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General Methods and Materials

All reactions were carried out with dehydrated solvents under argon atmosphere, unless otherwise
noted. Dehydrated THF and CH2Cl, were purchased from Kanto Chemical Co.,Inc. Other solvents
were dehydrated and distilled according to standard prorocols. Reagents were obtained from
commercial suppliers and used without further purification, unless otherwise noted. Reactions were
monitored by thin-layer chromatography (TLC) carried out on silica gel plates (Merck Kieselgel 60
F2s4). Open column chromatography was performed on Silica gel 60 N (Kanto Chemical Co.,Inc.,
spherical, neutral, 63-210 um) and flash column chromatography was performed on Silica gel 60N
(Kanto Chemical Co.,Inc., spherical, neutral, 40-50 um). All melting points were determined with
Yazawa Micro Melting Point BY-2 and are reported uncorrected. Optical rotations were measured
on a JASCO P-2200 Polarimeter at rt, using the sodium D line. IR spectra were recorded on a
JASCO FT/IR-410 Fourier Transform Infrared Spectrophitimeter. *H-NMR (400 MHz) and
13C-NMR spectra (100 MHz) were recorded on JEOL JNM-AL-400 spectrometers, respectively.
For 'H-NMR spectra, chemical shifts (3) are given from TMS (0.00 ppm) in CDCls as an internal
standard. Multiplicities are reported using the following abbreviations: s, singlet; d, doublet; t,
triplet; q, quartet; m, multiplet; br s, broad singlet; br d, broad doublet; dd, double doublet; dt,
double triplet). For 3C-NMR spectra, chemical shifts (8) are given from 3CDCls (77.0 ppm) as an
internal standard. Mass spectra were recorded on JEOL JMS-DX303, JEOL JNM-AL500, JEOL

JMS-700 and Thermo Scientific Exactive Mass Spectrometers.
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1. Optimization of Reaction Conditions

Table S1. Optimization of Reaction Conditions

HO.

(0] ]
conditions
5a 4a
conditions
entry catalyst (10 mol%) additive solvent time (h) yield (%)
1 EtsN CH,Cl, (0.2 M) 12 N.R.
2 DBU CH,Cl, (0.2 M) 12 trace
3 K,CO3 CH,Cl, (0.2 M) 12 trace
A KOtBu L GHCR2M) 2] trace .
5 (PhO),P(O)OH CH,Cl, (0.2 M) 12 N.R.
6 p-TsOH-H,0 CH,Cl, (0.2 M) 12 N.R.
] HSOs L GhCho22M 2 dec. ..
o]
8 M -3H,0 CH,Cl, (0.2 M) 12 trace
3C~ "CF3
9 Ph” SNTs CH,Cl, (0.2 M) 12 N. R.
10 AZADO*BF, CH,Cl, (0.2 M) 12 8
1 PhI(OAc), CH,Cl, (0.2 M) 12 12
12 PhI(OAc), CH,Cl, (0.2 M) 24 20
13 PhIO CH,Cl, (0.2 M) 12 "
14 PhI(OH)OTs CH,Cl, (0.2 M) 12 dec.
CH,Cl,-DMSO (20:1)
15 PhIO, 0.2 M) 12 26
16 DMP CH,Cl, (0.2 M) 12 12
CH,Cl,-DMSO (20:1)
17 IBX 0.2 M) 12 59
OTe1 CH,Cl,-DMSO (20:1)
18 IBX-OTs 0.2 M) 12 57
_IRS2 CH,Cl,-DMSO (20:1)
19 Me-IBS 0.2 M) 12 dec.
CH,Cl,-DMSO (20:1)
I e O2M) [ 2z
21 IBX DMSO (0.5 M) 12 68
DMSO-H,0 (20:1)
22 IBX 0.5 M) 12 43
DMSO-HFIP (20:1)
23 IBX (0.5 M) 12 70
DMSO-ACOH (20:1)
24 IBX (0.5 M) 12 65
DMSO-TFA (20:1)
B e osm % e
26 IBX TFA (20 mol%) DMSO (0.5 M) 12 83
(PhO),P(O)OH
27 IBX (20 mol%) DMSO (0.5 M) 12 77
p-TsOH-H,0
28 IBX (20 mol%) DMSO (0.5 M) 4 82
p-TsOH-H,0
29 IBX (10 mol%) DMSO (0.5 M) 4 83
IBX p-TsOH-H,0
30 (5 mol%) (5 mol%) DMSO (0.5 M) 12 70
31 IBX-OTs DMSO (0.5 M) 6 68
- . 0,
32 iBx ~ P-TSOHH20 (10 mol%) 5 (¢ 5 ) 4 84

galvinoxyl (20 mol%)
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* Reactions ran at room temperature.

Yield was determined by "H-NMR analysis using mesitylene as an internal standard.
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2. Preparation of Substrates

- 3-Hydroperoxycyclohex-1-ene (5a)
@ o2 hv, TPP
CH20|2 rt, 37%

To a solution of cyclohexene (1a) (1.63 g, 19.8 mmol) in CH2Cl, (30 mL) was added TPP (21 mg,

HO.

5a

36 umol). The mixture was stirred at room temperature under O, atmosphere (balloon) with
irradiation (100 V, 22 W fluorescent lamp). After 24 h, the solvent was removed under reduced
pressure and the residue was purified with flash column chromatography (CH2Cl,) to afford 5a (829
mg, 7.27 mmol, 37%) as a colorless oil.

IH-NMR (400 MHz, CDCls): § 7.86 (m, 1H), 6.02 (m, 1H), 5.76 (m, 1H), 4.50 (m, 1H), 2.11-1.91
(m, 3H), 1.80-1.55 (m, 3H); *C-NMR (100 MHz, CDCls): § 134.4, 124.0, 78.4, 26.3, 25.3, 18.3; IR
(neat, cm™): 3373, 3032; MS (EI): m/z 114 (M"), 81 (100%); HRMS (EI): calcd. for CeH1002 (M*)
114.0681, found 114.0676.

- 3-Hydroperoxy-2-methylenebutyl benzoate (5b)

o 1. LiAlH4, Et,0 HO

0°Ctort Oy, hv, TPP
/\’)kOEt /\’/\OBZ _ > OBz
2. BzCl, Et3N, DMAP CH,Cly, rt, 42%
CH2C|2, O0°Ctort
10 quant. 1b 5b

(E)-2-Methylbut-2-en-1-yl benzoate (1b)

To a suspension of LiAlH4 (460 mg, 12.1 mmol) in Et.O (20 mL) was added a solution of ethyl
tiglate (10) (1.28 g, 10.0 mmol) in Et.O (10 mL) dropwise at 0 °C. After stirring for 30 min at room
temperature, the mixture was quenched with 28% aqueous NHsOH at 0 °C and filtered through
Celite®. Solvent was removed under reduced pressure, and the residue was used in the next reaction
without further purification.

To a solution of the residue in CH2Cl> (20 mL) was added EtsN (1.7 mL, 12 mmol), DMAP (24 mg,
0.20 mmol) and BzClI (1.3 mL, 11 mmol) at 0 °C. The mixture was gradually warmed up to room
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temperature. After stirring for 50 min, the mixture was quenched with saturated aqueous NaHCO3 at
0 °C and extracted with CH.Cl,. The combined organics were dried over MgSOa4. Concentration
and flash column chromatography (hexane : AcOEt = 15 : 1) provided 1b (2.00 g, 10.5 mmol,
quant.) as a colorless oil.

IH-NMR (400 MHz, CDCl3): & 8.06 (d, J = 7.6 Hz, 2 H), 7.55 (t, J = 7.5 Hz, 1H), 7.43 (dd, J = 7.6,
7.5 Hz, 2H), 5.65 (g, J = 6.6 Hz, 1H), 4.71 (s, 2H), 1.74 (s, 3H), 1.67 (d, J = 6.6 Hz, 3H); *C-NMR
(100 MHz, CDCls): & 166.5, 132.8, 130.9, 130.5, 129.6, 128.3, 124.0, 70.6, 13.7, 13.2; IR (neat,
cm): 1719, 1272, 1114, 711; MS (EI): m/z 190 (M*), 105 (100%); HRMS (EI): calcd. for C12H1402

(M¥) 190.0994, found 190.0992.

3-Hydroperoxy-2-methylenebutyl benzoate (5b)

To a solution of 1b (573 mg, 3.01 mmol) in CH2Cl> (6 mL) was added TPP (3.0 mg, 4.9 umol).

The mixture was stirred at room temperature under Oz atmosphere (balloon) with irradiation (100 V,
22 W fluorescent lamp). After 4.5 h, the solvent was removed under reduced pressure and the
residue was purified with flash column chromatography (hexane : AcOEt = 10: 1to 4 : 1) to afford
5b (281 mg, 1.26 mmol, 42%) as a colorless oil.
IH-NMR (400 MHz, CDCl3): § 8.92 (s, 1H), 8.07 (d, J = 7.5 Hz, 2H), 7.59 (t, J = 7.5 Hz, 1H), 7.46
(dd, J = 7.5, 7.5 Hz, 2H), 5.36 (s, 1H), 5.32 (s, 1H), 5.04 (d, J = 13.5 Hz, 1H), 4.82 (d, J = 13.5 Hz,
1H), 4.68 (g, J = 6.6 Hz, 1H), 1.34 (d, J = 6.6 Hz, 3H); 3C-NMR (100 MHz, CDCls): & 166.7,
143.8, 133.3, 129.9, 129.7, 128.5, 115.9, 82.9, 63.6, 17.2; IR (neat, cm™): 3396, 1720, 1277, 711;
MS (EI): m/z 221 (M*-H), 105 (100%); HRMS (EI): calcd. for C12H1304 (M*-H) 221.0814, found
221.0823.
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- 3-Hydroperoxy-2-methylenebutyl 4-cyanobenzoate (5c¢)

o 1. LiAlH,, Et,0
0°Ctort 02 hv, TPP
2. 4-cyanobenzoic acid CHZCIZ rt, 32%
DCC, DMAP
10 CH,Cly, rt, 78%

(E)-2-Methylbut-2-en-1-yl 4-cyanobenzoate (1c)

To a suspension of LiAlIH4 (460 mg, 12.1 mmol) in Et.O (20 mL) was added a solution of ethyl
tiglate (10) (1.28 g, 10.0 mmol) in Et.O (10 mL) dropwise at 0 °C. After stirring for 1.5 h at room
temperature, the mixture was quenched with 28% aqueous NH4sOH at 0 °C and filtered through
Celite®. Solvent was removed under reduced pressure, and the residue was used in the next reaction
without further purification.

To a solution of the residue in CH2Cl> (20 mL) was added 4-cyanobenzoic acid (1.00 g, 6.80
mmol), DCC (1.8 g, 8.7 mmol) and DMAP (16 mg, 0.13 mmol) at 0 °C. After stirring for 2 h at
room temperature, the mixture was quenched with H,O and extracted with CH>Cl>. The combined
organics were dried over MgSOs. Concentration and flash column chromatography (hexane :
AcOEt =30:1to0 10: 1) provided 1c (1.15 g, 5.35 mmol, 79%) as a white solid.

Colorless needle (hexane): mp 50-51 °C; *H-NMR (400 MHz, CDCls): & 8.15 (d, J = 8.8 Hz, 2H),
7.75 (d, J = 8.8 Hz, 2H), 5.66 (g, J = 6.7 Hz, 1H), 4.74 (s, 2H), 1.74 (s, 3H), 1.68 (d, J = 6.7 Hz,
3H); *C-NMR (100 MHz, CDCls): § 164.8, 134.3, 132.2, 130.3, 130.1, 125.0, 118.0, 116.3, 71.3,
13.7, 13.3; IR (neat, cm™): 1723, 1274; MS (EI): m/z 215 (M*), 130 (100%); HRMS (EI): calcd. for

C13H13NO2 (M*) 215.0946, found 215.0945.

3-Hydroperoxy-2-methylenebutyl 4-cyanobenzoate (5¢)

To a solution of 1c (919 mg, 4.27 mmol) in CH2Cl, (8 mL) was added TPP (7.9 mg, 13 umol). The
mixture was stirred at room temperature under O, atmosphere (balloon) with irradiation (100 V, 22
W fluorescent lamp). After 8 h, the solvent was removed under reduced pressure and the residue
was purified with flash column chromatography (hexane : AcCOEt =4 : 1) to afford 5¢ (337 mg, 1.36
mmol, 32%) as a white solid.

Colorless crystal (benzene-hexane): mp 54-55 °C; *H-NMR (400 MHz, CDCls): & 8.60 (br, 1H),
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8.17 (d, J = 8.2 Hz, 2H), 7.77 (d, J = 8.2 Hz, 2H), 5.35 (s, 2H), 5.05 (d, J = 13.8 Hz, 1H), 4.88 (d, J
= 13.8 Hz, 1H), 4.68 (g, J = 6.8 Hz, 1H) 1.35 (d, J = 6.8 Hz, 3H); 3C-NMR (100 MHz, CDCls): §
165.0, 143.2, 133.7, 132.3, 130.2, 117.8, 116.8, 116.4, 82.7, 64.3, 17.2; IR (neat, cm%): 3410, 2232,
1726, 1277, 1108; MS (EI): m/z 229 (M*-H,0), 130 (100%); HRMS (EI): calcd. for CisH1:NO3
(M*-H,0) 229.0739, found 229.0743.

- 3-Hydroperoxy-2-methylenebutyl 4-(1,3-dioxoisoindolin-2-yl)benzoate (5d)

4-phthalimidobenzoic acid

N DCC, DMAP 0,, hv, TPP /H(\
OH
/ﬁ/\ OOV @ NphthCHZCIZ rt, 32% Nohth

52%
11

(E)-2-Methylbut-2-en-1-yl 4-(1,3-dioxoisoindolin-2-yl)benzoate (1d)

To a solution of (E)-2-methylbut-2-en-1-0I® (11) (272 mg, 3.16 mmol) in CH2Cl, (10 mL) was
added 4-phthalimidobenzoic acid* (1.0 g, 3.7 mmol), DMF (5 mL), DCC (850 mg, 4.1 mmol) and
DMAP (19 mg, 0.16 mmol) at 0 °C. After stirring for 3 h at room temperature, the mixture was
quenched with H,O at 0 °C and extracted with Et2O. The combined organics were washed with
brine and dried over MgSOs. Concentration and flash column chromatography (hexane : AcOEt =
4:1to2:1) provide 1d (553 mg, 1.65 mmol, 52%) as a white solid.

Colorless crystal (CH2Cl-hexane): mp 110-112 °C; *H-NMR (400 MHz, CDCls): § 8.19 (d, J = 8.7
Hz, 2H), 7.97 (dd, J = 5.3, 3.1 Hz, 2H), 7.81 (dd, J = 5.3, 3.1 Hz, 2H), 7.59 (d, J = 8.7 Hz, 2H), 5.66
(q, J = 6.6 Hz, 1H), 4.74 (s, 2H), 1.74 (s, 3H), 1.68 (d, J = 6.6 Hz, 3H); *C-NMR (100 MHz,
CDCl3): 6 166.8, 165.7, 135.8, 134.6, 131.7, 130.8, 130.4, 129.7, 125.9, 124.2, 123.9, 70.9, 13.7,
13.3; IR (neat, cm™): 1716, 1376, 1273; MS (EI): m/z 335 (M"), 250 (100%); HRMS (EI): calcd. for

C20H17NO4 (M™) 335.1157, found 335.1117.

3-Hydroperoxy-2-methylenebutyl 4-(1,3-dioxoisoindolin-2-yl)benzoate (5d)
To a solution of 1d (553 mg, 1.65 mmol) in CH2Cl> (3 mL) was added TPP (2.9 mg, 4.7 umol).
The mixture was stirred at room temperature under O2 atmosphere (balloon) with irradiation (100 V,

22 W fluorescent lamp). After 7 h, the solvent was removed under reduced pressure and the residue
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was purified with flash column chromatography (hexane : AcCOEt =4 : 1to 2 : 1) to afford 5d (185
mg, 0.505 mmol, 31%) as a white solid.

Colorless crystal (CH2Cl-hexane): mp 117-118 °C; *H-NMR (400 MHz, CDCls): & 8.84 (s, 1H),
8.21 (d, J = 8.2 Hz, 2H), 7.98 (br s, 2H), 7.82 (br s, 2H), 7.63 (d, J = 8.2 Hz, 2H), 5.37 (s, 1H), 5.34
(s, 1H), 5.05 (d, J = 13.5 Hz, 1H), 4.86 (d, J = 13.5 Hz, 1H), 4.68 (q, J = 6.4 Hz, 1H), 1.36 (d, J =
6.4 Hz, 3H); *C-NMR (100 MHz, CDCls): § 166.7, 165.9, 143.7, 136.3, 134.7, 131.6, 130.5, 129.0,
126.0, 124.0, 116.0, 82.9, 63.5, 17.2; IR (neat, cm™): 1717, 1373, 1274, MS (El): m/z 349

(M*-H.0), 250 (100%); HRMS (EI): calcd. for CaoH1sNOs (M*-H,0) 349.0950, found 349.0956.

- 3-Hydroperoxy-2-methylenebutyl cinnamate (5¢)

[e) 1. LiAlH4, Et,0 O‘o 0
0°Ctort 02 hv, TPP -
Ny OoEt /ﬁ/\ 0
2. trans-cinnamic acid CHZCIZ rt, 39%
DCC, DMAP
10 CH,Cly, rt, 86% Se

(E)-2-Methylbut-2-en-1-yl cinnamate (1e)

To a suspension of LiAlIH4 (460 mg, 12.1 mmol) in Et.O (20 mL) was added a solution of ethyl
tiglate (10) (1.28 g, 10.0 mmol) in Et.O (10 mL) dropwise at 0 °C. After stirring for 1 h at room
temperature, the mixture was quenched with 28% aqueous NH4sOH at 0 °C and filtered through
Celite®. Solvent was removed under reduced pressure, and the residue was used in the next reaction
without further purification.

To a solution of the residue in CH2Cl> (30 mL) was added trans-cinnamic acid (1.48 g, 10.0 mmol),
DCC (2.1 g, 10 mmol) and DMAP (120 mg, 0.98 mmol) at 0 °C. After stirring for 1 h at room
temperature, the mixture was diluted with Et,O and filtered through Celite®. The filtrate was
washed with H>O and brine, and dried over MgSOs. Concentration and flash column
chromatography (hexane : AcCOEt = 30 : 1) provided 1e (1.85 g, 8.56 mmol, 86%) as a colorless oil.
IH-NMR (400 MHz, CDCls) § 7.70 (d, J = 16.2 Hz, 1H), 7.52 (m, 2H), 7.39-7.37 (m, 3H), 6.46 (d,
J =16.2 Hz, 1H), 5.61 (g, J = 6.6 Hz, 1H), 4.60 (s, 2H), 1.71 (s, 3H), 1.66 (d, J = 6.6 Hz, 3H);
13C-NMR (100 MHz, CDCls): § 168.9, 144.7, 134.5, 130.9, 130.2, 128.9, 128.1, 124.1, 118.2, 70.3,

13.7, 13.2; IR (neat, cm™): 1713, 1165; MS (El): m/z 216 (M"), 131 (100%); HRMS (EI): calcd. for
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C14H1602 (M™) 216.1150, found 216.1146.

3-Hydroperoxy-2-methylenebutyl cinnamate (5e)

To a solution of 1e (655 mg, 3.03 mmol) in CH2Cl. (6 mL) was added TPP (5.9 mg, 9.6 umol).
The mixture was stirred at room temperature under Oz atmosphere (balloon) with irradiation (100 V,
22 W fluorescent lamp). After 8 h, the solvent was removed under reduced pressure and the residue
was purified with flash column chromatography (hexane : AcCOEt=10:1to 8: 1to 4 : 1) to afford
5e (295 mg, 1.19 mmol, 39%) as a yellow oil.

