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1. Materials and Methods

Unless otherwise stated, reactions were conducted in oven-dried glassware under an atmosphere of
molecular nitrogen (N2) using anhydrous solvents. Tetrahydrofuran (THF), acetonitrile (MeCN),
dichloromethane (CH.Cl,), diethyl ether (Et,O), toluene, benzene, and triethylamine (EtsN) were dried by
passage through activated alumina using a solvent purification system. n-Butanol was distilled from CaH3 prior
to use. TMSCI was distilled directly before use. N-tert-butylbenzenesulfinimidoyl chloride was prepared by a
modification of a reported procedure! and used as a 2 M solution in benzene (see, pg. S13). All other
commercial reagents were used as received.

Usually one representative reaction and yield of the product is described in detail; isolated yields reported
in Table 1 and Table 2 are the average yields obtained from duplicate experiments. Photochemical reactions
were performed using a Rayonet RPR-100 photoreactor equipped with 24 W UV-lamps centered at 350 nm.
Reaction temperatures were controlled using a temperature modulator. Column chromatography was
conducted on silica gel 60 (240-400 mesh) purchased from VWR. Thin layer chromatography (TLC) was
performed using pre-coated, glass-backed plates (SiO2, 60 PF254, 0.25 mm) and visualized by exposure to
UV light (254 nm) or by anisaldehyde, ceric ammonium molybdate, and potassium permanganate staining.

H NMR spectra were recorded at 400 MHz or 600 MHz and are reported relative to deuterated solvent
signals. Data for *H NMR spectra are reported as follows: chemical shift (6 ppm), multiplicity, coupling constant
(Hz), and integration. Splitting patterns are abbreviated as follows: singlet (s), doublet (d), triplet (t), quartet (q),
qunitet (quint), multiplet (m), broad (br), apparent (app), and combinations thereof. 13C NMR spectra were
recorded at 100 or 150 MHz. Data for *C NMR spectra are reported in order of carbon multiplicity (C =
guaternary, CH = methine, CH, = methylene, CHs; = methyl) and chemical shift. Carbon multiplicity was
established by DEPT135 and/or HMQC experiments. Reported melting points of solids are uncorrected. IR
spectra were recorded on an FT-IR spectrometer and are reported in terms of frequency (cm=). Mass spectra
were collected on an LCT spectrometer utilizing either electrospray (ESI) or direct analysis in real time (DART)
ionization techniques.
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1. Experimental Procedures and Characterization Data

J\ Large-scale preparation of 5-furylalkyne 8. A two-neck flask equipped with an addition funnel
was charged with freshly distilled furan (57 mL, 0.78 mol) and THF (400 mL). The colorless
solution was cooled to 0 °C and aged for 1 h. A solution n-BuLi in THF (266 mL, 520 mmol, 1.95
— M) was then added drop wise via addition funnel over 45 min (caution: pyrophoric reagent).
hﬁ\:/vc-:gll—slho?s After addition, the reaction mixture was maintained at 0 °C during which time a precipitate formed.
B After 4 h, the resulting slurry was treated with freshly distilled 5-iodopentyne (7, 38.8 g, 200 mmol)
and the resulting solution was allowed to warm to rt over 12 h. The reaction mixture was cooled to 0 °C and
saturated aq. NH4CI (200 mL, caution: exothermic) was added slowly over 1 h. The resulting emulsion was
transferred to a separatory funnel and extracted with Et,O (3 x 500 mL). The combined organic extracts were
washed with brine (1 L), dried over MgSOQyq, filtered, and concentrated under reduced pressure.? The resulting
crude oil was purified by distillation (bp = 68-73 °C; 13 torr) to afford 8 (24.6 g, 182 mmol, 91% vyield) as a
colorless oil: *H NMR (400 MHz, CDCls3) ¢ 7.31 (d, J = 1.8, 1H), 6.28 (dd, J = 3.1, 1.9, 1H), 6.02 (d, J = 3.2,
1H), 2.76 (t, J = 7.4, 2H), 2.23 (td, J = 7.1, 2.7, 2H), 1.98 (t, J = 2.6, 1H), 1.87 (quint, J = 7.4, 2H). All other
characterization data was identical to previously reported values.®

(o)

Preparation of 5-furylalkynes S1-S4. General Procedure. A solution of freshly purified furan derivative (3.9
equiv) and THF (2 mL/mmol of furan) was cooled to —78 °C. A solution of n-BuLi in THF (2.6 equiv) was added
drop wise via syringe. After addition, the mixture was warmed to 0 °C and maintained for 4 h. Freshly distilled
5-iodoalkyne (1.0 equiv) was added via syringe at 0 °C and the resulting solution was allowed to warm to rt
over 12 h. The reaction was quenched by slow addition of NH4Cl (caution: exothermic). The resulting
emulsion was transferred to a separatory funnel and extracted with Et,O (3 x 2 mL/mmol furan). The combined
organic extracts were washed with an equal volume of brine, dried over MgSO., filtered, and concentrated
under reduced pressure. The crude products were purified by distillation or flash chromatography on SiO-.

J\ 2-methyl-5-(pent-4-yn-1-yl)furan (S1): Following the general procedure, the title compound
me Wwas synthesized from 2-methylfuran (4.1 mL, 45 mmol) and 5-iodopentyne (3.9 g, 20 mmol).
_ Purification by distillation (bp = 56 °C; 4.7 torr) afforded S1 (2.5 g, 17 mmol, 85% yield) as a
— colorless oil: *H NMR (400 MHz, CDCl3) § 5.88 (d, J = 2.8, 1H), 5.84 (d, J = 2.9, 1H), 2.25 (s,
S1: C1oH120  3H), 2.23 (td, J = 7.0, 2.7, 2H), 1.97 (t, J = 2.7, 1H), 1.87 (quint, J = 7.4, 2H). All other
MW: 148.21 N . . . 2
characterization data was identical to previously reported values.

(0)

J\ trimethyl(5-(pent-4-yn-1-yl)furan-2-yl)silane (S2): Following the general procedure, the title
™s compound was synthesized from furan-2-yltrimethylsilane (3.16 g, 22.5 mmol) and 5-
iodopentyne (1.94 g, 10.0 mmol). Purification by flash chromatography (SiO»; hexanes)
— afforded S2 (1.43 g, 6.92 mmol, 69% yield) as a yellow oil: *H NMR (400 MHz, CDClIs) §6.52
S;:V&;ggggi (d, J = 3.1, 1H), 6.00 (d, J = 3.1, 1H), 2.78 (t, J = 7.5, 2H), 2.25 (td, J = 7.1, 2.6, 2H), 1.98 (t,
B J =2.7, 1H), 1.88 (quint, J = 7.2, 2H), 0.24 (s, 9H); *C NMR (100 MHz, CDClIs) § C: 159.5,
158.6, 83.9; CH: 120.4, 105.3, 68.7; CH,: 27.2, 27.0, 18.0; CH3: 1.5; IR (thin film): 2120 cm!; HRMS-DART
(m/z) [M+H]* calculated for C12H1900Si = 207.1200; found 207.1203.

(o)

J\ o 2-(5-(pent-4-yn-1-yl)furan-2-yl)-1,3-dioxolane (S3): Following the general procedure, the

o j titte compound was synthesized from 2-(furan-2-yl)-1,3-dioxylane (3.15 g, 22.5 mmol) and

o 5-iodopentyne (1.94 g, 10.0 mmol). Purification by flash chromatography (SiO2; hexanes)

= afforded S3 (1.5 g, 7.3 mmol, 73% yield) as a yellow oil: *H NMR (400 MHz, CDCl3) 6 6.34

$3: C12H1403 (d,J=3.2, 1H), 5.99 (d, J = 3.2, 1H), 5.86 (s, 1H), 4.09-4.17 (m, 2H), 3.96-4.04 (m, 2H),

MW: 206.24 2.75 (t, J = 7.5, 2H), 2.24 (td, J = 7.0, 2.6, 2H), 1.97 (t, J = 2.6, 1H), 1.87 (quint, J = 7.2,

2H); 13C NMR (100 MHz, CDClIs) § C: 156.1, 149.2, 83.7; CH: 109.6, 105.9, 97.8, 68.9; CH,: 65.1, 26.9, 26.7,
17.9; IR (thin film): 2117 cmt; HRMS-ESI (m/z) [M+H]* calculated for C12H1503 = 207.1016; found 207.1025.
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2-(pent-4-yn-1-yl)-4,5,6,7-tetrahydrobenzofuran (S4):. Following the general procedure, the title
J\ compound was prepared from 4,5,6,7-tetrahydrobenzofuran* (2.184 g, 17.9 mmol) and 5-
o iodopentyne (1.577 g, 8.13 mmol). Purification by flash chromatography (SiO2; hexanes)
. afforded S4 (1.11 g, 5.90 mmol, 73% yield) as a yellow oil: *H NMR (400 MHz, CDCls) § 5.82
— (s, 1H), 2.68 (t, J = 7.4, 2H), 2.54 (t, J = 5.9, 2H), 2.36 (t, J = 6.0, 2H), 2.24 (td, J = 7.0, 2.5,
%4\;\,_0;38215‘73 2H), 1.97 (t, J = 2.6, 1H), 1.86—1.76 (m, 4H), 1.71-1.68 (m, 2H); 3C NMR (100 MHz, CDCls)
T 0 C:152.7, 149.0, 117.2, 84.0; CH: 106.2, 68.7; CH,: 27.1, 27.0, 23.2, 23.2, 23.1, 22.1, 17.9;
IR (thin film): 2118 cm; HRMS-DART (m/z) [M+H]* calculated for C13H160 188.27; found 189.1278.

HoN-NHTs; 7\
Me then OHC NaBH,

Me

2 I
L|
/0\ THF, -78 °C —78 OC =t

TBSO

Me/ \|_| (25%) / \
2.TBSCI
(2 steps, 87%)
Scheme S1. Synthesis of 5-furylalkynes S6 and S8.
OHC 2-(pent-4-yn-1-yl)-furan-3-carbaldehyde (S5): Following a modification of the procedure reported

7\ by Comins,® a solution of N,N,N'-trimethylethylenediamine (4.4 mL, 34 mmol) in THF (110 mL)
was treated with a solution of n-BuLi in THF (16.9 mL, 33.8 mL, 2.0 M) at —20 °C. The reaction
L was maintained at —20 °C for 1 h and then 3-furylaldehyde (3.2 mL, 33.8 mmol) was added drop
— wise via syringe over 10 min. The reaction mixture was aged at —20 °C for an additional 1.5 h
Sl\ﬁ\:lvc-:110€l5—|2101%2 and then treated a second equivalent of n-BuLi (16.9 mL, 33.8 mmol, 2.0 M in THF). After an
o additional 1.5 h at =20 °C, 5-iodopentyne (2.91 g, 15.0 mmol) was added via syringe and the
resulting solution was allowed to slowly warm to rt over 16 h. The reaction was then treated with saturated ag.
NH4Cl (20 mL). The resulting slurry was transferred to a separatory funnel and extracted with Et.O (3 x 25
mL). The combined organic extracts were washed with brine (75 mL), dried over MgSQ,, filtered, and
concentrated under reduced pressure. The resulting crude residue was purified by flash chromatography
(SiO2; 10:1 hexanes/EtOAc) to afford S5 (616 mg, 3.80 mmol, 25% yield) as a yellow oil: *H NMR (400 MHz,
CDClI3) 69.96 (s, 1H), 7.32 (d, J = 2.1, 1H), 6.68 (d, J = 2.0, 1H), 3.09 (t, J = 7.3, 2H), 2.23 (td, J = 6.8, 2.6,
2H), 2.01 (t, J = 2.7, 1H), 1.94 (quint, J = 7.1, 2H); *C NMR (100 MHz, CDCls) & C: 164.6, 123.1, 83.0; CH:
184.9, 142.4, 108.1, 69.7; CH>: 26.8, 25.5, 17.8; IR (thin film): 2118, 1676, cm; HRMS-ESI (m/z) [M+H]*
calculated for C10H1102 = 163.0754; found 163.0757.

(0]

Me 3-methyl-2-(pent-4-yn-1-yl)furan (S6): A solution of S5 (159 mg, 0.98 mmol) and benzenesulfonyl
7\ hydrazide (201 mg, 1.08 mmol) in MeOH (5 mL) was maintained at rt. After 3 h, the reaction
mixture concentrated under reduced pressure. The resulting hydrazone (193 mg, ca. 90% purity)

was used directly without further purification.
== NaBH. (80 mg, 2.1 mmol) was added in a single portion to a solution of the hydrazone
?ﬂs\,ﬁﬁ%‘;%? prepared above in AcOH (3 mL) at rt. The reaction mixture was warmed to 40 °C. After 3 h, the
T reaction was cooled to rt and then diluted with hexanes (25 mL). The mixture was transferred to a
separatory funnel and washed with saturated aq. NaHCO3 (2 x 20 mL) and brine (20 mL). The organic layer
was dried over MgSQy, filtered, and concentrated under reduced pressure. The resulting residue was purified
by flash chromatography (SiO2; hexanes) to afford S6 (83 mg, 0.4 mmol, 41% yield) as a colorless oil: *H NMR
(400 MHz, CDCl3) 6 7.22 (d, J = 1.8, 1H), 6.16 (d, J = 1.8, 1H), 2.69 (t, J = 7.2, 2H), 2.18 (td, J = 7.0, 2.7, 2H),
1.97-1.98 (m, 4H), 1.83 (quint, J = 7.1, 2H); *3C NMR (150 MHz, CDCl3) § C: 150.1, 114.5, 84.1; CH: 140.0,
112.7, 68.6; CHj: 27.2, 24.6, 17.7; CHs: 9.8; IR (thin film): 2923, 2853 cm; HRMS-DART (m/z) [M+H]*

calculated for C19H130 = 149.0961; found 149.0967.

S3



HO (2-(pent-4-yn-1-yl)furan-3-yl)methanol (S4): NaBH,4 (110 mg, 5.60 mmol) was added in a single

I\ portion to a rapidly stirred slurry of S3 (300 mg, 1.80 mmol) in a 9:1 mixture of Et,O/H,0 (2 mL)

at rt. After 3 h, and additional equivalent of NaBH4 (68 mg, 1.8 mmol) was added and stirring was

continued for an additional 2 h. The reaction was treated with H,O (15 mL), transferred to a

= separatory funnel, and extracted with Et,O (3 x 25 mL). The combined organic extracts were

$7: C4oH1202  dried over MgSOQ., filtered, and concentrated. The resulting crude residue was purified by flash

MW:164.20  chromatography (SiO2; 4:1 hexanes/EtOAc) to afford S8 (300 mg, 1.80 mmol, >95% yield) as a

colorless oil: *H NMR (400 MHz, CDCl3) 67.28 (d, J = 1.9, 1H), 6.38 (d, J = 1.9, 1H), 4.50 (s, 2H), 2.79 (t, J =

7.1, 2H), 2.17 (td, J = 6.8, 2.6, 2H), 2.01 (t, J = 2.7, 1H), 1.86 (quint, J = 7.1, 2H), 1.49 (br, 1H); *C NMR (100

MHz, CDCl3) 6 C: 151.7, 119.8, 83.8; CH: 141.0, 110.9, 69.1; CH»: 56.4, 26.9, 24.5, 17.5; IR (thin film): 3295,
2117 cm*HRMS-DART (m/z) [M+NH4]* calculated for C10H1sNO> = 182.1176; found 182.1183.

