5.74-5.68 (m, 1H),
5.44 (d, J= 18 Hz, 1H), 5.20-5.15 (m, 1H), 5.05-5.01 (m, 2H), 3.78-3.74 (m, 2H), 3.18-3.15 (m, 2H),
2.42 (s, 3H), 2.27 (q, J = 6.6 Hz, 2H), 1.73-1.58 (m, 6H), 1.19-1.18 (m, 1H), 0.64 (t, J = 5.4Hz, 1H),
0.49 (m, 1H). BC-NMR (150 MHz, CDCl5): 6. 143.2, 140.9, 137.7, 135.2, 129.7, 127.4, 120.2, 117.1,
50.3, 46.6, 33.3, 30.5, 29.4, 27.4, 26.7, 21.7, 21.0, 14.6. IR (FT-IR): v = 2930, 2860, 1338, 1156, 1090,
1031, 926, 813, 746 co”™'. MS (EI): m/z (%) = 345 (M, 6.0), 304 (12), 190 (14), 155 (20), 121 (100),
91 (68), 79 (58). HRMS calcd for C,0H»70,S: 345.1762. Found: 345.1757.

(6) General Procedure for the Preparation of Ether-Tethered Substrates 12 and 18

R! /_(
HO % + Br/\‘/ ﬂ» o R2
RZ  THF \
2
R2=H, CH, i
24R'=H

25 R'=CH, 12 R'=H, R?=CHj (34%)
18 R'=CHj, R?=H (65%)

To a solution of NaH (1.2 equiv.) in THF was added a solution of alcohol 24 or 25 (1.0 equiv.) in THF
at 0 °C and the mixture was refluxed for 2 h. The solution was cooled to room temperature, then allyl
bromide (1.2 equiv.) was added and the mixture was refluxed overnight. After being cooled to room
temperature, the reaction was quenched with water and extracted with Et,O. Washed with brine, dried
over MgSQ,, evaporation to remove the solvent, and purification by flash column chromatography

(petroleum ether/EtOAc = 9:1) gave 12 and 18 as colorless oils.

Physical Data

o/z%
12

(E)-1-(3-(2-Methylallyloxy)prop-1-enyl)bicyclo[3.1.0]hexane (12)

'H-NMR (600 MHz, CDCL3): § 5.61-5.53 (m, 2H), 4.96-4.95 (m, 1H), 4.89-4.88 (m, 1H), 3.91 (d, J =
5.4 Hz, 2H), 3.88(s, 2H), 1.87-1.82 (m, 1H), 1.74 (s, 3H), 1.72-1.68 (m, 2H), 1.64-1.60 (m, 2H),
1.27-1.20 (m, 2H), 0.68 (t, 1H), 0.59-0.57 (m, 1H). *C-NMR (150 MHz, CDCls): § 142.6, 140.1,
122.2, 112.2, 74.1, 71.1, 30.5, 29.4, 27.5, 26.7, 21.1, 19.8, 14.8. IR (FT-IR): v = 2929, 2859, 1450,
1113, 1077, 971, 891 cm™. MS (EI): m/z (%) = 192 (M, 12), 121 (32), 119 (42), 93 (74), 86 (100), 67
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(70), 47 (100). HRMS calcd for C;3HyoO: 192.1514. Found: 192.1520.

x

18
(E)-1-(4-(Allyloxy)but-2-en-2-yl)bicyclo[3.1.0]hexane (18)
'H-NMR (600 MHz, CDCls): 6 5.94 (m, 1H), 5.45 (m, 1H), 5.27 (m, 1H), 5.17 (dd, J = 10.2 and 1.2
Hz, 1H), 4.01 (d, J = 7.2Hz, 2H), 3.96 (d, J = 2.4Hz, 2H), 1.81-1.78 (m, 2H), 1.77-1.69 (m, 2H),
1.62-1.59 (m, 2H), 1.59 (s, 3H), 1.25-1.20 (m, 1H), 0.62-0.60 (m, 1H), 0.26 (t, J = 4.8Hz, 1H).
BC-NMR (150 MHz, CDCLy): 6 142.5, 135.1, 119.5, 116.9, 71.1, 66.9, 35.0, 30.8, 27.5, 23.7, 21.0,
14.5, 12.5. IR (FT-IR): v = 2926, 2860, 1450, 1066, 920, 800 cm’'. MS (ED): m/z (%) = 192 (M+, 6.0),
134 (22), 121 (30), 91 (38), 81 (48), 91 (68), 41 (100). HRMS calcd for Ci3Hy0: 192.1514. Found:
192.1515.
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3. General Procedure for the [(5 + 2) + 1] Cycloaddition Reactions

[Rh(CO),Cl], (10 mol % to the substrate) was charged in a base-washed, oven-dried Schlenk
flask under an atmosphere of nitrogen, and then a solution of the ene-VCP substrate in degassed
dioxane (0.05 M) was added. The solution was bubbled with the mixed gas of CO and N, (0.2 atm CO
+ 0.8 atm N,) for 5 min. The reaction mixture was stirred at 80 °C under balloon pressured mixed gas
of CO and N; (0.2 atm CO + 0.8 atm N,) until TLC indicated the completion of the reaction (72 h).
After cooled to room temperature, the mixture was concentrated and the residue was purified by flash

column chromatography with silica gel to afford the cycloaddition product.
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4. Summary of all [(5 + 2) + 1] Cycloaddition Reactions

MeOOC 10 mol % [Rh(CO),Cl],,
0.2 atm CO + 0.8 atm N,
M OOC >
© dioxane, 0.05 M, 80 °C

72h
54%

MeOOC 10 mol % [Rh(CO),Cl],,

0.2 atm CO + 0.8 atm N,
MeOOC .

dioxane, 0.05 M, 80 °C
72h
61%

o]
/\/ 10 mol % [Rh(CO),Cl],, H
TsN 0.2 atm CO + 0.8 atm N,
s S » TsN H
dioxane, 0.05 M, 80 °C
72h H
8 72% conversion, 58% yield
(79% based on recovered starting material)
6]
/7/ 10 mol % [Rh(CO),Cl],, HsC
TsN « 0.2 atm CO + 0.8 atm Nj, . TN H
dioxane, 0.05 M, 80 °C
72h H

37% 11

10 mol % [Rh(CO),Cl],,
0.2 atm CO + 0.8 atm N,

V\/b dioxane, 0.05 M, 80 °C
72h

44%

O

10 mol % [Rh(CO),Cll,,
MeOOC 7 0.2 atm CO + 0.8 atm Ny,
MeOOC N dioxane, 0.05 M, 80 °C
72 h
14 62%
15a/15b = 1/6
0
7 10 mol % [Rh(CO),Cl],, H
TsN 0.2 atm CO + 0.8 atm N,, - TeN H
N dioxane, 0.05 M, 80 °C
72h H
16 67% 17a 17b

17a/17b = 1/1.3
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10 mol % [Rh(CO),Cl],, H
0.2 atm CO + 0.8 atm N,

(@] > (@]
AN dioxane, 0.05 M, 80 °C
72h H

65%

10 mol % [Rh(CO),Cl],,

(\/ 0.2 atm CO + 0.8 atm N,
TSNV\/@ dioxane, 0.05 M, 80 °C
72h

20 30%

S14
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19a/19b =1.5/1
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5. Physical Data for Cycloadducts

(3R*, 7R*, 11S*)-5,5-Bis(methoxylcarbonyl)tricyclo[9.3.0.0*"Jtetradec-1-ene-9-one (5)

Light yellow oil, 54% yield. '"H-NMR (600 MHz, CDCls): § 5.28-5.24 (m, 1H), 3.74 (s, 3H), 3.73(s,
3H), 2.69-2.58 (m, 2H), 2.52-2.43 (m, 4H), 2.42-2.32 (m, 4H), 2.28-2.19 (m, 2H), 2.05-1.95 (m, 1H),
1.78-1.69 (m, 2H), 1.64-1.56 (m, 1H), 1.49-1.45 (m, 1H). *C-NMR (150 MHz, CDCls): § 212.2, 173.1,
172.9, 147.5, 121.8, 59.0, 53.3, 52.82, 52.81, 43.2, 41.4, 41.0, 40.0, 39.5, 37.8, 34.5, 33.2, 24.1. IR
(FT-IR): v= 12916, 2848, 1731, 1434, 1245, 1166, 848 cm’'. MS (ED): m/z (%) =320 M°, 38), 302 (55),
203 (90), 91 (100), 79 (94), 41 (58). HRMS calcd for C;sH,40s5: 320.1624. Found: 320.1621.

(3R*, 7R*, 11S*)-5,5-Bis(methoxylcarbonyl)-7-methyltricyclo[9.3.0.0*"Jtetradec-1-ene-9-one (7)
Yellow oil, 61% yield. '"H-NMR (600 MHz, CDCLs): d 5.39 (d, J = 1.8 Hz, 1H), 3.73 (s, 3H), 3.71 (s,
3H), 2.61-2.50 (m, 4H), 2.44-2.38 (m, 2H), 2.29-2.18(m, 4H), 2.03 (dd, J = 13.8 and 9.0 Hz, 1H),
1.89-1.84 (m, 1H), 1.69-1.65 (m, 1H), 1.61-1.56 (m, 2H), 1.53-1.50 (m, 1H), 1.20 (s, 3H). C-NMR
(150 MHz, CDCl3): 6 211.6, 173.9, 173.5, 147.4, 128.1, 57.9, 53.56, 53.53, 52.0, 51.2, 47.5, 47.1, 44.7,
41.2,36.4,35.3, 34.8, 26.4, 23.4. IR (FT-IR): v =2954, 2924, 1732, 1434, 1264, 1198, 1065, 847 em™.
MS (ED): m/z (%) = 334 (M, 84), 316 (100), 217 (40), 122 (46), 91 (52), 41(44). HRMS calcd for
C19H2605: 334.1780. Found: 334.1772.

6]
H

TsN H

H
9

(3S*, 7S*, 11S*)-N-Tosyl-5-azatricyclo[9.3.0.0*Jtetradec-1-ene-9-one (9)

Light yellow oil, 72% conversion, 58% yield (79% based on recovered starting material). 'H-NMR
(600 MHz, CDCl3): 0 7.72 (d, J = 7.8 Hz 2H), 7.34 (d, J = 8.4 Hz, 2H), 4.96 (dd, J = 8.4 and 1.8 Hz,
1H), 3.41 (d, J=10.2 Hz, 1H), 3.39 (d, /=9.6, 1H), 3.22 (dd, J=10.2 and 4.8 Hz, 1H), 2.82 (t, J=
10.2 Hz, 1H), 2.61-2.47 (m, 3H), 2.45 (s, 3H), 2.42-2.33 (m, 3H), 2.32-2.16 (m, 3H), 1.99-1.96 (m,
1H), 1.73-1.70 (m, 1H), 1.62-1.58 (m, 1H), 1.48-1.47 (m, 1H). *C-NMR (150 MHz, CDCls): 6 211.9,
149.5 144.3, 130.4, 128.1, 119.7, 54.5, 53.9, 51.8, 41.5, 39.6, 38.7, 35.2, 34.0, 30.4, 30.0, 24.8, 22.2. IR
(FT-IR): v = 2955, 2921, 1700, 1466, 1343, 1162, 1090, 1045, 803 cm™. MS (EI): m/z (%) = 359 (M",
24), 301 (90), 204 (78), 146 (72), 91 (100), 42 (86). HRMS calcd for C,HpsNO;S: 359.1555. Found:
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359.1550.