IH-NMR (400 MHz, CDCl3): § 8.98 (s, 1H), 7.75 (d, J = 15.9 Hz, 1H), 7.54 (m, 2H), 7.41-7.39 (m,
3H), 6.49 (d, J = 15.9 Hz, 1H), 5.33 (s, 1H), 5.31 (s, 1H), 4.93 (d, J = 13.5 Hz, 1H), 4.70 (d, J =
13.5 Hz, 1H), 4.65 (g, J = 6.8 Hz, 1H), 1.32 (d, J = 6.8 Hz, 3H); 3C-NMR (100 MHz, CDCl): &
167.1, 145.9, 143.9, 134.2, 130.6, 128.9, 128.2, 117.5, 115.9, 82.9, 62.8, 17.2; IR (neat, cm™): 3380,

1700, 1635, 1173; HRMS (ESI-pos): calcd. for C14H1604Na (M*+Na) 271.0941, found 271.0950.

- 4-Hydroperoxy-N,N,5-trimethylhex-5-enamide (5f)

HOL,

/ﬁ( (Me0),CHNMe, MeZNM 0, hv, TPP MezNM
OH .
toluene, 180 °C 0 CH,Cly, rt, 50% 0

12 98% 1f 5f

N,N,5-Trimethylhex-4-enamide (1f)

To a solution of 2-methyl-3-buten-1-ol (12) (2.52 g, 29.3 mmol) in toluene (15 mL) was added
N,N-dimethylacetamide dimethyl acetal (5.1 mL, 35 mmol) at room temperature. The mixture was
heated to 180 °C in a sealed tube. After stirring for 5 h, reaction mixture was purified with column
chromatography (hexane : AcOEt=15:1to4:1to1:1)to afford 1f (4.45 g, 28.6 mmol, 98%) as
a yellow oil.

IH-NMR (400 MHz, CDCl3): § 5.14 (br s, 1H), 3.00 (s, 3H), 2.94 (s, 3H), 2.32 (m, 4H), 1.69 (s,
3H), 1.63 (s, 3H); *C-NMR (100 MHz, CDCls): § 172.7, 132.4, 123.2, 37.2, 35.3, 33.4, 25.6, 23.8,
17.6; IR (neat, cm™): 2927, 1643, 772; HRMS (ESI-pos): calcd. for CoH17NONa (M*+Na) 178.1202,

found 178.1211.
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4-Hydroperoxy-N,N,5-trimethylhex-5-enamide (5f)

To a solution of 1f (498 mg, 3.21 mmol) in CH.Cl, (6 mL)was added TPP (5.8 mg, 9.4 umol). The
mixture was stirred at room temperature under O, atmosphere (balloon) with irradiation (100 V, 22
W fluorescent lamp). After 7 h, the solvent was removed under reduced pressure and the residue
was purified with flash column chromatography (hexane : AcCOEt=2:1to1:2to0: 1) to afford
5f (301 mg, 1.61 mmol, 50%) as a brown oil.

IH-NMR (400 MHz, CDCls): § 10.19 (s, 1H), 5.00 (s, 1H), 4.94 (s, 1H), 4.33 (t, J = 5.6 Hz, 1H),
3.02 (s, 3H), 2.99 (s, 3H), 2.46 (ddd, J = 16.9, 8.0, 4.3 Hz, 1H), 2.35 (ddd, J = 16.9, 8.0, 4.3 Hz,
1H), 2.23 (m, 1H), 2.00 (m, 1H), 1.79 (s, 3H); *C-NMR (100 MHz, CDCls): 8 173.7, 143.2, 112.8,
86.8, 37.2, 35.8, 28.2, 23.9, 19.5; IR (neat, cm™): 3253, 2938, 1626, 1403; HRMS (ESI-pos): calcd.

for CoH17NOsNa (M*+Na) 210.1101, found 210.1103.

- 3-Hydroperoxy-2,2,4-trimethylpent-4-en-1-yl benzoate (59)

BzCl, Et3N HO.
oH DMAP SOCl, O,, hv, TPP Q
—_— —_—
HO A BzO
CH,Cl,, 0 °C pyrldlne rt CH,Cly, rt
> 100% 76%
13 19 59

3-Hydroxy-2,2,4-trimethylpentyl benzoate (14)

To a solution of 2,2,4-trimethyl-1,3-pentandiol (13) (1.45 g, 9.92 mmol) in CH2Cl2 (10 mL) was
added EtzN (1.8 mL, 13 mmol), DMAP (36 mg, 0.29 mmol) and BzCl (1.4 mL, 12 mmol) at 0 °C.
After stirring for 2 h, the mixture was quenched with saturated aqueous NaHCO3, and extracted
with CH2Cl,. The combined organics were dried over MgSOas. Concentration and column
chromatography (hexane : AcCOEt =10 : 1) provided 14 (3.01 g, > 100%) as a colorless oil.
IH-NMR (400 MHz, CDCls): § 8.04 (d, J = 7.5 Hz, 2H), 7.57 (t, J = 7.5 Hz, 1H), 7.45 (dd, J = 7.5,
7.5 Hz, 2H), 4.38 (d, J = 10.7 HZ, 1H), 4.03 (d, J = 10.7 Hz, 1H), 3.37 (dd, J = 6.0, 2.4 Hz, 1H),
1.98 (m, 1H), 1.87 (d, J = 6.0 Hz, 1H), 1.07 (s, 3H), 1.05 (s, 3H), 1.02 (d, J = 6.8 Hz, 3H), 0.97 (d, J
= 6.3 Hz, 3H); *C-NMR (100 MHz, CDCls): § 166.7, 133.0, 130.3, 12.9.5, 128.4, 79.4, 71.9, 39.6,
28.8, 23.5, 22.1, 20.5, 16.8; IR (neat, cm™): 3521, 2964, 1718, 1275, 711; MS (El): m/z 207

(M*-C3Hy7), 123 (100%); HRMS (EI): calcd. for C12Hi1503 (M*-CsHy7) 207.1021, found 207.1027.
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2,2,4-Trimethylpent-3-en-1-yl benzoate (19)

To a solution of 14 (2.51 g, 10.0 mmol) in pyridine (20 mL) was added SOCI; (1.0 mL, 14 mmol)

at 0 °C. After stirring for 3 h at room temperature, the mixture was quenched with H,O and 2 M
HCI, and extracted with CH2Cl>. The combined organics were dried over MgSOs. Concentration
and flash column chromatography (hexane : AcOEt = 15 : 1 to 10 : 1) provided 1g (750 mg, 3.23
mmol, 32%) as a colorless oil.
IH-NMR (400 MHz, CDCls): 6 8.05 (d, J = 7.3 Hz, 2H), 7.56 (t, J = 7.3 Hz, 1H), 7.44 (dd, J = 7.3,
7.3 Hz, 2H), 5.19 (s, 1H), 4.15 (s, 2H), 1.77 (s, 3H), 1.71 (s, 3H), 1.23 (s, 6H); 3 C-NMR (100 MHz,
CDCl3): 6 166.7, 133.1, 132.8, 130.6, 130.1, 129.6, 128.3, 73.2, 36.1, 28.1, 25.9, 19.2; IR (neat,
cm™): 2968, 1720, 1272, 711; MS (EI): m/z 232 (M*), 97 (100%); HRMS (EI): CisH2002 (M)
232.1463, found 232.1455.

3-Hydroperoxy-2,2,4-trimethylpent-4-en-1-yl benzoate (59)

To a solution of 1g (582 mg, 2.51 mmol) in CH2Cl> (5 mL) was added TPP (4.5 mg, 7.4 umol).
The mixture was stirred at room temperature under Oz atmosphere (balloon) with irradiation (100 V,
22 W fluorescent lamp). After 13 h, the solvent was removed under reduced pressure and the
residue was purified with flash column chromatography (hexane : AcOEt = 10 : 1) to afford 5g (501
mg, 1.90 mmol, 76%) as a yellow solid.

Colorless crystal (CH2Cl,-hexane): mp 56-57 °C; *H-NMR (400 MHz, CDCls): & 8.07 (d, J = 7.5
Hz, 2H), 7.98 (s, 1H), 7.58 (t, J = 7.5 Hz, 1H), 7.46 (dd, J = 7.5, 7.5 Hz, 2H), 5.20 (s, 1H), 5.08 (s,
1H), 4.41 (s, 1H), 4.27 (d, J = 10.9 Hz, 1H), 4.08 (d, J = 10.9 Hz, 1H), 1.86 (s, 3H), 1.09 (s, 3H),
1.04 (s, 3H); 3C-NMR (100 MHz, CDCls): § 166.5, 142.3, 133.0, 130.3, 129.6, 128.4, 115.7, 92.2,
70.8, 38.7, 21.9, 21.0, 20.8; IR (neat, cm™): 3395, 2972, 1720, 1702, 1274, 712; HRMS (ESI-pos):

calcd. for C1sH2004Na (M*+Na) 287.1254, found 287.1275.
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- (E)-5-Hydroperoxyoct-3-ene-1,8-diyl diacetate (5h)

/\/\/002Me Hy, Lindlar cat. MeOZC/\/\k/ 1. LiAHg, THF, 0 °C to rt
MeO,C CO,Me

EtOH, rt 2. Acy0, EtsN, DMAP
15 quant. 16 CH,Cly, rt
70% for 2 steps

AcO X 0,, hv, TPP HO.
-,

OAc  CHoCly, rt, 85% A0 Z OAG

1h 5h
Dimethyl (Z)-oct-4-enedioate (16)

To a solution of dimethyl oct-4-ynedioate® (15) (371 mg, 1.87 mmol) in EtOH (5 mL) was added
Lindlar catalyst (37 mg) at room temperature. Then the reaction flask was purged with Hz. After
stirring for 1 h under H, atmosphere (balloon), the reaction mixture was filtered through Celite®.
The filtrate was concentrated under reduced pressure, and the residue was purified with flash
column chromatography (hexane : AcOEt = 4 : 1) to afford 16 (378 mg, 1.88 mmol, quant.) as a
colorless oil.

IH-NMR (400 MHz, CDCls): & 5.40 (m, 2H), 3.68 (s, 6H), 2.41-2.34 (m, 8H); 3C-NMR (100 MHz,
CDCl3): § 173.5, 129.0, 51.5, 34.0, 22.7; IR (neat, cm™): 1736; MS (EI): m/z 200 (M*), 136 (100%);
HRMS (EI): calcd. for C1o0H1604 (M*) 200.1049, found 200.1030.

(2)-Oct-4-ene-1,8-diyl diacetate (1h)

To a solution of 16 (454 mg, 2.27 mmol) in THF (11 mL) was added LiAlH4 (206 mg, 5.4 mmol)
portionwise at 0 °C. After stirring for 40 min at room temperature, the reaction mixture was
quenched with 28% aqueous NHsOH and filtered through Celite®. The filtrate was concentrated
under reduced pressure. The residue was used next reaction without further purification.

To a solution of the residue in CH2Cl> (11 mL) was added EtsN (1.9 mL, 13.7 mmol), DMAP (14
mg, 0.12 mmol) and Ac.O (0.86 mL, 9.1 mmol) at 0 °C. After stirring overnight at room
temperature, the reaction mixture was quenched with saturated aqueous NaHCO3 at 0 °C, and
extracted with CH2Cl,. The combined organics were dried over MgSQOa. Concentration and flash
column chromatography (hexane : ACOEt =8 : 1to 4 : 1) provided 1h (362 mg, 1.59 mmol, 70%)
as a colorless oil.

IH-NMR (400 MHz, CDCls): & 5.40 (t, J = 4.8 Hz, 2H), 4.06 (t, J = 6.9 Hz, 4H), 2.11 (m, 4H), 2.05
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(s, 6H), 1.69 (tt, J = 6.9, 6.9 Hz, 4H); 3C-NMR (100 MHz, CDCls): & 171.1, 129.4, 63.9, 28.5, 23.5,
20.9; IR (neat, cm™): 1739, 1241; MS (EI): m/z 168 (M*-AcOH), 93 (100%); HRMS (EI): calcd. for

C10H1602 (M*-AcOH) 168.1150, found 168.1137.

(E)-5-Hydroperoxyoct-3-ene-1,8-diyl diacetate (5h)

To a solution of 1h (324 mg, 1.42 mmol) in CH2Cl> (3 mL) was added TPP (2.8 mg, 4.6 umol).

The mixture was stirred at room temperature under Oz atmosphere (balloon) with irradiation (100 V,
22 W fluorescent lamp). After 6 h, the solvent was removed under reduced pressure and the residue
was purified with flash column chromatography (hexane : AcCOEt =8 :1to4:1to2: 1) to afford
5h (314 mg, 1.21 mmol, 85%) as a colorless oil.
IH-NMR (400 MHz, CDCl3): & 7.96 (s, 1H), 5.78 (dt, J = 15.2, 7.0 Hz, 1H), 5.50 (br dd, J = 15.2,
7.8 Hz, 1H), 4.32 (m, 1H), 4.16 (t, J = 6.6 Hz, 2H), 4.08 (t, J = 6.0 Hz, 2H), 2.42 (dt, J = 6.6, 6.0 Hz,
2H), 2.05 (s, 6H), 1.75-1.68 (m, 3H), 1.55 (m, 1H); 3C-NMR (100 MHz, CDCls): & 171.2, 171.1,
131.7, 131.1, 85.8, 64.1, 63.3, 31.8, 28.9, 24.6, 20.9; IR (neat, cm™): 3402, 2959, 1737, 1241; MS
(E1): m/z 243 (M*-OH), 107 (100%); HRMS (EI): calcd. for C12H190s (M*-OH) 243.1232, found
243.1239.

- (4-Hydroperoxycyclopent-2-ene-1,1-diyl)bis(methylene) dibenzoate (5i)

O,, hv
rose bengal O~
Bz0 MeOH, rt, 42% BzO
1i 5i

To a solution of cyclopent-3-ene-1,1-diylbis(methylene) dibenzoate® (1i) in MeOH (6 mL) was
added rose bengal (15 mg, 15 umol) at room temperature. The mixture was stirred at room
temperature under O, atmosphere (balloon) with irradiation (100 V, 22 W fluorescent lamp). After
16 h, the reaction mixture was quenched with H>O and extracted with Et>O. The combined organics
were washed with brine and dried over MgSOs. Concentration and flash column chromatography
(hexane : ACOEt =4 :1to 2 : 1) provided 5i (474 mg, 1.29 mmol, 42%) as a colorless oil.

IH-NMR (400 MHz, CDCls): & 8.11 (s, 1H), 8.05 (d, J = 7.3 Hz, 2H), 8.01 (d, J = 7.3 Hz, 2H), 7.57

(t, J = 7.6 Hz, 2H), 7.44 (dd, J = 7.6, 7.3 Hz, 4H), 6.14 (d, J = 5.9 Hz, 1H), 6.06 (dd, J = 5.9, 2.0 Hz,
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1H), 5.25 (m, 1H), 4.57 (d, J = 11.2 Hz, 1H), 4.48 (d, J = 10.7 Hz, 1H), 4.40 (d, J = 10.7 Hz, 1H),
4.33 (d, J = 11.2 Hz, 1H), 2.20 (dd, J = 14.9, 7.1 Hz, 1H), 2.13 (dd, J = 14.9, 3.2 Hz, 1H); *C-NMR
(100 MHz, CDCls): § 166.6, 166.3, 139.0, 133.2, 132.1, 129.80, 129.77, 129.7, 129.6, 128.6, 128.5,
128.4, 89.4, 67.7, 67.6, 53.0, 35.0; IR (neat, cm'Y): 3402, 1719, 1270, 710; HRMS (ESI-pos): calcd.

for. C21H2006Na (M*+Na) 391.1152, found 391.1177.

(1S*,3aR*,4S*,7R*,7aS*)-1-Hydroperoxy-3a,4,7,7a-tetrahydro-1H-4,7-methanoindene (5j)

H 0-OH
m 0, hv, TPP @I:}
o
CH,Cl,, 1t, 65%
H
1j 5j

To a solution of dicyclopentadiene (1j) (1.32 g, 10.0 mmol) in CH2Cl> (20 mL) was added TPP

(20 mg, 0.033 mmol). The mixture was stirred at room temperature under O, atmosphere (balloon)
with irradiation (100 V, 22 W fluorescent lamp). After 18 h, the solvent was removed under reduced
pressure and the residue was purified with flash column chromatography (hexane : CH.Cl, =2 : 1
to 0 : 1) to afford 5j (1.07 g, 6.49 mmol, 65%) as a colorless oil.
IH-NMR (400 MHz, CDCls): § 7.73 (s, 1H), 5.98-5.94 (m, 2H), 5.85 (m, 1H), 5.61 (m, 1H), 4.46
(br's, 1H), 3.38 (m, 1H), 3.04 (br s, 1 H), 2.84 (br s, 1H), 2.72 (m, 1H), 1.59 (d, J = 9.3 Hz, 1H),
1.44 (d, J = 9.3 Hz, 1H); BC-NMR (100 MHz, CDCls): § 141.4, 135.4, 132.3, 129.6, 92.8, 54.4,
51.1, 48.1, 44.8, 44.6; IR (neat, cm™): 3378, 2967, 1339, 731; MS (El): m/z 146 (M*-H.0), 66
(100%); HRMS (EI): calcd. for C1oH100 (M*-H,0) 146.0732, found 146.0726.

- (1S,3R,55)-3-Hydroperoxy-6,6-dimethyl-2-methylenebicyclo[3.1.1]heptane (5k)

0,, hv, TPP Oon
CH,Cly, rt, 6%

1k 5k

To a solution of a-pinene (1k) (1.36 g, 10.0 mmol) in CH2Cl> (20 mL) was added TPP (10 mg,
0.016 mmol). The mixture was stirred at room temperature under O2 atmosphere (balloon) with
irradiation (100 V, 22 W fluorescent lamp). After 10 h, the solvent was removed under reduced

pressure and the residue was purified with flash column chromatography (hexane : AcOEt =15:1
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to 10 : 1) to afford 5k (1.12 g, 6.44 mmol, 66%) as a colorless oil.

[0]o? = -23.3 (¢ = 0.51, CHCl3); *H-NMR (400 MHz, CDCls): & 7.90 (s, 1H), 5.14 (s, 1H), 5.01 (s,
1H), 4.62 (d, J = 8.3 Hz, 1H), 2.50 (t, J = 5.4 Hz, 1H), 2.35 (m, 1H), 2.24 (m, 1H), 1.98-1.91 (m,
2H), 1.52 (d, J = 10.2 Hz, 1H), 1.28 (s, 3H), 0.69 (s, 3H); 3C-NMR (100 MHz, CDCls): § 148.5,
115.0, 80.7, 50.5, 41.2, 39.4, 30.7, 27.6, 26.0, 21.9; IR (neat, cm™): 3393, 2921, 903, 774; MS (EI):
m/z 150 (M*-H,0), 108 (100%); HRMS (El): calcd. for CioH1O (M*-H.0) 150.1045, found
150.041.

- (2)-3-Hydroperoxycyclooct-1-ene (5I)

HOL
O

Oy, hv, TPP
O O
1l 51

To a solution of cyclooctene (11) (1.11 g, 10.1 mmol) in CH2Cl, (20 mL) was added TPP (20 mg,
0.033 mmol). The mixture was stirred at room temperature under O, atmosphere (balloon) with
irradiation (100 V, 22 W fluorescent lamp). After 8 h, the solvent was removed under reduced
pressure and the residue was purified with flash column chromatography (hexane : CH.Cl, =2 : 1
to hexane : AcOEt = 10: 1to 8 : 1) to afford 5l (449 mg, 3.16 mmol, 31%) as a colorless oil.
IH-NMR (400 MHz, CDCl3): & 8.44 (br, 1H), 5.74 (ddt, J = 10.1, 1.4, 9.0 Hz, 1H), 5.61 (dd, J
=10.1, 7.2 Hz, 1H), 4.94 (m, 1H), 2.24-2.08 (m, 2H), 1.95 (m, 1H), 1.70-1.31 (m, 7H); 3C-NMR
(100 MHz, CDCls): § 131.3, 130.4, 83.2, 32.7, 28.7, 26.3, 26.1, 23.4; IR (neat, cm™): 3374, 2928;
MS (El): m/z 124 (M*-H,0), 81 (100%); HRMS (EI): calcd. for CgH120 (M*-H,0) 124.0888, found
124.0867.