(o)

TBSO tert-butyldimethyl((2-(pent-4-yn-1-yl)furan-3-yl)methoxy)silane (S8): A solution of S5 (300 mg,

o\ 182 mmol) and imidazole (620 mg, 3.69 mmol) in CH,Cl, (4 mL) was cooled to °C and treated

with a solution of TBSCI (390 mg, 2.58 mmol) in CH2Cl> (4 mL). The reaction mixture was

warmed to rt and maintained for 30 min. The reaction was then treated with H,O (10 mL). The

— resulting slurry was transferred to a separatory funnel and extracted with CH2Cl, (3 x 10 mL).

S8: C1gH2602Si  The combined organic extracts were dried over MgSOy, filtered, and concentrated under

MW: 27847 reduced pressure. The resulting crude residue was purified by flash chromatography (SiOz;

hexanes) to afford S8 (437 mg, 1.57 mmol, 87% yield) as a yellow oil: *H NMR (400 MHz, CDCl3) § 7.25 (d, J =

1.9, 1H), 6.32 (d, J = 1.9, 1H), 4.52 (s, 2H), 2.74 (t, J = 7.3, 2H), 2.19 (td, J = 7.0, 2.7, 2H), 1.97 (t, J = 2.6, 1H),

1.84 (quint, J = 7.1, 2H), 0.91 (s, 9H), 0.08 (s, 6H). 3C NMR (150 MHz, CDCl3) § C: 150.7, 119.8, 83.9, 18.4;

CH: 140.5, 110.9, 68.7; CH.: 57.1, 27.2, 25.0, 17.8; CH3: 26.0, —5.2; IR (thin film): 2121 cm!; HRMS-DART
(m/z) [M+NH4]* calculated for C16H30NO2Si = 296.2040; found 296.2050.

(o)

J\ Synthesis of photosubstrates 4, 12a-c, 12e-h, 12j and 13-15. Representative
o Procedure for (E)-3-(5-(furan-2-yl)pent-1-en-1-yl)cyclopent-2-en-1-one (4): A solution of

o [Rh(cod)CI]> (31 mg, 0.06 mmol) and (£)-BINAP (96 mg, 0.15 mmol) in THF (10 mL) was

\ stirred for 1 h at rt. In parallel, a suspension of Cp,ZrHCI (3.40 g, 13.2 mmol) in THF (20
mL) was treated with 8 (1.62 g, 12.0 mmol) and stirred for 1 h at rt. Freshly distilled

4: C14H160, cyclopentenone (0.84 mL, 10 mmol) was added to the catalyst mixture via syringe, followed
MW: 216.28 by the alkenylzirconocene solution. The reaction mixture was warmed to 30 °C and

maintained until cyclopentenone was fully consumed by TLC (Rt = 0.2; 4:1 hexanes/EtOAc). After 3 h, the dark
reaction mixture was cooled to 0 °C and a solution of N-tert-butylphenylsulfinimidoyl chloride in PhH (5.7 mL,
11.3 mmol, 2 M) was added rapidly as a stream via syringe. After 1 h, the reaction mixture was poured into a
solution of 1:1 hexanes/Et,O (150 mL) and stirred for 15 min at rt. The resulting precipitate was removed by
filtration and the crude filtrate was concentrated under reduced pressure. The resulting crude residue was
purified by flash chromatography (SiO»; 97:3 CH2Cl./Et;0) to afford 4 (1.77 g, 8.18 mmol, 82% vyield) as a
yellow oil: *H NMR (400 MHz, CDCl3) § 7.29-7.28 (m, 1H), 6.55 (d, J = 15.8, 1H), 6.30 (dt, J = 15.7, 7.0, 1H),
6.28-6.27 (m, 1H), 6.00 (d, J = 3.1, 1H), 5.96 (s, 1H), 2.72 (m, 2H), 2.67 (t, J = 7.4, 2H), 2.45 (m, 2H), 2.28 (q,
J =7.2, 2H), 1.83 (quint, J = 7.5, 2H) *C NMR (100 MHz, CDCIls3) 6 C: 209.6, 172.6, 155.4; CH: 140.9, 140.1,
129.3, 127.1, 110.1, 105.2; CH,: 34.8, 32.5, 27.4, 27.1, 27.0; IR (thin film): 1698, 1673, 1578, 1507 cm;
HRMS-ESI (m/z) [M+Na]* calculated for C14H1602Na = 239.1048; found 239.1054.

/ \ Photosubstrate 12a: Prepared following the procedure reported for 4 employing alkyne S1
Me (298 mg, 2.40 mmol) and cyclopentenone (0.2 mL, 2.0 mmol). The crude reaction mixture
o Wwas purified by flash chromatography (SiOz; 97:3—47:3 CH»CI»/Et,0) to afford 12a (203
\ mg, 0.88 mmol, 44% yield) as a yellow oil: *H NMR (400 MHz, CDCl3) ¢ 6.54 (d, J = 15.8,
1H), 6.31 (dt, J = 15.7, 7.0, 1H), 5.96 (s, 1H), 5.87-5.84 (m, 2H), 2.73-2.71 (m, 2H), 2.61 (t,
12a: CieHanO J=7.4,2H), 2.46-2.43 (m, 2H), 2.29 (g, J = 7.8, 2H), 2.25 (s, 3H), 1.80 (quint, J = 7.6, 2H);
- LU1sM48Uo 13 . - .

MW: 230.31 C NMR (100 MHz, CDCIs3) ¢ C: 209.5, 172.6, 153.5, 150.3; CH: 140.3, 129.2, 127.0,
105.8, 105.7; CH»: 34.8, 32.5, 27.5, 27.2, 27.0; CH3: 13.5; IR (thin film): 1699, 1673, 1637,

1576 cm't; HRMS-ESI (m/z) [M+Na]* calculated for C15H1502Na= 253.1205; found 253.1206.

(o)
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12b: C47H,,0,Si
MW: 288.46

TMS
o}

Photosubstrate 12b: Prepared following the procedure reported for 4 employing alkyne S2
(495 mg, 2.40 mmol) and cyclopentenone (0.2 mL, 2.0 mmol).. The crude reaction mixture
was purified by flash chromatography (SiO2; 97:3—47:3 CH,CI./Et,0) to afford 12b (323
mg, 1.12 mmol, 56% yield) as a yellow oil: *H NMR (400 MHz, CDCl3) § 6.57—6.52 (m, 2H),
6.31 (dt, J =15.7, 7.0, 1H), 5.98 (d, J = 3.1, 1H), 5.96 (s, 1H), 2.74-2.68 (m, 4H), 2.46-2.43
(m, 2H), 2.30 (q, J = 7.4, 2H), 1.83 (quint, J = 7.5, 2H), 0.24 (s, 9H); *C NMR (100 MHz,
CDCIs) ¢ C: 209.1, 172.4, 159.7, 158.3; CH: 140.1, 129.1, 127.0, 120.5, 105.2; CH,: 34.7,
32.5, 27.5, 27.0, 26.9; CH3s: —1.5; IR (thin film): 2955, 1701, 1673, 1438 cm?; HRMS-ESI

(m/z) [M+H]* calculated for C17H25SiO» = 289.1624; found 289.1617.

12c: C17H2004
MW: 288.34

Photosubstrate 12c: Prepared following the procedure reported for 4 employing alkyne S3
(495 mg, 2.40 mmol) and cyclopentenone (0.2 mL, 2.0 mmol). The crude reaction mixture
was purified by flash chromatography (SiO2; 97:3—47:3 CH2CI»/Et;0) to afford 12¢ (332
mg, 1.15 mmol, 58% yield) as a yellow oil: : *H NMR (400 MHz, CDCIs) 6 6.55 (d, J = 15.7,
1H), 6.35 (d, J = 3.2, 1H), 6.30 (dt, J = 15.4, 7.0, 1H), 5.98-5.96 (m, 2H), 5.85 (s, 1H),
4.17-4.09 (m, 2H), 4.04-3.96 (m, 2H), 2.73-2.71 (m, 2H), 2.67 (t, J = 7.4, 2H), 2.46-2.43
(m, 2H), 2.29 (g, J = 7.0, 2H), 1.83 (quint, J = 7.7, 2H); *C NMR (100 MHz, CDClI3) ¢ C:
209.1 172.4, 156.2, 149.2; CH: 139.9, 129.0, 127.0, 109.4, 105.7, 97.7; CH>: 64.9, 34.6,

32.3, 27.3, 26.9, 26.7; IR (thin film): 1693, 1673, 1473, 1096 cm?; HRMS-ESI (m/z) [M+H]* calculated for
Ci17H2:04Na = 289.1434; found 289.1438.

12e: C15H1802
MW: 230.31

TBSO

/\

\

12f: 021 H3203Si
MW: 360.57

Photosubstrate 12e: *H NMR (400 MHz, CDCl3) § 7.22 (d, J = 1.8, 1H), 6.53 (d, J = 15.8,
1H), 6.28 (dt, J = 15.7, 6.9, 1H), 6.16 (d, J = 1.8, 1H), 5.95 (s, 1H), 2.72 (dd, J = 4.9, 3.2,
2H), 2.60 (t, J = 7.2, 2H), 2.46-2.43 (m, 2H), 2.24 (g, J = 6.9, 2H), 1.95 (s, 3H), 1.80 (quint,
J =7.3, 2H); ®C NMR (150 MHz, CDClI3) ¢ C: 209.6, 172.6, 150.4, 114.2; CH: 140.3, 139.9,
129.2, 126.9, 112.8; CH3: 34.8, 32.5, 27.3, 27.1, 25.3; CHs: 9.8; IR (thin film): 1702 cm;
HRMS-ESI (m/z) [M+Na]* calculated for C14H1602Na = 253.1205; found 253.1201.

Photosubstrate 12f: Prepared following the procedure reported for 4 employing alkyne S8
(334 mg, 1.20 mmol) and cyclopentenone (0.1 mL, 1.0 mmol). The crude reaction
mixture was purified by flash chromatography (SiO;; 97:3 CH»CI,/Et,0) to afford 12f

o (120 mg, 0.33 mmol, 33% vyield) as a yellow oil: : *H NMR (400 MHz, CDCls) d 7.24 (d, J

= 1.8, 1H), 6.53 (d, J = 15.8, 1H), 6.32—6.24 (m, 2H), 5.95 (s, 1H), 4.49 (s, 2H), 2.72 (dd,
J =49, 3.4, 2H), 2.66 (t, J = 7.3, 2H), 2.45-2.43 (m, 2H), 2.25 (g, J = 7.0, 2H), 1.81
(quint, J = 7.0, 2H) 0.90 (s, 9H), 0.07 (s, 6H); *C NMR (100 MHz, CDCls) § C: 209.5,
172.5, 151.2, 119.4, 18.3; CH: 140.3, 140.2, 129.2, 126.9, 110.9; CH,: 57.1, 34.7, 32.5,
27.4, 27.0, 25.7; CHz: 25.9, —5.2; IR (thin film): 2929, 1702, 1672, 1079 cm; HRMS-ESI

(m/z) [M+Na]* C21Hz,SiO3 = 383.2018; found 383.2014.

I\

(o)

\

1 29 C1 8H2202
MW: 270.37

Photosubstrate 12g: Prepared following the procedure reported for 4 employing alkyne S4
(823 mg, 1.72 mmol) and cyclopentenone (0.1 mL, 1.4 mmol). The crude reaction mixture
was purified by flash chromatography (SiO;; 97:3 CH2CI,/Et;0) to afford 12g (174 mg,
0.644 mmol, 45% yield) as an orange oil: *H NMR (400 MHz, CDCl3) 6 6.54 (d, J = 15.8,
1H), 6.30 (dt, J = 15.7, 6.9, 1H), 5.96 (s, 1H), 5.80 (s, 1H), 2.73-2.71 (m, 2H), 2.60 (t, J =
7.4, 2H), 2.53 (t, J= 5.9, 2H), 2.46-2.43 (m, 2H), 2.38-2.35 (m, 2H), 2.29 (q, J= 7.1, 2H),
1.84-1.76 (m, 4H), 1.72-1.66 (m, 2H); *C NMR (100 MHz, CDCIl3) é C: 209.6, 172.6,
152.9, 148.9, 117.2; CH: 140.4, 129.2, 126.9, 106.1; CH>: 34.8, 32.6, 27.6, 27.3, 27.0, 23.2,
23.2, 23.1, 22.1; IR (thin film): 1701, 1674, 1639, 1578 cm?; HRMS-ESI (m/z) [M+Na]*

calculated for C1gH2>,0,>Na = 293.1518; found 293.1511.
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/_@ Photosubstrate 12h: Prepared following the procedure reported for 4 employing 2-((prop-2-
o yn-1-yloxy)methylfuran® (329 mg, 2.40 mmol) and cyclopentenone (0.2 mL, 2.0 mmol). The
o crude reaction mixture was purified by flash chromatography (SiO;; 1:1 CH»Cly/Hex —

\ 95:5 hexanes/Et,0) to afford 12h (176 mg, 0.78 mmol, 39% yield) as a yellow foam: H
NMR (400 MHz, CDCl3) 6 7.42 (s, 1H), 6.75 (d, J = 15.9, 1H), 6.34-6.28 (m, 2H), 6.03 (s,

12h: C,5H1405 1H), 4.51 (s, 2H), 4.19 (dd, J = 1.2, 5.2, 2H), 2.74-2.72 (m, 2H), 2.46-2.44 (m, 2H); 3C
MW: 218.25 NMR (100 MHz, CDCl3) ¢ C: 209.3, 171.4, 151.2; CH: 142.9, 135.3, 130.5, 126.9, 110.3,

109.6; CH»: 69.4, 64.4, 34.7, 26.9; IR (thin film): 2933, 1665, 1252, 998 cm'; HRMS-ESI
(m/z) [M+Na]* C13H1403 = 219.1016; found 219.1020.

J\ Photosubstrate 12j: Prepared in two steps. Following the procedure reported for 4, alkyne 8

(177 mg, 1.31 mmol) was coupled with 4[(tert-butyldimethylsilyl)oxy]cyclopent-2-enone’
o (231 mg, 1.09 mmol). The crude reaction mixture was used directly in the subsequent step.

\ An analytical sample of TBS-protected 12j was prepared for characterization: *H NMR (400

MHz, CDClIs) ¢ 7.30 (s, 1H), 6.50 (dt, J = 22.8, 7.0, 1H), 6.37-6.25 (m, 2H), 6.03-5.96 (m,

2H), 5.04 (d, J = 4.5, 1H), 2.75 (dd, J = 18.0, 6.2, 2H), 2.66 (t, J = 7.4, 2H), 2.38-2.24 (m,

) HO 3H), 1.82 (pent, J = 7.4, 2H), 0.90 (s, 9H), 0.14 (d, J = 17.6, 6H); *C NMR (100 MHz,

1,\2/"\:/\,91243',"2162%3 CDCI3) ¢ C: 205.1, 171.9, 155.4, 119.4, 18.3; CH: 140.3, 140.2, 129.2, 126.9, 110.9; CH3:

T 57.1, 34.7, 32.5, 27.4, 27.0, 25.7; CHs: 25.9, -5.2; HRMS-ESI (m/z) [M+Na]* C20H30SiO3 =
369.18619; found 369.18559.