HaC
TsN H

1
(3S*, 7S*, 11S*)-N-Tosyl-7-methyl-5-azatricyclo[9.3.0.0* ‘Jtetradec-1-ene-9-one (11)

Colorless crystals, 37% yield, m.p.150 °C. 'H-NMR (600 MHz, CDCls): 6 7.73 (d, J = 7.8 Hz, 2H),
7.34 (d,J=17.8 Hz, 2H), 4.83 (dd, J= 8.4 and 1.2 Hz, 1H), 3.34 (dd, /= 9.8 and 4.8 Hz, 1H), 3.31 (d, J
=102 Hz, 1H), 3.10 (d, J = 9.6 Hz, 1H), 2.91( d, 9.0Hz, 1H), 2.63 (d, J = 11.4 Hz, 1H), 2.57 (m, 1H),
2.45 (s, 3H), 2.40-2.30 (m, 3H), 2.28-2.19 (m,3H), 1.97-1.90 (m, 1H), 1.72-1.67 (m, 1H), 1.60-1.57 (m,
1H), 1.44-1.42 (m, 1H), 0.87 (s, 3H). *C-NMR (150 MHz, CDCly): 6 210.6, 149.0, 144.2, 134.9, 130.3,
127.9, 121.7, 59.3, 53.69, 53.66, 48.1, 47.5, 43.8, 38.0, 35.0, 33.4, 24.3, 23.9, 22.2. IR (FT-IR): v =
2957, 2869, 1697, 1384, 1344, 1156, 1091, 1051, 738 cm’. MS (ED): m/z (%) =373 (M+, 30), 315 (60),
218 (78), 160 (94), 91 (76), 42 (100). HRMS caled for CoHyyNO3S: 373.1711. Found: 373.1720. This

structure was confirmed by X-ray crystallographic analysis.

(3S*, 7S*, 11S*)-7-Methyl-5-oxatricyclo[9.3.0.0*"Jtetradec-1-ene-9-one (13)

Light yellow oil, 44% yield. "H-NMR (600 MHz, CDCLy): 6 5.38 (dd, J = 7.8 and 1.8 Hz, 1H), 4.13 (q,
J=13.8 Hz, 1H), 3.81 (d, /= 8.4, 1H), 3.52 (d, /= 7.2 Hz, 1H), 3.38 (d, /= 7.8Hz, 1H), 2.71-2.68 (m,
2H), 2.53-2.37 (m, 5H), 2.03 (d, /= 11.4 Hz, 1H), 1.98-1.93 (m, 1H), 1.78-1.72 (m, 1H), 1.65-1.61 (m,
1H), 1.49-1.46 (m, 1H), 1.21 (s, 3H). ®C-NMR (150 MHz, CDCls): 8 210.9, 148.7, 123.5, 79.3, 75.0,
53.4,48.7,47.1,44.7,38.2,35.0,33.2, 24.4, 24.3. IR (FT-IR): v = 2954, 2873, 1695, 14548, 1055, 882,
754 e, MS (EI): m/z (%) = 220 (M, 6.0), 162 (100), 135 (18), 91 (30), 79 (32), 41 (28). HRMS
caled for C14H005: 220.1463. Found: 220.1473.

16a 15b

(3R*, 7S*, 115*)-2-Methyl-5,5-bis(methoxylcarbonyl)tricyclo[9.3.0.0* ‘Jtetradec-1-ene-9-one (15b)
Yellow oil, 62% yield. 'H-NMR (600 MHz, CDCl;): 6 3.75 (s, 3H), 3.74 (s, 3H), 3.33-3.29 (m, 1H),
2.71-2.66 (m, 1H), 2.59-2.51 (m, 3H), 2.50-2.46 (m, 1H), 2.45-2.38 (m, 2H), 2.37-2.22 (m, 4H),
1.97-1.88 (m, 1H), 1.83-1.74 (m, 1H), 1.82-1.74 (m, 3H), 1.59 (s, 3H). *C-NMR (150 MHz, CDCls): 6
211.2, 173.0, 172.9, 142.3, 125.7, 57.7, 52.9, 52.7, 52.6, 48.9, 45.2, 40.0, 39.2, 37.6, 37.4, 32.7, 29.6,
22.9, 154. IR (FT-IR): v = 2954, 2923, 1731, 1435, 1257, 1199, 1066, 864 cm’. MS (ED): m/z (%) =
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334 (M, 94), 316 (82), 256 (54), 145 (82), 91 (80), 43 (100). HRMS calcd for C 9Hy50s: 334.1780.
Found: 334.1775.
Compound 15a is the minor product generated in the [(5+2)+1] cycloaddition, which is inseparable

from the major product 15b. Therefore, no characterization data for 15a was provided.

TsN H

17a

(3S*, 7S*, 115*)-2-Methyl-N-tosyl-5-azatricyclo[9.3.0.0* "Jtetradec-1-ene-9-one (17a)

Colorless crystals, 29% yield, m.p.154-155 °C. "H-NMR (600 MHz, CDCls): 6 7.71(d, J = 7.8 Hz, 2H),
7.33 (d, J=17.8 Hz, 2H), 3.63 (d, J = 9.6 Hz, 1H), 3.48 (dd, J = 9.0 and 6.0 Hz, 1H), 3.18 (dd, J= 6.0
and 5.4 Hz, 1H), 2.86 (t, /= 7.2 Hz 1H), 2.82 (d, J = 10.8 Hz, 1H), 2.56 (d, J= 6.6 Hz, 1H), 2.52-2.46
(m, 1H), 2.30-2.34 (m, 1H), 2.27-2.22 (m, 2H), 2.09 (dd, J = 4.2 and 3.6Hz, 1H), 2.01-1.99 (m, 1H),
1.81-1.78 (m, 2H), 1.73-1.71 (m, 1H), 1.66 (s, 1H), 1.60-1.56 (m, 2H). *C-NMR (150 MHz, CDCL;): &
211.8, 143.5, 142.7, 134.0, 129.8, 127.2, 123.5, 52.6, 51.4, 50.8, 43.9, 40.6, 40.0, 39.2, 34.8, 30.4, 23.0,
21.5, 16.2. IR (FT-IR): v = 2955, 2922, 1697, 1378, 1342, 1160, 1094, 1055, 816 cm™. MS (EI): m/z
(%) = 373 (M", 42), 315 (10), 218 (100), 160 (48), 91 (78), 42 (50). HRMS calcd for CH»NO;S:
373.1711. Found: 373.1714. This structure was confirmed by X-ray crystallographic analysis.

TsN

17b

(3S*, 7TR*, 115*)-2-Methyl-N-tosyl-5-azatricyclo[9.3.0.0*"Jtetradec-1-ene-9-one (17b)

White solid, 38% yield, m.p.142-144 °C. '"H-NMR (600 MHz, CDCl;): § 7.71(d, J = 8.4 Hz, 2H), 7.33
(d, J = 8.4 Hz, 2H), 3.53 (d, J = 8.4 Hz, 1H), 3.45 (dd, J = 8.4 and 7.8 Hz, 1H), 3.27 (t, J = 10.5 Hz,
1H), 3.17 (t, J = 6.0 Hz, 1H), 2.99 (t, J = 9.9 Hz, 1H), 2.72 (dd, J = 8.4 Hz,1H), 2.54-2.51 (m, 1H),
2.48 (d, J = 10.8 Hz, 1H), 2.45 (s, 3H), 2.36-2.25 (m, 3H), 2.20-2.04 (m, 1H), 1.87 (m, 1H), 1.77-1.59
(m, 3H), 1.54-1.52 (m, 1H), 1.45 (s, 3H). >C-NMR (150 MHz, CDCl;): 6 209.8, 143.9, 143.5, 133.7,
129.7,127.5, 123.1, 53.0, 52.2, 50.4, 48.1, 43.0, 39.0, 37.5, 32.6, 29.3, 22.3, 21.5, 15.7. IR (FT-IR): v=
2955, 2922, 1697, 1378, 1342, 1160, 1094, 1055, 816 cm’. MS (ED): m/z (%) =373 (M, 42), 315 (10),
218 (100), 160 (48), 91 (78), 42 (50). HRMS calcd for C,H7NO5S: 373.1711. Found: 373.1714.

19a

(3S*, 7S*, 115*)-2-Methyl-5-oxatricyclo[9.3.0.0*"Jtetradec-1-ene-9-one (19a)
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Light yellow oil, 39% yield. "H-NMR (600 MHz, CDCl;): 6 4.11 (d, J = 8.4 Hz, 1H), 4.01 (t, J = 7.8Hz,
1H), 3.84 (dd, J = 5.4 and 3.6 Hz, 1H), 3.21 (dd, J = 8.4 Hz and 7.8, 1H), 2.94 (t, J = 12Hz, 1H),
2.70-2.68 (m, 1H), 2.57-2.46 (m, 2H), 2.38-2.36 (m, 2H), 2.38-2.36 (m, 2H), 2.26-2.20 (m, 2H),
2.19-1.74 (m, 3H), 1.71 (s, 3H), 1.67-1.57 (m, 2H). >C-NMR (150 MHz, CDCl;): & 212.1, 142.0,
124.0, 71.3,71.0, 52.5, 45.2, 41.2, 40.0, 39.3, 34.9, 30.3, 23.0, 16.5. IR (FT-IR): v = 2946, 2860, 1689,
1438, 1047, 897, 754 cm™. MS (EI): m/z (%) = 220 (M", 50), 134 (48), 105 (60), 91 (87), 79 (68), 41
(100). HRMS calcd for C4Hy90,: 220.1463. Found: 220.1468.