- (1R,5S)-2-(Hydroperoxymethyl)-6,6-dimethylbicyclo[3.1.1]hept-2-ene (5m)

)

“OH
02 hv, TPP
CH20I2 rt, 35%
5m

To a solution of B-pinene (1m) (1.36 g, 10.0 mmol) in CH>Cl> (20 mL) was added TPP (10 mg,
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0.016 mmol). The mixture was stirred at room temperature under O2 atmosphere (balloon) with
irradiation (100 V, 22 W fluorescent lamp). After 12 h, the solvent was removed under reduced
pressure and the residue was purified with flash column chromatography (hexane : AcOEt =15: 1
to 10 : 1) to afford 5m (596 mg, 3.54 mmol, 35%) as a colorless oil.

[o]o?® = -30.8 (¢ = 0.597, CHCIl3); (*H-NMR (400 MHz, CDCl3): § 7.76 (s, 1H), 5.65 (m, 1H), 4.40
(dd, J = 12.1, 1.2 Hz, 1H), 4.35 (dd, J = 12.1, 1.5 Hz, 1H), 2.43 (ddd, J = 8.5, 5.6, 5.6 Hz, 1H), 2.33
(brs, 1H), 2.30 (br s, 1H), 2.25 (m, 1H), 2.13 (m, 1H), 1.31 (s, 3H), 1.18 (d, J = 8.8 Hz, 1H), 0.86 (s,
3H); 3C-NMR (100 MHz, CDCls): § 143.3,,123.9, 80.3, 43.7, 40.7, 38.0, 31.6, 31.4, 26.1, 21.1; IR
(neat, cm™): 3401, 2916; MS (EI): m/z 168 (M*), 79 (100%); HRMS (EI): calcd. for C10H1602 (M*)
168.1150, found 168.1164.

- tert-Butyl((2-hydroperoxy-1-methylcyclohex-3-en-1-yl)methoxy)diphenylsilane (5n)

_OH
O

TBDPso«tj 0z, v, TP TBDpso«b

CH,Cly, 1t, 26%

1n 5n

To a solution of tert-butyl((1-methylcyclohex-2-en-1-yl)methoxy)diphenylsilane’ (1n) (601 mg,
1.65 mmol) in CH2Cl> (3 mL) was added TPP (3.1 mg, 5.0 umol). The mixture was stirred at room
temperature under O> atmosphere (balloon) with irradiation (100 V, 22 W fluorescent lamp). After
55 h, the solvent was removed under reduced pressure and the residue was purified with flash
column chromatography (hexane : AcOEt = 15 : 1) to afford 5n (169 mg, 0.426 mmol, 26%, dr 3:2)
as a colorless oil.
IH-NMR (400 MHz, CDCls): & 9.95 (m, 0.6H), 8.89 (m, 0.4H), 7.71-7.64 (m, 4H), 7.45-7.39 (m,
6H), 5.94 (br d, J = 9.8 Hz, 0.6H), 5.82-5.78 (m, 1H), 5.71 (br d, J = 10.2 Hz, 0.4H), 4.67 (br s,
0.4H), 4.17 (br d, J = 2.9Hz, 0.6H), 3.66 (br s, 1.2H), 3.60 (d, J = 9.8 Hz, 0.4H), 3.52 (d, J = 9.8Hz,
0.4H), 2.07-1.96 (m, 2H), 1.78 (m, 0.6H), 1.65-1.60 (m, 1H), 1.32 (m, 0.4H), 1.09 (s, 9H), 0.87 (s,
1.2H), 0.85 (s, 1.8H); *C-NMR (100 MHz, CDCls): § 135.81, 135.76, 135.7, 133.3, 133.2, 132.9,
132.8, 132.2, 129.9, 129.8, 129.74, 129.67, 127.8, 127.7, 125.4, 123.8, 84.6, 84.3, 70.9, 69.9, 38.8,

38.7,29.8, 27.2, 27.0, 22.3, 22.2, 20.7, 19.4, 15.2; IR (neat, cm™): 3411, 2930, 2857, 1111, 702; MS
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(EI): m/z 321 (M*-C4Ho-H-0), 81 (100%); HRMS (EI): calcd. for CaoH2102Si (M*-CaHe-H20)

321.1311, found 321.1303.

-(5aR*,9aS*)-7-Hydroperoxy-3,3-dimethyl-1,5,5a,6,7,9a-hexahydrobenzo[e][1,3]dioxepine (50)

H 2,2-dimethoxypropane H H
00 e O™
.
HO DMF, rt, 84% (0] CH,Cly, rt, 83% (0]
H H H
17 10 50

(5aR*,9aS*)-3,3-Dimethyl-1,5,5a,6,9,9a-hexahydrobenzo[e][1,3]dioxepine (10)

To a solution of ((1R*,25*)-cyclohex-4-ene-1,2-diyl)dimethanol® (17) (430 mg, 3.02 mmol) in
DMF (7 mL) was added 2,2-dimethoxypropane (1.85 mL, 15 mmol) and p-TsOH-H20 (57 mg, 0.30
mmol) at room temperature. After stirring for 2 h, the mixture was quenched with solid K2.CO3 and
H-0 at 0 °C, and extracted with Et2O. The combined organics were washed with H.O and brine,
and dried over MgSOs. Concentration and flash column chromatography (hexane : AcOEt = 8 : 1)
provided 10 (465 mg, 2.55 mmol, 84%) as a yellow oil.

IH-NMR (400 MHz, CDCls): & 5.60 (s, 2H), 3.62 (dd, J = 11.5, 6.3 Hz, 2H), 3.56 (br d, J = 11.5 Hz,
2H), 2.14 (m, 4H), 1.96 (br s, 2H), 1.34 (s, 3H), 1.32 (s, 3H); 3C-NMR (100 MHz, CDCls): & 124.9,
100.9, 64.6, 36.5, 25.22, 25.16, 25.1; IR (neat, cm™): 2938, 1218; MS (El): m/z 182 (M*), 79

(100%); HRMS (EI): calcd. for C11H1s0, (M*) 182.1307, found 182.1285.

(5aR*,9aS*)-7-Hydroperoxy-3,3-dimethyl-1,5,5a,6,7,9a-hexahydrobenzo[e][1,3]dioxepine (50)
To a solution of 10 (366 mg, 2.01 mmol) in CH2Cl> (4 mL) was added TPP (3.8 mg, 6.1 umol).
The mixture was stirred at room temperature under O2 atmosphere (balloon) with irradiation (100 V,
22 W fluorescent lamp). After 11 h, the solvent was removed under reduced pressure and the
residue was purified with flash column chromatography (hexane : AcOEt = 4 : 1) to afford 50 (356
mg, 1.66 mmol, 83%, dr 4:1) as a yellow oil.
IH-NMR (400 MHz, CDCl3): & 7.87-7.85 (m, 1H), 5.89-5.83 (m, 1.8H), 5.73 (m, 0.2H), 4.60 (m,
0.2H), 4.51 (m, 0.8H), 3.98 (d, J = 12.1 Hz, 0.8H), .3.90 (d, J = 12.6 Hz, 0.2H), 3.66-3.47 (m, 3H),

2.46-2.42 (m, 1H), 2.05-1.92 (m, 3H), 1.34 (s, 3H), 1.31 (s, 3H); 3C-NMR (100 MHz, CDCls): &
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133.9, 125.1, 101.80, 101.75, 77.6, 77.2, 64.8, 64.6, 62.4, 61.4, 40.7, 40.6, 35.7, 32.5, 26.8, 26.1,
24.7, 24.6; IR (neat, cm™): 3330, 2941, 1372, 1219; HRMS (ESI-posi): calcd. for C11Hi1s0sNa
(M*+Na) 237.1097, found 237.1093.

- (3aR*,7aS*)-2-Tosyl-2,3,3a,4,7,7a-hexahydro-1H-isoindole (1q)

Q H H
1. LiAIH,, THF, reflux @
HN TsN
2. TsCl, EtsN, CH,Cl,
o H 58% for 2 steps H
18 1q

To a solution of cis-1,2,3,6-tetrahydrophthalimide (18) (1.00 g, 6.62 mmol) in THF (20 mL) was
added LiAlHs (1.1 g, 28 mmol) at 0 °C. The mixture was refluxed for 3 h. Then the mixture was
quenched with 28% aqueous NH4OH at 0 °C, and filtered through Celite®. The filtrate was dried
over Na;SO4 and concentrated under reduced pressure. The residue was used in the next reaction
without further purification.

To a solution of the residue in CH2Cl2 (15 mL) was added EtsN (1.8 mL, 13 mmol) and TsCl (1.3 g,
6.6 mmol) at 0 °C. After stirring for 1 h at room temperature, the mixture was quenched with
saturated aqueous NaHCOs and extracted with CH2Clz2. The combined organics were dried over
MgSOa. Concentration and flash column chromatography (hexane : AcOEt = 8 : 1) provided a
brown oil. The oil was solidified from Et,O-hexane to afford 1q (1.07 g, 3.87 mmol, 58%) as a light
brown solid.

Colorless crystal (Et,0-hexane): mp 69-70 °C; *H-NMR (400 MHz, CDCls): § 7.72 (d, J = 8.2 Hz,
2H), 7.31 (d, J = 8.2 Hz, 2H), 5.31 (s, 2H), 3.38 (dd, J = 9.4, 6.5 Hz, 2H), 3.07 (dd, J = 9.4, 5.6 Hz,
2H), 2.43 (s, 3H), 2.20 (m, 2H), 2.10 (m, 2H), 1.66 (m, 2H); 3C-NMR (100 MHz, CDCls): & 143.1,
134.8, 129.8, 127.3, 124.0, 52.7, 34.3, 24.2, 21.5; IR (neat, cm™): 2887, 1340, 1160, 662; MS (EI):

m/z 277 (M*, 100%); HRMS (EI): calcd. for C1sH1sNO,S (M*) 277.1137, found 277.1121.
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- ((1S*,25*)-Cyclohex-4-ene-1,2-diyl)bis(methylene) dibenzoate (1r),
Cyclohept-4-en-1-yl benzoate (1t)
and Cyclohept-4-ene-1,1-diylbis(methylene) dibenzoate (1u)

These compounds were synthesized according to the literature’s procedure.®

- (1S*,25*,2)-Cyclooct-5-ene-1,2-diyl dibenzoate (1v)

HOO BzCl, Et;N, DMAP BZOO
HO™ CH,Cly, rt BzO"
85%
19 1v

To a solution of (15*,25*,Z)-cyclooct-5-ene-1,2-diol® (19) (379 mg, 2.66 mmol) in CH2Cl, (10
mL) was added EtsN (1.5 mL, 10.8 mmol), BzCl (0.77 mL, 6.7 mmol) and DMAP (10 mg, 0.082
mmol) at 0 °C. After stirring for 24 h at room temperature, the mixture was quenched with H20, and
extracted with CH.Cl,. The combined organics were dried over MgSQOa. Concentration and flash
column chromatography (hexane : AcOEt = 15 : 1) provided 1v (789 mg, 2.25 mmol, 85%) as a
white solid.

Colorless crystal (CHCls-hexane): mp 105-106 °C; *H-NMR (400 MHz, CDCls): § 7.86 (d, J = 8.0
Hz, 4H), 7.38 (t, J = 7.6 Hz, 2H), 7.23 (dd, J = 8.0, 7.6 Hz, 4H), 5.76 (t, J = 4.3 Hz, 2H), 5.55 (t, J =
3.9 Hz, 2H), 2.55 (m, 2H), 2.34-2.18 (m, 4H), 2.04 (m, 2H); 3C-NMR (100 MHz, CDCls): & 165.8,
132.7, 130.1, 129.5, 129.0, 128.1, 74.3, 30.3, 22.9; IR (neat, cm™): 2939, 1719, 1281, 1115, 710;
MS (El): m/z 350 (M), 105 (100%); HRMS (El): calcd. for C22H2204 (M*) 350.1518, found

350.1514.

- 1-Tosyl-2,3,6,7-tetrahydro-1H-azepine (1w)

4-bromo-1-butene

K,CO3 S~ Grubbs 15t
TsNH, ————————— > TsN — TN \
DMF, 60 °C NF DCE, 50 °C

31% 89%
20 1w

N,N-Di(but-3-en-1-yl)-4-methylbenzenesulfonamide (20)
To a solution of p-toluenesulfonamide (1.71 g, 10 mmol) in DMF (30 mL) was added K2CO3 (4.2

g, 30 mmol) and 4-bromo-1-butene (2.4 mL, 24 mmol) at room temperature. After stirring for 2
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days at 60 °C, the mixture was quenched with H2O and extracted with Et,O. The combined organics
were washed with HO and brine, and dried over MgSOs. Concentration and flash column
chromatography (hexane : AcCOEt =8 : 1to 4 : 1) provided 20 (857 mg, 3.07 mmol, 31%) as a
colorless oil.

IH-NMR (400 MHz, CDCls): & 7.70 (d, J = 8.2 Hz, 2H), 7.29 (d, J = 8.2 Hz, 2H), 5.72 (ddt, J =
17.2, 10.3, 6.9 Hz, 2H), 5.08-5.02 (m, 4H), 3.19 (t, J = 7.5 Hz, 4H), 2.42 (s, 3H), 2.30 (dt, J = 6.9,
7.5 Hz, 4H); *C-NMR (100 MHz, CDCls): & 143.1. 137.1. 134.7. 129.6. 127.1. 117.0. 47.8. 33.2.
21.4; IR (neat, cm™): 1339, 1157; MS (EI): m/z 279 (M), 238 (100%); HRMS (EI): calcd. for

C15H21NO2S (M*) 279.1293, found 279.1287.

1-Tosyl-2,3,6,7-tetrahydro-1H-azepine (1w)

To a solution of 20 (706 mg, 2.53 mmol) in degassed DCE (20 mL) was added Grubbs 1% catalyst
(20 mg, 24 pmol) at room temperature. After stirring for 3 days at 50 °C, the mixture was
concentrated under reduced pressure. The residue was purified with flash column chromatography
(hexane : AcOEt =15:1to 10: 1) to afford 1w (567 mg, 2.26 mmol, 89%) as a white solid.
Colorless needle (CH2Clz-hexane): mp 65-66 °C; *H-NMR (400 MHz, CDCls): & 7.67 (d, J = 8.0
Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 5.75 (t, J = 3.1 Hz, 2H), 3.28 (t, J = 5.3 Hz, 4H), 2.42 (s, 3H),
2.31 (m, 4H); C-NMR (100 MHz, CDCls): & 143.0, 136.3, 130.1, 129.6, 127.0, 48.2, 29.8, 21.4;
IR (neat, cm™): 1332, 1160; MS (EI): m/z 251 (M*, 100%); HRMS (EI): calcd. for C13H17NO,S
(M*) 251.0980, found 251.0971.
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3. General Procedure and Characterization

General procedure for Scheme 5
HO<4 IBX (10 mol%) o
p-TsOH-H ,0 (10 mol%)
OBz OBz
DMSO, rt

To a solution of 5b (111 mg, 0.500 mmol) in DMSO (1 mL) was added p-TsOH-H20 (9.5 mg,

0.050 mmol) and IBX (14.3 mg, 0.051 mmol) at room temperature. After stirring for 24 h at same
temperature, the reaction mixture was quenched with H>O and extracted with Et.O. The combined
organics were washed with H20 and brine, and dried over MgSOa. Concentration and flash column
chromatography (hexane : AcOEt = 10 : 1) provided 4b (88.8 mg, 0.435 mmol, 87%) as a white

solid.

0]

)H(\OBZ

2-Methylene-3-oxobutyl benzoate (4b)

Colorless plate (Et,0-hexane): mp 37-38 °C; *H-NMR (400 MHz, CDCls): § 8.06 (d, J = 7.5 Hz,
2H), 7.57 (t, J = 7.5 Hz, 1H), 7.45 (dd, J = 7.5, 7.5 Hz, 2H), 6.23 (s, 1H), 6.10 (s, 1H), 5.08 (s, 2H),
2.40 (s, 3H); *C-NMR (100 MHz, CDCls): § 197.9, 165.9, 143.3, 133.1, 129.9, 129.6, 128.4, 126.4,
62.3, 25.8; IR (neat, cm™): 1723, 1676, 1273, 711; MS (EI): m/z 204 (M*), 105 (100%); HRMS

(El): calcd. for C1oH1203 (M) 204.0786, found 204.0772.

(6] (6]
)H(\OJK@\
CN

2-Methylene-3-oxobutyl 4-cyanobenzoate (4c¢)

Coloeless crystal (Et,0-hexane): mp 56-57 °C; *H-NMR (400 MHz, CDCls): § 8.15 (d, J = 8.0 HZ,
2H), 7.75 (d, J = 8.0 Hz, 2H), 6.27 (s, 1H), 6.12 (s, 1H), 5.10 (s, 2H), 2.42 (s, 3H); **C-NMR (100
MHz, CDClz): 6 197.7, 164.3, 142.9, 133.7, 132.2, 130.1, 127.2, 117.8, 116.5, 63.1, 25.7; IR (neat,
cm™): 2235, 1719, 1664, 1278; MS (El): m/z 229 (M%), 130 (100%); HRMS (EI): calcd. for
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C13H11NO3z (M*) 229.0739, found 229.0725.

0} O

)HODJ\@L
Nphth

2-Methylene-3-oxobutyl 4-(1,3-dioxoisoindolin-2-yl)benzoate (4d)

Colorless crystal (CHCls-hexane): mp 155-156 °C; *H-NMR (400 MHz, CDCls): § 8.21 (d, J = 8.8
Hz, 2H), 7.98 (dd, J = 5.5, 3.3 Hz, 2H), 7.82 (dd, J = 5.5, 3.3 Hz, 2H), 7.62 (d, J = 8.8 Hz, 2 H),
6.25 (s, 1H), 6.11 (s, 1H), 5.11 (s, 2H), 2.42 (s, 3H); 3C-NMR (100 MHz, CDCls): § 197.9, 166.7,
165.2, 143.3, 136.1, 134.7, 131.6, 130.5, 129.0, 126.5, 126.0, 123.9, 62.3, 25.8; IR (neat, cm™):
1714, 1669, 1384; MS (El): m/z 349 (M*), 250 (100%); HRMS (EI): calcd. for C2oHisNOs (M*)

349.0950, found 349.0916.

o 0
Shae

2-Methylene-3-oxobutyl cinnamate (4e)

Colorless crystal (Et20-hexane): mp 53-54 °C; *H-NMR (400 MHz, CDCls): & 7.73 (d, J = 15.9 Hz,
1H), 7.53 (m, 2H), 7.40-7.38 (m, 3H), 6.48 (d, J = 15.9 Hz, 1H), 6.22 (s, 1H), 6.07 (s, 1H), 4.96 (s,
2H), 2.39 (s, 3H); *C-NMR (100 MHz, CDCls): & 198.0, 166.3, 145.3, 143.4, 134.2, 130.4, 128.9,
128.1, 126.5, 117.5, 62.0, 25.8; IR (neat, cm™): 1715, 1676, 1636, 1169; HRMS (ESI-pos): calcd.

for C14H1403Na (M*+Na) 253.0835, found 253.0845.

(0]
M%NM
o
N,N,5-Trimethyl-4-oxohex-5-enamide (4f)
Yellow oil; tH-NMR (400 MHz, CDCls): § 6.07 (s, 1H), 5.78 (s, 1H), 3.08-3.05 (m, 5H), 2.95 (s,
3H), 2.64 (t, J = 6.5 Hz, 2H), 1.89 (s, 3H); *C-NMR (100 MHz, CDCl3): § 200.7, 171.8, 144.2,
124.7, 37.1, 35.5, 32.6, 27.2, 17.6; IR (neat, cm™): 2930, 1702, 1634; HRMS (ESI-pos): calcd. for
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CoH1sNO2Na (M*+Na) 192.0995, found 192.0992.