A solution of the unpurified intermediate prepared above in THF (5 mL) was cooled to 0 °C and treated with
tetrabutylammonium fluoride (2.3 mmol, 2.3 mL, 1.0 M in THF). The reaction mixture was maintained at 0 °C
for 5 min and then treated with water (15 mL). The resulting slurry was extracted with EtOAc (3 x 15 mL). The
combined organic extracts were washed with brine (10 mL), dried over MgSO., filtered, and concentrated
under reduced pressure. The resulting crude residue was purified by flash chromatography (SiO2; 2:1
hexanes/EtOAc) to afford 12j (371 mg, 1.60 mmol, 70% vyield overall) as a yellow oil: *H NMR (400 MHz,
CDCl3) ¢ 7.30 (d, J = 1.0, 1H), 6.60 (dt, J = 22.8, 7.0, 1H), 6.42 (d, J = 16.0, 1H), 6.29 (t, J = 2.0, 1H), 6.00-
5.99 (m, 2H), 5.12 (t, J = 6.0, 1H), 2.84 (t, J = 7.4, 2H), 2.40-2.29 (m, 3H), 1.85 (quint, J = 7.2, 2H); 13C NMR
(100 MHz, CDCl3) ¢ C: 205.8, 172.3, 155.4; CH: 143.4, 129.1, 124.4, 110.2, 105.2, 69.6; CH>: 49.5, 32.9, 27.4,
26.9; IR (thin film): 3388, 2931, 1678, 1639, 1434 cm; HRMS-ESI (m/z) [M+Na]* calculated for C14H1603Na =
255.09971; found 255.10023.

(o)

O Photosubstrate 12d: Following a modification of the procedure reported by Heaney,® a
Q solution of 4 (541 mg, 2.50 mmol) in THF (3 mL) was added to a stirred suspension of N-
(methylene)morpholinium chloride (229 mg, 2.50 mmol) in THF (5 mL). The resulting
slurry was stirred at rt. After 16 h, the reaction mixture was transferred to a separatory
funnel and partitioned between Et,O (12 mL) and saturated ag. NaHCO3 (35 mL). The
\ organic layer was separated and the aqueous layer was extracted with Et,O (4 x 10 mL).
The combined organic layers were washed with water (10 mL) and brine (10 mL), dried
over MgSQ., filtered, and concentrated under reduced pressure. The resulting crude
residue was purified by flash chromatography (SiO; 98:2 — 90:10 Et,O/MeOH) to afford
12d (724 mg, 2.27 mmol, 91% vyield) as a yellow oil: *H NMR (400 MHz, CDClIs) § 6.51
(d, J =15.7, 1H), 6.31-6.24 (m, 1H), 6.08 (d, J = 3.0, 1H), 5.93 (s, 1H), 5.89 (d, J = 3.0, 1H), 3.69 (t, J = 4.48,
4H), 3.46 (s, 2H), 2.71-2.69 (m, 2H), 2.62 (t, J = 7.5, 2H), 2.44-2.40 (m, 6H), 2.26 (q, J = 7.3, 2H), 1.78 (quint,
J = 7.4, 2H); C NMR (100 MHz, CDCl3) 6 C: 209.5, 172.4, 155.4, 149.4; CH: 140.0, 129.3, 127.2, 109.8,
105.7; CH2: 66.8, 55.4, 53.2, 34.8, 32.5, 27.6, 27.0; IR (thin film): 2858, 1701, 1670, 1451 cm; HRMS-ESI
(m/z) [M+Na]* calculated for C1gH25sNO3Na = 338.1732; found 338.1739.

N

/\

(0]

12d: C4gHpsNO;
MW: 315.41
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Scheme S2. Preparation of photosubstrate 12i.

3,3-dimethylpent-4-yn-1-ol (S10): Following a modification of the procedure reported by
Perumal,® Ohira-Bestmann reagent (3.11 g, 16.2 mmol) was added drop wise via syringe to a
stirred suspension of S9 (935 mg, 8.10 mmol) and K»,CO3 (5.60 g, 40.5 mmol) in MeOH (54 mL).
After addition, the reaction was stirred at rt for 27 h and then concentrated under reduced

Me pressure. The resulting residue was digested in water (50 mL) and extracted with Et,O (4 x 50
$10: C;H;,0 mL). The combined organics were washed with brine (100 mL), dried over MgSO., filtered, and
MW:112.17  concentrated under reduced pressure. The crude residue was purified by flash chromatography
(SiO2; 9:1 hexanes/EtOAc) to afford S10 (882 mg, 7.70 mmol, 95% vyield) as a colorless oil: *H NMR (400
MHz, CDCIs) ¢ 3.86 (t, J = 6.6, 2H), 2.16 (s, 1H), 1.72 (t, J = 6.6, 2H), 1.26 (s, 6H). All other characterization
data was identical to previous reported values.°

5-iodo-3,3-dimethylpent-1-yne (S11): Freshly distilled methanesulfonly chloride (0.9 mL, 11 mmol)
was added drop wise to a solution of S10 (978 mg, 8.71 mmol) and EtsN (3.6 mL, 25 mmol) in
CH2Cl; maintained at 0 °C. The resulting solution as warmed to rt and maintained for 1 h. The
reaction mixture was then diluted with CH,Cl> (40 mL) and treated with saturated aq. NaHCO3
(30 mL). The resulting slurry was extracted with CH2Cl, (3 x 20 mL). The combined organic
S$11: C;Hyl  extracts were washed with water (50 mL) and brine (50 mL), dried over MgSQy,, filtered, and
MW:222.07  concentrated under reduced pressure. The resulting crude mesylate (1.30 g) was used directly in
the next step without further purification.

The crude residue prepared above was dissolved in acetone (17 mL) and Nal (4.05 g, 27.0 mmol) was
added in a single portion. The resulting suspension was warmed to 70 °C and stirred for 18 h. The reaction
mixture was then cooled to rt and concentrated under reduced pressure. The resulting solid was digested in
water (50 mL) and extracted with Et>O (4 x 30 mL). The combined organic extracts were dried over MgSQOa4,
filtered, and concentrated under reduced pressure. The resulting oil was purified by flash chromatography
(SiO2, hexanes) to afford S11 (1.60 g, 7.20 mmol, 83% overall yield from S10) as a colorless oil: *H NMR (400
MHz, CDCl3) ¢ 3.31-3.27 (m, 2H), 2.14 (s, 1H), 2.08-2.03 (m, 2H), 1.22 (s, 6H); **C NMR (100 MHz, CDCl3) ¢
C: 89.7, 33.3; CH: 69.1; CH2: 47.8, 28.7; CH3: 0.11; IR (thin film): 3298, 2969, 1469, 1199 cm*; HRMS-ESI
(m/z) [M+H]* calculated for C;H12l = 222.9978; found 222.99609.

2-(3,3-dimethylpent-4-yn-1-yl)furan (S12): Following a modification of the procedure reported for
S1, a solution of furan (0.6 mL, 8.0 mmol) in THF (4 mL) was cooled to —78 °C. A solution of n-
BuLi (2.9 mL, 5.2 mmol, 1.8 M in THF) was added drop wise via syringe. The resulting solution
was warmed to O °C. After 4 h, S11 (444 mg, 2.00 mmol) was added via syringe. The reaction
mixture was warmed to rt over 15 min and then heated to 42 °C. After 32 h, the reaction was
cooled to rt and treated with water (10 mL, caution: exothermic). The resulting slurry was
extracted with Et,O (3 x 10 mL). The combined organic extracts were washed with water (10

M e““““

S12: C11H14O
MW: 162.23
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mL) and brine (10 mL), dried over MgSOQ., filtered, and concentrated under reduced pressure. The resulting
crude oil was purified by flash chromatography (SiO2; hexanes) to afford S12 (240 mg, 1.47 mmol, 73% yield)
as a yellow oil: *H NMR (400 MHz, CDCl3) 6 7.30 (dd, J = 0.7, 1.8, 1H), 6.28 (dd, J = 1.9, 3.1, 1H), 6.00-5.99
(m, 1H), 2.83-2.79 (m, 2H), 2.13 (s, 1H), 1.78-1.74 (m, 2H), 1.26 (s, 6H); *C NMR (100 MHz, CDCl3) ¢ C:
156.1, 68.47, 30.8; CH: 140.8, 110.1, 104.6, 90.9; CH>: 41.1, 24.2; CH3: 29.0; IR (thin film): 3302, 2857, 1597,
1007 cmt; HRMS-DART (m/z) [M+H]* calculated for C11H1sl = 163.1117; found 163.1114.

(E)-2-(5-iodo-3,3-dimethylpent-4-en-1-yl)furan (S13): A solution of S12 (130 mg, 0.80 mmol) in
THF (2 mL) was added drop wise to a stirred suspension of ZrCp2HCI (227 mg, 0.88 mmol) in
THF (2 mL) at rt. After 1 h, the reaction mixture was cooled to —78 °C and a solution of I, (230
mg, 0.90 mmol) in THF (2 mL) was added drop wise via syringe over 10 min. The reaction was
maintained at —78 °C for 30 min and then treated with wet Et,O (15 mL, 1% H,O by volume).
$13:C41H15I0  The resulting slurry was warmed to rt and treated with saturated ag. Na,S,03 (5 mL). The

MW:290.14  organic layer was separated and washed with water (5 mL) and brine (5 mL). The combined
organics were dried over MgSQa, filtered, and concentrated under reduced pressure. The resulting crude oil
was purified by flash chromatography (SiO2; hexanes) to afford S13 (130 mg, 0.44 mmol, 55% yield) as a
yellow oil: *H NMR (400 MHz, CDCl3) 6 7.29 (d, J = 1.1, 1H), 6.50 (d, J = 14.6 1H), 6.27 (dd, J = 1.9, 3.1, 1H),
6.00-5.96 (m, 2H), 2.57-2.53 (m, 2H), 1.67-1.63 (m, 2H), 1.05 (s, 6H); *C NMR (100 MHz, CDCIl3) ¢ C:
156.1, 40.1; CH: 155.0, 140.8, 110.1, 104.5, 73.1; CH»: 40.7, 23.5; CH3: 26.2; IR (thin film): 2960, 1597, 1006
cml; HRMS-ESI (m/z) [M+H]* calculated for C11H1610 = 219.0240; found 219.0242.

M e“\‘\‘“

J\ Photoprecursor 12i: Following a modification of the procedure reported by Mauduit,*! n-
BuLi (0.2 mL, 0.4 mmol, 2.1 M in THF) was added drop wise via syringe to a solution of
o S13 (120 mg, 0.41 mmol) in THF (1 mL) at —78 °C. After 5 min, a solution of 3-

(o)

e Y\ methoxycyclopent-2-enone (50 mg, 0.5 mmol) in THF (0.3 mL) was added drop wise
Me over 30 min. The reaction mixture then allowed to warm to —30 °C and maintained for 3
12i: C1gH2005 h. A solution of 5% aqg. H2SO4 (0.5 mL) was added at —30 °C and then the reaction was
MW: 244.33 allowed to warm to rt over 30 min. The resulting slurry was extracted with Et.O (3 x 5

mL). The combined organic extracts were washed with water (5 mL) and brine (5 mL), dried over MgSOQ,
filtered, and concentrated under reduced pressure. The resulting crude residue was purified by flash
chromatography (SiO2; 9:1 hexanes/acetone) to afford 12i (48 mg, 0.2 mmol, 48% yield) as a yellow oil: *H
NMR (400 MHz, CDCl3) ¢ 7.28 (d, J = 1.2, 1H), 6.47 (d, J = 16.1, 1H), 6.27-6.22 (m, 2H), 6.00 (s, 1H), 5.96
(dd, J = 3.1, 0.4, 1H), 2.72 (dd, J = 4.9, 3.4, 2H), 2.58-2.54 (m, 2H), 2.46-2.44 (m, 2H), 1.78-1.74 (m, 2H),
1.14 (s, 6H); *C NMR (100 MHz, CDCIls3) 6 C: 209.5, 172.8, 155.9, 36.8; CH: 149.1, 140.8, 129.7, 123.3,
110.2, 104.6; CH»: 40.5, 36.8, 34.7, 27.0, 26.6, 13.6; CH3: 26.6; IR (thin film): 2960, 1700, 1634, 1280 cm™;
HRMS-ESI (m/z) [M+Na]* calculated for C16H2002Na = 267.1356; found 267.1358.

added to a 250 mL quartz round-bottom flask. The reaction mixture was exposed to UV

° light (hv = 350 nm) at 35 °C in a Rayonet photoreactor. After 55 h, the reaction was

‘ removed from the photoreactor, cooled to rt, and EtsN (0.7 mL, 5 mmol) was added via

3: C14H1605 syringe. The resulting solution as warmed to 100 °C in a pre-heated oil bath. After 6 h, the

MW: 216.28 reaction mixture was cooled to rt and concentrated under reduced pressure. The resulting

residue was purified by flash chromatography (neutralized SiO»; 2:1 hexanes/EtOAc) to

afford 3 (610 mg, 2.82 mmol, 61% yield) as a yellow solid: mp = 50-51 °C; *H NMR (400 MHz, CDClIs) 6 6.08

(d, J =5.9, 1H), 5.86 (dd, J = 5.9, 1.8, 1H), 5.45 (br s, 1H), 2.55-2.46 (m, 3H), 2.41-2.25 (m, 2H), 2.16-2.11

(m, 2H), 1.93-1.70 (m, 5H), 1.32-1.25 (m, 1H); *C NMR (150 MHz, CDCl3) 6 C: 206.7, 176.3, 142.1, 96.6; CH:

129.4, 128.6, 74.7, 49.2; CH,: 34,6, 34.4, 33.9, 32.1, 28.9, 20.1; IR (thin film): 1738, 1692, 1683, 1625 cm;

HRMS-ESI (m/z) [M+Na]* calculated for C14H1602Na = 239.1048; found 239.1057. Relative stereochemistry
was established by single crystal X-ray diffraction (CCDC entry 1816385).%?

l % Gram-scale preparation of 3: A solution of 4 (1.00 g, 4.62 mmol) in n-BuOH (77 mL) was

H
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N Cyclobutane 5: A solution of photosubstrate 4 (1.00 g, 4.62 mmol) in MeCN (77 mL) was
added to a quartz flask. The reaction mixture was exposed to UV light (hv = 350 nm) at 35
°C in a Rayonet photoreactor. After 21 h, the reaction was removed from the photoreactor
and concentrated under reduced pressure. The resulting crude residue was purified by
H flash chromatography (neutralized SiO;; 7:2 hexanes/EtOAc) to afford 5 (530 mg, 2.45
mmol, 53% vyield): mp = 89-90 °C; 'H NMR (600 MHz, CDCl3) ¢ 6.36 (dd, J = 2.8, 1.4,

5: C14H160, 1H), 5.98 (app q, J = 1.5, 1H), 4.83 (app t, J = 2.6, 1H), 3.57 (dt, J = 7.9, 1.3, 1H), 2.96 (t,

MW: 216.28 J=6.7,1H), 2.87 (t, J = 7.3, 1H), 2.52-2.29 (m, 2H), 2.40 (t, J = 4.8, 2H), 2.04-1.98 (m,
2H), 1.98-1.90 (m, 1H), 1.89-1.82 (m, 2H), 1.53 (dd, J = 12.7, 1.5, 1H); *C NMR (150 MHz, CDCl3) § C:
209.7, 181.1, 93.8; CH: 148.4, 129.6, 102.0, 50.1, 49.4, 43.7; CH,: 35.5, 33.5, 30.9, 30.8, 24.7; HRMS-ESI
(m/z) [M+Na]* calculated for Ci14H1s02Na = 239.1048; found 239.1050. Relative stereochemistry was
established by single crystal X-ray diffraction (CCDC entry 1816383).1?