19b

(3S*, 7R*, 115*)-2-Methyl-5-oxatricyclo[9.3.0.0% "Jtetradec-1-ene-9-one (19b)

Light yellow oil, 26% yield. "H-NMR (600 MHz, CDCL): 6 4.05 (t, J = 12 Hz, 1H), 3.95 (t, J = 12 Hz,
1H), 3.84 (dd, J=12 and 12.6 Hz, 1H), 3.43 (dd, J = 13.2 Hz and 13.8 Hz, 1H), 2.98 (d, /= 13.2 Hz,
1H), 2.69-2.60 (m, 2H), 2.42-2.30 (m, 2H), 2.28-2.16 (m, 1H), 2.15-2.00 (m, 1H), 1.62-1.56 (m, 2H),
1.53 (s, 3H). C-NMR (150 MHz, CDCly): 6 2104, 143.4, 124.1, 72.8, 70.7, 53.1, 49.9, 433, 41.0,
37.3, 32.5, 29.1, 22.3, 15.9. IR (FT-IR): v = 2946, 2860, 1689, 1438, 1047, 897, 754 cm’. MS (ED):
m/z (%) = 220 (M, 50), 134 (48), 105 (60), 91 (87), 79 (68), 41 (100). HRMS calcd for C;4HagOs:
220.1463. Found: 220.1468.

(3S*, 8R*, 125*)-N-Tosyl-5-azatricyclo[10.3.0.0**]pentadec-1-ene-10-one (21)

Colorless crystals, 30% yield, m.p.186 °C. "H-NMR (600 MHz, CDCls): 6 7.63 (d, J = 8.4 Hz, 2H),
7.32 (d, J = 7.8 Hz, 2H), 4.95 (dd, J = 8.4 and 1.8 Hz, 1H), 3.80 (m, 1H), 3.73 (m, 1H), 3.01(m, 1H),
2.55 (dd, J = 12 and 4.8 Hz, 1H), 2.49 (dd, J = 12 and 5.4Hz, 1H), 2.44 (s, 3H), 2.40-2.36 (m, 1H),
232223 (m, 3H), 2.20-2.15 (m, 2H), 2.01-1.60 (m, 5H), 1.63-1.49 (m, 1H), 1.31-1.26 (m,
1H), .089-0.83 (m, 1H). *C-NMR (150 MHz, CDCly): 6 212.1, 149.5, 144.1, 133.9, 130.4, 128.2,
120.9, 53.5, 51.8, 47.0, 46.8, 42.3, 38.1, 37.9, 33.8, 32.9, 31.6, 24.2, 22.2. IR (FT-IR): v = 2954, 2923,
1697, 1340, 1215, 1163, 1090 1022, 750 cmn™. MS (EI): m/z (%) = 373 (M, 30), 316 (8.0), 218 (100),
198(28), 91 (56), 42 (34). HRMS calcd for C;;H,7NO3S: 373.1712. Found: 373.1716. This structure

was confirmed by X-ray crystallographic analysis.
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6. X-Ray Structure for Cycloadducts 11, 17a, 21, and NOESY Correlations.

CCDC 673996, 756195, 673997 contain the supplementary crystallographic data for 11, 17a, and 21.
These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data_request/cif.

Figure S1. Chemical Structure and ORTEP Figure of Cycloadduct 11
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Figure S3. Chemical Structure and ORTEP Figure of Cycloadduct 21
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Figure S4. Selected NOESY Correlations for 5.
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Figure S8. Stereochemistry Assignment for 15a/b.

3C Chemical shift (ppm)
"H Chemical shift (ppm)

0
H H 211.9
TsN H TsN

H

19a 19b 17a 17b

Lower chemical shift of carbonyl '3C corresponding to trans ring-fusion.

O
H 211.2 (major) + 212.5 (minor)

MeO,C
MeO.C O H 3.29-3.33

H
2.66
16a + 15b

Since the carbonyl carbons in trans compounds have lower ?C NMR shift compared to those in the
cis compounds (19b vs. 19a, 17b vs. 17a), we assigned the major product in 15a/b is 15b, which has a
trans configuration. The ratio of 15a/15b is determined by 'H NMR.

Figure S9. Selected NOESY Correlations for 19a.
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: o

S H 269 H H
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7. Stereochemistry Determination

Compounds 5, 7, 9, 13, and 19a have a cis-fused A/B rings system and this assignment is supported by
NOESY experiments. The stereochemistry of compound 7 was deduced by analogy to 11. Compounds
15b and 19b have a trans-fused A/B rings system. This is deduced by analogy to the previous
experimental findings (Y. Wang, J. Wang, J. C. Su, F. Huang, L. Jiao, Y. Liang, D. Z. Yang, S. W.
Zhang, P. A. Wender, Z.-X. Yu, J. Am. Chem. Soc. 2007, 129, 10060). The assignment of the structure
of 15b was mainly based on *C NMR (see section 6 above). The configuration between the
substituents at positions II and III is cis, as shown by XRD analysis of cycloadducts 11, 17a, and 21.
This can be well understood based on the computational model, thus, all the [(5+2)+1] cycloadducts

were assigned to the same cis configuration for the substituents at positions II and III.
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8. DFT Calculations and Cartesian Coordinates of Computed Species

Computational Details. All of the calculations were performed with the Gaussian 03 program.!®
B3LYP! functional was used to locate all the transition structures and intermediates. 6-31G* basis set
is applied for all elements except for Rh, which uses the basis set of LANL2DZ+ECP."® ) This method
has been successfully applied to predict structures and reaction mechanisms for reactions of dirhodium
tetracarboxylate complexes and other Rh-catalyzed cycloadditions.!"” Frequency calculations at the
same level have been performed to confirm each stationary point to be either a minimum or a transition
structure. The reported energies are Zero-point energy-corrected electronic energies (AE, k), enthalpies

(AH395 %), and Gibbs free energies (AGyog k).

Table S1. The Computed Energies and Other Thermal Parameters for the Three-Component [(5+2)+1]

Reaction (in Hartree)

Structure Eqe Eyx Hjog x Gaos k
S1 —1034.237214 —1034.4569113 —-1034.222700 —-1034.279901
TS -1034.223202 —1034.4409475 —1034.208968 —-1034.265139
Sla —1034.232408 —1034.450763 —1034.217636 —1034.275472

S1:

C -3.949464 0.107980  -0.338061
C -3.623324  -0.716143 0.929695
C -2.298877  -0.126013 1.463275
C -1.581837 0.450140 0.237762
C -2.590310 0.529405  -0.885573
C -1.533615  -0.536514  -1.010051

C -0.432100 1.364175 0.457246
C 0.345945 1.894117  -0.584199
Rh 0.896213  -0.197757  -0.114266
0] 3.568510 0.428140  1.033618

C 2.537656 0.182668  0.578320

Cl 1.397667 -2.491898  -0.349142

H -0.009496 1.794917  -1.610730
C 1.330364 3.018330  -0.376903
H -0.298529 1.738617 1.470398
H -1.692857  -0.860984 2.002663
H -2.499208 0.705518 2.152354
H -4.425390  -0.671937 1.672204
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H -3.490297  -1.772268
H -4.520305 1.008981
H -4.541535  -0.458522
H -2.541984 1.353903
H -1.775503  -1.579205
H -0.814242  -0.388467
H 2.204223 2.907585
H 0.861533 3.981499
H 1.678963 3.067739
TS:

C -1.152627  -0.702760
C -1.463327 0.584989
Rh 0.735349  -0.171359
Cl 1.271546  -2.506598
C -2.267339 0.271750
C -3.620746  -0.302724
C -3.643308  -0.050131
C -2.155436  -0.046453

C -0.395917 1.537415
C 0.367025 1.924348
C 1.459072 2.958146
(0) 3.428990 0.249494
C 2.436561 0.114712
H 2.274149 2.727570
H 1.069912 3.949383
H 1.878449 3.024813
H -0.077853 1.822468
H -0.149342 1.915100
H -1.792321  -1.067433
H -1.948123 0.512609
H -4.084023 0.932301
H -4.229853  -0.794658
H -4.466923 0.171800
H -3.672980  -1.374987

0.672367
-0.080060
-1.065921
-1.592664
-0.833947
-1.817963

-1.027105

-0.621974

0.659771

-1.207171
0.324166
-0.139513
-0.254187
-0.903203
-0.420411
1.106972
1.521803
0.434792
-0.692407
-0.606116
1.274248
0.712135
-1.300231
-0.878970
0.403076
-1.681599
1.424296
1.681507
2.440749
1.316547
1.653602
-0.926409
-0.640044
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H -2.353034 1.086943  -1.624149
H -1.325631  -1.735420  -0.919194
H -0.645069  -0.578858  -2.167279
Sla:

C -2.049183  -0.311600  -0.879838
C -0.820993  -1.160525  -1.217556
C -0.538734 1.681786  -0.179643
C 0.331143 1.496991  -1.301968
Rh 0.586421  -0.201884  -0.006904
C 1.512204 2.397445  -1.540314
Cl 1.932887  -2.141509  -0.125635
(0] 2.701675 0.893194 2.105782
C 1.919391 0.591602 1.327164
H 1.904859 2.816391  -0.607946
H 1.225356 3.232016  -2.196975
H 2.318933 1.851951  -2.040629
H -0.089979 1.066885  -2.208207
H -0.887421  -2.191281  -0.864999
H -0.519231  -1.150294  -2.268039
H -0.300900 2.446424 0.558895
C -1.513922 0.726153 0.124982
C -2.366305 0.724702 1.377582
C -3.673094 0.042224 0.917593
C -3.188647  -1.009688  -0.097534
H -2.467938 0.206451  -1.755184
H -1.883538 0.123601 2.159678
H -2.505353 1.731947 1.786940
H -4.321896 0.777367 0.423955
H -4.238673  -0.389671 1.749078
H -3.983576  -1.372965  -0.755944
H -2.783202  -1.878484 0.436809
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10. "H and ®C Spectra for all New Compounds

HF-3

exp3 Proton

SAMPLE SPECIAL
date Jul 23 2007 temp not used
sojvent cdcl3 gain 20
file sexport/homes~ spin not used
ylsvnmrsys/sdatashu~ hst o.po8
angfeng/HF-9-H.fid pwd0 11.500
ACQUISITION alfa 6.600 = W e 03 B G0 Y e 0 o4 ) e
W 9615.4 FLAGS - SO OO O WO MO TEELWNNWT TS
np 33396 in n © R e e e e e e e e e i
fb 4000 dp v Te T
bs 32 hs nn L B
55 2 PROCESSING
di 1.000 b 0.20
nt 4 fn 65536
ct 4 DISPLAY
TRANSHITTER sp -225.7
tn H1 wp B355.4
sfrg 558.778 rf1 1170.5
tof 595.6 rfp 0
tpwr 60 rp -25.1
pw 5.750 1p -35.6
DECOUPLER PLOT
dn Cl13 wc 250
dof 0 sc 0
dm nmn Vs 79
dmn c th 12
dpwr 36 ai ph =
dmf 35088 =
-
=
! B W
e L B o e e T S B a2 | T LB e e S e e e e B N A m s s S
13 1z 11 10 9 3 2 1 ppm
1 e ]
1.0 1.07 2.72
1.475.29 1.28
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HF -9

expd Carton

SANPLE
date Jul 23 2007
solvent cdcl3
file sexporti/home/~

¥1/vnarsys sdata/hu~
angfang/HF-8-C.fid
ACOUISITION
5w 36764.7
at 1.300
n 95624
fl 17800
bs 4
di 1.008
nt 64
ot 64
TRANSHITTER
tn ci3
sfrg 150.829
tof 2339.1
tpwr 55
pw 3.800
DECOUPLER
an H1
dof L]
dm
dmm ..___w_.w___s
dpwr 42
dmf 12580
o
I
@)