0O

o

2,2,4-Trimethyl-3-oxopent-4-en-1-yl benzoate (49)

Colorless oil; *H-NMR (400 MHz, CDCla): § 7.98 (d, J =7.5 Hz, 2H), 7.55 (t, J = 7.5 Hz, 1H), 7.43
(dd, J = 7.5, 7.5 Hz, 2H), 5.43 (m, 2H), 4.45 (s, 2H), 1.92 (s, 3H), 1.36 (s, 6H); 3C-NMR (100
MHz, CDCls): 6 208.5, 166.2, 144.0, 133.1, 129.9, 129.5, 128.4, 118.3, 71.0, 47.8, 23.0, 21.0; IR
(neat, cm™): 1722, 1687, 1272, 1113, 712; MS (EI): m/z 246 (M*), 105 (100%); HRMS (EI): calcd.

for C15H1s803 (M™), 246.1256, found 246.1240.

(o}

Aco\/\)WOAC

(E)-5-Oxooct-3-ene-1,8-diyl diacetate (4h)

Colorless oil; *H-NMR (400 MHz, CDCls): §6.80 (dt, J = 15.9, 6.7 Hz, 1H), 6.18 (d, J = 15.9 Hz,
1H), 4.20 (t, J = 6.4 Hz, 2H), 4.10 (t, J = 6.5 Hz, 2H), 2.64 (t, J = 6.9 Hz, 2H), 2.56 (dt, J = 6.7, 6.4
Hz, 2H), 2.06 (s, 3H), 2.05 (s, 3H), 1.97 (tt, J =6.9, 6.5 Hz, 2H); 3C-NMR (100 MHz, CDCl5): &
198.7, 171.0, 170.9, 142.1, 131.9, 63.7, 62.2, 36.5, 31.6, 23.0, 20.9, 20.8; IR (neat, cm™): 1739,
1239, 1039; MS (EI): m/z 242 (M*), 99 (100%); HRMS (EI): calcd. for C12H1s0s (M*) 242.1154,

found 242.1125.

BzO 0}

(4-Oxocyclopent-2-ene-1,1-diyl)bis(methylene) dibenzoate (4i)

Colorless crystal (CH2Cl,-hexane): mp 82-83 °C; *H-NMR (400 MHz, CDCls): § 7.99 (d, J = 7.2
Hz, 4H), 7.64 (d, J = 5.8 Hz, 1H), 7.59 (t, J = 7.4 Hz, 2H), 7.45 (dd, J = 7.4, 7.2 Hz, 4 H), 6.35 (d, J
= 5.8 Hz, 1H), 4.60 (d, J = 11.1 Hz, 2H), 4.46 (d, J = 11.1 Hz, 2H), 2.55 (s, 2H); *C-NMR (100
MHz, CDCls): 6 206.3, 166.0, 163.2, 136.2, 133.4, 129.6, 129.3, 128.6, 66.3, 49.7, 41.6; IR (neat,
cm™): 1719, 1269, 1111, 710; HRMS (ESI-pos): calcd. for C21H1s0sNa (M*+Na) 373.1046, found

373.1072.
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%
(3aR*,4S*,7R*,7aS*)-3a,4,7,7a-Tetrahydro-1H-4,7-methanoinden-1-one (4j)

Colorless crystal (Et.0-hexane): mp 45-46 °C; *H-NMR (400 MHz, CDCls): 8 7.37 (dd, J = 5.7, 2.7
Hz, 1H), 5.97-5.93 (m, 2H), 5.78 (dd, J = 5.7, 2.9 Hz, 1H), 3.41 (m, 1H), 3.23 (br s, 1H), 2.97 (br s,
1H), 2.80 (dd, J = 5.1, 5.1 Hz, 1H), 1.76 (br d, J = 8.3 Hz, 1H), 1.62 (br d, J = 8.3 Hz, 1H);
13C-NMR (100 MHz, CDCls): & 210.6, 164.5, 136.9, 132.5, 132.3, 52.7, 50.2, 48.2, 45.0, 44.0; IR
(neat, cm™): 2977, 1696; MS (El): m/z 146 (M*, 100%); HRMS (EI): calcd. for C1oH100 (M*)

146.0732, found 146.0713.

g NO
’N(i
N

iﬁ

1-(Cyclohex-2-en-1-ylidene)-2-(2,4-dinitrophenyl)hydrazine (4a”)

Red plate (CH2Clz-hexane): mp 163-164 °C; *H-NMR (400 MHz, CDCls): & 11.24 (br, 1H), 9.13 (d,
J = 2.4 Hz, 1H), 8.31 (dd, J = 9.7, 2.4 Hz, 1H), 8.00 (d, J = 9.7 Hz, 1H), 6.45 (dt, J = 9.8, 4.7 Hz,
1H), 6.35 (d, J = 9.8 Hz, 1H), 2.61 (t, J = 6.4 Hz, 2H), 2.30 (m, 2H), 1.96 (tt, J = 6.4, 6.4 Hz, 2H);
13C-NMR (100 MHz, CDCls): & 154.1, 144.7, 138.9, 137.8, 129.9, 129.3, 127.2, 123.4, 116.4, 24.8,
24.2, 21.0; IR (neat, cm™): 1616, 1591, 1334, 1311, 1287; MS (El): m/z 276 (M*, 100%); HRMS

(El): calcd. for C1oH12N4O4 (M*) 276.0856, found 276.0854.

(1S,5S)-6,6-Dimethyl-2-methylenebicyclo[3.1.1]heptan-3-one (4k)
[a]o® = -50.6 (¢ = 0.577, CHClIs) [lit. [a]o?® = -60.0 (¢ = 2, CHCls), J. Karolak-Wojciechowska et

al. Tetrahedron Asymm. 2006, 17, 434.]; *H-NMR (400 MHz, CDCls): § 5.97 (d, J = 1.5 Hz, 1H),
5.02 (d, J =1.5Hz, 1H), 2.77 (t, J = 5.9 Hz, 1H), 2.73-2.65 (m, 2H), 2.53 (dd, J = 19.0, 2.9 Hz, 1H),
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2.21 (m, 1H), 1.37 (s, 3H), 1.31 (d, J = 10.4 Hz, 1H), 0.82 (s, 3H); *C-NMR (100 MHz, CDCls): 5
199.9, 149.1, 117.4, 48.3, 42.5, 40.8, 38.6, 32.4, 26.0, 21.5; IR (neat, cm™): 2929, 1707, 1626:;

HRMS (ESI-pos): calcd. for C1o0H140Na (M*+Na) 173.0937, found 173.0961.

(o}

O

(2)-Cyclooct-2-en-1-one (4l)

IH-NMR (400 MHz, CDCls): & 6.35 (dt, J = 12.6, 7.1 Hz, 1H), 6.01 (d, J = 12.6 Hz, 1H), 2.67 (t, J
= 6.8 Hz, 2H), 2.52 (m, 2H), 1.83 (m, 2H), 1.67-1.55 (m, 4H); *C-NMR (100 MHz, CDCl3): &
206.0, 141.5, 132.3, 42.7, 28.5, 25.1, 23.1, 22.5; IR (neat, cm™): 2931, 1660; MS (El): m/z 124 (M%),

80 (100%); HRMS (EI): calcd. for CgH120 (M*) 124.0888, found 124.0891.

~
(1R,55)-6,6-Dimethylbicyclo[3.1.1]hept-2-ene-2-carbaldehyde (4m)

Yellow oil; [a]p?®® = -0.23 (¢ = 0.565, CHCIs) [lit. [a]o = -10.7 (neat), I. A. Dvornikova et al.
Russian J. Org. Chem. 2007, 43, 352.]; *H-NMR (400 MHz, CDCls): § 9.44 (s, 1H), 6.70 (br s, 1H),
2.87 (dd, J = 5.6, 5.6 Hz, 1H), 2.63-2.55 (m, 2H), 2.49 (ddd, J = 9.2, 5.6, 5.6 Hz, 1H), 2.19 (br s,
1H), 1.34 (s, 3H), 1.06 (d, J = 9.2 Hz, 1H), 0.75 (s, 3H); *C-NMR (100 MHz, CDCls): & 191.2,
151.6, 147.6, 40.7, 38.1, 37.6, 33.0, 31.1, 25.7, 20.9; IR (neat, cm™): 2931, 1681; MS (El): m/z 150
(M"*), 79 (100%); HRMS (EI): calcd. for C1oH140 (M*) 150.1045, found 150.1035.

(0]
TBDPso/\b
6-(((tert-Butyldiphenylsilyl)oxy)methyl)-6-methylcyclohex-2-en-1-one (4n)
Yellow oil; tH-NMR (400 MHz, CDCls): § 7.71-7.63 (m, 4H), 7.42-7.35 (m, 6H), 6.88 (dt, J = 9.3,

4.5 Hz, 1H), 5.94 (d, J = 9.3 Hz, 1H), 3.88 (d, J = 9.7 Hz, 1H), 3.49 (d, J = 9.7 Hz, 1H), 2.35 (m,
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2H), 2.28 (dt, J = 13.4, 6.8 Hz, 1H), 1.83 (dt, J = 13.4, 5.3 Hz, 1H), 1.09 (s, 3H), 1.04 (s, 9H);
13C-NMR (100 MHz, CDCls): § 202.4, 149.1, 135.7, 135.6, 133.6, 133.4, 129.62, 129.59, 129.1,
127.6, 68.2, 47.2, 31.0, 26.8, 23.1, 19.4, 19.3; IR (neat, cm!): 2930, 2857, 1674, 1111, 702; MS
(EI): m/z 321 (M*-C4Ho), 81 (100%); HRMS (EI): calcd. for CasHaoO2Si (M*-CaHg) 321.1311,

found 321.1347.

o—~J~_o
X T

O

H

(5aR*,9aS*)-3,3-Dimethyl-1,5a,6,9a-tetrahydrobenzo[e][1,3]dioxepin-7(5H)-one (40)
Yellow oil; *H-NMR (400 MHz, CDCls): § 6.79 (dd, J = 10.2, 4.2 Hz, 1H), 6.05 (dd, J = 10.2, 1.4
Hz, 1H), 3.82-3.76 (m, 2H), 3.70 (dd, J = 12.6, 2.9 Hz, 1H), 3.58 (dd, J = 12.6, 5.3 Hz, 1H),
2.72-2.65 (m, 2H), 2.46-2.39 (m, 2H), 1.35 (s, 3H), 1.32 (s, 3H); **C-NMR (100MHz, CDCl3): §
199.1, 148.9, 130.4, 102.2, 63.3, 61.2, 41.2, 38.4, 38.0, 24.8, 24.7; IR (neat, cm™): 2938, 1678,
1218, 1090; MS (El): m/z 181 (M*-CHs), 166 (100%); HRMS (El): calcd. for C10H1303 (M*-CHj3)

181.0865, found 181.0866.

General procedure for Scheme 6

Cgo (1 mol%), O, (balloon)
hv (22 W fluorescent lamp)

IBX (10 mol%), p-TsOH- H,0 (10 mol%) O
CHCI;-DMSO (4:1, 0.4 M), rt

To a solution of a-pinene (1k) (137 mg, 1.01 mmol) in CHCIs (2 mL) was added Cgo (6.9 mg, 9.6

umol) at room temperature. The mixture was stirred until almost all Ceo was dissolved. Then to the
mixture was added DMSO (0.5 mL), p-TsOH-H20 (19 mg, 0.099 mmol) and IBX (28 mg, 0.10
mmol). The reaction mixture was stirred at room temperature under O, atmosphere (balloon) with
irradiation (100 V, 22 W fluorescent lamp). After 10 h, the mixture was quenched with H.O and
extracted with EtO. The combined organics were washed with H.O and brine, and dried over
MgSOa. Concentration and flash column chromatography (hexane : Et,O = 12 : 1) provided 4k (117

mg, 0.779 mmol, 77%) as a colorless oil.
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N.
NO,

1-(Cyclopent-2-en-1-ylidene)-2-(2,4-dinitrophenyl)hydrazine (4p°)

Red crystal (CH2Clz-hexane): mp 164-166 °C; *H-NMR (400 MHz, CDCls): § 10.85 (s, 1H), 9.12
(d, J = 2.3 Hz, 1H), 8.29 (dd, J = 9.5, 2.3 Hz, 1H), 7.93 (d, J = 9.5 Hz, 1H), 6.86 (m, 1H), 6.44 (m,
1H), 2.81 (m, 2H), 2.72 (br t, J = 4.3 Hz, 2H); *C-NMR (100 MHz, CDCl5): & 167.8, 149.5, 144.9,
137.7, 131.2, 129.9, 129.1, 123.6, 116.3, 31.3, 25.5; IR (neat, cm™): 1617, 1588, 1513, 1333, 1311;

MS (EI): m/z 262 (M*, 100%); HRMS (EI): calcd. for C11H10N4O4 (M) 262.0702, found 262.0675.

H

(0]

!
(3aR*,7aS*)-2-Tosyl-1,2,3,3a,4,7a-hexahydro-5H-isoindol-5-one (4q)

Colorless needle (CH2Clz-hexane): mp 126-127 °C; *H-NMR (400 MHz, CDCl3): § 7.70 (d, J = 8.2
Hz, 2H), 7.33 (d, J = 8.2 Hz, 2H), 6.52 (dd, J = 10.3, 3.4 Hz, 1H), 5.89 (dd, J = 10.3, 1.7 Hz, 1H),
3.61 (dd, J = 10.3, 7.7 Hz, 1H), 3.50 (dd, J = 10.0, 7.7 Hz, 1H), 3.37 (dd, J = 10.3, 4.6 Hz, 1H),
3.06 (dd, J = 10.0, 7.5 Hz, 1H), 2.96 (m, 1H), 2.79 (m, 1H), 2.50 (dd, J = 17.0, 5.6 Hz, 1H), 2.44 (s,
3H), 2.29 (dd, J = 17.0, 6.3 Hz, 1H); 3C-NMR (100 MHz, CDCls): & 196.4, 147.7, 143.8, 138.8,
130.3, 129.8, 127.4, 52.6, 51.3, 38.3, 37.3, 37.2, 21.5; IR (neat, cm™): 1678, 1342, 1160, 667; MS
(ED: m/z 291 (M%), 136 (100%); HRMS (EI): calcd. for CisH17NOsS (M*) 291.0929, found

291.0923.

Bzo/\(;/ro

BzO._ .

((1S*,25*)-5-Oxocyclohex-3-ene-1,2-diyl)bis(methylene) dibenzoate (4r)

Colorless crystal (Et20-hexane): mp 85-86 °C; 'H-NMR (400 MHz, CDCls): & 8.01-7.98 (m, 4H),
7.59-7.55 (m, 2H), 7.45-7.41 (m, 4H), 6.96 (dd, J = 10.1, 2.9 Hz, 1H), 6.17 (dd, J = 10.1, 2.4 Hz,
1H), 4.63 (dd, J = 11.5, 5.1 Hz, 1H), 4.76 (dd, J = 11.5, 5.3 Hz, 1H), 4.53 (dd, J = 11.6, 5.3 Hz, 1H),
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4.42 (dd, J = 11.6, 4.8 Hz, 1H), 2.99 (m, 1H), 2.76 (dd, J = 15.8, 4.1 Hz, 1H), 2.70 (m, 1H), 2.56
(dd, J = 15.8, 10.1 Hz, 1H); 3C-NMR (100 MHz, CDCls): § 197.5, 166.22, 166.19, 149.2, 133.34,
133.25, 130.7, 129.63, 129.58, 129.5, 128.50, 128.47, 65.8, 64.7, 39.7, 38.4, 36.5; IR (neat, cm™):
1718, 1682, 1271, 1112, 710; MS (EI): m/z 242 (M*-BzOH), 105 (100%); HRMS (EI): calcd. for
C15H1403 (M*-BzOH) 242.0943, found 242.0950.

NO,

AT
N
U " No,

1-(Cyclohept-2-en-1-ylidene)-2-(2,4-dinitrophenyl)hydrazine (4s’)

Orange plate (CH2Clz-hexane): mp 137-139 °C; *H-NMR (400 MHz, CDCls): & 11.20 (s, 0.5H),
11.17 (s, 0.5H), 9.13 (m, 1H), 8.31 (m, 1H), 8.01 (d, J = 9.7 Hz, 0.5 H), 7.98 (d, J = 11.1 Hz, 0.5H),
6.84 (dt, J = 12.2, 5.6 Hz, 0.5H), 6.35 (d, J = 12.2 Hz, 0.5H), 6.32 (d, J = 12.2 Hz, 0.5H), 6.14 (dt, J
= 12.2, 5.0 Hz, 0.5H), 2.71 (t, J = 6.0 Hz, 2H), 2.43 (m, 2H), 1.95-1.75 (m, 4H); *C-NMR (100
MHz, CDCls): 6 158.0, 157.7, 144.8, 144.6, 138.1, 129.9, 129.8, 128.9, 123.5, 123.4, 120.7, 116.6,
116.5, 36.2, 31.3, 30.3, 29.7, 26.4, 26.3, 26.2, 23.3; IR (neat, cm™): 1615, 1591, 1333, 1305; MS

(EI): m/z 290 (M*, 100%); HRMS (EI): calcd. for C1sH14N4O4 (M*) 290.1015, found 290.1002.

e}
BzO U

5-Oxocyclohept-3-en-1-yl benzoate (4t)

Yellow oil; *H-NMR (400MHz, CDCls): & 8.01 (d, J = 7.6 Hz, 2H), 7.57 (t, J = 7.6 Hz, 1H), 7.44
(dd, J = 7.6, 7.6 Hz, 2H), 6.47 (dt, J = 12.1, 5.9 Hz, 1H), 6.13 (d, J = 12.1 Hz, 1H), 5.44 (m, 1H),
2.91-2.75 (m, 3H), 2.65 (ddd, J = 16.7, 8.9, 3.7 Hz, 1H), 2.28 (m, 1H), 2.14 (m, 1H); *C-NMR
(100 MHz, CDCls): 6 202.4, 165.6, 139.9, 133.4, 133.1, 130.0, 129.5, 128.4, 71.6, 38.8, 34.7, 27.5;
IR (neat, cm™): 1715, 1670, 1273, 1112, 711; MS (EI): m/z 230 (M*), 105 (100%); HRMS (EI):
calcd. for C1aH1403 (M*) 230.0943, found 230.0943.
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Bzo}go

BzO

(5-Oxocyclohept-3-ene-1,1-diyl)bis(methylene) dibenzoate (4u)

Yellow oil; H-NMR (400 MHz, CDCls): & 8.02 (d, J = 7.6 Hz, 4H), 7.58 (t, J = 7.6 Hz, 2H), 7.44
(dd, J = 7.6, 7.6 Hz, 4H), 6.65 (dt, J = 11.3, 7.1 Hz, 1H), 6.16 (d, J = 11.3 Hz, 1H), 4.37 (d, J = 11.1
Hz, 2H), 4.34 (d, J = 11.1 Hz, 2H), 2.68 (t, J = 5.7 Hz, 2H), 2.57 (d, J = 7.1 Hz, 2H), 1.90 (t, J = 5.7
Hz, 2H); 3C-NMR (100 MHz, CDCls): § 202.8, 166.1, 141.8, 134.1, 133.1, 129.5, 129.4, 128.4,
67.6, 41.4, 38.6, 30.9, 25.7; IR (neat, cm™): 1719, 1670, 1269, 710; MS (El): m/z 256 (M*-BzOH),

105 (100%); HRMS (EI): calcd. for C16H1603 (M*-BzOH) 256.1099, found 256.1094.