Cope-rearrangement product 6: An analytic sample was prepared by charging an NMR
tube with a degassed solution of 5 (6.5 mg, 0.03 mmol) in toluene-ds (0.5 mL) and heating
the reaction mixture to 100 °C for 1.5 h. NMR spectra were collected from the crude
reaction mixture: *H NMR (600 MHz, toluene-dg) 6 5.69-5.66 (m, 2H), 5.31-5.29 (m, 2H),
6: C14H1cOs 3.24 (d, J = 1.5, 1H), 2.82-2.77 (m, 1H), 2.17-2.05 (m, 1H), 1.99-1.93 (m, 1H), 1.81-1.74
MW: 216.28 (m, 1H), 1.65-1.54 (m, 5H), 1.51-1.43 (m, 1H), 1.13-1.05 (m, 1H); **C NMR (150 MHz,
toluene-dg) ¢ C: 213.5, 136.6, 95.6; CH: 132.4, 127.4, 123.7, 81.4, 59.7, 50.5; CH>: 38.3,
33.4, 28.9, 27.7, 19.5; HRMS-ESI (m/z) [M+Na]* calculated for C14sH1602Na = 239.1048; found 239.1063.
Relative stereochemistry was established by single crystal X-ray diffraction (CCDC entry 1816390).12

OH H Byproduct 11: An analytical sample was prepared by flash chromatography (SiO2; 2:1
=~ hexanes/EtOAc): *H NMR (400 MHz, CDCl3) § 6.37 (d, J = 9.8, 1H), 5.63 (dd, J = 9.8,

_— 5.1, 1H), 3.36 (dd, J = 9.2, 5.1, 1H), 2.67-2.54 (m, 4H), 2.46-2.43 (m, 2H), 2.36-2.30 (m,

LI © 1H), 1.98-1.79 (m, 4H), 1.69-1.63 (m, 2H); *C NMR (150 MHz, CDCls) C: 205.3, 173.1,
132.5, 88.0; CH: 123.7, 119.6, 58.5, 45.3, 34.3; CH,: 39.5, 35.0, 32.0, 27.2, 24.6; IR (thin

1&9\?‘3?662%2 film): 3360, 1671, 1632, 1603 cml; HRMS-DART (m/z) [M+H]* calculated for C14H170, =

217.1223; found 217.1231. Relative stereochemistry was established by single crystal X-
ray diffraction (CCDC entry 1816388).12

Preparation of 5-8-5 ring system derivatives 13a—j. General Procedure. A solution of photosubstrate (1
equiv) in MeCN (60 mM) was added to a quartz flask and exposed to UV light (hv = 350 nm) at 35 °C in a
Rayonet photoreactor for the indicated amount of time. The reaction was removed from the photoreactor,
cooled to rt, and EtsN (1.1 equiv) was added via syringe. The resulting solution was warmed to 80 °C or 100
°C in a pre-heated oil bath for the specified amount of time. The reaction mixture was cooled to rt and
concentrated under reduced pressure. The resulting crude products were purified by flash chromatography
using neutralized silica gel.*®

0.42 mmol). The reaction mixture was irradiated at 35 °C for 7.5 h. Following addition of

° Et:N, the resulting solution was heated to 80 °C for 2 h. The resulting crude residue was

‘ purified by flash chromatography (neutralized SiO»; 19:1 CHClI,/Et,0) to afford 13a (51

13a: Cy5H150, mg, 0.22 mmol, 53% vyield) as a colorless solid: mp = 88-89 °C; 'H NMR (400 MHz,

MW: 230.31 CDClIs3) 0 5.96 (d, J = 5.7, 1H), 5.70 (dd, J = 5.8, 1H), 2.54-2.46 (m, 3H), 2.40-2.33 (m,

1H), 2.28-2.21 (m, 1H), 1.91-1.81 (m, 4H), 1.79 (s, 3H), 1.76-1.69 (m, 1H), 1.29-1.22

(m, 1H); C NMR (100 MHz, CDCl3) § C: 206.6, 176.8, 142.9, 96.9, 84.7; CH: 132.9, 127.9, 48.5; CH,: 35.8,

35.3, 34.2, 32.2, 28.5, 20.2; CH3: 22.7; IR (thin film): 1680, 1598 cm; HRMS-ESI (m/z) [M+Na]* calculated for
C14H1602Na = 253.1205; found 253.1207.

I 6 Me Product 13a: Following the general procedure, 13a was synthesized from 12a (96 mg,
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s  Product 13b: Following the general procedure, 13b was synthesized from 12b (145 mg,

6 0.50 mmol). The reaction mixture was irradiated at 35 °C for 12 h. Following addition of

©  EtsN, the resulting solution was heated to 80 °C for 15.5 h. The resulting crude residue

‘ was purified by flash chromatography (neutralized SiO»; 9:1 hexanes/acetone) to afford

13b: C{,H»,0,Si 13b (69 mg, 0.24 mmol, 48% vyield) as a colorless solid: mp = 57-58 °C; *H NMR (400

MW: 288.46 MHz, CDCls) 65.90 (d, J = 5.8, 1H), 5.70 (d, J = 5.9, 1H), 2.57-2.50 (m, 3H), 2.37-2.30

(m, 1H), 2.27-2.17 (m, 2H), 2.13-2.04 (m, 1H), 1.95-1.77 (m, 4H), 1.75-1.64 (m, 1H), 1.31-1.19 (m, 1H), 0.12

(s, 9H); ¥C NMR (100 MHz, CDCIl3) § C: 206.7, 177.9, 144.9, 98.1, 80.3; CH: 130.2, 126.6, 48.9; CH,: 35.4,

34.1, 33.5, 33.2, 28.5, 20.3; CH3: —2.1; IR (thin film): 1670, 1591 cm; HRMS-ESI (m/z) [M+Na]* calculated for
C17H240,SiNa = 311.1443; found 311.1438.

)

H

0 Product 13c: Following the general procedure, 13c was synthesized from 12c (146 mg,
6 o 0.50 mmol). The reaction mixture was irradiated at 35 °C for 18 h. Following addition of

)

o EtsN, the resulting solution was heated to 80 °C for 20 h. The resulting crude residue
was purified by flash chromatography (neutralized SiO»; 9:1 hexanes/acetone) to afford
H ‘ 13c (60 mg, 0.21 mmol, 41% yield) as a colorless solid: mp = 123-125 °C; *H NMR
13¢: Cy7H004 (400 MHz, CDCl3) 66.32 (d, J = 0.8, 1H), 6.09 (d, J = 6.1, 5.8 1H), 5.78 (d, J = 5.8, 1H)
MW: 288.34 4.13-4.10 (m, 1H), 4.05-3.92 (m, 3H), 2.58-2.51 (m, 3H), 2.47-2.24 (m, 3H), 2.09 (dd,
J =16.4, 12.4, 1H), 1.94-1.88 (m, 2H), 1.86-1.79 (m, 2H) 1.77-1.71 (m, 1H), 1.31-1.23 (m, 1H); *C NMR
(100 MHz, CDCl3) 6 C: 205.9, 178.3, 142.2, 97.2, 89.6; CH: 128.9, 128.2, 101.3, 49.1; CH»: 66.2, 66.1, 49.1,
35.8, 35.1, 33.5, 32.9, 28.4, 20.3; IR (thin film): 1689, 1560 cm?; HRMS-ESI (m/z) [M+Na]* calculated for
C17H2004Na = 311.1259; found 311.1254.

%0 Product 13d: Following the general procedure, 13d was synthesized from 12d (316
mg, 1.00 mmol). The reaction mixture was irradiated at 35 °C for 10 h. Following
addition of EtsN, the resulting solution was heated to 80 °C for 5 h. The resulting
crude residue was purified by flash chromatography (neutralized SiOz; 4.1

e
)

‘ ° hexanes/acetone) to afford 13d (190 mg, 0.60 mmol, 60% vyield) as a pink solid: mp =
H 86-88 °C; 'H NMR (400 MHz, CDCl3) §5.98 (d, J = 5.8, 1H), 5.74 (d, J = 5.8, 1H),
13d: C1gHpsNO; 3.67-3.58 (m, 4H), 3.39 (d, J = 14.4, 1H), 3.14 (d, J = 14.4, 1H), 2.76-2.73 (m, 2H),

MW: 315.41 2.59-2.47 (m, 5H), 2.43-2.35 (m, 1H), 2.28-2.07 (m, 3H), 1.86-1.83 (m, 4H), 1.76—

1.70 (m, 1H), 1.29-1.24 (m, 1H); **C NMR (100 MHz, CDCIls) C: 206.4, 176.8, 143.2, 96.9, 89.5; CH: 131.2,
127.8, 48.9; CH>: 67.2, 60.0, 55.4, 36.1, 35.4, 33.8, 32.5, 28.4, 20.4; IR (thin film): 1690, 1591 cm?; HRMS-
ESI (m/z) [M+H]* calculated for C19H2603 = 316.1913; found 316.1903.

Me Product 13e: Following a variation of the general procedure employing n-BuOH in place of
MeCN, 13e was synthesized from 12e (115 mg, 0.50 mmol). The reaction mixture was
.e irradiated at 35 °C for 12 h. Following addition of EtsN, the resulting solution was heated

H

0 to 100 °C for 1 h. The resulting crude residue was purified by flash chromatography

‘ (neutralized SiO2; 9:1 hexanes/acetone) to afford 13e (65 mg, 0.28 mmol, 57% vyield) as

13€: CygHy50, yellow oil: *H NMR (400 MHz, CDClI3) 6 5.56 (d, J = 1.2, 1H), 5.25 (br s, 1H), 2.54-2.48

MW: 230.31 (m, 3H), 2.41-2.18 (m, 4H), 2.06-2.00 (m, 1H), 2.00-1.91 (m, 3H), 1.87 (s, 3H), 1.80—

1.71 (m, 1H), 1.44-1.35 (m, 1H); 3C NMR (100 MHz, CDCIls) & C: 209.8, 176.3, 143.4,

139.5, 97.3; CH: 125.1, 73.2, 50.3; CH2: 34.5, 34.2, 32.9, 32.0, 29.9, 20.5; CH3: 12.7 (s, 3H); IR (thin film):
1689, 1625 cm't; HRMS-ESI (m/z) [M+Na]* calculated for C1sH1s02Na = 253.1205; found 253.1201.

Product 13f: Following a variation of the general procedure employing n-BuOH in place

of MeCN, 13f was synthesized from 12f (120 mg, 0.33 mmol). The reaction mixture was

irradiated at 35 °C for 12 h. Following addition of Et3N, the resulting solution was heated

0 to 100 °C for 8 h. The resulting crude residue was purified by flash chromatography

H ‘ (neutralized SiO»; 4:1 hexanes/EtOAc) to afford 13f (51 mg, 0.14 mmol, 43% vyield) as
13f: CpyHap04S colorless solid: mp = 98-99 °C; 'H NMR (400 MHz, CDCl3) §5.86 (d, J = 1.5, 1H), 5.35
MW: 360.57 (brs, 1H), 4.33 (s, 2H) 2.54 (t, J = 4.6, 2H), 2.50-2.47 (m, 1H), 2.44-2.27 (m, 4H), 2.09-
1.87 (m, 4H), 1.75-1.65 (m, 1H), 1.47-1.39 (m, 1H), 0.91 (s, 9H), 0.08 (s, 6H); 1*C NMR

(100 MHz, CDClIs3) C: 206.7, 176.4, 144.1, 142.9, 96.8, 18.3; CH: 125.9, 73.3, 50.2; CH,: 58.9, 34.5, 34.1,
S10
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33.3, 32.1, 29.2, 20.3; CHj: 25.9, -5.4, -5.5; IR (thin film): 1692, 1606 cm; HRMS-ESI (m/z) [M+Na]*
calculated for C,1H3,03SiNa = 383.2018; found 383.2015.

Product 13g: Following the general procedure, 13g was synthesized from 12g (135 mg,
0.50 mmol). The reaction mixture was irradiated at 35 °C for 20 h. Following addition of
EtsN, the resulting solution was heated to 80 °C for 1 h. The resulting crude residue was
purified by flash chromatography (neutralized SiO»; 97:3 CH.Cl./Et,0O) to afford 13g (34.0
mg, 0.126 mmol, 25% yield of the major diastereomer, d.r. = 10:1) as a colorless solid:
mp = 120-124 °C *H NMR (400 MHz, CDCls) §5.52 (s, 1H), 3.18 (d, J = 12.4, 1H), 2.53—
18g: C16fl2e02 251 (m, 2H), 2.47-2.42 (m, 2H), 2.36-2.26 (M, 3H), 2.00-1.92 (m, 1H), 1.90-1.56 (m,
o 9H), 1.39 (td, J = 12.6, 4.1, 1H), 1.33-1.15 (m, 2H); *3C NMR (100 MHz, CDCIs) ¢ C:
206.6, 179.6, 143.2, 141.7, 95.3, 84.5; CH: 119.7, 46.6; CH,: 35.6, 35.5, 35.0, 34.2, 32.7, 28.4, 26.8, 26.4,
23.6, 19.8; IR (thin film): 1681, 1590 cm?; HRMS-ESI (m/z) [M+Na]* calculated for C1gH2,02Na = 293.1512;
found 293.1518. Relative stereochemistry of the major diastereomer was established by single crystal X-ray
diffraction (CCDC entry 1816389).%?

Diastereomer S14: Following a variation of the general procedure employing n-BuOH in
place of MeCN, S14 was synthesized from 12g (61.0 mg, 0.23 mmol). The reaction
mixture was irradiated at 35 °C for 20 h. Following addition of EtsN, the resulting solution
was heated to 100 °C for 2 h. The resulting crude residue was purified by flash
chromatography (neutralized SiO»; 9:1 Hexanes/EtOAc) to afford S14 (16 mg, 0.06 mmol,
26% yield) as a colorless solid: *H NMR (400 MHz, CDCl3) 6 5.39 (s, 1H), 2.91 (dd, J =
SV S0 16.1, 9.6, 1H), 2.52-2.39 (m, 2H), 2.37-2.31 (m, 2H), 2.10-2.00 (M, 3H), 1.90-1.75 (m,
B 5H), 1.67-1.61 (m, 1H), 1.60-1.51 (m, 1H), 1.44-1.38 (m, 1H), 1.33-1.23 (m, 1H); *C
NMR (150 MHz, CDCl3) 6 C: 207.2, 176.7, 146.7, 145.3, 94.6, 86.9; CH: 125.3, 45.9; CH,: 38.8, 36.7, 36.4,
35.8, 32.7, 32.5, 26.6, 25.8, 23.7, 22.3; IR (thin film): 1692, 1606 cm; HRMS-ESI (m/z) [M+Na]* calculated for
CigH2202Na = 293.1518; found 293.1511. Relative stereochemistry was established by single crystal X-ray
diffraction (CCDC entry 1816384).%?

of MeCN, 13h was synthesized from 12h (114 mg, 0.50 mmol). The reaction mixture was

° irradiated at 35 °C for 42 h. Following addition of EtsN, the resulting solution was heated

H ‘ to 100 °C for 1 h. The resulting crude residue was purified by flash chromatography

13h: C43H;405 (neutralized SiO2; 1:9 hexanes/MTBE) to afford 13h (25.0 mg, 0.110 mmol, 22% yield) as

MW: 218.25 a white foam: *H NMR (400 MHz, CDCls) 6 6.23 (d, J = 5.8, 1H), 6.00 (d, J = 5.2, 1H),

5.51 (br s, 1H), 4.08 (t, J = 8.2, 1H), 3.90 (d, J = 8.5, 1H), 3.83 (d, J = 8.5, 1H), 3.51 (dd, J = 11.6, 8.5, 1H),

2.64-2.56 (m, 3H), 2.53-2.48 (m, 1H), 2.45-2.29 (m, 2H), 2.23 (dd, J = 15.5, 13.0, 1H); 3*C NMR (100 MHz,

CDCIs) C: 206.4, 174.5, 142.0, 94.0; CH: 130.3, 127.8, 75.2, 48.4; CH,: 72.2, 70.9, 34.3, 32.2, 30.4; IR (thin
film): 1686, 1621 cm™; HRMS-DART (m/z) [M+H]* calculated for C13H1503 = 219.1016; found 219.1013.