SPECIAL
temp not used
gain 40
spin not used
hst 0.008
pwio 7.600
alfa 10.000 ~
FLAGS s Ehhn -
i1 n " REmE R
in n = DwT e N
dp Y W EEEEE]
hs nn o @
PROCESSING a0~
b z.00 ~_ @
fn not used ~2n~
OISPLAY b= A
sp ~2588.7 . -
wp 367641 o
rfi 14201.9 -
rfp 11612.6
‘rp ~149.8
p -280.1
PLOT
we 200
&8¢ 0
vs Z405
th 13
ai cdc  ph
§
L ot L
L L B L L L B B i B I B e e s DA s e e e e R
220 200 180 160 140 1240 100 1] © 60 40 20 L] ppm
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HF-1

exp3 Proton

SAMPLE SPECIAL
date Jul 23 2007 temp not used
solvent cdcl13 gain 20
file /export/home/~ spin not used
yl/vnmrsys/data/hu~ hst 0.008
nsuwn:n\zmMWl—_.ﬁn w.«we :.mo“
ACQUISITION alfa 6.60
sw 9615.4 FLAGS S~ 2922 SRa
at 2.049 i1 n e o LN aew
np 39396 in n WS <« o 711111”000
fb 4000 dp Yy © w© 9O -3 ~R ~ F »©
bs 32 hs nn o ® w e ~e . oo
ss 2 PROCESSING o™ w - ne®
d1 1.000 1b 0.20 < ® o=
nt 4 fn 65536
ct q DISPLAY
TRANSMITTER sp -238.3
tn H1l wp 6713.6 !
sfrq 5989.778 rf1 1194.3
tof 599.6 rfp 0
tpwr 60 rp -84.2
pw 5.750 1p -36.9
DECOUPLER PLOT
dn C13 wc 250
dof 0 sc 0
dm nnn_ vs 167
dmm c th 15
dpwr 36 afi ph
dmf 35088
—
L
N
O
O~
22
B | x
L e e B L A S e S S S s L e e B e . S s S S s e e e B B LA Es s s ps ey m &
10 9 8 6 5 4 3 2 1 ppn
W W b LA L L
0.89% 2.00 3.14.05 1.13

0.95 1.12.40 6.12 4.02
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HF-1

expd Carban

SAMPLE SPECIAL
date Jul 23 2007 temp not used
solvent cdc13  gain 40
file sexport/home/~ Spin not used
y1/vnaTsys /oatas/hu~ hst 0.068
angfeng/HF=1-C.fid pw3Q 7.600
ACQUISITION alfa 10,000 wow PR
5w 36764.7 FLAGS - WM T oe s
at 1308 11 n - N R o gnmenER
b4 %oes n n by s Rue = 288 §as
bs 4 hs . nn w ] ! o e ]
¢l 1.000 PROCESSING ] o ~ ©
nt 2000 b 2.00 -
ct a8 fn not used ”
TRANSHITTER DISPLAY |
tn c13  sp -2580.3 =
sfrq 150,829 wp 36764.1 =] '
tof 2339.1 rf1l 14183.5 ~ ]
tpwr 55 rfp 11612.6 w© !
pw 3.800 rp 73.0 -
DECOUPLER p -345.0
dan HL FLOT
dof 0 wc 220
dn ¥¥¥y SsC 0
dma W VS 88405
dpwr 4z th 9
dmf 12580 al cdc ph
—
L
N
O
O~
22

_____.__._._._._.___._..__.:.____.1.______.._._..._.___._.______________.____________.______.___.___._.__._._._._..____._:___q_.__._.__._.

22¢ 209 180 1640 149 120 100 80 60 40 20 0 ppm
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HF-3-

exp3 Proton

SANPLE SPECIAL

gate Jul 23 2007 temp ot used
sojvent cdcid gain ¢
f1le sexport/home/~ spin not used
yl/vnmrsys /data/hu~ hst 0.908
angfeng MHF=3-H.fid pwidd 11.500

ACQUISITION alfa 6.600 ~ o
W 9615.4 FLAGS ~ o
at 2.043 i3 n e
np 39396 in n =
b 1000 dp ¥ oy
o w“ " PROCESSING " =2
66
d1 1.000 b 0.20 s 'z 7
nt a1 fn 65536 - - - !
ct L] DISPLAY - o «

TRANSMITTER sp =238.3 ~
tn HI wp 6713.6 =
sfrg 589.778 rfl 1184.0
tof 599.6 rfp 0
tpwr 0 rp =33.0
pw £.750 1p ~46 .4

DECOUPLER - PLOT
dn Ct3 wc 250
dof ’ 0 sc [
dm [T 84
dmm € th L]
dpwr 36 ai rh
dnf 35085

o T

L

~« O
o .
Oz
23
i P,
T T T _ T T T T T T T _ T T T T T L] T _ T Ll T T T T T T T _ ¥ T T T m T T T I T T T T _
11 9 8 6 5 4 3 2 1 ppm
[] Ll e bt L
D.85% 3.91 6.25 1.06
z.00 5.53 1.1a4
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HF -3

expd Carbon

L L L L L L L L L L L L L L

SANPLE
date Jul 23 2007 temp
solvent cdcl1d gain
file sexportshomes~ spin
y1/vnmrsys /datashu~ hst
angfeng /HF-3-C.fid pwld
ACQUISITION alfa
W 36764.7
at 1.300 i1
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fi 17000 dp
bs 1 bz
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nt 64 b
ct 48 fn
TRANSMITTER
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L
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PROCESSING
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i
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S —
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HF-2

exp3d Proton

SAMPLE SPECIAL

date Jul 23 2007 tamp not used
solvent cdc13 gain 20
file sexportshomes~ spin not used
y1/vrmreys /datashu~ hst 0.0608
n:nmo:ﬂx—_mmwm—_.:n pwao 11.500

ACQUIS. N alfa . 6.600
sw 9615.4 FLAGS s228 cw P SRt At ok b0 - R
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np 39396 In n s < @ 11111111111111111000“50.
fh 4000 dp ¥ - s
% 0 v s U e LTI 1] 49]
P 2 PROGESS ING : =5 RS o
dl 1.000 1b 0.20 o oo Jf,.,..ﬁ
nt 4 fn 65536
ct 4 DISPLAY

TRANSHLTTER sp -23B8.3
tn H1 wp K718.6
sfrg 5989.774 rf1 1193.1
tof 589.6 rfp 0
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pw 5.750 1p -38.7

DECOUPLER PLOT

dn i3 wc 250
dof 0 sc o 2
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e G th 13 a
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I

e Joa M
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HF-2 .

axp4d Carbon

SANPLE SPECTAL
date Jul 23 2007 temp not used
solvent cdci3 gain 40
file sexportshomes~ spin not used
¥ /vomrsys /datashu~ hst 0.008
n:onmm__ﬁmmmun.!n pwdo 7.600
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HF =4

exp3  Proton

SAMPLE SPECIAL
date Jul 23 2007 temp mt used
solvent cdcl3d gain 20
file sexport/homes~ spin not used
¥1/vrmrsys /data/hu~ hst 0.008
angfeng /HF-4-H.fid pwid 11.500
ACQUISITION alfa 6.600 P
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fo 4008 dp ¥
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expd Carbon

SANPLE
date  Jul 23 2007
solvent cdcl3
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09 0e 0T B2T oy o?t 08T agz nze
PRETR I B I S RN
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PRI AN A ATERERSNEE AR EC A A

wdd

il

PRI A
o eyl

MeOOC, ,COOMe
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e b by
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212.156

173.082

C 17%.887

147.478

121.304

33.

212
000
788

287

29.087
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File: Goosy

Puise Sequence: gOBSY

Solvent: cdcl3 -
Temp. 25.0 C / 2%.1 K :

L] H
¢_EMMN“ ¢ = TCDNMR"

Ratax. delay 1.301 sec

ACqg. time 8.125 gec A
width  4885.0 Mx E
20 Width 4085.0 Hz F2

16 repstitions =4
128 tncréments (ppm]

GBSERVE - H1, 599.7744908 MHZ
DATA PROCESSING

3q. sine bell 8_05S sec .
F1 DATA PROCESSING o 1]
S8q. sine bol) 0.916 sec °
FT size 1624 x 1824 . -
Total time 4% min, 45 sec

MeOOC, ,COOMe

4,

. _ h F1 {ppm)
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.
File: Ghsgc

' Pulse Segquence: gHSOC

. Solvent: cocla

oﬂeleWM o—n J298.1 K
pEra E

VHNRS-600 q:u-gs.

Relax, na_in 1.301 sec
. time 8. u- 8c

. OBSERVE N1, 539.7744988 WHz
. DECOWPLE C13, 158. 8246886 MHz

Power 38 b

4 on durtog scqgwisition

i g g
LF -l .
- DATA PROCESSING

S42

| Goucw apodization @.092 ssc . R . o .
F1 DATA SSING L S % : R b .
: &% apodization 6.005 ﬂ.n : . o CUAZAL S . - d . bl
FT stze 4098 x 2048 : : o . L : . e .
. Total time 27 :;_. 21 soc Fz .
_ (el
o 1 2.0 _
C=2 L o
o ] -
o 3.0
3 3.0
o ]
Y ) 1
M. 3.5
a0
4.5
5.0
- ”_‘
nn_ .
I i o B B T T e —
120 110 100 9D . 80 70 B0 ) 54

"~ F1 (ppm)



H

© File: Ghabc

Pulse Sequence: ghHHAC

Snlvent: cdcl3d
Temp. 25.0 C 7 298.1 K

Dparator: y1
?I-oo q..Z.d!..u.: .