BzO o)

(1S*,25*,2)-6-Oxocyclooct-4-ene-1,2-diyl dibenzoate (4v)

Yellow oil; *H-NMR (400 MHz, CDCl3): & 7.95-7.51 (m, 4H), 7.49 (t, J = 7.5 Hz, 2H), 7.38-7.34
(m, 4H), 6.40 (dt, J = 12.6, 7.2 Hz, 1H), 6.15 (d, J = 12.6 Hz, 1H), 5.55 (dt, J = 8.2, 3.1 Hz, 1H),
5.48 (dt, J = 8.2, 3.1 Hz, 1H), 3.05-2.90 (m, 3H), 2.73 (m, 1H), 2.38 (m, 1H), 2.24 (m, 1H);
13C-NMR (100 MHz, CDCl3): § 202.5, 165.6, 165.5, 136.2, 133.23, 133.17, 132.8, 129.7, 129.64,
129.56, 129.5, 128.4, 128.3, 74.1, 72.1, 39.0, 31.8, 25.3; IR (neat, cm™): 1718, 1667, 1177, 711; MS
(E1): m/z 242 (M*-BzOH), 105 (100%); HRMS (EI): calcd. for CisH1404 (M*-BzOH) 242.0943,
found 2242.0950.

e}
TsN
Y%

1-Tosyl-1,2,3,7-tetrahydro-4H-azepin-4-one (4w)

Colorless crystal (CH2Clz-hexane): mp 92-93 °C; *H-NMR (400 MHz, CDCls): & 7.69 (d, J = 8.2
Hz, 2H), 7.33 (d, J = 8.2 Hz, 2H), 6.29 (dt, J = 13.0, 3.7 Hz, 1H), 6.02 (br d, J = 13.0 Hz, 1H), 4.11
(m, 2H), 3.44 (t, J = 5.8 Hz, 2H), 2.82 (t, J = 5.8 Hz, 2H), 2.44 (s, 3H); *C-NMR (100 MHz,
CDCls): § 200.6, 143.9, 139.2, 134.9, 130.9, 129.9, 127.0, 50.9, 44.2, 42.7, 21.3; IR (neat, cm™):
1660, 1337, 1159; MS (EI): m/z 265 (M*), 110 (100%); HRMS (EI): calcd. for C13H1sNOsS (M*)

265.0773, found 265.0771.0
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4. Mechanistic Studies
4-1. Quenching Experiment of Singlet Oxygen

Cgo (1 mol%), O, (balloon)
hv (22 W fluorescent lamp)
IBX (10 mol%), p-TsOH-H,0 (10 mol%)

DABCO (2 eq.) o
CHCI;-DMSO (4:1, 0.4 M), rt
1k 4k

<5%
("H-NMR yield)

4-2. Trapping Experiment of Singlet Oxygen

Cgo (1 mol%), O, (balloon)
hv (22 W fluorescent lamp)

OOO IBX (10 mol%), p-TsOH-H,0 (10 mol%) O@O
CHCI3;-DMSO (4:1, 0.4 M), rt
<54%
21 22

To a solution of 9,10-dimethylanthracene (21) (104 mg, 0.505 mmol) in CHCIz (1 mL) was added
Ceo (3.9 mg, 5.2 umol) at room temperature. The mixture was stirred until almost all Ceo Was
dissolved. Then to the mixture was added DMSO (0.25 mL), p-TsOH-H20 (11 mg, 0.058 mmol)
and IBX (14 mg, 0.051 mmol). The reaction mixture was stirred at room temperature under O
atmosphere (balloon) with irradiation (100 V, 22 W fluorescent lamp). After 12 h, the solvent was
removed under reduced pressure. The residue was purified by flash column chromatography
(hexane : AcOEt = 8 : 1) to afford 22 with some impurities (65.3 mg, < 0.274 mmol, < 54%) as a
yellow solid.

9,10-dimethyl-9,10-dihydro-9,10-epidioxyanthracene!® (22)

IH-NMR (400 MHz, CDCl3): § 7.39 (m, 4H), 7.26 (m, 4H), 2.14 (s, 6H); *C-NMR (100 MHz,
CDCl3): 6 140.8, 127.4, 120.6, 79.5, 13.7; MS (El): m/z 238 (M), 209 (100%); HRMS (EI): calcd.
for C16H1402 (M™) 238.0994, found 238.0990.
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Ceo (1 mol%), O, (balloon)
hv (22 W fluorescent lamp)
p-TsOH-H,0 (10 mol%)

4-3. Control Experiments
CHCI;-DMSO (4:1, 0.4 M), rt

1k 4k
<5%
("H-NMR yield)

Cgo (1 mol%), O, (balloon)

O.
E I OH

5k
45%
("H-NMR yield)

180

IBX (10 mol%), p-TsOH-H,0 (10 mol%)
no reaction
CHCI3-DMSO (4:1, 0.4 M), rt
in dark
1k 10 h
4-4, B80O-Labeling Experiments
Ceo (1 mol%), 180, "®OH  then IBX (10 mol%)
hv (22 W fluorescent lamp) i 1;80 p-TsOH-H ,0 (10 mol%)
/ i . CHCI; (0.5 M), rt DMSO
1k 6h 5k-1%0

(HRMS: 172.1235 (M*))

Cgo (1 mol%), 180,
hv (22 W fluorescent lamp)
IBX (10 mol%), p-TsOH-H ;0 (10 mol%)

; l : CHCI3-DMSO (4:1, 0.4 M), rt

1k 6h

180

4k-'80

4k-180

(HRMS: 152.1081 (M*))

(B)

(HRMS: 152.1080 (M*))

These results indicated that the oxygen atom of the product 4k should come from molecular
oxygen via its incorporation into hydroperoxide 5k. However, 5k-80 or 4k-1°O was also detected
by El-mass spectrometry as a minor peak in all cases. We considered that contamination of %0; in
80, and acid catalyzed oxygen atom exchange of the enone with water (H2'°0) could generate

5k-1%0 and 4k-10. The exchange of the oxygen atom was supported by the results shown below.

IBX (10 mol%)

OH p-TsOH-H,0 (10 mol%)
o] H,™80 (5 eq.) o] %0
i i + i (€)
DMSO (0.5 M)
5k-10 36 h 4k-1%0 4k-%0
(HRMS: 150.1045 (M*)) (HRMS: 152.1094 (M*))
major minor
IBX (10 mol%)
p-TsOH-H,0 (10 mol%)
o] H,'80 (10 eq.) o %o
i i + i (D)
DMSO (0.5 M)
4k-1%0 12h 4k-1%0 4k-180
(HRMS: 150.1040 (M*)) (HRMS: 152.1088 (M*))
major minor
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[ Mass Spectrum 1

. Data : M5-2@17-DEC-166 Date : 18-Dec-2017 10:09
Sample: GOS-7858
Note : JEOL JMS IX-383 mass spectrometer PHARM, TOMOKU UNIVERSITY 18
Inlet : Direct Ion Mode : EI+ OH
Spectrum Type : Normal Ion [MF~Linear] 18, ‘
RT : 1.12 min Scank : (28,44) o
BP : m/z 69.0537 Int.. : 296.51
Output m/z range : 35.8020 to 250.0000 Cut tevel : 8.02 %
52855164 69. '
02—
s1.82
‘ 5k-180
9@ -|
80 -|
e
70
508
s0-|
11@.03
40 - 53.01
38 4 134.07
J52.07
20
18 ‘ 17207
| ! l e l | | 1]!“1 | ! ln ; I ”Iujl || AL “] L Ly 221,85  234.97
N T v T T
40 se 5@ 7 8@ L) 18 11@ 120 138 142 158 168 170 188 238 24 2sp
m’z
{ Mass Spectrum )
Data : MS-2817-DEC-160 Date : [S5-Dec-2B17 15:39
P 6
Note : JEOL JHS DX-363 mass spectrometer PHARM. TOHOKU LNIVERSITY
Inlet : Direct Ion Mode : EI+
Spectrum Type : Normal Ion [MF-Linear)
RT : 1.42 min Scan# : (39,48)
BP : m/z 110.@229 Int. : 172.42 (A) 180
Output m’z range : 35.0000 to 252.9228 Cut Level : 2.60 %
18446402 110.82
laa—+ -
4k-1%0
50
83.00 152.08
80 -
53.01
78 -
69 ~
50
81.62 105.81
41.82
48
137.85
30 -
28+
124
155.10 183,11 226.93
v!l. |‘|“..I|“|Il, | 1.'|H L L e » ;
e 5@ ) 70 80 L @8 1@ 128 132 - 148 IS8 168 178 18@ zm 20 25
mz
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[ Mass Spectrum ] . 18
Data @ MS-2@17-DEC-159 Date : 15-Dec-2@17 14:59 (B) o)
Sample: GOS-018
Note : JEOL JMS DX-303 mass spectrometer PHARM. TOHOKU UNIVERSITY X
Inlet : Direct Ton Mode : EI+
Spectrum Type : Normal Ion (MF-Linear]

RT : 1.3 min Scent : (35,45)
BP : msz 118.8181 Int. : 115.55 . 4k-180
Output m/z range : 35.2008 to 256.3279 Cut Level : 8.€0 %
7
13675711 119,02
mﬁ .
98 -
63.00
53.01 152,06
80 -
78 -
60 -
5o 8l.02
alee 1e9.21
49 -| -
137,24
38 4
28
163.84 183.99 195.@3 217.13 228.59
ol xll“.. 1“lll. lll. H'II“.I . I.IIIJ. L _ _ o s 2 ‘
;IE S0 EIB 78 8a 98 1ea 118 12e 132 140 150 168 170 ie@ 198 2ea 218 22e 232 240 ZSBWZ
7
Ve [ Mass Spectrum )
/ Data: : MS-2017-DEC-167 Date : 18-Dec-2817 18:13
Sample: GOS-7859
Note : JEOL JMS DX-3@3 riass spectrometer PHARM. TOHOKU UNIVERSITY
Inlet : Direct Ton Mage : EL+ (C) (0]
Spectrum Type : Normal Ion [M-Linear]
RT : 1.88 min Scan# : (25,37)
BP : msz 108.0183 Int. : 145,58
Output m/z range : 35.08280 to 250.0820 Cut Level : 0.00 %
19845188 128,22
100 ‘
4k_160 |
98 | Bi.@1
80 4 '
150.26
:
78 53.01 !
I
60 i
58
@ e 79.01
135.24
38| /
i
26 -
, 122,85
iz /
166.85 186.81 205.19 220.11 .
P n!l II|||| 4 Il”l] wh Illhll . .J TRWRRIT .ll.I | - -, I, ; f«? 86,
@ S8 6@ 70 82 S8 18 118 12@ 133 140 150 168 178 8@ 199 289 =28 220 232 248 250
m’z
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t T T T T T
2 L) 122 e 120 138 1402 150 1e@ 170 189 1s@ 209 210 220 23@ 240 250
nz

L
s [ Mass Spectrum )
. Data : MS-2@17-DEC-165 Date : 18-Dec-2@17 18:84
Sample: GOS-7857
Note : JEOL JMS DX-383 mass spectrometer PHARM. TOHOKU UNIVERSITY
Inlet : Direct Ton Mode : EI+ 16
Spectrum Type : Normal Ion [MF-Linear) - 4k-150
RT : .87 min Scan¥ : (24,36) N
BP : m/z 108.0234 Int. : 2@2.17
Output m/z range : 35.0088 to 250.0820 Cut Level : 0.2@ %
27559148 1e8.@2
180
81.81
98
150.06
80
70 4
60 - 53.81
58—
48 4
Al.e2 135.@5
104 23.01 )35,
284
184 ’ llEE.ES
166.@5 189.@3 2@3. 11 222.13 247.89
g 1||| II“. l]”“ I I Il“ l I ||l| L l fa a i z s
=R T + T
=0=) 70 B

48 50
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5. Computational Details

All DFT calculations were performed with the Gaussian09 program.! Structure optimization and
frequency calculation were carried out with the B3LYP functional*? including Grimme's D3
dispersion correction!® with Becke—Johnson (BJ) damping corrections'* (abbreviated as
B3LYP-D3BJ) and the def2-SVP basis set.*® Single point energy was obtained via calculation of the
B3LYP-D3BJ geometries with the M06 functional'® and the def2-TZVP basis set.!® Gibbs free
energy (kcal/mol) was calculated based on MO06 single point energy and B3LYP-D3BJ frequency.
Solvent effects were corrected by using Self-Consistent Reaction Field (SCRF) method using the
Polarizable Continuum Model (PCM) model'” together with dimethyl sulfoxide (DMSO) as a
solvent.

The transition state (TS) models were designed on the basis of Goddard’s model for

IBX-promoted alcohol oxidation (see ref. 14b in the manuscript).

Scheme S1. A six-membered transition state for the proton transfer and O—O bond cleavage step

— %

INT1 (4G = 0 kcal/mol) TS1 (4G* = 31.7 kcal/mol) INT2 (4G = -83.2 kcal/mol)

Scheme S2. A ten-membered transition state incorporating a DMSO molecule for the proton

-+
4
m"
<

transfer and O-O bond cleavage step

. >

INT3 (4G = 0 kcal/mol) TS2 (AG¥ = 23.7 kcal/mol) INT4 (AG = —80.7 kcal/mol)

.
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Table S2. Cartesian coordinates (Angstroms) for INT1

01

o

OOIITIIIIIITIITOOOOOOIIIIIOOOOOOOOO O —

2.17968600
1.99486300
1.45462500
0.75563600
0.28486100
1.06337200
0.55372500
-0.14652000
-0.30999600
0.92210400
0.21856900
-0.56242700
-0.85983000
1.33176300
0.07925600
-4.76850900
-3.96596900
-2.63596500
-1.81280500
-2.64642300
-3.88400800
-5.50385600
-5.37095000
-4.51292100
-2.09493000
-1.26004500
-2.03289300
-2.94948000
-4.45749300
-3.56253500
-0.81919900
0.14619300

-1.65405900
-0.84443700
0.28860600
1.37407600
2.04958700
0.93630200
1.76188300
2.90057200
3.16249300
1.15073200
2.29804500
3.56007400
4.05118000
0.43970400
2.51510900
-0.50763400
0.42427200
0.34976200
-0.68774200
-1.86649100
-1.34853500
0.07181900
-1.16526700
1.20395500
1.05933000
-0.23530600
-2.51246200
-2.46053900
-2.18996700
-0.73041800
-1.11654400
-1.88489600

Table S3. Cartesian coordinates (Angstroms) for TS1

01

@)
|

-0.96195800
0.71673700

-1.01378800
-1.31331100
S36

-1.62698200
0.01645200
1.92119300
1.76975600
2.67275500
-0.67551300
0.31990900
-0.08797400
-1.45234100
-2.03897500
-2.42227200
0.67573100
-1.76838500
-2.75963600
-3.48317000
-0.17981300
0.68733200
0.82753700
0.11753700
-0.37201000
-1.10847000
-0.76329000
0.47566000
1.22799800
1.45909100
-0.72224700
-1.01668900
0.50675000
-1.52608900
-1.96501500
1.09554800
0.49737700

-1.49138000
-0.66976700
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Table S4. Cartesian coordinates (Angstroms) for INT2

01
@)

O o0 O 0 —

2.59555700
3.09259900
4.07052300
1.22989300
2.35473800
2.75001900
2.02577600
0.49077400
0.90961300
3.62472900
2.33835000
-0.37553200
0.35860000
-4.73208500
-3.48667700
-2.29674700
-2.12423200
-3.42361200
-4.45098000
-5.26633900
-5.42162600
-3.57673200
-1.41729300
-1.74486200
-3.21210100
-3.79512700
-5.38737700
-4.05825300
-1.11672500
-0.09839200

-0.84640100

0.46206900
2.06112400
2.72818200
3.58362300
1.36391000

-1.34149400
-0.17872300
-0.01369100
0.74540800
0.99059600
2.32094300
3.33822800
1.71681700
3.04291800
2.53808500
4.37723500
1.44932000
3.84637500
1.09614000
1.91625800
1.39853400
-0.08948800
-0.87029600
-0.40878800
1.44888700
1.29812000
3.00440200
2.02286400
-0.38166100
-1.94579000
-0.70095100
-0.97734000
-0.63571500
-0.38660300
-1.72562700

-0.87348400
-1.42539100
-1.64285500
-0.55135800
-0.50627800
0.51273300
S37

0.56708700
0.89515900
1.60398100
-0.49857700
0.28118600
0.43888900
-0.19423700
-1.15656400
-0.98766900
1.05465200
-0.07287100
-1.76361100
-1.48033500
0.04880300
0.25298400
0.59177000
0.78812400
0.98322100
-0.05556100
-0.84999400
0.89098100
0.16423800
0.75681000
-0.30362400
0.88011900
2.00902800
0.05110900
-1.06197100
1.62158100
1.06097500

-2.01921700
-0.58383800
0.88324400
1.20054200
2.06278600
-0.60037700
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Table S5. Cartesian coordinates (Angstroms) for INT3

01

o

OO0 000060 —

2.35392200
2.98160300
2.61065200
0.98121100
1.62620600
3.75856400
3.10051200
0.21590000
1.35469900
-4.49982900
-3.62192900
-2.44940900
-1.95518900
-2.87947700
-3.74262400
-4.96016700
-5.34458400
-3.97152700
-1.84585300
-1.55808800
-2.26603200
-3.52237800
-4.44870700
-3.07925000
-0.89333100
-0.76828300

2.38449800
-1.27065500

-2.99736600
-3.30351300
-4.17041900
-1.46470700
-2.47120300
-2.63774300
-1.79689000
-0.59947700

0.64731400
1.88941700
2.93871200
1.52059900
2.75595300
2.01086600
3.90960900
1.34937500
3.57922600
0.13325600
0.97383800
1.50048500
1.34273500
0.62051500
-0.44188300
-0.66900500
0.76842800
1.18175600
2.12992500
-0.34889300
0.19893400
1.40063000
-0.88223500
-1.24804400
1.83336400
-1.42183800

-0.32081100
-1.66276900
-0.29972600
0.65843800
1.50083000
-0.29460800
0.65438000
1.58123200
1.53301100
-0.37531500
S38

0.36728400
0.49329700
-0.35348200
-1.47119600
-1.33270600
1.25025900
-0.25681200
-2.22795600
-1.99651900
0.03181200
-0.84474700
-0.43332800
0.95507100
1.91713500
1.23141700
-0.56780600
0.36490200
-1.86219900
-1.09178000
-1.59827100
2.72560600
2.36888500
1.95159400
0.88294200
1.30678300
0.77093500

1.28304000
-0.60947500
-1.23083900
-0.40959600
-0.58893500
1.00459400
0.85523000
1.88771700
3.00432000
2.08656600
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-0.78133300
-3.41996800
-1.92549200
0.21490800
-0.11863000
2.47788600
1.02856600
0.21289600
0.68258600
1.95723500
2.98608400
3.08725500
2.60079400
0.63380500
-0.82831100
0.85409000
2.33705100
1.71379700
3.94479500
3.16807800
-0.41841200
-0.21904900
0.19593700
3.09326800
2.96846000
4.75233600
2.06137000
3.67303100
3.57360800
5.27293700
4.85766000
5.13111000

0.571117/00
2.33595900
2.26111100
-1.09983800
0.55990400
3.85064800
3.85688500
2.80450800
1.50244200
1.65527300
2.44058900
4.30766500
4.51597400
4.77833600
2.84964100
0.76163000
0.66074600
2.19298700
2.49290500
1.89158800
1.01194800
-0.30934600
-2.57988600
-2.89122700
-1.27144600
-0.89267000
-3.24538500
-3.57663500
-2.74452900
-1.63277500
0.10857200
-0.90024400

Table S6. Cartesian coordinates (Angstroms) for TS2

01
@)

|
@)
C

2.47102900
-1.27230500

-2.50487600

-2.97272900

-0.24147000
-1.72498100

-0.44698600

0.66925300
S39

3.10084100
1.78958200
3.80780000
2.10458600
3.96844200
-0.49791200
-0.09115600
-0.23767500
-0.81697400
-1.63964500
-0.82176900
0.30040800
-1.37397900
0.35008400
0.09093100
-0.01843400
-1.91626600
-2.57192400
-1.36069900
0.11655200
-1.63877800
-1.94606900
0.03262300
1.04441800
0.22777300
0.19071100
1.14954100
0.41014900
2.02208200
-0.43350500
-0.24654000
1.22262100