6 Product 13h: Following a variation of the general procedure employing n-BuOH in place
o)

Product 13i: Following a variation of the general procedure employing n-BuOH in place
of MeCN, 13i was synthesized from 12i (67 mg, 0.27 mmol). The reaction mixture was
irradiated at 35 °C for 9 h. Following addition of EtsN, the resulting solution was heated
to 100 °C for 9 h. The resulting crude residue was purified by flash chromatography

13i: CygH005 (neutralized SiO2; 4:1 hexanes/EtOAc) to afford 13i (27 mg, 0.11 mmol, 40% yield) as a

MW: 244.33 white solid: mp = 117-122 °C; *H NMR (600 MHz, CDCIl3) §6.06 (d, J = 5.6, 1H), 5.88
(dd, J =5.9, 2.0, 1H), 5.42 (br s, 1H), 2.59-2.56 (m, 2H), 2.40 (dq, J = 18.9, 6.4, 2.9, 1H), 2.34-2.21 (m, 3H),
2.00-1.95 (m, 3H), 1.77-1.72 (m, 1H), 1.57 (dt, J = 16.0, 7.9, 1H), 1.06 (s, 3H), 0.88 (s, 3H); *C NMR (100
MHz, CDCl3) C: 206.7, 176.6, 141.9, 97.3, 38.6; CH: 131.3, 128.8, 74.4, 60.1; CH,: 38.7, 34.5, 32.8, 32.3,
29.9; CHs: 30.1, 24.7; IR (thin film): 1694, 1626 cm; HRMS-ESI (m/z) [M+H]* calculated for C1sH210, =
245.1536; found 245.1541.
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0.78 mmol). The reaction mixture was irradiated at 35 °C for 6 h. Following addition of

©  EtsN, the resulting solution was heated to 100 °C for 1 h. The resulting crude residue was

‘ purified by flash chromatography (neutralized SiO»; 1:1 hexanes/EtOAc) to afford 13i (116
mg, 0.50 mmol, 64% combined yield, 1.3:1 mixture of diastereomers) as a white foam: H
NMR (600 MHz, CDClIs) major diastereomer, 65.84 (dd, J = 5.9, 1.9, 1H), 4.61 (br s, 1H),

6 Product 13j: Following the general procedure, 13j was synthesized from 12j (182 mg,

HO

13j: C4HgO
MW 53258° 2.5 (s, 1H); minor diastereomer, 5 5.91 (dd, J = 5.9, 1.9, 1H), 4.79 (br s, 1H), 2.42 (s,
d.r.=1.3:1 1H); remaining *H resonances could not be resolved; **C NMR (150 MHz, CDCIs): major

diastereomer, 6 C: 203.1, 174.0, 143.0, 96.9; CH: 130.0, 127.7, 74.3, 71.1 49.7; CH,: 44.5, 33.9, 30.2, 29.0,
20.2; minor diastereomer, 6 C: 202.5, 173.8, 143.5, 96.8; CH: 130.1, 128.1, 73.8, 72.3 48.9; CH,: 43.8, 34.0,
31.2, 29.0, 20.3; IR (thin film): 3424, 1702, 1690, 1635 cm!; HRMS-ESI (m/z) [M+H]* calculated for C14H1703
= 233.1172; found 233.1179.

box. The flask was sealed, removed from the glove box, and THF (68 mL) was added

™S via syringe. The resulting slurry was cooled to 0 °C and a solution of MeLi (13.5 mL,

e 6 21.6 mmol, 1.6 M in THF) was added drop wise over 15 min. The resulting solution was

14: C,gH550,Si cooled to —78 °C. A solution of 3'# (1.16 mg, 5.35 mmol) and TMSCI (6.7 mL, 27 mmol)

MW: 304.51 in THF (37 mL) was prepared in a separate flask and then added drop wise to the

cooled mixture of Me,CuLi over 1.5 h using an addition funnel. The resulting solution

was maintained at —78 °C for 5 h, then the reaction was rapidly poured into a stirred suspension of Florisil (24

g) suspended in hexanes (220 mL) and EtsN (24 mL).*® The resulting slurry was stirred at 0 °C for 1 h, then

filtered. The filter cake was vigorously washed with hexanes (3 x 25 mL). The combined filtrate was filtered

again to remove precipitate and concentrated under reduced pressure to afford 14 (1.59 g, 5.22 mmol, 98%

yield) as a brown oil in >95% purity. This sensitive intermediate'® was used without further purification: *H NMR

(600 MHz, CDCls) 65.98 (dd, J = 5.8, 2.0, 1H), 5.74 (dd, J = 5.8, 0.8, 1H), 5.43 (br s, 1H), 2.46-2.41 (m, 1H),

2.35-2.29 (m, 1H), 2.00 (dd, J = 15.2, 8.5, 1H), 1.97-1.91 (m, 1H), 1.86-1.79 (m, 1H), 1.77-1.62 (m, 3H),

1.55-1.49 (m, 2H), 1.39 (dd, J = 13.4, 3.5, 1H), 1.34 (d, J = 11.9, 1H), 1.17 (s, 3H), 1.15-1.08 (m, 1H), 0.18 (s,

9H); C NMR (150 MHz, CDCl3) 6 C: 144.2, 126.2, 97.2, 47.0; CH: 132.4, 128.4, 79.7, 46.4; CH>: 41.5, 39.6,
33.9, 31.6, 27.3, 19.8; CH3: 24.9, 0.6.

l 6 Silyl enol ether 14: Cul (2.04 g, 10.7 mmol) was added to a flame-dried flask in a glove

H

Ketone 15: A solution of unpurified silyl enol ether 14 (1.15 g, 3.78 mmol) in THF (13 mL)
was treated with 1 M ag. HCI (7.6 mL). The resulting slurry was stirred at rt for 1 h, then
transferred to a separatory funnel and extracted with EtOAc (4 x 15 mL). The combined
e organic extracts were washed with water (25 mL) and brine (25 mL), dried over MgSOQOys,

15: C15Hz005 filtered, and concentrated under reduced pressure to afford 15 (871 mg, 3.75 mmol, 99%
MW: 232.32 yield) as a colorless solid. No further purification was required: mp = 89-91 °C; 'H NMR
(600 MHz, CDCls) ¢ 6.20 (dd, J = 6.0, 1.5, 1H), 5.82 (d, J = 6.1, 1H), 5.13 (d, J = 8.2, 1H),

2.70 (d, J = 8.1, 1H), 2.39-2.33 (m, 1H), 2.23 (dd, J = 10.5, 5.9, 2H), 1.91-1.85 (m, 2H), 1.77-1.71 (m, 4H),
1.65-1.60 (m, 2H), 1.38 (s, 3H), 1.28 (dd, J = 13.9, 2.4, 1H), 1.10-1.02 (m, 1H); **C NMR (150 MHz, CDCl3) ¢

C: 220.3, 97.6, 44.8; CH: 132.0, 131.4, 82.2, 63.8, 46.4; CH,: 38.7, 38.4, 37.4, 32.8, 27.0, 20.3; CH3: 30.9; IR
(thin film): 1725 cmt; HRMS-ESI (m/z) [M+H]* calculated for C15H2:10, = 233.1542; found 233.1548. Relative
stereochemistry was established by single crystal X-ray diffraction (CCDC entry 1816387).%?

OH Dieneone 16: A solution of unpurified silyl enol ether 14 (375 mg, 1.23 mmol) in CH,Cl. (6
mL) was added drop wise over 25 min to a solution of BClz (2.5 mL, 2.5 mmol, 1.0 M in
o heptane) in CH2Cl, (6 mL) maintained at —78 °C. After 30 min, EtsN (35 mL) followed by

H MeOH (35 mL) was added via syringe at —78 °C. The reaction mixture was warmed to rt
Me and concentrated under reduced pressure. The resulting oil was diluted with CH2Cl, (15
1“%\?125;22%022 mL) and washed with H,O (20 mL). The aqueous layer was then extracted with CH,Cl, (4

x 10 mL). The combined organic extracts were dried over MgSQO,, filtered, and
concentrated under reduced pressure. The resulting crude residue was purified by flash chromatography
(SiO2; 6:1 hexanes/acetone) to afford 16 (170 mg, 0.73 mmol, 60% yield) as a yellow solid: mp = 110-111 °C;
'H NMR (600 MHz, CDCl3) 6 6.56 (d, J = 6.2, 1H), 6.06 (dd, J = 12.2, 6.3, 1H), 5.91 (d, J = 12.2, 1H), 2.52—
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2.45 (m, 1H), 2.45-2.39 (m, 1H) 2.23 (ddd, J = 19.2, 8.5, 1.7, 1H), 2.06 (br. s, 1H), 1.90-1.80 (m, 4H), 1.76—
1.65 (m, 4H), 1.65-1.55 (m, 1H), 1.29 (s, 3H), 1.27-1.20 (m, 1H); **C NMR (150 MHz, CDCl3) ¢ C: 208.5,
149.0, 82.3, 43.4; CH: 141.8, 125.2, 125.1, 46.5; CH2: 42.6, 39.6, 37.3, 34.2, 30.6, 20.3; CHa3: 23.3; IR (thin
film): 3546, 1715, 1632 cm?; HRMS-ESI (m/z) [M+Na]* calculated for CisH0O2Na = 255.1361; found
255.1361. Relative stereochemistry was established by single crystal X-ray diffraction (CCDC entry
1816385).12

Preparation of N-tert-butylbenzenesulfinimidoyl chloride: Following a modification of the procedure
reported by Mukiayama,! S-phenylthioacetate (2.0 mL, 15 mmol) was added drop wise to a solution N,N-
dichloro-2-methylpropan-2-amine (2.69 g, 19 mmol) in benzene (6.5 mL) at rt. The resulting yellow solution
was warmed to 80 °C during which time gas evolution occurred and the solution became red. After 2 h, the
reaction mixture was concentrated under reduced pressure with care to minimize exposure to atmosphere. The
resulting orange residue (3.85 g, 15 mmol, 100% yield) was analyzed for purity using *H NMR (>95% purity)
and then digested in benzene (7.5 mL) to make a 2 M solution. The resultant orange solution was stable for ca.
1 week when stored under an N, atmosphere at rt: *H NMR (400 MHz, CsDs) 6 7.92—7.88 (m, 2H), 6.94-6.90
(m, 3H), 1.38 (s, 9H). All other characterization data was identical to previously reported values.!

IMPORTANT: In early iterations of our chemistry we attempted to use commercially available N-tert-
butylbenzenesulfinimidoyl chloride. This material resulted in low yield of the resultant photoproducts 12 and
invariably arrived in low purity (ca. 50% purity by *H NMR). The use of oxidant prepared as described above
was critical to achieve the yields reported in this manuscript.
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3. 'H NMR Experiment: Photoequilibration of (E)-4 [see, Scheme 3A].
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Procedure & Analysis: An NMR tube was charged with a solution of E-4 (6.5 mg, 0.04 mmol) in CD3CN (0.45
mL). A *H NMR spectra of the reaction mixture was obtained under ambient conditions (panel A, above). The
reaction mixture was then exposed to 350 nm UV-light at 35 °C in a Rayonet photoreactor. The reaction
mixture was analyzed by *H NMR in five-minute intervals. Equilibrium was established after 10 min (panel B).
Results were compared to *H NMR spectra of independently prepared Z-4 (panel C) in CD3sCN. We observed
an equilibrium ratio of 2.3:1 under these conditions.
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4. 'H NMR Experiment: Photoequilibration of (2)-4
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Procedure & Analysis: An NMR tube was charged with a solution of Z-4 (6.5 mg, 0.04 mmol) in CD3CN (0.45
mL). A *H NMR spectra of the reaction mixture was obtained under ambient conditions (panel B, above). The
reaction mixture was then exposed to 350 nm UV-light at 35 °C in a Rayonet photoreactor. The unpurified
reaction was analyzed by NMR after 30 min (panel C) and 8 h (panel D). Results were compared to *H NMR
spectra of purified E-4 (panel A) and 5 (panel E) in CD3;CN, respectively. We observed that Z-4 readily
equilibrated to a 2:1 mixture of E/Z-4 within 30 min. During this time we also observed formation of 5. The
resulting equilibrium mixture of 4 slowly reacted to form 5 over the course of 8 h. This reaction proved to be
highly stereoselective as product 5 was the only diastereomer observed.
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5. 'H NMR Experiment: Photodecomposition of 5 [see, Scheme 3B].

350 nm UV-light 4 non-specific
CD4CN, 35°C (trace) decomposition
t1/2 =18 h
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80
Y =-2.54X + 96.22 (RZ2= 0.99)
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30
20
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Procedure & Analysis: An NMR tube was charged with a solution of 5 (6.5 mg, 0.04 mmol) and N-
benzylbenzamide (8.5 mg, 0.04 mmol, internal standard) in CDsCN (0.45 mL). A 'H NMR spectra of the
reaction mixture was obtained under ambient conditions (time = 0, 100% 5). The reaction mixture was then
exposed to 350 nm UV-light at 35 °C in a Rayonet. Photodecomposition was determined by integration of 5
relative to an N-benzylbenzamide as an internal standard at various time points over a 24 period (see above).
We determined a half-life (t1,2) of 18.2 h for 5 under these reaction conditions.
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6. 'H NMR Experiment: Thermal isomerization of 5 to 3 [see, Scheme 3C].
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Procedure & Analysis: An NMR tube was charged with a solution of 5 (11 mg, 0.05 mmol) and 1,3,5-
trimethoxybenzene (8.4 mg, 0.05 mmol, internal standard) in CH3;CN (0.8 mL). A 'H NMR spectra of the
reaction mixture was obtained under ambient conditions (400 mHz, CDCls, time = 0, 100% 5, panel A above).
EtsN (0.01 mL, 0.06 mmol) was added and the reaction mixture was heated at 100 °C. After 1.5 h, the
unpurified reaction mixture was analyzed by 'H NMR (400 mHz, CDCls, panel B). We observed >95% NMR
yield of 3.
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7. 'H NMR Experiment: NMR vyield for 13g [Figure 1].
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Procedure & Analysis: A quartz round-bottom flask was charged with a solution of 12g (54 mg, 0.2 mmol)
and N-benzylbenzamide (27 mg, 0.2 mmol, internal standard). An aliquot was taken via syringe to collect a
'H NMR spectra under ambient conditions (400 mHz, CDCls, time = 0, 100% 12g, panel A above). The
reaction mixture was exposed to UV-light (hv = 350 nm) at 35 °C in a Rayonet. After 20 h, the reaction was
removed from UV-light, cooled to rt, and treated with EtsN (0.3 mL, 0.2 mmol). The reaction was heated to 100
°C. After 1 h, the reaction was cooled to rt. An aliquot was concentrated and analyzed by *H NMR (400 mHz,
CDCls, panel B). This experiment established that 13g was formed in 50% yield (by NMR) as a 10:1 mixture of
diastereomers at Co.
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NMR vyield for 13i [Figure 1].