Relax. delay 1.400 sec
Mixing 0.080 sec

buu. time 0.128 sec
Width 3078.8 HZ

20 Width 29761.9 Hz

8 repetitions

258 1ncrements

DBEERVE M1, 584.7744741 Wiz

DATA PROCESSING
. Sine bell 0.085 sec
F1 DATA PROCESSING
Sine ball 0.004 sec
FT size 2843 u 4496
Total time 42 min, 4 sec

MeOOC, ,COOMe

un

F2

{vpm}

1.0+ \

ﬂ-m..n - -
] - . - o,
2.0 ° . .

m 3 T M = - L}
2.5] % H . . : D2
- - - = . -
3.0

W
.
4]
R FURNE SRS NR

o
[ ]
-
3.0
4.5
5.0+ .
N auy w
5.5 . .
: LR L L B LA I L LA U L LA LR LA L LA L B L L DL R B LR BLEL L L AL |
200 180 160 149 1240 190 80 60 4D

F1 (ppm)
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LB

Flle: Noesy

Pules Sequence: ROESY

Solvent: cécld
Temp. 25.0 C / 298.1 K

““o rator: yi
§08% "RICDNMR"™

Relax. delay 1.008 sec
Nixing #.509 sec
. time 0.177 sec A

20 Width 2893.5 Hz
2178 Increments N
ORSERVE Wi, S45.7744008 Wiz ) . ﬁu_wl.w
Gauss apodization ©.086 cec . 4
. Fi DATA SSENG - . : .
dauss dization &.018 cec . . : . 1.
FT size 1024 x 1024 L 3
Total time. 2 he, 16 @in, 43 sec | : :
2.8
. .“b
. 2.5
e E
= S
o 3.0
o} T
Q 1 o
S 3.5 o
o} ’
> ] - : .
= 1 8.0 .
4.5+
5.0-
4 a
L _ : :
AR DU RS A R A B A e A N A B R S S
5.0 4.5 4.9 3.5 3.0 2.5 2.0

F1 (ppm}
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00t 121 (13 A1 091 08T 002 nzz
IR I S S U RIS S0 SR S PO YA S BRI WA BN A T Y vl

PO ARV IOT I RS W B A VT H A R

oy D9 ne
CRRNN R

02

vk o b v b lag g

wdd

Loy

MEOZC/’ COzM e

»

/

—171.498

140,466
——159.908

——119.308
— 115.410

77.216

-G?? .00Q
- TB.792

—57.565

—e—51.951

—40.187

—35.845

30.310
£29.35?
—-. 27 .118

\_26.107

23,012

20,743
—_13.988
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1H NMR CDC13

wyB0-B

03616

2 ff_/
o || ooy
= (o = ol ]
(@] | 2o
[=l= el [ ] S

Yu Zhixiang =

-
Lo ]
Qa
1L

l 914
1,906
1.893
1.707
1.698
1.686
1 587
1.5786
1 565
1.230

;%%

079

1 ELE
1.001

1.021
-0.025

é,?\x\m\\‘wu&\v\\

O

:J
(Ty]
OO
ﬁﬁ

0 ppm

HAME
EXFHOD
PROCHD
Date
Time
THSTRIM
FROBHD
PULFROG
T
SOLVENT
Hs

03

SuH
FIDRES
AQ

RG

oW

DE

TE

ol

TDO

HuCl
el
PL1
PL1u
SFOL
I
SF
WoW
S5B
LB
GR
Bg

Lh

TET

1
zZ009llla
20,28
spect

5 mm BET 1H-RR
zg30
E5536
CDCl3

1E

0
17985, 611 Hz
0.274439 Hz
1.8219786 =sec
32
27,800 usec
6.00 usec
2493.5 K
5.00000000 sec
1

§.60 usec
-1.00 de
31.62277603 W

600,1348010 MHz
65536

00, 1300187 MHz
EM
Q

0.30 Hz
1}
1.00
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13C NMR CDCl3 wyB0-B 03616 Yu Zhixiang 20091116

un — — o

- [~ — ] W= o I~ DDA M O

— - — — (] [t e B Tl g Tl R R T B U L e ) HAME L3c
- .. . - [ = el e T ST I e W I R AR B B e e R Ve EXENOD Zla
— 1 ~ ] N T TR S S A

— - - - o M~ 0oy O ey FROCNO L
o — - - [ el e I o T T o T o R T o O O O 1 T S N Date 20091117

“SS\\| T o

FROBHD 5 mm BEI 1H-BE

—
<

PULPROG 2gig30
TO 3276
SOLVENT CDCl3
WS 5290
Dg a
SWH 37593.984 Hz
FIDRES 1.147277 H=z
AQ 0.4358777 sec
RG 11585.2
o] 13,300 usec
DE 6.50 usec
TE 293.9 K
ol 1.50000000 sec
o1t 0.03000000 sec
TDO 1
—======= CHANNEL f1 ========
NuCl 13c
1 13.10 usec
PL1 -2.00 dB
FL1W 119.43215179 W
5FO1 150.9194083 MH=
======== CHANNEL [2 ====== ==
CPDPRG2 waltzlhb
HUCZ2 1H
Ela=l o] 88,00 usec
FLZ =1.00 dB
FL12 19,40 aB
PLZW 3162277603 W
PL1ZW O.2BBA0318 W
3F0Z 600.1324005 MH=
S1 32748
SF 1509028090 MHz
WOW EM
558 a
LB 1.00 Hz
GR a

J\ L . E boao

_ " . .
200 180 160 140 120 1006 80 60 40 20 ppm
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H50C CDC1l3 wy80-B

036le

Yu Zhixiang 20091116

i
I /! N
1 Y L__L AR AA A . ppm
>a -
IHHHL ﬁ...ﬂmr - @ )
= - 0._1-5*5
»
|.,.|_..|.|_.I..|._ L T L
55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

20

~ 40

- 60

- 80

—100

-120

140

—160

180

—200
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HMBC CDC13 wyB0-B 036leé Yu Zhixiang 20091116

|||H i _rpl- _rpxbz.chﬁhrtr}r:»- __ ppm

-~ 20
— - .- -
|- a1 T
—— H . - - " . - 40
— - wmE E 1
B — - - - mc
- 80
) ~100
- - —120
—140
- 160
— +| o - o
180
200
i _—— - _—
A I B T T | T T L

55 50 45 40 35 30 25 20 15 1.0  ppm
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COSY CDCl3 wyBO-B 03616 Yu Zhixiang 20(

L.I . N

Al o

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5
ppm

cosy
B3
_ 20091117
Time 8.09
INSTEUM spect
PROBHD S mm BBI 1H-BB
PULPROG cosygpgf
TD 2048
SOLVERT COC13
VE 4
o 16
SWH 6613.757 Hz
FID 3.279373 Hz
AQ 0.15495449 sec
RG 32
o 15,600 usec
DE 6.50 usec
TE 293.8 K
1] 0.00000340¢
ol 1.50000000 sec
D13 0.00000400 sec
Dle -O000Z000 sec
NG L00015120 sec

CHANNEL ] s=s==s==
4.30 usec
3.60 usec
-1.400 48
31.62277603 W
SFOL a00.1330006 MHz

GRADIENT CHANNEL =====
5INE.100
10.00 %

1030, 00 usec

aF
G00. 1300000 M
SIKE

0

Q.00

il
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NOESY

CDCl3

wyB0-B

03616

Yu Zhixiang 2C

e

UL.LJ

b AL o

J.L

3

Faner o

3.5

4.0

4.5

5.0

noesyapph
2048

| CHANMEL
5 [{]¥]
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wdd

712
708
B9Z
T.688
.280
.277
-2B1
.250
.245
.238
232
5.644
628
.B15
568
.a09
.383
.28%
L157
'/ —5.148
S141
138
136
182

)
-

tasuenbag esingd

Lndzs
H-TT2T2002-¥S0-4H 2044
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HF =054
expé Carbon

ESAMPLE
date Dec 11 2007
solvant cdc13
file sexport/shome /~

Zhy /vrmrsys /datashe
=a=aﬁo=wx=q|ompunaa
0/1211-C.fid
ACQUISITION
W 36764.7
at 1.300
np A5624
fb 17000
bs 64
il 1.000
nt 2000
ot 512
TRANSHITTER
c13
150.829
2339.1
S5
3.800
BECOUPLER
H1
[
¥¥Y
W
42
12580

SPECIAL
temp 25.0
gain 30
spin not used
hst 0.008
pwao 7.600
alfa 10.000
FLAGS
i1 n
in n
dp ¥
hs nn
FROCESSING
T 0.5¢
n not ussd
DISPLAY
sp |nwum<w
wp 36764,
rfl 14192.9
rfp 11612.6
rp 129.1
1] -289.4
PLOT
we 250
5C o
vE 64416
th i1
ai cdc ph

112.992

141,028

LI e e e e

220 200

180

149

135.04%

-129.541

-127.254

-.115.380

116.584

77.212
27 0040

\_76.788

80

46.823

45.013

30.243

2g8.142

27.211
N 26.453

- 21.476

\_20.825

—14.4049

ML o o LN S A o e S e

1z0

20

S54



040612

exp5 Proton

SAMPLE SPECIAL
date Apr & 2007 temp not used
solvent cdcl13 gain . a
flle sexportshomes~ spin not used
yi/vrmrsys sdatashu~ hst 0.0048
angfeng /B40612-H.f~ pwdd 11.500
id alfa 6.600

ACQUISITION FLAGS 0o
sw 9615.4 i1 n o= ? b=
at 2.04% in n o o - ]
a 39396 dp ¥ 28 e o ae
fl 4000 hs nn ~" ]
bs a2 PROCESSING R EL
58 2 1b 0.20 r @ | o m
a1 1.000 fn 65536 ~ =
nt 4 DISPLAY
ct 4 sp -176.4

TRANSHITTER wp GI60.9
tn H1 rf1l 1193.9
sfry 593.778 rfp 0
tof 5%9.6 rp -22.0
tpwr 60 1p -31.4
w 5.750 PLOT

DECOUPLER W 2590
n c13 s¢ ]
dof 0 vs 2981
dm nnn th 18
dme c al ph
dpwr 36
dof 35088
T T T T T T T T T T T T T T T L ] T T T T T T Y e T T T T T T T T
11 10 9 5 2 1 ppm

W L ¥ vy b
2.00 D.9% 1.06 2081 151.43 2.749
2.06 2.16 1.07 0.579.45 1.29.23
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0a0612

expS Carbon

SANPLE SPECTAL
date Apr 6 2007 temp not used
salvent cdel3
file sfexport/home/~
y1/vrmrsys /data /hu~
angfeng/044612-C, F~
id
ACQUISIVION a3
sw 36764.7 el
at 1.340 s 19
np 45624
fh 17000
bs 4 _/ L
dl 1.080
nt 2040
ct 340
TRANSNITTER =3
tn c13 o
sfry 150.829  ©
tof 2339.1 4]
tpwr 55 -
[ 3.840 - ©
DECOUPLER LT
dn H1 5e., =pE8iagsSe
- yvy nR StLsnfshs
- - oy
dem w - n25 TE® sL RE
dpwr 42 afi cdc ph I — ﬁ_ w H
onf 12580 “ B a
L=d o *
Sz E 4
o - o i
o - -
2 - 3 __
-l - i
- |

LJBLANL L L 0 L L 0 AL L I L L A e A B

220 2l 180 160D 140 120 10 80 60 40 20 ] ppm
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040612

exp3 Dept
SAMPLE

date Apr 9 2007
salvant cdci3
sample

ACQUISITION
W 56764.7
at 1.000
np 73530
bs 64
55 ~2
dil 1.040
nt 200
ct 300

TRANSHITTER
tn c13
tof 2339.1
tpwr 55
[ 7.600

DECOUPLER

dn H1
doft 0
dpwi a2
[ ] nny
e cow
dnf 12580
[T RLA 57
PR 15.500

DEPT
Jixh 140.0
mult arrayed
SPECIAL
tomp not used
gain 28
5pin 20
PROCESSING
th 1.080
fn 65536
' SPECTRUM
wp 36765.6
5P -2475.2
rp =-154.8
p -18.8
al cdc ph
REFERENCE
rf] 22145.4
rfp 19669.1
PLOT
wC 18¢
sC 4
vs 34081
hzinm 204.24
th 7

ACQUISITION ARRAYS

arfay mult
arraydim 4
1 mult
1 0.5
2

3

A

BN S M o

220 200

188

T

160

149

120

100

60

40

20

L B I s N I L B R N N R R R N A R S R A NE N s s n an s e

ppm
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040612

File: 040612-cosy
Pulse Sequence: gCOSY

Solvent:

Temp. 25.