0.88145800
-0.30720900
-1.79597600
-1.33905800
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-3.61556400
-1.91813700
-2.67063100
-3.09494400
-2.74993800
-1.55173000
-1.98117400
-3.68366600
-3.07935200
-0.95032600
-1.71366000
2.74324400
1.38462200
0.65094400
1.14064100
2.34815000
3.36371200
3.41575200
2.65072000
0.96793800
-0.33401200
1.64238000
2.80089800
1.99300600
4.23987700
3.72137000
0.16968500
0.28757800
-0.40671700
2.69316500
3.00728500
4.80484200
1.59608000
3.11802300
3.15018400
5.26462000
5.11157100
5.05487200

1.49345100
-0.03794800
0.89992500
2.02976100
2.17875700
0.06507800
1.20895600
2.78289300
3.06494000
-0.71773200
1.34182000
3.82244800
3.53007300
2.45612100
1.43249500
1.87397200
2.60275800
4.19233800
4.66289100
4.25663600
2.28720100
0.62595800
0.99093400
2.53629200
2.90559800
1.89902500
0.82593600
-0.88252100
-2.56611800
-2.88199200
-1.43094400
-1.30282200
-2.95269400
-3.76074500
-2.72188000
-2.18493900
-0.39188900
-1.23689300

S40

-1.97766900
0.82485500
0.12985400
0.83561900
2.18381700
2.15761600
2.84226200
0.30894100
2.73016300
2.62534100
3.89250600
0.01467400
0.59503400
0.26321300
-0.72103600
-1.56399300
-0.67857300
0.80772200
-0.70037500
1.30126600
0.69925600
0.03210200
-2.04296600
-2.37306800
-1.27295300
0.09011800
-1.41436800
-1.19128200
1.09504800
1.04507200
0.02193000
0.19580200
1.11593800
0.53971700
2.03107700
-0.27102700
-0.33433800
1.26311500



Table S7. Cartesian coordinates (Angstroms) for INT4
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SLVNT  CDCL3
EXREF 77.00 ppm
BF 0.62 Hz
RGAIN 23
i
PPM
T T T T T T T T T T
200 | 150 100 0

172,730

132.43% —1

123.202 —
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auto

DFILE Tk3TIT1-0902 als
COMNT  auto
HO DATIM Fri Sep 02 23:54:17 2016
\O OBNUC  IH
EXMOD NON
- 3 ‘OBFRQ 395.75 MHz
< & OBSET 124,00 KHz
MezN o OBFIN 10277.00 Hz
- TPOINT 16384
% FREQU 7912.96 Hz
™ SCANS -]
O ACQTM 2.0705 sec.
PD 1.8290 sec
W1 5.50 usec
IRNUC IH
5f CTEMP 30.6 ¢
SLYNT CDCL3
EXREF 0.00 ppm
BE 0.42 Hz
RGAIN 21
d .[
ed L
PPM
LI I B B R
\ 10.0 9.0 8.0 | 7.0 6.0 Eil? 4.0 3.0 2.0 10 0‘.0
g 2 22 2
= o ) S
= - + S
auto
DFILE diMe_amide_hpo_I3C—531".als
COMNT  auto
DATIM Thu Aug 31 18:16:45 3017
OBNUC  13C
EXMOD  BCM
OBFRQ 99.45 MHz
OBSET 4,00 KHz
OBrIN 10309.00 Hz
POINT 32768
FREQU 26845.61 Hz
SCANS 245
ACQTM 1,2206 sec
PD 1.7790 sec
¥l 6.50 usec
IRNUC IH
CTEMP 28.9¢
SLYNT CDCL3
EXREF 77.00 ppm
BE 0.62 Hz
RGAIN 22
FEM
T T T T T T T T T T T T T T T T T
200 150 100 50 0
| | | A 1T
= = @ Y - B o=
€ g 8 g Hsk 5% § B
e = = % TR 58 &3 =
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auto

tk3333_1-0908".als

BzO

OH

14

2.02

— 107

th

1.00
0.99

0.98
0.94

auto
Thu Sep 08 23:10:42 216
IH

NON
399.65 MHz
124,00 KHz
10500.00 Hz
16384
7992.01 Hz
8

2.0500 sec
1.9500 sec
6.20 usec

10.0

9.0

L L L L L L L L L L L L B L B

"y
o

L L L I L L B L

auto

A ANS

[T

41,380
4.363
4,042 |
1.016 — %

(N
PEM|
0 ‘.0
=
=1
3
=l

a_dimethyl_monoBzdiol] 13C-0824" 1

auto
Thu Aug 24 09:33:34 3017
13C

BCM
99.45 MHz
84,00 KHz
10309.00 Hz
32768
26845.61 Hz
205
1,2206 sec
1.7790 sec
6.50 usec
IH
30.6¢c
CDCL3
77.00 ppm
0.62 He
24

PEM]

|
200

50

166.749

132.989 — |
129,519 —F
128.430 —|
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39.611 —
28,763 —
23.545 —
2122 —F
20.533 —
16,789 —



auto

DFILE tk3359_2_1-0910 .als
COMNT  auto
DATIM  Sat Sep 10 15:36:05 216
QBNUC IH
EXMOD NON
AN GRFRQ 395.75 MHz
BzO OBSET 124,00 KHz
OBFIN 10277.00 Ha
POINT 16384
FREQU 7912.96 Hz
SCANS i
ACQTM 2,0105 sec
S 19200 sec
1 g w1 5.50 usee
IRNLC 1H
CTEMP W5
SLVNT  CDCI3
EXREF 0.00 ppm
BE 0.42 He
RGAIN 18

07

—_ 2n
— 112
— " a1

—_— —— 100

I8 N

PEM
UL L L L L L L B
10.0 9.0 ‘8.0 L 7.0 6.0 \ 5.0 ‘4.0 3.0 2.0 | \ 1.0 0‘.0
e i © e ) 1) o =
LEF SBRTIAR % s a2 3 =]
S33 BuBIIIA = = BE 5 S
B R R I < = - S
auto
DFILE a_dimethy_alkene_13C10824".als
COMNT  auto
DATIM Thu Aug 24 09:44:06 3017
OBNUC 13C
EXMOD BCM
OBFRQ 99.45 MHz
OBSET 84,00 KHz
OBFIN 10309.00 Hz
POINT 32768
FREQU 26845.61 Hz
SCANS 165
ACQTM 1.2206 sec
PD 1.7790 sec
VL 6.50 usec
IRNUC IH
CTEMP 30.6¢c
SLYNT CDCL3
EXRER 77.00 ppm
BE 0.62 He
RGAIN 23
|
PEM
T T T T T T T T T T T T T T T T T T
200 150 100 50 0
| n T
ES —gox n oo @
e R S 88 N
€ grEgd g B8 <
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auto
DFILE  tka96d 0917 als |
COMNT  auto
HO DATIM Mo Sep 12 23:54:59 3016
~ ORNUC  IH
(@] EXMOD  NON
OBFRQ 395,75 MHz
OBSET 124,00 Kz
OBFIN 10277.00 Hz
FOINT 16384
BzO FREQU 7912.96 Hz
CANS ]
QTM 2.0705 sec
15280 sec
1 5.50 usec
IRNUC  TH
5 EMP 26.6
g ilvnT  cpcrs
s S 0.00 ppm
if 042 Hz
HAIN 2
ol
b 2k

H 3
& &
2 =2
o =1 2
g = 23
. JU . L._J [—
PPM
LI I B O B RS R
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
A AN 7 0 |
SRREESREBUR SERE SEBSE 2 28 g8
qg,@“%“’,”?“‘.‘"g‘_l"‘! i haried g,“‘."‘!‘?':. x =< =
0G0 B e e e e e e R R - —_ =
auto
DFILE a_dimethy_HPO_13C-(825" als
COMNT  auto
DATIM Fri Aug 25 02:07:52 2017
OBNUC 13C
EXMOD BCM
OBFRQ 99.45 MHz
OBSET 4,00 KHz
OBFIN 10309.00 Hz
POINT 32768
FREQU 26845.61 Hz
SCANS 226
ACQTM 1.2206 sec
PD 1.7790 sec
VL 6.50 usec
IRNUC IH
CTEMP 30.8¢
SLYNT CDCL3
EXRER 77.00 ppm
BE 0.42 He
RGAIN 24
PEM
T T T T T T T T T T T T T T T T T
200 150 100 50 0
| N AN 15
o o 0o o o —
g § EgRE g 8 £Eg & g EFP
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auto

DFILE_ tk3563 1128 als |
COMNT  auto
DATIM  Mon Nov 28 23:37:26 3016
OBNUC  IH
EXMOD  NON
MeO-C X OBFRQ 395.75 MHz
2 OBSET 124,00 KHiz
OBFIN 10277,00 Ha
FOINT 16384
COZMe FREQU 7912.96 Hz
SCANS 6
16 ACQTM 2,0705 sec
PD 19290 sec
Wl 5.50 usec
IRNUC 1
CTEMP 2.3
SLVNT  CDCL3
EXREF 0.00 ppm
BF 0.42 Hz
RGAIN 20
<
]
=
: [
<
s
g
i
J iy L
BEM
\IS\IIII\|\|\I1\\II|\|\I‘I\IIIVI\I‘f\\\IVI\I‘|\|\IVIVI||V|\I\IVI||V|\I\IVI|IVI\I\|\\‘IVIVI\|\\‘I\IVIVIII‘\\I\
10.0 9.0 8.0 70 6.0 . 5.0 40 3.0 %M 10 0.0
= - ° —me—o or
2 558 g SHTRES 25
8 S8 & wEa8sS 22
< B o ciniciednied 23
auto
DFILE_ COZMs_cis_disubst_alkpne_13C-082
COMNT  auto
DATIM  Sat Aug 26 09:56:55 2917
ORNUC  13C
EXMOD  BCM
OBFRQ 9,45 MHz
OBSET 94.00 KHz
OBFIN 10309,00 Hz
FOINT 32768
FREQU 26845.61 Hz
SCANS 152
ACQTM 1.2206 sec
PD 17790 sec
Wl 6.50 usec
IRNUC 1
CTEMP 304
SLVNT  CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 22
"
PEM
T T T T T T T T T T T T T T T T T T
200 ) 150 100 . 50 ‘ | 0
— < —
e ] EER = ] &
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auto

DFILE Tk3587_1-1129 als
COMNT  auto
DATIM Tue Nov 29 11:26:24 3016
ACO OBNUC  IH
AN EXMOD  NON
OBFRQ 395.75 MHz
OBSET 124,00 KHz
OBrIN 10277.00 Hz
POINT 16384
OAC FREQU 7912.96 Hz

SCANS 6

1h ACQTM 2.0705 sec
PD 1.9290 sec
W1 5.50 usec
IRNUC IH
CTEMP 2.3¢
SLYNT  CDCL3
EXREF 0.00 ppm
BE 0.42 Hz
RGAIN 22

4.15
417
3.97

2.00

A A e - L.\.. L

PEM
UL L L L L L L L B
10.0 9.0 8.0 \ 7.0 6.0 N 5.0 "4‘1.0 3.0 MZNO w 1o 0‘.0
- timey oo mEmoannoESe =
2 S@E BT BriiBkoNsSEEy =]
8 THE 383 ] S
I B ) [ LIRS PYPX P S g 3
auto
DFILE AcO_cis_disubst_alkend alkens_13C-
COMNT  auto
DATIM Sat Aug 26 09:43:39 2017
OBNUC 13C
EXMOD BCM
OBFRQ 99.45 MHz
OBSET 4,00 KHz
OBFIN 10309.00 Hz
POINT 32768
FREQU 26845.61 Hz
SCANS 214
ACQTM 1.2206 sec
PD 1.7790 sec
VL 6.50 usec
IRNUC IH
CTEMP 30.5¢
SLYNT CDCL3
EXRER 77.00 ppm
BE 0.12 He
RGAIN 24
i
PEM
T T T T T T T T T T T T T T T T T T
200 150 100 50 0
| | AN 1
& ] 582 8 £ 2%
i =285 % = ES
= & TR & & 88

S59



auto

DFILE tk35T0_1-T129 .als
COMNT  auto
DATIM Tue Nov 29 23:27:03 3016
HO\ - OBNUC  IH
O 2 EXMOD  NON
= OBFRQ 395.75 MHz
OBSET 124.00 KHz
OBrIN 10277.00 Hz
ACO\/\)\/\/\ POINT 16384
OAC FREQU 7912.96 Hz
SCANS 12
5h ACQTM 2.0705 sec.
PD 1.9290 sec
VL 5.50 usec
IRNLC 1H
CTEMP 223 ¢
SLYNT CDCL3
EXRER 0.00 ppm
BE 0.42 He
RGAIN 20
&
e
g
B &
5 s 2 3 g
3 =
PEM|
UL L L L L O O
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
S A A
o = N NNOSIDAME COMmEANSEND— 0 1D IO 8 S km g0 bm s N
] 2 COFEFRREER%8E ERoEEERTgEs SHCERESANSEEARESS
o o JECEEERERRSEES anafmanmaes DD i i e o b -
= I BI5 516151851653 6181516 < o i i o PSP P it N i
auto
DFILE AcO_cis_disubst_alkend HPO_13C—(
COMNT  auto
DATIM Fri Aug 25 00:53:40 2017
OBNUC 13C
EXMOD BCM
OBFRQ 99.45 MHz
OBSET 4,00 KHz
OBrIN 10309.00 Hz
POINT 32768
FREQU 26845.61 Hz
SCANS 20
ACQTM 1,2206 sec
PD 1.7790 sec
VL 6.50 usec
IRNLC 1H
CTEMP 30.7 ¢
SLYNT CDCL3
EXRER 77.00 ppm
BE 0.42 He
RGAIN 24
PEM]
T T T T T T T T T T T T T T T T T T
200 150 100 N 50 0

—r
3Ll —
28911 —
24,558 —1
20012 —

131.706 —~L
131.129 —|

64.095 —|
63.313 —T

53 zso
83

q= 2
g8 Erg
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auto
DFILE k3106 [-100T als

-
2 COMNT  auto
0 = DATM - Tue Oct 04 0007138 5016
~ )
BzO OH EXMOD  NON
z OBFRQ 395,65 MHz
OBSET 124.00 KHz
OBFIN 10500.00 Hz
BzO FOINT 16384
FREQU T7992.01 Hz
SCANS 10
ACQTM 2.0500 sec
5i PD 4.9500 sec
2 1 6.30 usec
o Y IRNLC H
& CTEMP 26.6 ¢
- SLVNT CDCL3
o EXRER 0.00 ppm
BE 0.42 Hz
RGAIN 19

0.98

) | -

AL

PPM
LI L I L I I B
10.0 9.0 8.0 7.0 [:X 5.0 4.0 3.0 2.0 10 0.0
A N A |
ARSI ECE mDRE R e—=oo= PAme monwEn——on TR EZRenS =]
ZBREAISHESEDSBIY ¥=E385 DRT SRHILFCIED SEHEBBESD 8
SSZ38SRRRBEITT mSeos HuT ZRRTTTIRIS iR i il bubeie] <
0106 63 60 00 63 B b= 1 1 b o 1 PP BIG6 F e i o4 edod d wd i =
auto
DFILE Gcyclopentene CHZOBAZ_ HPO_13C_
COMNT  auto
DATIM Tue Sep 05 23:28:45 2p17
OBNUC 13C
EXMOD BCM
OBFRQ 99.45 MHz
OBSET 4,00 KHz
OBrIN 10309.00 Hz
POINT 32768
FREQU 26845.61 Hz
SCANS 158
ACQTM 1,2206 sec
PD 1.7790 sec
VL 6.50 usec
IRNUC 1H
CTEMP 28.6¢
SLYNT CDCL3
EXRER 77.00 ppm
BE 0.72 He
RGAIN 24
PEM
T T T T T T T T T T T T
200 150 100 50 0
f AN
g5 % g2 a3 a 3
& 2 H58F &8 5 2
g€ ES EREE BB 2 3
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auto

DFILE TRIZOT-0708 als
COMNT  auto
O,OH DATIM  Fri Jul 08 18:55:38 2046
H OBNUC  IH
EXMOD  NON
OBFRQ 399.65 MHz
OBSET 124,00 KHz
OBrIN 10500.00 Hz
POINT 16384
FREQU 7992.01 Hz
SCANS 14
ACQTM 2.0500 sec.
PD 1.9500 sec
H W1 6.20 usec
IRNUC IH
. CTEMP 27.6¢
5] SLVNT CnCL3
EXREF 0.00 ppm
BE 2 Hz
RGAIN 8
9
o
g
&
P -
2 g 3 g s 8 =3 S
| j
SN
PEM
\\i\lllI\|\|\I}\\II|\|\I1f\|||¥|\I‘f\\\IVI\I‘|\|\IVIVI||V|\I\l¥|||¥|\l\l¥|||¥l\I\|\\‘IVIVI\|\\‘I\IVIVIII‘\\I\
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
] T N e D |
© = @it S we B T T UP TN oo =
& § SEEgasRIaEEE 5 SEEREEREREERS BRI 2
. o 1 1 15 1 5 5 0 1 R Seldeiaalaieiaiaieinia i =
auto
DFILE dicyclopentadiens_hpo)l3C-0801".a
COMNT  auto
DATIM Fri Sep 01 23:16:22 20117
OBNUC  13C
EXMOD  BCM
OBFRQ 99.45 MHz
OBSET 94,00 KHz
OBFIN 10309.00 Hz
POINT 32768
FREQU 26845.61 Hz
SCANS 168
ACQTM 1,2206 sec
PD 1.7790 sec
Wl 6.50 usec
IRNUC IH
CTEMP 28.4¢
SLYNT  CDCL3
EXREF 77.00 ppm
BE 0.62 Hz
RGAIN 22
PEM
T T T T T T T T T T T T T T T T T T
200 150 100 50 0
1] A T
RS & —p oo e S
582 g 585 & S 8RR
EHE El EERE X AL
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auto

DFILE (k33161083 als |
COMNT  auto
DATIM  Wed Aug 31 00:09:19 2016
ORNUC  IH
LXMOD  NON
OBFRQ 399.65 MHz

(@) ORSET 124.00 KHz

N OBFIN 10500.00 Hz
OH POINT 16384
FREQU 7992.01 Hz
SCANS 12
ACQTM 2.0500 sec
PD 1.9500 sec
W1 6.20 usec
IRNUC IH
CTEMP %.2¢
Bk SLVNT | cpel3
EXRER 0.00 ppm
BE 0.12 Hz
RGAIN 19

3

0

0
1.04
1.00

L

§ &

\fi\ll\I\|\|\I}I\II|\|\I‘I\IIIVI\I‘f\l\IVI\I‘|\\\IVIVI||f\\l!l!ll|f\\l\l¥l|lf\\\\\\\‘IVI|\\\\\‘I\l|\|\f\‘\\?PIM
10.0 9.0 8.0, L 1o 6.0 50 4.0 3.0 2.0 1.0 9.0
& = T s
g 2 58 2 g
& & —S 2w =
= I R R ] 3
auto
DFILE a_pimene HPO_TIC-08E5 . als
COMNT  auto
ATIM Fri Aug 25 01:19:48 2017
OBNUC  13C
EXMOD  BCM
‘OBFRQ 99.45 MHz
OBSET 91.00 KHz
‘OBFIN 10309.00 Hz
TPOINT 32768
FREQU 26815.61 Hz
SCANS 205
ACQTM 1,2206 sec
FD 1.7790 sec
W1 6.50 usec
IRNUC IH
CTEMP 30.8 ¢
SLVNT ~ CDCL3
EXRER 77.00 ppm
BE 0.42 Hz
RGAIN 24
PPM
T | T T T ‘ T T T | T T T | T T T T I
200 150 100 50 0
| | 0 1T 1T
g - NNEZ g si8 22k B
= = =8Sg 2 ey sho §
ks =z gEEE 8 %8 S8E8&
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auto