]

5 e

350 nm UV-light
n-BuOH (60 mM), 35 °C
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EtzN, 100 °C
(69% yield by 'H NMR)
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T A:12i, time =0
N-benzylbenzamide
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J' 12i
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B: 13i 69% NMR yield

N-benzylbenzamide
(internal standard)
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Procedure & Analysis: A quartz round-bottom flask was charged with a solution of 12i (49 mg, 0.2 mmol) and
N-benzylbenzamide (27 mg, 0.2 mmol, internal standard) in n-BuOH (3.3 mL). An aliquot was taken via
syringe to collect a *H NMR spectra under ambient conditions (400 mHz, CDCls, time = 0, 100% 12i, panel A
above). The reaction mixture was exposed to UV-light (hv = 350 nm) at 35 °C in a Rayonet. After 9 h, the
reaction was removed from UV-light, cooled to rt, and treated with EtsN (0.3 mL, 0.2 mmol). The reaction was
heated to 100 °C. After 9 h, the reaction was cooled to rt. An aliquot was concentrated and analyzed by *H
NMR (400 mHz, CDCl3, panel B). This experiment established that 13i was formed in 69% yield (by NMR).
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NMR vyield for 13j [Figure 1].

/ \ 350 nm UV-light
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= a 3 El [epm]

05

,JJ

g "

5 ‘;-:

Procedure & Analysis: A quartz round-bottom flask was charged with a solution of 12j (46 mg, 0.2 mmol) and
N-benzylbenzamide (27 mg, 0.2 mmol, internal standard). An aliquot was taken via syringe to collect a 'H
NMR spectra under ambient conditions (400 mHz, CDCls, time = 0, 100% 12j, panel A above). The reaction
mixture was exposed to UV-light (hv = 350 nm) at 35 °C in a Rayonet. After 6 h, the reaction was removed
from UV-light, cooled to rt, and treated with EtsN (0.3 mL, 0.2 mmol). The reaction was heated to 100 °C. After
1 h, the reaction was cooled to rt. An aliquot was concentrated and analyzed by *H NMR (400 mHz, CDCls,
panel B). This experiment established that 13j was formed in 71% yield (by NMR) as a 1.3:1 mixture of
diastereomers at C».
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NMR vyield for 13h [Figure 1].
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NZbenzylbenzamide i
(internal standard)

§

teEm)

17 crude photolysate (9 h)
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Procedure & Analysis: A quartz round-bottom flask was charged with a solution of 12h (44 mg, 0.2 mmol)
and N-benzylbenzamide (27 mg, 0.2 mmol, internal standard). Aliquots were taken via syringe to collect *H
NMR spectra under ambient conditions (400 mHz, CDCls, time = 0, 100% 12h, panel A above). The reaction
mixture was exposed to UV-light (hv = 350 nm) at 35 °C in a Rayonet. After 9 h, the reaction was removed
from UV-light cooled to rt, and and analyzed by 'H NMR (panel B). The mixture was then treated with EtsN
(0.3 mL, 0.2 mmol) and heated to 100 °C. After 3 h, the reaction was cooled to rt. An aliquot was concentrated
and analyzed by *H NMR (400 mHz, CDClIs, panel C). This experiment established that 13h was formed in
27% yield (by NMR).
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8. Photochemical reaction setup and analysis of quartz vs. Pyrex glassware.

Pictures of reaction setup in the Rayonet are provided below. Reactions described in Tables 1 and 2 were
carried out in quartz flasks as described in the manuscript; however, the use of quartz is not required. As
shown in Table S1, Pyrex glassware affords identical results (+/- 3% yield, experiments repeated in duplicate)
for the photoisomerization of substrate 4 to rearranged cyclooctadiene 3.

Reaction setup — 0.5 mmol scale

A

A = Flat-bottom quartz flask charged with photosubstrate in MeCN. The reaction was maintained under an
atmosphere of N».

B = The reaction vessel was placed on a stir plate within the Rayonet and irradiated using 24 W lamps for the
indicated period of time.

C = The reaction flask was removed from the Rayonet and directly added to a pre-heated oil bath for the
indicated period of time. On larger scale, it was necessary to connect a reflux condenser.

S22



Table S1. Direct comparison of quartz vs. Pyrex glassware?

entry  glassware irradiation time ratio of 4:5° yield 3 (%)° recovered 4 (%)
1 quartz 12 h 1:2.6 51 26
2 Pyrex 12 h 1:2.3 48 17

@ Photochemistry was carried out using 24 W UV-lamps as described above. Reactions were preformed on 0.5 mmol
scale utilizing photosubstrate 4 in either a 50 mL quartz flask (entry 1) or 50 mL Pyrex flask of equal dimensions (entry 2).°
Product ratio of E/Z-4 and [2+2] photoadduct 5 after exposure to 350 nm UV-light for 12 h as determined by *H NMR of
the unpurified photolysate (400 MHz, CD3CN). Values reported as the average for duplicate experiments. ¢ Isolated yield
of 3 upon warming the crude photolysate to reflux for 6 h. Purification was preformed on neutralized SiO2 as described
above. Values reported as the average for duplicate experiments.
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NAME JL2281cd 13C
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PROCNO 1
Date_ 20170312
Time 22.01
INSTRUM spect

PROBHD 5 mm PABBO BB-
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NAME JL2279b 13C
1

EXPNO

PROCNO 1
Date_ 20170314
Time 1.27
INSTRUM spect

PROBHD 5 mm PABBO BB-
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======== CHANNEL 2 ======== MW: 206.24
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PCPD2 80.00 usec
PL2 -2.78 dB
PL12 15.28 dB
PL13 18.00 dB
PL2W 27.10892296 W
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NAME AES 4056 C13
EXPNO 1
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NAME JL3007a 13C
EXPNO 1

PROCNO 1
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Time 0.28
INSTRUM spect
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32
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NAME JL3059a 13C
1

EXPNO

PROCNO 1
Date_ 20170514
Time 16.55
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zgpg30
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DW 20.800 usec
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D1 2.00000000 sec
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======== CHANNEL {1 ======== [»]
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PL12W 0.42375252 W

PL13W 0.22652298 W

SFO2 400.1716007 MHz
32
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SSB 0
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NAME JL3043b 13C
EXPNO 1

PROCNO 1
Date_ 20170503
Time 17.06
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zgpg30

TD 65536
SOLVENT CDCI3
NS 65

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203

DW 20.800 usec
DE 6.50 usec
TE 294.5 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f{ ======
NUC1 13C

P1 10.00 usec
PL1 -1.78 dB

PL1W 47.30532455 W
SFO1 100.6328888 MHz

======== CHANNEL 2 ======
CPDPRG2 waltz16

NUC2 1H

PCPD2 80.00 usec

PL2 -2.78 dB

PL12 15.28 dB

PL13 18.00 dB

PL2W 27.10892296 W

PL12W 0.42375252 W

PL13W 0.22652298 W

SFO2 400.1716007 MHz
32

768
SF 100.6228270 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

HO

/N

0

s7: [:1|:'H'|EDE
MW 164,20

S38

200

180

160

140

120

100

80

ppm



S39

NAME JL3042a 1H %5 S Q 2 g * o
R0 ' NN @ 0 N SO0 & o
Date_ 20170503 Pt~ ~ © < N N =] o
Time 16.13
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
D 6
SOLVENT cDCI3
NS TBS0
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz ‘,F 1"1.
AQ 3.9846387 sec
RG 203
DW 60.800 usec o
DE 6.50 usec
TE 293.7 K —_—
D1 1.00000000 sec -
TDO 1 . ;
EE G‘IEHEEDESI
======== CHANNEL f1 ======== MW 278.47
NUC1 1H
P1 10.00 usec
PL1 -2.78 dB
PL1W  27.10892296 W
SFO1  400.1724712 MHz
sl 32768
SF 400.1700088 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
""""" I B I I I I I I I I I I I I I
14 13 12 11 10 7 2 1 ppm
o N~ © o FnFn o © ©
< S S S| |12 < N
- o I ol lallolad o ©



NAME JL3042a 13C
1

EXPNO

PROCNO 1
Date_ 20170503
Time 16.44
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zgpg30

TD 65536
SOLVENT CDCI3
NS 129

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203

DW 20.800 usec
DE 6.50 usec
TE 294.3 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f{ ========
NUC1 13C

P1 10.00 usec
PL1 -1.78 dB

PL1W 47.30532455 W
SFO1 100.6328888 MHz

TESO

/N

58: G1 EHzﬁDzSi

S40

======== CHANNEL f2 ======== MW 278.47
CPDPRG2  waliz16
NUC2 1H
PCPD2 80.00 usec
PL2 278 dB
PL12 15.28 dB
PL13 18.00 dB
PL2W  27.10892296 W
PL12W 042375252 W
PL13W  0.22652298 W
SFO2  400.1716007 MHz
Sl 32768
SF 100.6228270 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
! I ! ! I ! I I ! I I I I I !
200 180 160 140 120 100 80 60 40 20 ppm



S41

e Aeszion 22 23223 NEI8 T

PROONO " AN LONS O NO SN @

Date_ 20160429 M~ ©©ooow NN NN

Time 23.55

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG zg30

TD 6

SOLVENT CDCI3

NS /N

DS 2

SWH 8223.685 Hz (o]

FIDRES 0.125483 Hz

AQ 3.9846387 sec

RG 203

DW 60.800 usec

DE 6.50 usec

TE 293.9K

D1 1.00000000 sec

TDO 1 4: C’HH‘IEUE

======== CHANNEL f{ ======== MW 216,28

NUC1 1H

P1 10.00 usec

PL1 -2.78 dB

PL1W 27.10892296 W

SFO1 400.1724712 MHz

Sl 32768

SF 400.1700088 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

Al Jlt Al J ' A A L J_ A 2
""""" I D L L U I L I I I I BN DL I I
14 13 12 11 10 7 6 3 2 ppm

o (@) [(e]| ol (o] LIMNO|O]|[—
< |||l NIN|N|N|N
~ — [N~ |~ N[NNI



NAMED  AES 2027 C13
EXPNO, 1

PROCNO 1
Date_! 20151210
Time 20.34
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDCI3

256

S42

DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 144
DW 20.800 usec
DE 6.50 usec II|'r \'L
TE 2946 K
D1 2.00000000 sec o
D11 0.03000000 sec
TDO 1
======== CHANNEL f{ ======== \
NUC1 13C
P1 10.00 usec
PL1 -1.78 dB
PL1W 47.30532455 W
SFO1 100.6328888 MHz 4: C’MH1EUE
======== CHANNEL f2 ======== MW: 218,25
CPDPRG2 waltz16
uc2 1H
PCPD2 80.00 usec
PL2 -2.78 dB
PL12 15.28 dB
PL13 18.00 dB
PL2W 27.10892296 W
PL12W 0.42375252 W
PL13W 0.22652298 W
SFO2 400.1716007 MHz
SI 32768
SF 100.6228270 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
) I ) I ) I ) I ) I ) I I I I I )
200 180 160 140 120 100 80 60 40 20 ppm



S43

NAME  AES 2136 column el IVI8L [TLR2LY

AR ' N OO0 NOINN®

Date 20160326 ™~ © © 161016 NN NNN -

Time 15.44

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG 2930

™ 6

SOLVENT CDCI3

i B

DS 2

SWH 8223685 Hz Me

FIDRES  0.125483 Hz o

AQ 3.9846387 sec

RG 203

DW 60.800 usec \

DE 6.50 usec

TE 293.9 K

D1 1.00000000 sec

TDO 1

12a: G15H'|EDE

======== CHANNEL {1 ======== .

NUoH N MW 230,31

P1 10.00 usec

PL1 -2.78dB

PLIW  27.10892296 W

SFO1  400.1724712 MHz

S| 32768

SF 400.1700088 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

UL uJ .
""""" N I B I B B B I B B B I I
14 13 12 11 10 6 3 2 ppm
of—Jw|n o< rﬁr\ ﬂ
Slo|o|o Slo|o|=|N|S
AN[AN[N[N[M[N



S44

NAME? AES 2134 C13 li_hal exchange
1

EXPNO,

PROGNO 1
Date_ 20160328
Time 14.44
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zgpg30

TD 65536
SOLVENT CDCI3
NS 256
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
DW 20.800 usec
DE 6.50 usec Jll’ ‘||Il
TE 295.1 K
D1 2.00000000 sec Me
D11 0.03000000 sec (8]
TDO 1
jal
======== CHANNEL f{ ========
NUC1 13C 1\
P1 10.00 usec
PL1 -1.78 dB

PL1W 47.30532455 W
SFO1 100.6328888 MHz

12a; {-..:1 5H|EDE
======== CHANNEL {2 ======== .
CPDPRG2 waltz16 MW: 230,31
NUC2 1H
PCPD2 80.00 usec
PL2 -2.78 dB
PL12 15.28 dB
PL13 18.00 dB

PL2W 27.10892296 W

PL12W 0.42375252 W

PL13W 0.22652298 W

SFO2 400.1716007 MHz
32

SI 768

SF 100.6228270 MHz
WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

200 180 160 140 120 100 80 60 40 20 0 ppm



S45
o o M~ O <+ OoONMOO ()]
N Mg JAL2109D TH ® Ov=®© ITROLNSF ™
PROCNO 1 N DM MO M N
Date 20170808 N OO O NN KR o
Time 15.52
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 6
SOLVENT CDCI3
« B
DS 2
SWH 8223.685 Hz 0 TMS
FIDRES 0.125483 Hz
AQ 3.9846387 sec [n]
RG 203
DW 60.800 usec \
DE 6.50 usec
TE 295.9 K
D1 1.00000000 sec
TDO 1 .
12h C1THF'40F'SI
======== CHANNEL f| ======== MW 288 .4
NUC1 1H 88.46
P1 10.00 usec
PL1 -2.78 dB
PL1W 27.10892296 W
SFO1 400.1724712 MHz
Sl 32768
SF 400.1700083 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
‘ JLA_J J_JJ_L A . JL
""""" I D L L U I L I I I I BN DL I I
14 13 12 11 10 6 3 2 ppm
N~[—[w©o|~ —[w©|m] [0 o
olo|®|o olo|9| [© S
—|—|O|O <t N[N [N »



NAME JAL2018D 13C
2

EXPNO

PROCNO 1
Date_ 20170315
Time 14.40
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zgpg30

S46

TD 65536
SOLVENT CDCI3
NS 41
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
DW 20.800 usec
DE 6.50 usec J,u’ \1
TE 293.2K
D1 2.00000000 sec ™S
D11 0.03000000 sec (4]
TDO 1 o
======== CHANNEL f{ ========
NUC1 13C
P1 10.00 usec
PL1 -1.78 dB
PL1W 47.30532455 W
SFO1 100.6328888 MHz 12b° CyaHasJa5i
e WAL g’
======== CHANNEL 2 ======== .
CPDPRG2 waltz16 MW: 288.46
NUC2 1H
PCPD2 80.00 usec
PL2 -2.78 dB
PL12 15.28 dB
PL13 18.00 dB
PL2W 27.10892296 W
PL12W 0.42375252 W
PL13W 0.22652298 W
SFO2 400.1716007 MHz
SI 32768
SF 100.6228270 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
) I ) I ) I ) I

120

T
100



S47

ExPio /oo 1025 column B YIORBR REIIL IrcRbvoo

FROCNO 1 SR EEEE =333 RreI98D

Date_ 20170426 N~ O O OWLwLw A S S i o) ANANANANANN «—

Time 21.14

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG zg30

TD 65536

SOLVENT CDCI3

NS 16

DS 2

SWH 8223.685 Hz

FIDRES 0.125483 Hz

AQ 3.9846387 sec

RG 203

DW 60.800 usec

DE 6.50 usec

TE 2949 K

D1 1.00000000 sec

TDO 1

12c: G'I?HEDG.‘

======== CHANNEL f{ ======== .