Operator:

cdci13
aan / 208.1 K

File: 040612-cos

YNMRS-600

“RICONMR"

Relax. delay 1.301 sec
ACK. time B.221 sec
wWidth 1629.6 Hz

2D Width 4629.6 Kz

4 repetitions

256 Increments

OBSERVE H1, 599.7744388
DATA PROCESSING

Sine bell 0.111 sec

F1 DATA PROCESSING

Sine bell 0.111 sec

FT size 4096 x 4096
Total time 27 min, 4 gec

MHz

F1 (ppm)

¥
] x
N L N ]
L
] n‘ L
" " L 3 .
L ' -
. - - -
[ ] [ -
[ BN | ]
. e - x
L]
3 -
L I A B A B M B B B S e TR | Y
5.0 3.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
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04B612

File: D40612-hsqc

Pulse Sequence: gHS0C

Sotvent: cdcl3

Temp. 25.0 C / Z98.1 K
Operator: y1

File: 040612-hsqc
YNHRS~600 "RICDNNR"

Relax. delay 1.881 sec

Acg. time 0.199 sec

Width 4664.2 Kz

20 Width 30487.8 Hz

8 repetitions

512 increments

DBSERYVE H1, 599.7744908 MHz
DECOUFLE C13, 150.8310851 WHz
Power 36 dB

on during acquisition

off during delay

Wa0_AutoX moduiated

DATA PROCESSING

Gauss apodization 0.092 sec
F1 DATA PROCESSING

Gauss apodization 0.008 sec
FT size 4096 x 408§

Total time 1 hy, 47 min, 12 sac

AL

1 i o

] Sl

L A R L A I A A A M B A B

170 160 150 140 136 120

YT

110

100 81
Fi1 (ppm)

LI LN RS A L N A EL

1]

71

50

a0

f
31

S59



040612

File: 040E12-Noesy-1

Pulce Sequsnce: NOESY

Solvent; cdcl13

Temp. 25.0 C / 298.1 K
Opearator: yt

Flle: 0906512-Moesy-1
YNMRS-600 "RICONMWR®

Relax. delay 1.000 sec
Mixing 0.800 gec

Acy. time 0.224 sec

Width 4562.0 Hz

2D Width 4562.0 Hz

32 rapstitions

2 % 512 increments

DB3ERVE M1, 539.7744908 MHz
DATA PROCESZING

Gauss apodization 0.104 sac
Fl1 DATA PROCESSING

Gauss apodization B.080 sec
FT size 4096 x 4086
Total time 1% br, 6 min, 52 sac

2}

1 [-} -
L]
. )
4 « &
A.u -
- f ..-
L] -‘ © =
] o v
] .ﬁu -
g - - .
e
S B R M s B s s S e e B s s B S e
3.5 3.0 2.5 2.0 1.5

Fi (ppm)
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B8 ER VLYY EDS
ST 82 C09C DZE 00T E

e

FRrin i i

0T

weid

o1

Ts

—7. 70
/

A T

/{— 7 .883
4_'_'_"{__?.530

7.289
f—1.216

—7.263
—7.851

.. 7.237

Y
L, 1598
/; f/"f /.. 1.583

Lndzs :sauanbag ss|ng

H-TTETL00E-20-4H

g

f0=dH

77— LT
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HF-07

expb Carbon
SANWPLE SPECIAL

date Dec 11 2007 temp 25.0
solvent cdcl3 gain 30
fila sexport/homes~ spin not ueed
zjy/vnmrsys /datash~ hst 0,008
uangfeng /HF-07-200~ pws0 7.600 m P O 0 M B X P P L R - RN

o fizi-c.fid alfa rLags 101000 ~hE SENREERS nNen aR BRBEINAN

ACQU nTe . [ e e B B
5w 38764.7 11 n uuuw nmmmmnmm ~RR a3 ZEREIRIAS
at 1.300 in n o - - ot "
n 85624 dp ¥ 27 [ | Iy L\ C S :_ﬂ_ \M\ J
f 17000 hs nn - h - b _ y ﬂ
bs 54 PROCESSING - i | -
i1 1.000 b 0.50
nt 2000 fn not used
ct 1344 DISPLAY

TRANSNITTER Ep -2582.0
tn C12 wp B6764.1
sfrq 150.829 rf1 14139%.2
tof 2333.1 rfp 11612.6
tpwr 55 rp 13B.8
pw 3.800 1p ~298.0

DECOUPLER PLOT
dn H1 we 250
dof [ 1] 0
dn ¥¥y WS 24782
dnm w th 17
dpwr 42 al cde ph
dnf 12580
n
—Z

-
10 i
|
.F " . ) |

L s s e e e e e B Lt I B = L0 B e e e LI e e e B L B I e
[44] k4] 150 160 140 120 1d0 a0 60 40 20 0 ppm
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040613
axp5S Proton

SANPLE SPECIAL
data Apr 6 2007 temp not used
soivent cdecl13 gain 8
file sexportshome/~ Epin not used
y1/vrmrsys /data/hu~ hst B.008
angfeng /0406 13-H.f~ pwad 11.500
id alfa 6.610
ACQUISITION FLAGS [ - -
W 9615.4 11 o o w
at 2.043 in o ob s i
np 39396 dp ng o =
Th 4000 hs by
b 32 PROCESSING ™~
133 2 tb 0.2
di 1.800 fn 8553 -
nt 4 DISPLAY oo
ct 4 sp -178 a3
TRANSHITTER wp 443, L 3
in Hi rf1 1134 @
sfrq 593.778 rfp
tof S99.6 rp -8.
tpwr 60 1p =-38.7
- 5.750 PLOT
PECOUPLER we 250
dn €13 sc 0
dof 0 vs 517
dm nan  th 17
dme ¢ al ph
dpwr 36
dmf 33083 =4
-]
s
[sgd
T O
(@)
n
-z T
I
— _ A O
T T T T T T L3 T T T T T T T T T T T T T T T 1 R s T T T T T
10 9 8 3 2 1 ppm
B v w L e e r L
z.00 1.00 1.1 1.15 1.136.28 L.701.21 3.53
2.37 1.08 1.13 1.12.69 2.ee 1.27 0.60 -
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040613

exps Carbon
SAMPLE SPECIAL
date Apr 6 2007 ‘temp nok used
salvent cdc13 gain 40
file sexport/homes~ spin not used
y1/vrmrsys sdatashu~ hst 8. 008
angfeng/040613-C. f~ pwiD 7.600
id  aifa 10.000 o
ACQUISITION FLAGS ©s 258
Bw 36784.7 i1 n "7 LA
at 1.300 in n o= e
n 35624 dp ¥ o o bl
fl 17000 hs nn -
bs 4 PROCESSING
¢l 1.000 1B 2.00
nt 2000 fn not used
ct 32 DISPLAY
TRANSMITTER sp -2482 .0 ~ - <
tn C13 wp 36764.1 = o N e
sfrq 150.820 rf1l 14200.8 wig 2aT e
tof 2339.1 rfp 1171822 ] Sem ==
n o T m N oy
w
i
DECOUPLER PLOT @ &
dn H1 wc 250 @ .
dof 0 sc o 2 a
dm ¥YYY vS 6307 o
dea w th ? bt

143,153

21D.576

o »
; B
= b
w
=
-3 E—-1%)
N =
[} i }
— -]
[ad
[-%
L]
-
-
L]
-
de
-
wo
149.044
134.8498
-~ 48.080
e 47 . 458
——— 3,781
- 38
—34.990
2
22.1B68
%
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09 0e 60T b2t ove 09T 08T poz2 022
A T o I U AN AT SURT AN A AP TAN U PRTAAN S SN A AVEIAN S S SUESIN AU S SR A S S

oy

02

wdd

|||||||I_1]l__|l||||||||j||||l||||Il|l||||l‘l|]!|

—_— 142 .8%2
—_— 14D . 077

122.237

112.209

77.437
77.229

S66

—77.013
74.087
M.-71.054

—30.539

—29.438
— 27 .483
26.782

_ —21.108

— - 19.752

- — 14,760

Lndzs iesusnbag asLng
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040608

exp5S Proton

SANPLE SPECIAL
date Apr 6 2007 taap not used
s0Tvent cdcld gain 24
1le sexport/home/~ spin not used
¥1/vynmrsys /data/hu~ hst 0.008
angfeng/040609-H . F~ pwil 11.500
1d alfa B.600
ACQUISITION FLAGS @
3w 9615.4 11 n =]
at 2.049 in n «
n| 39396 dp ¥ -
£ 4000 hs nn
hs a2 PROCESSING
58 2 b 0.20 .- ™
di 1.000 fn B5536 il by W om
nt 4 DISPLAY Ue B reteEm
ot 1 sp -178.1 e m | B aaSae
TRANSMITTER wp $443.6 . 3 _ oo
tn H1 rf1 1201.6 - ._
sfrg 589,778 rfp ] .
tof 549.6 rp ) 79.3
tpwr 68 p ~45.8
o 5.7510 PLOT
DECOUPLER we 254
dn €13 sc L]
dof U ws 448
in nnn - th 11
e ¢ ai ph
dpwr 36
dmf 35088 =
-]
=
s
[ar)
T O
@)
O I
I
13
1
| _I» ‘ _ _ L _
— T T T T T T T T T ——T | T
10 9 8 4 z ppR
w " I B i e el e SR
0.8% 0.98 0.9 5.13 1.121.02 3.00
D.%9 0.99 1.98 1.051.061.03
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04pG609