DFILE k32200717 .als
COMNT auto
DATIM Wed Jul 13 21:18:35 2(16
HO\ OBNUG  IH
O EXMOD  NON
OBFRQ 386.75 MHz
OBSET 124,00 KHz
OBFIN 10277.00 Ha
POINT 16384
FREQU 791296 Hz
SCANS 8
ACQTM 2.0705 sec.
PD 4.9290 sec
PW1 5.50 usec
IRNUC 1H
CTEMP 26.5
SLYNT CDCL3
EXREF 0.00 ppm
BF 0.42 Hz
5] RGAIN 0
5
o
2
W g
PP
L L
10,0 9.0 \ 8.0 7.0 6.0 5.0 4.0 3.0 2.0 Lo 0.0
e T X R O N L I D O O R N — B E N T TN O S = O O ON S S NN T O N N L — NO NN OG0 NS
E R e B R e R e e e R R R R e R PR e
o RSPV PP VPP PV JPCP - pu o DA A DS D P AT D D o o - o - e o - A i u  a =
auto
DFILE tha220_13C-0713 als
COMNT auto
DATIM Wed Jul 13 21:20:42 2
OBNUC 13C
EXMOD  BCM
OBFRQ 99.45 MHz
OBSET 94.00 KHz
OBFIN 10309.00 Hz
POINT 32768
FREQU 26845.64 Hz
SCANS 32
ACQTM 1.2206 sec
PD 17790 sec
‘1 6.50 usec
IRNUC
CTEMP 27.2¢
SLYNT CDCL2
EXREF 77.00 ppm
F 0.42 Hz
RGAIN 23
PP
T T T T T T T T T T T T T T T T
200 150 100 50 0
f R 7
= © —oe o ommo
8% 8 588 BBIEE
o8 g RRE HEEES
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auto

OH

5m

1.00

N L2

Ju,

o 10

ks

N

3.08

1.09

Jd

TRIHE [-0909 als
auto
Fri Sep 09 00:22:27 2016
IH
NON
399.65 MHz
124.00 KHz
10500.00 Hz
16384
7992.01 Hz
10

2.0500 sec
1.8500 sec
6.20 usec

26.8 ¢
€DCL3
0.00 ppm
0.42 Hz

PPM|

10.0 9.0

6.0

5.0

o

LRI L L I L L B N O
.0

auto

7.758 —1

7.259 —1

=

5.649
5.646

5.612

0.864 —

0.000 — -5

b_pinene_hpo_13C—080 . als

auto
Thu Sep 07 12:51:37 2D1
13C

94.00 KHz
10309.00 Hz
32768
268415.61 Hz
32
1.2206 sec

L7790 sec
6.50 usec

143.302

123.928

S65

31.611
iz T

26.080 —

21,126 —



auto

k3507 =111 als

TBDPSO

——— 0.58
038

6.08

1.24

—_— 105

~— 038
. 038
— 062

~—— .81

2.30

= H%

510

a4l

1.83

116

0.87

e 064
— 0.7

auto
Mon Nov 14 13:21:47 2016
IH
NON
399.65 MHz
124.00 KHz
10500.00 Hz
16384
7992.01 Hz
16

2.0500 sec
1.8500 sec
6.30 usec

—_—

PPM|

LUBLIN I L L B

TBDPS_hpo_15C-0831] als

auto
Thu Aug 31 00:54:20 3017
13C

BCM
99.45 MHz
4,00 KHz
10309.00 Hz
32768
26845.61 Hz
63,
1.2206 sec
1.7790 sec
6.50 usec

PEM]

A e
T
10.0 2.0
A ,
k] =4
@2 @@
3
auto
s M
T | T
200

50

77.321 N
=T

70,926 ——L

69.864 —

77.000

84,588
BLoTs T
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auto

DFILE TR33Z5 10901 als
COMNT  auto
ATIM  Thu Sep 01 01:21:01 2016
H OBNUC  IH

EXMOD  NON

0] OBFRQ 399,65 MHz
OBSET 124,00 KHz
OBFIN 10500.00 Hz
POINT 16384
FREQU 7992.01 Hz
SCANS 8

(o) ACQTM 2.0500 sec
PD 1.9500 sec

H W1 6.20 usec
= IRNUC H
=] CTEMP 26.1 ¢
10 SLVNT ~ ©DCL3
EXREF 0.00 ppm
BF 0.2 He
RGAIN 16

294 3.22

2.09

—rg13

— 2.00

J L

\\i\ll\I\l\l\l}lllll\l\l‘f}l!lrl\I‘f\l\lrl\I‘l\1\I\l\I|lfl\l\l\lllfl\l\l\lllf\\\\1\1‘I\Il\\l\l‘l\ll\l\f\‘l\ll—yle
10.0 9.0 8.0 R 7.0 6.0 \ 5.0 4.0 3.0 |2'9 M 10 0‘.0
2 8 SHORES TERET 98 g8
N e Leomne pr i R i <
o w 3 6 3 03 0 o N ododmi— - =
auto
DFILE acetal_alkens_13C_3_0909" als
COMNT  auto
DATIM Sat Sep 09 19:08:21 2017
OBNUC 13C
EXMOD BCM
OBFRQ 99.45 MHz
OBSET 84,00 KHz
OBFIN 10309.00 Hz
POINT 32768
FREQU 26845.61 Hz
SCANS 256
ACQTM 1,2206 sec
PD 1.7790 sec
YL 6.50 usec
IRNUC IH
CTEMP 28.9¢
SLYNT CDCL3
EXRER 77.00 ppm
BE 0.62 He
RGAIN 24
PEM
T T T T T T T T T T T T T T T T T T
200 150 100 50 0
| | AN A
1 g 8% 8 g e
& % #5815 g 2 qEg
3 g S & 588
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auto

DFILE acetal_hpo_IH_2-0913 Jals
COMNT  auto
DATIM  Wed Sep 13 00:11:00 4017
H QBNUC IH
EXMOD NON
0] O OBFRQ 395.75 MHz
~ OBSET 124,00 KFiz
OH OBFIN 10277,00 Ha
FOINT 16384
FREQU 7912.96 Hz
SCANS [}
O ACQTM 2.0705 sec
PD 19290 sec
H DL 3.50 usec
IRNLC 1H
CTEMP 274c
50 SLVNT  CDCL3
EXRER .00 ppm
BE 0.72 He
RGAIN 19

E|
-
=)
g
8
=
FEM|
LIS LIRS L L L L I L L L L L B A
10.0 9.0 8.0 N \ 7.0 M 0‘0
o == o= s
&3 % F= =]
HE 55 Fe g
e e —_— =
auto
DFILE acetal_hpo_13C_3-0917".als
COMNT  auto
DATIM Wed Sep 13 10:41:43 3017
OBNUC 13C
EXMOD BCM
OBFRQ 99.45 MHz
OBSET 84,00 KHz
OBrIN 10309.00 Hz
POINT 32768
FREQU 26845.61 Hz
SCANS 415
ACQTM 1,2206 sec
PD 1.7790 sec
VL 6.50 usec
IRNUC 1H
CTEMP 28.5¢
SLYNT CDCL3
EXRER 77.00 ppm
BE 0.72 He
RGAIN 24
ok A l
PEM
T T T T T T T T T T T T T T
200 150 100 50 0
] f A AN ATTARN
E = S m=—os omon ©® NN omo©
E 8 &E ERSEE SESS 2% BE gngs
g 8 EE gEEgE ZEds EERE R
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auto

Bicyclo_NTs_alkene_IHI-0826.als

TsN

1q

auto
Sat Aug 26 12:33:30 2017
IH

NON
395.75 MHz
124.00 KHz
10277.00 Hz
16384
7912.96 Hz
8
2.0705 sec.
1.9290 sec
5.50 usec

@
g =2 o 2 3 =z 3
o = S B = ]
FEM|
UL L L L L L L Y B
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N | A AN |
30 e - 1060203 OB ®mmme o =
08 DR B BEEBEEE URS85 83 3
e Se w o A el eheh e aiaieieied == =l
auto
Bicyclo_NTs_alkene_130-0826" als
auto
Sat Aug 26 12:40:24 2017
13C
BCM
99.45 MHz
84,00 KHz
10309.00 Hz
32768
26845.61 Hz
128
1.2206 sec
1.7790 sec
6.50 usec
IH
30.2¢
CDCL3
77.00 ppm
0.62 He
24
PEM
T T T T T T T T T
200 100 a0
1T T
E B &8 g g g%
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auto

DFILE cyclooctene OBz2_alkdne_1H-0826
COMNT  auto
DATIM Sat Aug 26 15:38:42 2017
BzO OBNUC  IH
EXMOD  NON
OBFRQ 395.75 MHz
OBSET 124,00 KHz
- OBrIN 10277.00 Hz
\ POINT 16384
BZO FREQU 7912.96 Hz
SCANS 8
ACQTM 2.0705 sec
PD 1.9200 sec
1 v L 5.50 usec
IRNUC IH
CTEMP 293¢
= SLVNT  CDCL3
] 2 EXREF 0.00 ppm
5 - = BF 0.62 Hz
e RGAIN 10
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DFILE Gyclooctene_OBzZ_alkdne_13C-082
COMNT  auto
DATIM Fri Aug 25 23:39:42 2017
OBNUC 13C
EXMOD BCM
OBFRQ 99.45 MHz
OBSET 84,00 KHz
OBFIN 10309.00 Hz
POINT 32768
FREQU 26845.61 Hz
SCANS 148
ACQTM 1.2206 sec
PD 1.7790 sec
YL 6.50 usec
IRNUC IH
CTEMP 30.9¢
SLYNT CDCL3
EXRER 77.00 ppm
BE 0.12 He
RGAIN 22
PEM
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th39T1_1-0626 .als

auto
DFILE
COMNT  auto
/\/\ DATIM  Mon Jun 26 20:52:16 301
OBNUC  IH
EXMOD  NON
TsN OBFRQ 395.75 MHz
\/\/ ORSET 124,00 KHz
OBFIN 10277,00 Ha
OINT 16384
FREQU 7912.96 Hz
SCANS [}
20 ACQTM 2,0705 sec
PD 19290 sec
W1 5.50 usec
IRNUC 1
CTEMP 278¢
SLVNT  CDCL3
EXREF 0.00 ppm
BF 0.62 Hz
RGAIN 20
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auto
DFILE tk3911_1_13C-0821".al
COMNT  auto
DATIM Thu Aug 24 11:13:50 3017
OBNUC 13C
EXMOD BCM
OBFRQ 99.45 MHz
OBSET 4,00 KHz
OBrIN 10309.00 Hz
OINT 32768
FREQU 26845.61 Hz
SCANS 154
ACQTM 1,2206 sec
PD 1.7790 sec
VL 6.50 usec
IRNUC IH
CTEMP 30.9¢
SLYNT CDCL3
EXRER 77.00 ppm
BEF 0.62 He
RGAIN 24
PEM
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200 150 100 50 0
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b ch A =1 - o =
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auto

DFILE_ tkA030_10822 als

COMNT auto

DATIM Tue Aug 22 09:58:47 3017

OBNUC  IH

EXMOD  NON

OBFRQ 395.75 MHz
TsN OBSET 124,00 Kz

OBFIN 10277.00 Hz

TPOINT 16384

FREQU 7912.96 Hz

SCANS 8

ACQTM 2.0705 sec

PD 19290 sec

W1 5.50 usec

1w IRNUC 1

CTEMP 30.0 ¢

SLVNT  CDCL3

EXREF 0.00 ppm

BF 0.62 Hz

RGAIN 22
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auto
DFILE tk1030_1_13C-0821" al
COMNT  auto
DATIM Thu Aug 24 11:27:04 3017
OBNUC 13C
EXMOD BCM
OBFRQ 99.45 MHz
OBSET 4,00 KHz
OBrIN 10309.00 Hz
POINT 32768
FREQU 26845.61 Hz
SCANS 152
ACQTM 1,2206 sec
PD 1.7790 sec
VL 6.50 usec
IRNUC 1H
CTEMP 30.7 ¢
SLYNT CDCL3
EXRER 77.00 ppm
BE 0.62 He
RGAIN 24
. bl L
PEM|
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auto
DFILE  tRZa I0T2F s |
COMNT  auto
ATIM T Jul 26 17:51:26 2016
(@) ORNUC  IH
EXMOD  NON
OBFRQ 395,75 MHz
OBSET 124,00 KHz
OBFIN 10217.00 Hz
OBz FOINT 16384
FREQU T912.96 Hz
SCANS 12
ACQTM 2.0705 sec
PD 1.8290 sec
W1 5.50 useo
4b IRNLC IH
CTEMP 2l c
SLVNT  CDCL3
EXRER 0.00 ppm
BE 0.42 Hz
RGAIN 20
2
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auto
DFILE  tRaZaa [ T3C-0726 4
COMNT  auto
DATIM  Tue Jul 26 17:58:36 216
ORNUC  13C
EXMOD  BCM
OBFRQ 99.45 MHz
OBSET 94.00 KHz
OBFIN 10309.00 Hz
POINT 32768
FREQU 26815.61 Hz
SCANS 64
ACQTM 1.2206 sec
PD 1.7790 sec
W1 6.50 useo
IRNLC IH
CTEMP 2.8 ¢
SLVNT  CDCL3
EXRER 77.00 ppm
BE 0.42 Hz
RGAIN 24
PPM|
T | T T T ‘ T T T T | T T | T T T T I
200 150 100 50 0
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auto

DFILE  pCNBz enone TH-121}.als
COMNT  auto
DATIM  Mon Dec 11 18:42:41 3017
OBNUC 1H
EXMOD  NON
BFRQ 395.75 MHz
OBSET 124.00 KHz
O OBFIN 10277.00 Hz
POINT 16384
FREQU 7912.96 He
CANS 8
ACQTM 2.0705 sec
CN D 1.9290 sec
PW1 5.50 usec
4 IRNUC  IH
(o CTEMP 2%.lc
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 12
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auto
DFILE PCNBz_enone_13C—0835".als
COMNT  auto
DATIM Fri Aug 25 23:48:00 2017
OBNUC 13C
EXMOD BCM
OBFRQ 99.45 MHz
OBSET 84,00 KHz
OBrIN 10309.00 Hz
'OINT 32768
FREQU 26845.61 Hz
SCANS 88
ACQTM 1,2206 sec
PD 1.7790 sec
VL 6.50 usec
IRNUC
CTEMP 30.9¢
SLYNT CDCL3
EXRER 77.00 ppm
BE 0.12 He
RGAIN 24
PEM
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auto

DFILE tk351%_1-1122 als
COMNT auto
DATIM  Tue Nov 22 17:18:20 016
(@] O QBNUC  IH
EXMOD NON
ORFRQ 399.65 MHz
OBSET 124,00 KHz
OBFIN 10500.00 Ha
(@) POINT 16384

FREQU 7992.01 Hz
SCANS )
ACQTM 2.0500 sec
B> 19500 sec

Nphth Wl 6.30 usec
IRNUC IH

4d CTEMP mTe
SLVNT  CDOL3
EXREF 0.00 ppm
BE 042 Hz
RGAIN 19
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auto
DFILE NphthBz_enone_13C_210825".als
COMNT  auto
DATIM Fri Aug 25 23:26:04 2017
OBNUC 13C
EXMOD BCM
OBFRQ 99.45 MHz
OBSET 84,00 KHz
OBrIN 10309.00 Hz
POINT 32768
FREQU 26845.61 Hz
SCANS 155
ACQTM 1,2206 sec
PD 1.7790 sec
IVl 6.50 usec
IRNUC IH
CTEMP 30.8¢
SLYNT CDCL3
EXRER 77.00 ppm
BE 0.12 He
RGAIN 24
PEM
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auto

DFILE TRI319_ 10908 als
COMNT  auto
DATIM Thu Sep 08 23:14:17 2p16
OBNUC  IH
EXMOD  NON
OBFRQ 399.65 MHz
OBSET 124,00 KHz
O / OBrIN 10300.00 Hz
POINT 16384
FREQU 7992.01 Hz
SCANS 12
ACQTM 2.0500 sec.
PD 1.9500 sec
W1 6.20 usec
4e IRNUC H
CTEMP 27.5¢
SLYNT  CDCL3
EXREF 0.00 ppm
BE 0.42 Hz
RGAIN 18
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auto
DFILE TREIT_I_T3C—0509
COMNT  auto
ATIM Fri Sep 09 00:34:30 2016
OBNUC 13C
EXMOD  BCM
‘OBFRQ 100.40 MHz
OBSET 125.00 KHz
OBFIN 10500.00 Hz
TPOINT 32768
FREQU 27118.81 Hz
SCANS 192
ACQTM 1.2083 sec
PD 1.7920 sec
PW1 6.20 usec
IRNUC H
CTEMP 26.9 ¢
SLVNT ~ ©DCL3
EXREF 77.00 ppm
BF 0.2 Hz
RGAIN 23
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auto
DFILE k339510926 als

O COMNT auto
DATIM  Mon Sep 26 23:43:48 3016
QBNUC IH
EXMOD NON
MeZN OBFRQ 395.75 MHz
ORSET 124,00 KHz
OBFIN 10277.00 Hz
POINT 16384
o) FREQU 7912.96 Hz
SCANS 16
ACQTM 2.0705 sec.
PD 419290 sec
4f Wl 5.50 usec
IRNLC 1H
CTEMP 27.0¢
SLVNT  CDCL3
EXREF 0.00 ppm
BE 0.42 He
RGAIN 15
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auto
DFILE diMeamide_enone_13C10825".als
COMNT  auto
DATIM Fri Aug 25 01:52:42 2017
OBNUC 13C
EXMOD BCM
OBFRQ 99.45 MHz
OBSET 4,00 KHz
OBFIN 10309.00 Hz
POINT 32768
FREQU 26845.61 Hz
SCANS 232
ACQTM 1.2206 sec
PD 1.7790 sec
VL 6.50 usec
IRNUC IH
CTEMP 30.8¢
SLYNT CDCL3
EXRER 77.00 ppm
BE 0.42 He
RGAIN 24
PEM
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| | | | A T
= = =3 = 2o e = o
g Z g g 58E gs# § &
Y = z & EEE ged 5 F

S77



auto

DFILE k3369 10920 .als
COMNT aUto
DATIM  Tue Sep 20 12:04:48 2p16
O QBNUC IH
EXMOD NON
OBFRQ 395.75 MHz
ORSET 124,00 KHz
OBFIN 10277.00 Hz
BzO POINT 16384
FREQU 7912.96 Hz
SCANS 8
ACQTM 2.0705 sec
PD 19200 sec
DL 3.50 usec
4 IRNLC 1H
g CTEMP 28.1¢
SLVNT  CDCL3
EXRER .00 ppm
BE 0.42 He
RGAIN 16
g g 3 d
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DFILE tk3369_1_13C-0920" a]
COMNT AUto
DATIM  Tue Sep 20 12:23:27 2p16
QBNUC 13C
EXMOD BCM
OBFRQ 99.45 MHz
ORSET 94.00 KHz
OBFIN 10309.00 Hz
POINT 32768
FREQU 26845.64 Hz
SCANS 364
ACQTM 1.2206 sec.
PD 1.7790 sec
DL 6.50 usec
IRNLC 1H
CTEMP 28.7 ¢
SLVNT  CDCL3
EXRER 77.00 ppm
BE 0.42 He
RGAIN 23
PEM]
T T T T T T T T T T T T T T T T T T
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auto