NUCT Ty MW 288,34

P1 10.00 usec

PL1 -2.78 dB

PL1W 27.10892296 W

SFO1 400.1724712 MHz

Sl 32768

SF 400.1700088 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

.IAJL J' UL A J ~ — I
[rerrrrTT [rorrrTeT [rrrTrTTrTpT T T | D R R [rerTrrTrTpT T T [rorTrrTTT | R D D
14 13 12 11 6 4 3 ppm

olvtT|M|WO AN ~—|—]~—][N
S @':( oo Slo a@lo|olo||le
Al (=1l bl (=) N[N — N[NNI AN



NAMEZ JAL2015Db repurified 13C
EXPNO 2

PROCNO 1
Date_ 20170315
Time 14.25
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zgpg30

TD 65536
SOLVENT CDCI3
NS 50

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203

DW 20.800 usec
DE 6.50 usec
TE 293.2 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f{ ======
NUC1 13C

P1 10.00 usec
PL1 -1.78 dB

PL1W 47.30532455 W
SFO1 100.6328888 MHz

12c: C-l:.rH 2004

S48

======== CHANNEL 2 ========
CPDPRG2  waltz16 MWW 288.34
NUC2 1H
PCPD2 80.00 usec
PL2 278 dB
PL12 15.28 dB
PL13 18.00 dB
PL2W  27.10892296 W
PL12W  0.42375252 W
PL13W  0.22652298 W
SFO2  400.1716007 MHz
S| 32768
SF 100.6228270 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

! I ! I ! I ! I ! I ! I ! I I I I

200 180 160 140 120 100 80 60 40 20 ppm



S49

NAME JAL1067B o NO MM LOTONL MAN LW

EXPNO 1 © ~ 0O MNMO® OO NS OLWO

PROCNO 1 N NNQO® O ~N©OT I AN

Date_ 20160727 N~ © © O UvwWw OOMOANNNNANAN —

Time 19.09 o

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG zg30

TD 6

SOLVENT cDbci3 H

NS /N

DS 2

SWH 8223.685 Hz [s]

FIDRES 0.125483 Hz

AQ 3.9846387 sec

RG 50.8 \

DW 60.800 usec

DE 6.50 usec

TE 293.9K

D1 1.00000000 sec

TDO 1 12{] C1QH?5NU$

======== CHANNEL f] ======== MW 315,41

NUC1 1H

P1 10.00 usec

PL1 -2.78 dB

PL1W 27.10892296 W

SFO1 400.1724712 MHz

Sl 32768

SF 400.1700091 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

J UL JU Y J
""""" I D L L U I L I I I I BN DL I I
14 13 12 11 10 7 6 3 2 ppm

ﬁf‘—’{)\l Q|- o] (<] (W]
Slolo|a|o 2|0 |@|a)o|e||0
—|—|—|O|O MmN — ||| ||



NAME JAL1067B_13C
EXPNO, 1

PROGNO 1
Date_ 20160728
Time 10.52
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zgpg30

TD 65536
SOLVENT CDCI3

NS 300

DS 4

SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010548 sec
RG 203

DW 16.800 usec
DE 6.50 usec
TE 295.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f{ ======
NUC1 13C

P1 10.00 usec
PL1 -1.78 dB

PL1W 47.30532455 W
SFO1 100.6328888 MHz

C

/N

0

\

12d: C19H;>5ND$

S50

======== CHANNEL 2 ======== .
CPDPRG2 waltz16 MW: 315.41
NUC2 1H
PCPD2 80.00 usec
PL2 -2.78 dB
PL12 15.28 dB
PL13 18.00 dB
PL2W 27.10892296 W
PL12W 0.42375252 W
PL13W 0.22652298 W
SFO2 400.1716007 MHz
SI 32768
SF 100.6228270 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

) I ) I ) I ) I I ) I I I I I )

200 180 160 140 120 100 80 60 40 20 ppm



S51

20 2333 ©S838955

FROCNO 1 Iy ey NeIIJ2R

Date_ 20170412 ~P~ Qoo NN NN ~= =

Time 14.05

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG zg30 e

TD 65536

SOLVENT CDCI3

NS 8 /A

DS 2

SWH 8223.685 Hz o

FIDRES 0.125483 Hz

AQ 3.9846387 sec [4]

RG 203

DW 60.800 usec W,

DE 6.50 usec

TE 293.2K

D1 1.00000000 sec

Do L 12e: GiEH'IEDE

======== CHANNEL f{ ======== MW 230.31

NUC1 1H

P1 10.00 usec

PL1 -2.78 dB

PL1W 27.10892296 W

SFO1 400.1724712 MHz

Sl 32768

SF 400.1700088 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

U . R
""""" I D L L U I L I I I I BN DL I I
14 13 12 11 10 7 6 3 2 ppm

o (0|~ | MO0 |O|0
o (ellelle]{e] |||
~ ||| ANIN[AN[N|M[AN



NAME JL2232b 13C
EXPNO, 1

PROGNO 1
Date_ 20170203
Time 22.20
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDCI3

256

S§52

DS 4
SWH 36057.691 Hz
FIDRES 0.550197 Hz e
AQ 0.9088159 sec
RG 203
DW 13.867 usec
DE 6.50 usec lfl \'l
TE 296.0 K
D1 2.00000000 sec o
D11 0.03000000 sec
TDO 1 [u]
======== CHANNEL {1 ======== ‘l\
NUCA1 13C
P1 9.50 usec
PL1 3.00 dB
PL1W 59.92485046 W
SFO1  150.9178988 MHz 12e: Ci5H130;
======== CHANNEL f2 ======== MW 230,31
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 -1.40dB
PL12 13.74 dB
PL13 13.70 dB
PL2W 16.22728539 W
PL12W 0.49687356 W
PL13W 0.50147104 W
SFO2 600.1324005 MHz
Sl 32768
SF 150.9028090 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
) I ) I I ) I ) I ) I I I I I )
200 180 160 140 120 100 80 60 40 20 ppm



S53

O MO ™ o ©COMM®OO To)
N g JAL2127DbH B OwoW0 o) ~OBAD— o ~
PROCNO 1 NN OO NO < ~NOY Y N© ® o
Date 20170509 N~ OO0 oW < NANNNN~— o o
Time 9.02
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930 TB50
D 6
SOLVENT cDCI3
NS I
DS 2
SWH 8223.685 Hz o
FIDRES 0.125483 Hz
AQ 3.9846387 sec o
RG 203
DW 60.800 usec \
DE 6.50 usec
TE 293.8 K
D1 1.00000000 sec
oo ! 121 Cpy Hp 0,81
======== CHANNEL f{ ======== MW 36057
NUC1 1H
P1 10.00 usec
PL1 -2.78 dB
PLIW  27.10892296 W
SFO1 400.1724712 MHz
Sl 32768
SF 400.1700091 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
| L l N
""""" I B I M B I M B I I I I I I I
14 13 12 11 10 7 6 3 2 1 ppm
™ NP1 o)) ©[w© éjr\ o)) o )
o olo||o @ o|o|S|o||® o %)
o —|—|O ~ ~ |||~ ||~ » 0



NAME_ JAL2121Db 13C
1

EXPNO,

PROGNO 1
Date_ 20170510
Time 1.07
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zgpg30

S54

TD 65536
SOLVENT CDCI3
NS 25
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec TBSOD
RG 203
DW 20.800 usec
DE 6.50 usec f' ‘.,L
TE 295.1 K
D1 2.00000000 sec
D11 0.03000000 sec o
TDO 1 o
======== CHANNEL f{ ========
NUC1 13C
P1 10.00 usec
PL1 -1.78 dB
PL1W 47.30532455 W
SFO1 100.6328888 MHz 121 C21 | {SEG'JS'
======== CHANNEL 2 ======== W 38067
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 -2.78 dB
PL12 15.28 dB
PL13 18.00 dB
PL2W 27.10892296 W
PL12W 0.42375252 W
PL13W 0.22652298 W
SFO2 400.1716007 MHz
SI 32768
SF 100.6228270 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
) I ) ) I ) I I ) I I I I I )
200 180 160 140 120 100 80 60 40 20 ppm



S55

N AES 4060 courm 2 2388 32828802808 e
AR ' N 0 @ 0) © NNOUSITOONONNQ
Date__ 20170517 N~ O O W ANANANNNNANNANT~™ v~
Time 17.46
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
D 6
SOLVENT cDCI3
& /1
DS 2
SWH 8223.685 Hz o
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 203
DW 60.800 usec \
DE 6.50 usec
TE 294.1 K
D1 1.00000000 sec
TDO 1 ;
CHANNEL 1 129: C1gtion0
N INE MW 270.37
P1 10.00 usec
PL1 -2.78 dB
PLIW  27.10892296 W
SFO1  400.1724712 MHz
sl 32768
SF 400.1700091 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
! y
A Vi . |
""""" N B B B B B B B I I B I I
14 13 12 11 10 6 3 2 1 pm
of—(cof< ,O’/ﬂ'/ll\ r\\}‘\ﬁmﬁ\m‘
i oleeee|Ie|Ile
—|—[[O|O AN[AN[N[NININI<T N



S56

NAME?  AES 4060 C13
1

EXPNO,

PROGNO 1
Date_! 20170517
Time 19.57
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zgpg30

TD 65536
SOLVENT CDCI3
NS 256
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
DW 20.800 usec
DE 6.50 usec
TE 295.0 K I."r ‘\
D1 2.00000000 sec
D11 0.03000000 sec 0
TDO 1
o]
======== CHANNEL f{ ========
NUCH 13C ‘\
P1 10.00 usec
PL1 -1.78 dB

PL1W 47.30532455 W
SFO1 100.6328888 MHz

12g: C15Hz,0;

======== CHANNEL 2 ========
CPDPRG2  waltz16 MW 27037
NUC2 1H

PCPD2 80.00 usec

PL2 278 dB

PL12 15.28 dB

PL13 18.00 dB

PL2W 27.10892296 W

PL12W 0.42375252 W

PL13W 0.22652298 W

SFO2 400.1716007 MHz
32

SI 768

SF 100.6228270 MHz
WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

200 180 160 140 120 100 80 60 40 20 0 ppm



S57

NAME JAL2290Dii 1H 8 % g g g 8 8 C,B g 8 g %

PROONO " TNN®ONS D = NINEA

Date_ 20170810 M~ © o oo < < NN NN

Time 22.16

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG zg30

TD 65536

SOLVENT CDCI3

NS 8 Jl'll \'L

DS 2

SWH 8223.685 Hz 0

FIDRES 0.125483 Hz (%]

AQ 3.9846387 sec ]

RG 181

DW 60.800 usec \

DE 6.50 usec

TE 2958 K

D1 1.00000000 sec

Do ! 12h: G13H1403

======== CHANNEL f1 ======== N

NUCH Ty MW: 218,25

P1 10.00 usec

PL1 -2.78 dB

PL1W 27.10892296 W

SFO1 400.1724712 MHz

Sl 32768

SF 400.1700108 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00
J L

16 15 14 13 12 11 10 7 4 -1 -2 -3 ppm

oO|V||IO|[~—([M~ [(e][(e] ™M |(©
Q|N|(e|e|e o Qe
— |O|ll—|IM|O AN AN



NAMES? JAL2290Dii 13C
EXPNO 2

PROCNO 1
Date_ 20170810
Time 22.31
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zgpg30

TD 65536
SOLVENT CDCI3
NS 20

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203

DW 20.800 usec
DE 6.50 usec
TE 296.3 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f{ ======
NUC1 13C

P1 10.00 usec
PL1 -1.78 dB

PL1W 47.30532455 W
SFO1 100.6328888 MHz

12h: G13H1.103

S58

======== CHANNEL 2 ====== i
CPDPRG2 waltz16 MW: 218.25
NUC2 1H
PCPD2 80.00 usec
PL2 -2.78 dB
PL12 15.28 dB
PL13 18.00 dB
PL2W 27.10892296 W
PL12W 0.42375252 W
PL13W 0.22652298 W
SFO2 400.1716007 MHz
SI 32768
SF 100.6228270 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

) I ) ) I I ) I ) I I I I I )

200 160 140 120 100 80 60 40 20 ppm



S59

NAME  JAL3217C 1H 83 8Q83% & I358 O
EXPNO 1 AN ©¥NS O - DO MmN D
Date._ 20171214 MM OO O own Yo} NANANN —
Time 14.05
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
D 6 ,.l( W
SOLVENT CDCI3
NS o
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec \
RG 203
DW 60.800 usec
DE 6.50 usec
TE 2948 K
D1 1.00000000 sec HQ
TDO 1 .
CHANNEL 1 12] G14H1603
NUCT Ty MW 232.28
P1 10.00 usec
PL1 -2.78 dB
PL1W 27.10892296 W
SFO1 400.1724712 MHz
Sl 32768
SF 400.1700085 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
AJ Juu- JL S
""""" I D L L U I L I I I I BN DL I I
14 13 12 11 10 6 5 3 ppm
[e0] bdi=ll{*l*2] o Q|| AN
o [S|S|% S SOl |N
o ~—|— O+ ~— — NI AN



S60

NAME JAL2126A 13C
1

EXPNO

PROCNO 1
Date_ 20170511
Time 0.15
INSTRUM spect

PROBHD |5 mm PABBO BB-
PULPROG zgpg30

TD 65536

SOLVENT CDCI3

NS 385

DS 4

SWH 24038.461 Hz

FIDRES 0.366798 Hz

AQ 1.3631988 sec

RG 203 ‘r‘ "'|l
DW 20.800 usec

DE 6.50 usec 0

TE 295.1 K

D1 2.00000000 sec (4]
D11 0.03000000 sec

TDO 1 ‘\
======== CHANNEL f1 ========

NUC1 13C

P1 10.00 usec

PL1 -1.78 dB

PL1W 47.30532455 W HD

SFO1 100.6328888 MHz -
12): C14H-|.5G'3

======== CHANNEL f2 ======== .