exp3 Carbon

SAMPLE SPECIAL
date Apr 6 2007 temp not used
solvent cdc13 gain 40
file sexport/home/~ sSpin not used
yl/vnmrsys /date/hu~ hst 0.008
angfeng /0G0600-C. 7~ pwild 7.600
id aifa 10.000
ACQUISITION FLAGS
oW Jgvea.7 13 n
at 1.360 in n
np 15624 dp ¥
fb 17000 hs nn
bs 4 PROCESSING
dl 1.000 1h 2.0D
nt 2069 fn not used
ct 28 ‘DISPLAY
TRANSMITTER sp ~2487.6 =% -
tn €13 wp 56764.1 PRS- - - e M
sfra 150.828 rfl 14206.4 no2we @ Jy¥m e
tof 2339.1 rfp 11718.2 R == @ . g
tpwr 55 rp -137.8 ~0 o e .
pw 3.800 1ip -277.8 TN Bes 49 &
DECDUPLER PLOT o = b
dn . HL weC 250 - W
dof 0 sc 0 o o
dm ¥YY VS 1862 o] o
dme w th L] r~
dpwr 42 al cdc ph -
dmf o 12580 =1 -
0 Lol _
- -
- -
= -
- -
o~
_-_.__._____-___._n..._._______._.___._‘-____._.._____..__._____.._____.._.___.____.__. AN I e e e L L T L I B A e
224 2o0n 180 160 140 120 100 80 60 40 20 0 ppm
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040699

exp5 Dept
SAMPLE
date Apr 8 2007
solvent cdc13
sample
ACQUISLTION
Ew 36764.7
at 1.0 nW
np 7353
bs 64
55 -2
dl 1.000
nt 32
ct 3z
TRARSKITTER
tn C13
tof 2339.1
tpwr . §5
P 7.600
DECDUPLER
dn H1
dof 0
dpwr 42
dm nny
e oW
dmf . 12580
ppivi 57
] 15.500
@
T (@)
@)
o
I
13

DEPT ACQUISITION ARRAYS
.:v_:_ 140.0 n_.q-u‘_ muit
ault arrayed arraydim 14
SPECIAL
temp not used 1 muit
gain 26 1 0.5
spin 20 2 1
PROCESSING 3 1
1b 1.00 4 1.5
fn 65536
SPECTRUR
wp 86763.6 _
sp -2545 .8
rp -114.6 u
1p ©37.6
al cdc_ ph i
REFERENCE
rfi 2546.9
rfp a
PLOT
we 160
sC ]
VS 2800
ha2mm 204.24
th ]
|
t 171 N
I
|
[ T !
LR R R e e NN R RN NN AR RN TRy YT [T R T T TTTET TETTVTTT TeTT
220 zoo 180 169 149 1210 100 &0 0 ppm
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040608

File: Goosy

Pulse Sequence: gCoOsSY

So0lvent: cdcl13

Temp. 25.8 C 7 298.1 K
Operator: yl

YNHRS-600 “RICDNWR"

Ralax. delay 1.301 sec
Ach. time 0.163 sec

1 repstitions

128 increments
OBSERVE HL, 593.7744508 WHZ
DATA PRDCESSING

8q. sine ball 0.082 s8c
F1 DATA PROCESSING

5q. sine bell 0,421 sec
FT size 1024 x 1024
Total time 13 min, 10 s&c

13

e
- - lb.
-] -
LN
‘e
& o o
. + X
[« I 3 ul) .
ag L
oo
»n o
[ ] L ] [ ]

4.0 3.5 3.0
F1 (ppm)
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840609
File: 040609-hsqc-0410

Pulse Segquence: gHSQC

Solvent: cdci3
Amblent temperature
Qperator: wg

Fila: 840608-hsqc-0410
VYNHR5-600 *“RICDNMR"

Relax. dalay 1.30% sec

bnu. time 0.1%% sec

Width 5238.38 Kz

2D Width 36764.7 Hz

2 repetitions

$12 increments .
OBSERVE H1l, 599.7744808 WHz
OECOUPLE €13, 150.3282151 WHz
Power 36 dB

on during acquisition

aoff during delay

WE0_Autox modutated

DATA PROCESSING

Gauss apodization G.832 sac
F1 DATA PROCESSENG

Gause apodization 0.806 sec
FT stze 2048 % 4095

Total time 27 min, 27 séc

13

b

4

80 _ﬂ____
F1 (ppn)
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04p609
Fite: 040609-Noesy

1__:00. Seguence: NOESY

1 Solwent: cdcls
s Aablent perature
o a._-o;ag" m
File: 040608-Noesy
VHNRS-500 “RICDNNR"

Relax. delay 1.58 sec
Mixing 0.300 sac

Acg. time 0.157 sac
Width 3255.2 Wz

2D Width 3255.2 Hz

16 repetitions

2 % 126 Increments
OBSERVE H1l, 5%%,7744308 WHz
DATA PROCESSING

Gayss agodization 0.073 sec
F1 DATA CGCESSING

Gauss apodization 0.011 sec
FY stze 2046 % 2048

Total time 2 hr, 51 min, 36 sec

13

LA o)

Al

o ') L
Fz
(ppn -
1 h\u
H.m..- a ‘@ 0 [}
4 =3 L
E as o jﬂ
] -
2 7l e
2 0 a = \“.L ]
1 -7
B -] B
2.5~ m L
1 s (J =a aw
3.0
J — o
3.5 0 s *
| ) o
4.0
| n a u
1 T T T T T L
4.0 3.5 3.0 2.5 2.0 1.5

F1 (ppm)
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[} 4 ng [1£5} got 02t T 09T 081 a0z 022
vl sl sl e el N I RPN BTN BT A AW I A AT AT I W AT A N e

02

1

wdd

ol

vl

fddd ]

Lyt

L d a

W | ey

I BT W R

F T TR T

b e L L
Py

171.541

i41.641

152.655

—  —1iB.88Z

116.377

¥7.416

/-_71 000

M

Aaab i
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N _76.792

58.037

52,234

-~ —37.035
— 35.423

~—31.158
M.31.069

- TT————-27.8%7
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wdd

T

HsCOOC, ,COOCH;

qGsT+est

—_ --7.281

ramE R R R

1|
ra

|
ma

.74
744
739
LT3
LEDD
.80
280
-E749
N
-650
il
L630
.566
550
-932
2.524
G512
L2
.48
a6
JARE
.450
LK
437
S4E0
LA13
.397
386
.35

|11
B3R ORI R ORI ORI RN R RO R ORI R

'yﬂ’“w“!uﬁr ey

|
| H
e b B R b b e b R AR

[

—
o
s
=

1,525
\ - 1.25%
1,218
) o1.2ll
[ 1.207
— 0. 480
—0.071
0.000
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363
353
L3i1
431
315
L E
JETL
LEdy
LEEA
JEER
4 H
Lol
LE]
Lodd
.00
Ja0l
R-1H
1.1}
JETS
.BED
JBEL
SBO1
781
|
BL
A
LBy
-1
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wdd
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agT+esl
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2l2.512
211.210
172 .930
17z .889
17z 762
178,861
14¢ 321
141,451
125 .66
125,191
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-

H5QC 2KY-05-12B CDC13 298K 091023

KRHE hage
EXFHD 54
PRGOS [
Pate 20091024
Time 0,05
INSTRUM

}- uﬁa FRCOHD
PULPROG
pe e
SCLVENT

-10 =

(]
SWH
FIDRES

RO 0. 1427300 2es
- i 13004

20 @

2
i
25 £50

B

o 0 i1

COOCH;
@)

H3COOC,

15a+15b 0

GRADIENT CHAHNEL ==wwm
SIKE. 104

1000,00 uase

5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0
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HMBC

COOCH;

C,

H3COO

15a+15b

ZEKY-05-12B CDC13 298K 091023

th

- T -

-a. W

S78



COOCH;

H

H3COOC,

15a+15b

COosY

'LMAJMMMJ L

aLLLl;é;é;L

2ZKY-05-12B CDC13 298K 091023

3
“

3.0

25

2.0

1.5

il

ppm

1.0

-1.5

2.0

~2.5

3.0

3.5

ppm

NAME SO5Y
EXFNO 79
FROCNO 1
Date_ 20091023

Time 19,50
INSTRUM spect
FRCEHD 5 mm BBI 1H-EEB
FULPROG cosygpgf

TD 2048
SOLVENT cpola

us 16

D5 18

SWH 3591.954 Hz
FILRES 1.753884 Hz
AQ 0.2852708 sec
RG 181

(uit] 133,200 usec
DE 6.50 usec
TE 298.2 K

o 4.00000300 sec
D1 1.5000Q0040 =ec
D13 Q00000400 sec
D16 Q. 00002000 sec
NG 0.00027840 =e=c
======== CHANNEL f] ========
NUC1 1H

=0 4.30 usec
Pl f.60 usec
PL1 -1.00 dB
PLIW 31.82277603 W
SFO1 600.1316804 MHz

====== GRADIENT CHANNEL =====
STHE. 100
10.00 %
1000.00 vzec
1

256
6500.1317 MH=z
14.031126 Hz
5.98% ppm
QF
1024
§00.1300000 MH=z
SINE
o
0.00 Hz
o
1.40
1024
QF
600.1300000 MH=z
STHE
0
0.00 Hz
8]
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H

HsCOOC, ,COOCH;

15a+15b

NOESY Z2KY-05-12B CDC13 298K 091023

e hon

ch{,é.r.% NI -

|
-1.0
|||||||||||numMHw . & B, it 1.5
A& g R
g S
Idlu | ~2.0
HML a 25
um) 83 @
A o o 3.0
o Bo B
a
8 3.5
L™

25 2.0 1.5 1.0 ppm

HAME
EXPNO
PROCND
Date
Tir

IHSTRUM

PROBHD

PULFROG

TD

SOLVENT

NZ

D5

SWH
FIDRES
AQ

noesy
100

20091024
1.58
spect
% mm BET 1H-BE
noesyapph
2048
CDC13
16
16
3591 .954 Hz
1.753884 H=z
0.2852708 sec
5.3

6,50 usec

298.3 K
0.00012825 sec
1.50000000 sec
0.80000001 sec
0.00020000 sec
0.00027840 sec

======== CHANNEL, fl ========

nocl
Fl
P2
PLL
PLLW
SFOL

GPNAML
GPNAMI
GPE1
GPZ2
FlE
NDD
SF0OL
FIDRES
SW
FnMoDE
51

SF
Wwow
S3B

LB

GH

1H
.60 usec
17.20 usec
-1.00 dB
31.62277603 W
600.1316804 MHz

GRADTENT CHANNEL =====
SINE.100
SINE. 100

1000.00 usec
1
256
600.1317 MH=z
14.031126 Hz
5.%285 ppm
States-TPPI
1024
600.1300000 MHz
USTHE