DFILE tk35TI_1-1130 .als
COMNT  auto
DATIM  Wed Nov 30 14:22:20 016
OBNUC IH
O EXMOD  NON
OBFRQ 395.75 MHz
OBSET 124,00 Kz
ACO\/\)J\/\/\ OBFIN 10277.00 Hz
OA POINT 16384
c FREQU 7912.96 Hz
SCANS 1
ACaty 20705 sec
P 19290 sec
4h W1 5,50 usec
IRNLC 1H
CTEMP n6e
SLYNT  €DOLS
EXRER 0.00 ppm
BE 2 Hz
RGAIN 0
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DFILE AcO_cis_disubst_alkend enone_13C-
COMNT  auto
DATIM Thu Aug 24 01:21:22 3017
OBNUC 13C
EXMOD BCM
OBFRQ 99.45 MHz
OBSET 4,00 KHz
OBrIN 10309.00 Hz
POINT 32768
FREQU 26845.61 Hz
SCANS 128
ACQTM 1,2206 sec
PD 1.7790 sec
¥l 6.50 usec
IRNUC IH
CTEMP 30.2¢
SLYNT CDCL3
EXRER 77.00 ppm
BE 0.62 He
RGAIN 24
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auto

cyclopentene_CHZOBZ2_enone_1H-

DFILE
COMNT auto
DATIM Sat Dec 09 13:22:10 2917
BzO OBNUC
EXMOD  NON
OBFRQ 395.75 MHz
OBSET 124.00 KHz
OBFIN 10277.00 Hz
POINT 16384
BzO FREQU 7912.96 Hz
SCANS 8
ACQTM 2.0705 sec
. PD 4.9290 sec
4i 2 PWI 5.50 usec
] 2 IRNUC  IH
< CTEMP U5¢
SLVNT CDCL3
( EXREF 0.00 ppm
F 0.12 Hz
RGAIN 16
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auto
DFILE Gyclopentene CHZOBAZ_enone_13C
COMNT auto
DATIM  Sat Aug 26 18:18:53 2017
QBNUC 13C
EXMOD
OBFRQ 100.40 MHz
OBSET 125,00 KHz
OBFIN 10500.00 Ha
OINT 768
FREQU 27118.64 Hz
SCANS 318
ACQTM 1.2083 sec
PD 1.7920 sec
DL 6.30 usec
IRNLC 1H
CTEMP 29.8 ¢
SLVNT CDCL3
EXRER 77.00 ppm
BE 0.62 He
RGAIN 23
PEM|
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200 150 100 50 0
| il AN ]
- oo
3 88 28 3 g B
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auto

DFILE TRIZIO071 T als
COMNT  auto
DATIM Mon Jul 11 21:54:61 2016
O OBNUC  IH
H EXMOD  NON
OBFRQ 399.65 MHz
OBSET 124,00 KHz
OBrIN 10500.00 Hz
OINT 16384
FREQU 7992.01 Hz
SCANS 10
ACQTM 2.0500 sec.
PD 1.9500 sec
H W1 6.20 usec
IRNUC 1
CTEMP 28.0 ¢
. SLYNT CDCL3
4] EXREFR 0.00 ppm
BF 0.42 Hz
B RGAIN 20
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DFILE dicyclopentadiens_cnofje_1 3C-0826
COMNT  auto
DATIM Sat Aug 26 18:26:69 2017
OBNUC  13C
EXMOD
OBFRQ 100.40 MHz
OBSET 125.00 KHz
OBrIN 10300.00 Hz
OINT 32768
FREQU 27118.61 Hz
SCANS 128
ACQTM 1,2083 sec
PD 1.7920 sec
VL 6.30 usec
IRNUC 1
CTEMP 28.8¢
SLVNT CDCL3
EXREFR 77.00 ppm
BF 0.62 Hz
RGAIN 23
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auto

DFILE cyclohexene. DNPhydrdzone_1H-12
COMNT  auto
DATIM_ Mon Dec 11 22:29:11 2017
N02 OBNUC
H EXMOD  NON
OBFRQ 399.65 MHz
N OBSET 124.00 KHz
- OBFIN 10500.00 Hz
N POINT 16384
FREQU 7992.01 Hz
SCANS 8
ACQTM 2.0500 sec
NO 5 8 PD 4.9500 sec
2 R ~ o PW1 8.10 usec
A IRNUC  IH
CTEMP 18.6¢
SLWNT ~ CDCL3
EXREF 0.00 ppm
F 0.12 Hz
RGAIN 17
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DFILE k32722 13C-080T ak
COMNT auto
DATIM  Mon Aug 01 16:12:00 2016
OBNUC 13C
EXMOD  BCM
OBFRQ 99.45 MHz
OBSET 94,00 KElz
ORFIN 10309.00 Hz
POINT 32768
FREQU 26845.64 Hz
SCANS
ACQTM 1.2206 sec
PO 1.7790 sec
PW1 6.60 usce
IRNUC  1H
CTEMP 286 ¢
SLVNT  CDCL3
EXREF 77.00 ppm
eI 0,42 He
RGAIN 24
M
I\IIIIIIll\l\HHH‘\\HHIIIlIIH\HH‘HHHHI‘IIIHHH‘IHHI\Illlllll\l\\|\IIH\\Hl\llll‘l\l‘H\HH\I‘IIIIHH\‘HHH\H‘\\HI|II|||H|HHw\li\l\Illlllil\‘Hl‘lHHHII|IH\HH\‘HHH\Hl\IIIIH\\‘\HH\HI‘IIIHHH"HIHH'
2).0  210.0 2000 1900 1800 170.0 1600 1500 1400 1300 1200 1100 1000 %00 B0.0, 0.0 6.0 G0 400 300 200 100 0.0 -100
= - = Snwo oo PR
§ £ 32 EBEE 3 5§58 $38
g I 25 og¥g = (SS 38

S82



auto

DFILE, tk3324_1-0831 .als
COMNT  auto
O DATI Wed Aug 31 16:35:31 201
OBRNU IH
EXMO NON
OBFRt 399.65 MHz
OBSET] 124,00 KHz
QBT 10300.00 Hz
POINT| 16384
FREQ! 7992.01 Hz
SCAN; 10
ACQT 2.0500 sec.
4k PD 1.9500 sec
VL 6.20 usec
IRNUG 1H
= CTI%IE\‘E 268 ¢
b SLV CDCL3
“ EXREH 0.00 ppm
BE 0.42 He
RGAI 13
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auto
DFILE tk3324_1_13C-0831" al
COMNT  auto
DATIM Wed Aug 31 16:42:22 R0
OBNUC 13C
EXMOD
OBFRQ 100.40 MHz
OBSET 125.00 KHz
OBrIN 10300.00 Hz
PO 32768
FREQU 27118.61 Hz
SCANS 128
ACQTM 1.2083 sec
1.7920 sec
1 6.20 usec
IRNUC IH
CTEMP 28.1¢
SLYNT CDCL3
EXRER 77.00 ppm
BE 0.42 He
RGAIN 22
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auto

DFILE k3226 10711 .als
COMNT  auto
O DATIM Thu Jul 14 23:10:26 2016
OBNUC IH
EXMOD NON
OBFRQ 399.65 MHz
OBSET 124,00 KHz
OBrIN 10500.00 Hz
POINT 16384
FREQU 7992.01 Hz
SCANS 8
ACQTM 2.0500 sec.
PD 1.9500 sec
¥l 6.20 usec
IRNUC 1H
CTEMP 28.7 ¢
SLYNT CDCL3
4| EXREF 0.00 ppm
BE 0.42 He
RGAIN 12
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auto
DFILE tk3226_13C-0711".als
COMNT  auto
DATIM Thu Jul 14 23:25:02 2016
OBNUC 13C
EXMOD BCM
OBFRQ 100.40 MHz
OBSET 125.00 KHz
OBrIN 10300.00 Hz
POINT 32768
FREQU 27118.61 Hz
SCANS 172
ACQTM 1.2083 sec
PD 1.7920 sec
YL 6.20 usec
IRNUC IH
CTEMP 283 ¢
SLYNT CDCL3
EXRER 77.00 ppm
BE 0.42 He
RGAIN 23
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auto

DFILE Tk33a6_10910 als
COMNT  auto
DATIM Sat Sep 10 15:51:11 21
OBNUC  IH
O EXMOD  NON
~ OBFRQ) 395.75 MHz
OBSET 124.00 KHz
OBrIN 10277.00 Hz
OINT 16384
FREQU 7912.96 Hz
SCANS 8
ACQT 2.0705 sec.
PD 1.9290 sec
Wl 5.50 usec
IRNUC IH
CTEMP| 30.2¢
SLVNT CDCL3
EXREFR 0.00 ppm
BF 0.42 Hz
4dm RGAIN 14
B =
2 g g
=
A » b 1 ) 3 L l
FPM|
UL
10.0 . 9.0 8.0 , 7.0 \ 6.0 5.0 4.0 3.0" \ 2.0 \ Hl.ﬂ | 0‘.0
- - = TmosaLEEaTIOED = mE =
I ] 2 EEREERREREITES 5 &3 = 2
o = < cleicicicicicisiciciainioiad = =24 8 =]
auto
DFILE Tk3336_1_13C-0910" a
COMNT  auto
DATIM Sat Sep 10 15:54:53 21
OBNUC  13C
EXMOD  BCM
OBFRQ 99.45 MHz
OBSET 4,00 KHz
OBrIN 10309.00 Hz
OINT 32768
FREQU 26845.61 Hz
SCANS 64
ACQTM 1.2206 sec
PD 1.7790 sec
W1 6.50 usec
IRNUC IH
CTEMP 28.8¢
SLVNT CDCL3
EXREFR 77.00 ppm
BF 0.42 Hz
RGAIN 25
| |
FEM)
LR LR L) LR L LRy LR R AR Ly LR LRy LA AALR LA LR AR LR LA AR LA Ly LR R LY LR LA LS AR LR AR L L LS R S AL R L R
2p0 2100 2000 190.0 1800 170.0 1600 150.0 140.0 1300 1200 1100 1000 900  80.0, 700  60.0 500 400 300 200 100 00 100
5 E S gge Sgs s £ 8

S85

16

16



auto

DFILE Tk35R0_1-1125 als
COMNT  auto
DATIM Fri Nov 25 12:11:45 2016
OBNUC  IH
O EXMOD  NON
OPBFRQ 395.75 MHz
OBSET 124,00 KHz
OpBrIN 10277.00 Hz
POINT 16384
TBDPSO FIREQU 7912.96 Hz
SEANS 12
ACQTM 2.0705 sec
P 1.9290 sec
1 5.50 usec
IRNUC IH
CIEMP 2.3¢
SIVNT  ©DCL3
4n EXRER .00 ppm
Bk 0.42 Hz
REAIN 14
2
g
Z
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3
3
g g =4 = ]: 2
PEM
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auto
FILE TADPS enonc_13C—0301.als
COMNT  auto
DATIM Fri Sep 01 01:03:03 2017
OBNUC 13C
EXMOD  BCM
OBFRQ 99.45 MHz
OBSET 94,00 KHz
QBFIN 10308.00 Hz
POINT 32768
FREQU 26845.64 Hz
SCANS 238
ACQTM 1.2206 sec
PD 117790 see
PW1 6.50 usec
IRNUC I
CTEMP 28
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.
RCAIN 22
PPM|
T T T T T T T T T T T T T T T T T
200 5 100 50 0
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auto

DFILE TkEBA010920 als |
COMNT  auto
H DATIM ~ Wed Sep 21 22:50:53 3016
OBNUC  IH
O O EXMOD  NON
OBFRQ 395.75 MHz
ORSET 124,00 KHz
OBFIN 10277.00 Hz
POINT 16384
FREQU 7912.96 Hz
(@) SCANS §
ACQTM 2.0705 sec
H I 19290 sec
Wl 5.50 usec
IRNUC  1H
CTEMP 28.1¢
40 SLVNT  CDOI3
EXRER 00 ppm
BF 0.42 Hz
RGAIN 0
= = 3
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FEM|
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auto
DFILE acetalenone_I3C-08Z} .als
COMNT  auto
DATIM  Fri Aug 25 09:07:30 2017
OBNUC  13C
OXMOD  BCM
OBFRQ 99.45 MHz
ORSET 94.00 KHz
OBFIN 10309.00 Hz
POINT 32768
FREQU 26845.61 Hz
SCANS 7222
ACQTM 1,2206 sec
PD 1.7790 sec
Wl 6.50 usec
IRNUC  1H
CTEMP 30.7 ¢
SLVNT ~ CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 23
" L " . " Lo .
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cyclopentene_DNP_hydrazane_1H-0
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auto

= DFILE_ tK3682.2-0207 als
= COMNT  auto
- DATIM Sat Feb 04 20:58:30 2017
H OBNUC  IH
EXMOD  NON
OBFRQ 395,75 MHz
OBSET 124,00 KHiz
OBFIN 10277.00 Hz
TsN OINT 16354
FREQU 7912.96 Hz
SCANS 8
ACQTM 2.0705 sec
BB 1.9290 sec
W1 5.50 usec
IRNUC  1H
CTEMP 2.8 ¢
4 SLVNT  CDCL3
q s EXREF 0.00 ppm
R~ BE 0.42 Ha
r RGAIN 14
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DFILE_ Bicyclo.NTs_enone_13q-0821" als
COMNT  auto
DATIM Thu Aug 24 02:02:07 3017
OBNUC  13C
EXMOD  BCM
OBFRQ 99,45 MHz
OBSET 94.00 KHz
OBFIN 10309.00 Hz
'OINT 32768
FREQU 26845.64 Hz
SCANS 582
ACQTM 1,2206 sec
BB 117790 sec
Wl 6.50 usec
IRNUC  1H
CTEMP 302 ¢
SLVNT  CDCL3
EXRER 77.00 pom
BE 0.62 Hu
RGAIN 24
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DFILE Tk3BTT 20615 als
COMNT  auto
DATIM  Thu Jun 15 15:52:04 2017
- ORNUG  IH
O a3l & EXMOD  NON
- + OBFRQ 395.75 MHz

BZO OBSET 124.00 KHz
OBFIN 10277.00 Hz
POINT 16384

BzO - FREQU 912,96 Hz

N SCANS 12
ACQTM 2.0705 ec
PD 419290 ec
W1 5.50 ysec
4r IRNUC IH
CTEMP
SLVNT ~ CDCL3
EXRER 0.00 ppm
BF 0.12 lliz
RGAIN 20
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auto
DFILE Gyclohexene trans CH30Bz2_enone
COMNT  auto
DATIM Fri Aug 25 02:24:59 2017
OBNUC 13C
EXMOD BCM
OBFRQ 99.45 MHz
OBSET 84,00 KHz
OBrIN 10309.00 Hz
POINT 32768
FREQU 26845.61 Hz
SCANS 257
ACQTM 1,2206 sec
PD 1.7790 sec
VL 6.50 usec
IRNUC IH
CTEMP 30.8c¢
SLYNT CDCL3
EXRER 77.00 ppm
BE 0.42 He
RGAIN 24
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DFIL] cycloheptene DNP iy
COMNT  auto
NO DATIM  Sat Dec 09 13:26:01 201
2 OBNUC  IH
EXMOD  NON
OBFRQ 395.75 MHz
OBSET 124.00 KHz
N OBFIN 10277.00 Hz
~ POINT 16384
N FREQU 7912.96 Hz
SCANS 10
H ACQTM 2.0705 sec
NO PD 4.9290 sec
2 PW1 5.50 usec
IRNUC  IH
CTEMP 23.8¢c
SLVNT  CDCL3
4s' EXREF 0.00 ppm
S BF 0.12 Hz
RGAIN 18
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DFILE Tk3511_13C-1121 als
COMNT  auto
DATIM  Mon Nov 21 22:28:24
OBNUC  13C
EXMOD
OBFRQ 100.40 MHz
ORSET 125,00 KHz
OBFIN 10500.00 Hz
Ol 32768
FREQU 27118.64 Hz
SCANS 212
ACQTM 1.2083 sec.
PD 1.7920 sec
Wl 6.30 usec
IRNUC  1H
CTEMP 22.0¢
SLVNT  CDCL3
EXRE 77.00 ppm
BF 0.12 Hz
RGAIN 22
V
FEM|
T | ‘ T T | T T T ‘ T T E
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DFILE —cycloheptens OBz enohe_1H-1212.

COMNT  auto
0 DATIM  Tue Dec 12 23:20:09 2017
5 OBNUC
7 onrre " Sess
.75 MHz
BzO OBSET 124.00 KHz
OBFIN 10277.00 Hz
POINT 16384
FREQU 7912.96 Hz
SCANS 8
ACQTM 2.0705 sec
4t PD 4.9290 sec
PW1 5.50 usec
IRNUC  IH
CTEMP 23.1¢
SLVNT  CDCL3
EXREF 0.00 ppm
F 0.12 Hz
RGAIN 12
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auto
DFILE tk3936_13C-0713".als
COMNT  auto
DATIM Thu Jul 13 00:58:13 2017
QBNUC 13C
EXMOD  BCM
OBFRQ 100.40 MHz
OBSET 125.00 KHz
OBFIN 10300.00 Hz
POINT
FREQU 27118.64 Hz
SCANS 92
ACQTM 1.2083 sec
PD 1.7920 sec
VL 6.30 usec
IRNUC 1H
CTEMP 27.8¢
SLYNT CDCL3
EXRER 77.00 ppm
BEF 0.42 He
RGAIN 22
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auto

DFILE cycloheptene CHOBZY enone_1H-1
COMNT auto
O DATIM Tue Dec 12 23:23:33 2017
OBNUC
BzO EXMOD  NON
OBFRQ 395.75 MHz
OBSET 124.00 KHz
OBFIN 10277.00 Hz
BzO POINT 16384
FREQU 7912.96 Hz
SCANS 8
ACQT™ 2.0705 sec
PD 4.9290 sec
4u PWI 5.50 usec
% - IRNUC  IH
8 3 CTEMP 23.8¢c
- & S SLVNT CDCL3
% EXREF 0.00 ppm
0.12 Hz
f RGAIN 15
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DFILE tk3924_2_13C-0701".al
COMNT  auto
DATIM  Sat Jul 01 14:51:41 20}7
QBNUC 13C
EXMOD  BCM
OBFRQ 99.45 MHz
OBSET 84.00 KHz
OBFIN 10309.00 Hz
POINT 32768
FREQU 26845.61 Hz
SCANS 32
ACQTM 1.2206 sec
PD 1.7790 sec
IR 6.50 usec
IRNLC 1H
CTEMP 283 ¢
SLVNT CDCL3
EXRER 77.00 ppm
BE 0.42 He
RGAIN 22
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DFILE cyclooctene_ OBz2_endfe,1H-0824"
COMNT  auto
DATIM Thu Aug 24 02:07:22 3017
- OBNUC  IH
BZO & EXMOD  NON
- @ OBFRQ 395.75 MHz
= OBSET 124,00 KHz
- OBrIN 10277.00 Hz
el 16384
v FREQU 7912.96 Hz
BzO! SCANS [t
ACQTM 2.0705 sec
PD 1.9290 sec
W1 5.50 usec
4V IRNUC 1H
CTEMP 30.0 ¢
SLYNT  €DCL3
- EXREF 0.00 ppm
= BE 0.62 Hz
= RGAIN 20
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DFILE cyclooctene_ OBz2_endfe_13C—0824
COMNT  auto
DATIM Thu Aug 24 08:57:38 3017
OBNUC  13C
EXMOD  BCM
OBFRQ 99.45 MHz
OBSET 94.00 KHz
OBFIN 10309.00 Hz
el 32768
FREQU 26845.61 Hz
SCANS 8196
ACQTM 1,2206 sec
PD 1.7790 sec
W1 6.50 usec
IRNUC 1H
CTEMP 30.3¢
SLYNT  €DCL3
EXREF 77.00 ppm
BE 0.62 Hz
RGAIN
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Wed Aug 23 14:34:47
IH

NON
395.75 MHz
124.00 KHz
10277.00 Hz
16384
7912.96 Hz
12
2.0705 sec.
1.9290 sec
5.50 usec
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auto
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