Z
0.00 Hz
0

1.40

States- I
a00.1300000 MHz
USTHE
P
0.00 Hz
4]
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alal
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wdd

e
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7.689
"7 .BBS

—7.290
7.277
7262

—~5.118
—5.116
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HF-0&

expé  Carbon

SAMPLE SPECIAL
date Dec 11 2007 temp 25.10
s0lvent cdcl3  gain 30
file sfexpartshomes~ spin not used
zjy/vnmrsys /datash~ hst 0.008
uangfeng /HF-06-200~ pwil 7.600 o - alal = o ~q e ™o M-S D
71211-C.f{d aifa 10.000 a S0ER @= ~q= n s ~ehes 380
ACOUISITION FLAGS H . . S : 5 I . o .
W 36764.7 11 n = BN 2N ~q= 23 auags I
at 1.300 in n 1d“ e - r \_ ﬁrr __
np 15624 dp ¥ I N g T
b 17000 hs nn ! s I
bs 64 PROCESSTNG v
i1 1.000 1 0.50 _ @
nt 2000 fn not used
ct 132 DISFLAY
TRANSMITTER Bp =Z580.8
in G153 wp I6T6E.1
sTrg 150.829 rfl 14194.0
taf 2333.1 rfp 11612.6
tpwr S5 rp 135.6
pw o 3.800 1p ~325_6
DECOUPLER FLOT
H1 wc 250
1 s¢ 0
¥¥y VB 42390
w th 14
42 ai cdc ph
12580

S
N SSEESS
=£3 =
e

LAt M e I B B B B e B L )L L L L L A B

220 200 180 160 140 120 109 80 60 a1 20 i ppm

S82
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¥ET
]

I

2] S

——r

BE'E RZTT ®IZE 18°

e

GEZET 2 960

——

69°'2

a

£

wdd

| —7.120
- - Faee |

-

-333
L&D
— 7 .E65

]
-

L

JEAL
-3.625
3.504
4B
‘, LABE
—3.473
3,194
—3.184
—3.1717
| 3.1B7
—L.B7S

¥ .BES
¥.BEL
¥.B32
¥.614
E
H
F

.v__._v_.
| |
Ll

L B-1:31

. .55
! 2.519

I A —z.50z

| A A

4

T %.q63
—p.a44
FOEET
PR
BLopy
P
#2855
2,244
P
¥.104
2,087
2.085
z.078
2.016
_z.008
.7.003
1
1
1
1
1
1
1
1
1
1
1
1
1

L9896
a0
JELY
608
747
LTBY
LTAh
LiE?
L
GG
JG06
LG0T
. 1.5886

. 1.578

—L.568

—1.581

——L.25%

[ 1
=000k
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e
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e/l

Z11.871

113 566
142 . 769

134,078
129,816
129.772

1272687
127.257
123.541

77.212
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aon
76,738
52 .60%
£1.472
50495
E0.ESA
EREET
an, 669
a0.02%
39,297
34.B85
0.ty
5,030
524
Zl.434
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wdd
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-

FEN B

S W

SPA

N

I

—7T.T¢8
—T.712

F.a4ag
.33k
7,265

—5.300

%546
3,532
z.589
__3.51%
36
B
_E.a4%
.3.435

Y —2.293

S
__i.Es8
2. 162
L3172
L3162
5. 008
FSEEHS
7,975
PL.TES
2.715
E.506
¥.537

L E.5EE
.51

indzs 2a3uanbas Fsing
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(]

raly

raaUENNEE &
ng

Z00.687 o
’\_J‘
oo
e
T 0
113,992
112561
133,756
129.768
129,70y
127.514
127.443
123,143
77,712
S— F7.000
70, 7BB
5F.030
52,253
50.119
A8, 150
4%.007
39,077
29,100
37.511
17,601
23.361
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02z

09 g 0ot 027 vy 097 08T 002
el st Lo b g S et s b b bvaea b b v s bvr v bes v b v by b beag

1]4

0z

wdd

AT RSN RSN AT A WU i SYRT AT BT A A

\

142.490

135.072

—_—118.487

116.950

—77.218
77.000
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76.792
71.115

34.367
30.838
27.483

23.71%8
—_— - 21,003

14.488
12.463
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- - 23 Current Data Darameters

MAME h3485
EXPNO 1
PROCNO 1

F2 - Acquisitian Parameters

Date_ 20091028
=) e WD KD O LD WD U LD W O e OU W A0 O K M Y e D A N D O e Y AD Time 13 56
e &= RN AAanm ol Al SIS DR ERmE RS RS RT oS INSTAUM ARKADD
a & TR BN AN T haRY MR AANAD S - D o PROBHD & mm Multinu
1_: d_.nwdd333&333ﬂ1331231333«mLuu& UL PAOG 0
_ T \ /y_k /J_\K\Aﬁw\L\L\Mﬂﬂu&\\m\\h\ \ 0 32768
r - SOLVENT coci3
NS 32
0s 0
SwH 6087 561 Hz
FIORES 0.186083 Hz
[ 1e] 2.6870260 sec
O AG 360
T O 82 000 usec
0E 102.50 usec
o I TE 300.0 K
01 2.00000000 sec
P 3.00 usec
I DE 102,50 usec
5FO1 400. 1321971 MHz
19a NUCLEUS 1H
F2 - Processing parameters
51 16384
5F 400. 1300055 MHz
WOW no
558 0
LB 0.00 Hz
| GB Q
_ _ pr 4.00
. __ I 1D NMA plot parameters
_ _J_l | o 20.00 cn
" _C_ rﬁ FIR 10.000 ppm
— R b S e — e
! =i opm
\._ \\nm.w\\k\\_\_\_ _\\_ _ _/ F2 -200.07 Hz
= sle(uBrEmmeie(o %_w | ﬂ FPMCM 0.52500 ppm/cm
2 _m ammwmmmmmmmmﬁ HZCH 21006825 Hz/cm
_-m.._.a_._.“.__-_._\_..._nqu__u_.-_d_ﬂ.u._._q ~ _Iu_.l_l_l. T -.._d.__...___u...al Il_.ln 1_LI_IJ1..NL_HWWJ__2_1.JI_A_J4—F.“._M|. “lu.u._.aq.__..aqu.l_.—_._.._i-l_
pom B 3] 4 2 i 0

S89



.14

212

19a

—-142.083

124,045

7T o297
76.979
76 . 662

7

TS 71085

iy

%:.

y

LR

332

i

52.875
45,258

23.064

opm 204

100

Lurrent Data #aram

HAME
EXPND
PRIOCND

e - ACQuis
Date _

Taime
[NSTRUM
PROBHD
FULFROG

]

SOLVEMT

NE

os

F3

o

F1

OF

SFid
HUCLEUS
011

F2 - Proces
51

aF

KW

Jeiz]

FLC

10 WME plaot
Cx

FiF

F1

Fap

Fa

FPMCM

HZCM

er
348

= = mm

n PacameLars
20091028
13.59

ARYA00

5 mm Mullinu

Go0. 006 HE

. Th2939 H

0 &554100 sec
a7

0.000 wsec

29,00 usec

300.0 K

0.00002000 sec
um

USEC
SeC
uSEC
st
100 623TEE0 HHz

ameters
32768
100.812F 735 MHr

sing

paramgLers
20.00 cn
220000 ppr
28134 .81 Hz
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040610

exp5 Dept
SAMPLE DEPT
date Nov 29 2007 jixh 140.0
solvent cdci3 mult 1.5
sample SPECIAL
ACQUISITION temp 25.0 o ©
sw 36764.7 gain 40 o s
at 1.000 spin not used Y nmo
np 73530 PROCESSING v ooam
bs 64 b 1.00 ¥ <o .
ss -2 fn 65536 o o
d1 1.000 SPECTRUM T L]
nt 512 wp 21197.4 ©
ct 512 sp -52.8 -
TRANSMITTER rp 128.2
tn C13 1p -52.9 o~
tof 2339.1 ai cdc ph a9
tpwr 55 REFERENCE -
pw 7.600 rfl 2546.9 ~ o © o~
DECOUPLER rfp 0 e S P B
dn H1 PLOT : . : .
dof 0 wc 250 b o @ &
dpwr 42 sc 0
dm nny vs 32500
dmm cew  hzmm 84.79
dmf 12580 th 7
pplivi 57
pp 15.500
O
I
I
@)
I
9a
1 .a ) i th {) i
; : , . " . Y " "
L e LA s e T T T i T T T T y T T T i
130 120 110 100 90 80 70 50 20 , 10 ppm
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GA0610

File: Goosy

Pulse Sequence: gCOSY

Solvent: cdcl3

Temp. 25.0 G 7 298.1 K
Operator: zjy
YNHRE-600 "RICDNMR"

Relax. delay 1.301 sec
nou, time 0.177 sec
Width

20 Width 2833.5 Nz
B repetitions
12§ increments
OBSERVE . K1, 539.7744900 MWHZ
DATA PRDCESSING
Sq. sine bell 0.088 sec
F1 DATA PROCESSING
Sq. sine bell 0.022 sec
FT size 1024 » 1024
Total time 26 min, 12 sec

19a

IC._
=

L .

m L@Uﬁ $ . JJ

B e B ey T e T L T

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
F1 (ppm)
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DA0E10

File: 040610-GHSQC-2

Pulse Sequence: gHSQC

Solvent: cdcld

Temp. 25.0 C 7 298.1 K
Operator: ziy

File: 040610-GH3OC-2
VNHRS-5DE  “RICONMR"

Relax. delay 1.301 sac

Acq. time 0.199 sec

width 2828.1 Hz

20 Width 11160.7 Hz

B repetitions

128 ncramants

QBSERVE H1, 589.27441908 MHz
DECOUPLE C13, 150.8Z201B55 MHZ
Power 36 dB

on during acquisition

off during delay

wao_Autox modulated

DATA PROCESSING

Sine ball 0.100 sec

F1 DATA PROCESSING

Sine bell 0.011 sec

FT size 2046 x 2048

Total time 27 min, 22 sec

L1l

F1 (ppm)
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040610

File: Hoesy

Puise Seguenca: NOESY
Solvent: cdcl3

Temp. 25.0 C s 258.1 K
c“mﬂnﬂaqu zly

YNHRS-600 "RICDNMR"

Retax. delay 1.000 sec
Mixing 0.30D sec

Acg. time 0.187 sec

Width 2741.2 Hz

20 Width 2741.2 Hz br

16 repetitions

2 #% 128 increments - e — [E—

VBSERVE H1, 538.7744300 MHZ =

uMh» 1znnmww~zw_ 0.086 Fz ]
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04D607

exp5 Proton

SANPLE SPECTAL
date Apr 6 2007 ‘teap not usad
solvent cdc13 gain 20
file sewportshomes~ spin not usad
¥i/vrmrsys /data shu~ hst 0.008
angfeng/040607-H.f~ pwid 11.540
ACQUISTTI id alfa 6.600
oN FLAGS
W 1615.4 i1 n na®N
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exp5 Carbon
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