CPDPRG2  waliz16 MWV 232.28
NUC2 H

PCPD2 80.00 usec

pL2 278 dB

PL12 15.28 dB

PL13 18.00 dB

PL2W 27.10892296 W

PL12W 0.42375252 W

PL13W 0.22652298 W

SFO2 400.1716007 MHz
32

SI 768

SF 100.6228270 MHz
WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

200 180 160 140 120 100 80 60 40 20 0 ppm



S61

NAME  JAL3146C 1H Q Q = ¥ K

EXPNO 2 Q 3 © Q7

PROCNO 1 ~ ™ o - -

Date_ 20171027

Time 9.52

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG 2930

D 6

SOLVENT CDCI3

NS

DS 2

SWH 8223.685 Hz

FIDRES 0.125483 Hz

AQ 3.9846387 sec

RG 203

Dw 60.800 usec

DE 6.50 usec

TE 294.2 K

D1 1.00000000 sec

TDO 1 51 0: CTH'IEG

======== CHANNEL f1 ======== MW 11247

NUCH1 1H

P1 10.00 usec

PL1 -2.78 dB

PLIW  27.10892296 W

SFO1 400.1724712 MHz

Sl 32768

SF 400.1700088 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

. ] m
""""" I I I B I I I I A IR I LRI I I IR IR
14 13 12 11 10 4 1 ppm

— v (o (o
< o | <
(qV] o ~ ©



S62

o — © o IO — —
Eﬁyﬁo JAL30516A1H 3 <3 SRS N
PROCNO 1 N oA ~ee A
Date_ 20170916 N~ ™™ N NN ~
Time 14.34
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 6
SOLVENT CDCI3 |
NS
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 101 -
DW 60.800 usec o —_—
DE 6.50 usec Me’
TE 2935K Me
D1 1.00000000 sec
TDO 1 S511: C.Hy,l
======== CHANNEL {1 ======== MW: 222.07
NUC1 1H
P1 10.00 usec
PL1 -2.78 dB
PL1W 27.10892296 W
SFO1 400.1724712 MHz
Sl 32768
SF 400.1700091 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
) L - J
""""" | I I I I L N I I L I I I IR IR I
14 13 12 11 10 2 ppm
N~ N~~~ o
< |2 Q
N O|N (o}



NAME JAL3056A 13C
EXPNO 1

PROCNO 1
Date_ 20170916
Time 14.49
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDCI3

150

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203

DW 20.800 usec
DE 6.50 usec
TE 294.4 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f{ ======
NUC1 13C

P1 10.00 usec
PL1 -1.78 dB

PL1W 47.30532455 W
SFO1 100.6328888 MHz

======== CHANNEL 2 ======
CPDPRG2 waltz16

uc2 1H
PCPD2 80.00 usec
PL2 -2.78 dB
PL12 15.28 dB
PL13 18.00 dB
PL2W 27.10892296 W
PL12W 0.42375252 W
PL13W 0.22652298 W

SFO2 400.1716007 MHz
32768

SF 100.6228270 MHz

WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

511: CiHy4l
MWy 222.07

S63
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S64

NAME  JAL3144AB 1H NG 588 A5 592 o

AR 2, @ N NS & N NN |

Date 20171027 ™~ ~ © © NN N =

Time 9.39

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG zg30

TD 6

SOLVENT CDCI3

NS

DS 2

SWH 8223.685 Hz

FIDRES 0.125483 Hz

AQ 3.9846387 sec

RG 144

DW 60.800 usec

DE 6.50 usec

TE 294.5K

D1 1.00000000 sec

Do 1 512 G-1H14G

======== CHANNEL f{ ======== MW 162.23

NUC1 1H

P1 10.00 usec

PL1 -2.78 dB

PL1W 27.10892296 W

SFO1 400.1724712 MHz

Sl 32768

SF 400.1700088 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

""""" I D L L U I L I I I I BN DL I I

14 13 12 11 10 6 3 2 ppm

AN s Yo} | |~ o
o 3|9 3 (9o (S
o oo ~ Ol [~ ©



S65

NAME  JAL3144AB 13C
3

EXPNO

PROCNO 1
Date_ 20171027
Time 18.13
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zgpg30

™ 65536
SOLVENT cDCI3
NS 10
DS 4
SWH 24038 461 Hz
FIDRES  0.366798 Hz
AQ 1.3631988 sec
RG 203
DW 20.800 usec
DE 6.50 usec
TE 294.0 K
D1 2.00000000 sec I,n'r "'.l
D11 0.03000000 sec
TDO 1 0
======== CHANNEL f1 ========
NUC1 13C —
P1 10.00 usec T _—
PL1 -1.78 dB Me
PLIW  47.30532455 W Me
SFO1  100.6328888 MHz
CHANNEL 72 $12: Gy H.,0
CPDPRG2  waltz16 MW 162.23
NUC2 1H
PCPD2 80.00 usec
PL2 278 dB
PL12 15.28 dB
PL13 18.00 dB

PL2W 27.10892296 W

PL12W 0.42375252 W

PL13W 0.22652298 W

SFO2 400.1716007 MHz
32

SI 768

SF 100.6228270 MHz
WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

200 180 160 140 120 100 80 60 40 20 0 ppm



S66

. — O MM O [e2{e] < — (o))
E)/-(\I';AI\IIEO JAL321411A| 1H o © ONO © N N ™ <
PROCNO 1 RN ool oo 22 2
Date_ 20171211 ~ © OO ) Y T
Time 21.41
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT CDCI3
NS 8
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 203
DW 60.800 usec
DE 6.50 usec
TE 2948 K
D1 1.00000000 sec
TDO 1 513: CHH-IE'D
======== CHANNEL f{ ======== MW 290,14
NUC1 1H
P1 10.00 usec
PL1 -2.78 dB
PL1W 27.10892296 W
SFO1 400.1724712 MHz
SI 32768
SF 400.1700083 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
A n J L Wee
[rrrrTTeT | | | | | IR I I B | D D A I [rorrrrrrrrTeTT
14 13 12 11 10 6 1 ppm
— [ap)[0)([¢e} © N D
- S|S|S N o |Q
~ ~ ||\ AN AN ©



S67

NAME  JAL3214Ai 13C
1

EXPNO

PROCNO 1
Date_ 20171211
Time 23.26
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zgpg30

D 65536

SOLVENT CcDCI3

NS 315

DS 4

SWH 24038.461 Hz

FIDRES  0.366798 Hz

AQ 1.3631988 sec

RG 203

DW 20.800 usec

DE 6.50 usec

TE 295.6 K

D1 2.00000000 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL f1 ========
NUC1 13C

P1 10.00 usec

PL1 -178 dB

PLIW  47.30532455 W

SFO1  100.6328888 MHz $13: G H510
======== CHANNEL f2 ======== MW 29 D.1 'd'
CPDPRG2  waltz16

NUC2 1H

PCPD2 80.00 usec

PL2 -278 dB

PL12 15.28 dB

PL13 18.00 dB

PL2W 27.10892296 W

PL12W 0.42375252 W

PL13W 0.22652298 W

SFO2 400.1716007 MHz
32

SI 768

SF 100.6228270 MHz
WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

200 180 160 140 120 100 80 60 40 20 0 ppm



S68

AN O Ot ON ANANNNODOO O
E)A(MI\IIEO JAL3211GC1H 3 ‘I:I\C\IOLO N PR
PROCNO 1 NN T NNO O NS NN
Date_ 20171212 NN~ © O oo NNNNN~—
Time 22.48
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT CDCI3
NS
DS 2 J'Ir IIl'L
SWH 8223.685 Hz
FIDRES 0.125483 Hz o
AQ 3.9846387 sec o
RG 203
Dw 60.800 usec -
DE 6.50 usec fl'ﬂw‘l \‘\
TE 294.7 K Me
D1 1.00000000 sec
TDO 1
======== CHANNEL f{ ======== 12i: CygHop0s
NUCT 1H MW 244.33
P1 10.00 usec
PL1 -2.78 dB
PL1W 27.10892296 W
SFO1 400.1724712 MHz
Sl 32768
SF 400.1700087 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
A L
""""" [rorTTTrrrpTeTT I D B D N N N IR IR I I B I
14 13 12 11 10 9 8 7 6 5 4 3 2 1 ppm
™0 ool [ [=)[2) N o
o SIS 2SI® o [N
o —|—|O|O ~— ||+ [q\] Te]



S69

NAME JAL3216C 13C
1

EXPNO,

PROGNO 1
Date_ 20171212
Time 23.01
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zgpg30

TD 65536

SOLVENT CDCI3

NS 50

DS 4

SWH 24038.461 Hz

FIDRES 0.366798 Hz

AQ 1.3631988 sec

RG 203

DW 20.800 usec

DE 6.50 usec

TE 2953 K

D1 2.00000000 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL f{ ========
NUC1 13C

P1 10.00 usec

PL1 -1.78 dB

PL1W 47.30532455 W

SFO1 100.6328888 MHz
======== CHANNEL {2 ======== 12i Cﬂ'-i HE[:'GE
CPDPRG2 waltz16 MW- 244.33
NUC2 1H

PCPD2 80.00 usec

PL2 -2.78 dB

PL12 15.28 dB

PL13 18.00 dB

PL2W 27.10892296 W

PL12W 0.42375252 W

PL13W 0.22652298 W

SFO2 400.1716007 MHz
32

SI 768

SF 100.6228270 MHz
WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

200 180 160 140 120 100 80 60 40 20 0 ppm



NAME AES 2233c
EXPNO 1

PROCNO 1
Date_ 20160615
Time 2.04
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536

S70

—7.260
—6.084
——5.863
—5.450

SOLVENT CDCI3
NS 16
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 57
DW 60.800 usec o
DE 6.50 usec
TE 293.6 K H
D1 1.00000000 sec
TDO 1
3: Cqy4H 505
======== CHANNEL f] ======== MW: 215.28
NUC1 1H
P1 10.00 usec
PL1 -2.78 dB
PL1W 27.10892296 W
SFO1 400.1724712 MHz
Sl 32768
SF 400.1700088 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
""""" I D L L U I L I I I I BN DL I I
14 13 12 11 10 9 8 7 6 5 4 3 2 1 ppm
o0 [T O[O |O|© [(e]
—|O| [O MIN|[NI|WO ~



S71

NAME  “AES 2235 pure C13
1

EXPNO

PROCNQ® 1
Date_ 20160618
Time 3.31
INSTRUM spect

PROBHD | 5 mm PABBO BB-
PULPROG zgpg30

TD 65536

SOLVENT CDCI3

NS 256

DS 4

SWH 24038.461 Hz

FIDRES 0.366798 Hz

AQ 1.3631988 sec

RG 203

DW 20.800 usec

DE 6.50 usec

TE 2948 K

D1 2.00000000 sec

D11 0.03000000 sec

TDO 1

======== CHANNEL 1 ======== (]
NUC1 13C

P1 10.00 usec H

PL1 -1.78 dB

PL1W 47.30532455 W

SFO1 100.6328888 MHz 3: C14H1EDE
======== CHANNEL {2 ======== MW 216,28
CPDPRG2 waltz16

NUC2 1H

PCPD2 80.00 usec

PL2 -2.78 dB

PL12 15.28 dB

PL13 18.00 dB

PL2W 27.10892296 W

PL12W 0.42375252 W

PL13W 0.22652298 W

SFO2 400.1716007 MHz
32

SI 768

SF 100.6228270 MHz
WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

200 180 160 140 120 100 80 60 40 20 0 ppm



S72

NAME AES 2181 1H o o o OMNOMNT OO0 ONMO
EXPNO 1 © n © ™ OO OMKNO©OOD®AND
PROCNO 1 N a9 @ WO T T OO0 O DLW
Date 20160511 ™~ © 0 ~ M N NNNNN = = = e
Time 18.28
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
D 6
SOLVENT CDCI3 o7 R
NS
DS 2 H
SWH 12335.526 Hz
FIDRES 0.188225 Hz
AQ 2.6564426 sec
RG 144
DW 40.533 usec H -
DE 6.50 usec o
TE 293.6 K
D1 100000000 sec
Do 5: Cy4H50;
======== CHANNEL f{ ======== MW 216.28
NUCH1 1H
P1 14.00 usec
PL1 -1.40 dB
PL1W 16.22728539 W
SFO1 600.1337060 MHz
Sl 32768
SF 600.1300160 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
) Jqu J JL__,JLL,»W |
""""" I I I B I I I I A IR I LRI I I IR IR
14 13 12 11 10 6 3 2 ppm
o) (w© < ©) [0y jéﬁﬁké‘
Q| e < Q|1 NN[M]
~ ~ ~ ~ ~— |—|ONIN|N |~ ||~



NAMEL  AES 2181 C13
EXPNO, 1

PROCNO 1
Date_¢ 20160511
Time 21.59
INSTRUM spect

PROBHD 5 mm PABBO BB-

S73

PULPROG zgpg30
D 65536
SOLVENT CDCI3
NS 4096
DS 4 O
SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9088159 sec
RG 203
DW 13.867 usec
DE 6.50 usec
TE 298.3 K H —_—
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
oo B Cutee
P1 9,50 usec MW: 216,28
PL1 3.00 dB
PL1W 59.92485046 W
SFO1 150.9178988 MHz
======== CHANNEL f2 ========
CPDPRG2 waltz16
uc2 1H
PCPD2 80.00 usec
PL2 -1.40 dB
PL12 13.74 dB
PL13 13.70 dB
PL2W 16.22728539 W
PL12W  0.49687356 W
PL13W  0.50147104 W
SFO2 600.1324005 MHz
Sl 32768
SF 150.9028090 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
Ao OV S A S ittt IJ L oo " e
j I j I I j I j I j I I j I I I j
200 180 160 140 120 100 80 60 40 20 ppm



S74

NAVE  AES 5120 Coe 1.5 100C BB]  IB5E SR BNNIIRNIIIVRE
PROCNO 1 — O O © O MmN NOMNT—OOOOOMNOWLW I — O
Date__ 20180116 NN~ N~ 0 www oA ANANANANTSN T - -~ «—
Time 21.03
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 536
SOLVENT Tol
NS 8
DS 2
SWH 12335.526 Hz
FIDRES 0.188225 Hz
AQ 2.6564426 sec
RG 203
DW 40.533 usec
DE 6.50 usec
TE 298.2 K
D1 1.00000000 sec
TPo ! B: C4H;g02
======== CHANNEL f] ======== MW- 216,28
NUC1 1H
P1 13.00 usec
PL1 -1.40 dB
PL1W 16.22728539 W
SFO1 600.1337060 MHz
SI 32768
SF 600.1300000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
A J L‘ JUK_\‘ 1 " J M L
""""" | IS N N I I I N B IR I I IR B IR I
14 13 12 11 10 9 8 7 6 5 4 3 2 1 ppm

ol 1O — 9] NN~ || OO0
AN [N o ~ ~— |AN[N |~~~ ]|



S75

NAME  AES 5186 Cope 1.5h 100C C13
1

EXPNO

PROCNO 1
Daté_ 20180116
Time 21.11
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zgpg30
536

TD 65

SOLVENT Tol

NS 13990

DS 4

SWH 39062.500 Hz

FIDRES 0.596046 Hz

AQ 0.8389108 sec

RG 203

DW 12.800 usec

DE 6.50 usec

TE 298.3 K

D1 2.00000000 sec

D11 0.03000000 sec

TDO 1 H

======== CHANNEL f{ ======== Q

NUC1 13C

P1 9.50 usec H

PL1 3.00 dB

PL1W 59.92485046 W

SFO1 150.9178988 MHz .
6:Cy4Hig02

======== CHANNEL 2 ======== MW 216.28

CPDPRG2 waltz16

NUC2 1H

PCPD2 80.00 usec

PL2 -1.40dB

PL12 14.38 dB

PL13 13.70 dB

PL2W 16.22728539 W

PL12W 0.42879117 W

PL13W 0.50147104 W

SFO2 600.1324005 MHz
32

SI 768

SF 150.9028090 MHz
WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

200 180 160 140 120 100 80 60 40 20 0 ppm



NAME AES 5050b
EXPNO 1

PROCNO 1
Date_ 20171030
Time 9.46
INSTRUM spect

PROBHD 5 mm PABBO BB-

S76

OANNOANNL OO v« ©
ONTTOMOOWON
MOUITONAN OO
OANANANANANANTT v~ —

—7.260
—6.374
—5.633

PULPROG zg30
TD 65536
SOLVENT CDCI3
NS 8
DS 2 OH H
SWH 8223.685 Hz =
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 181
DW 60.800 usec = Q
DE 6.50 usec H H
TE 293.9 K
D1 1.00000000 sec
TDO 1 .
======== CHANNEL f1 ======== MW 216,28
NUC1 1H
P1 10.00 usec
PL1 -2.78 dB
PL1W  27.10892296 W
SFO1 400.1724712 MHz
SI 32768
SF 400.1700094 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
0 D VD N e
""""" | IS N N I I I N B IR I I IR B IR I
14 13 12 11 10 9 8 7 6 5 4 3 2 1 ppm
o (a2] w0 OO [~ |[ON I
- - -~ <lNI~lIsr



NAME  AES 5052b C13
EXPNO 1

PROCNO 1
Date_ 20171031
Time 10.41
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zgpg30

TD 65536
SOLVENT CDCI3

NS 636

S77

DS 4
SWH 39062.500 Hz
FIDRES  0.596046 Hz
AQ 0.8389108 sec
RG 203
DW 12.800 usec
DE 6.50 usec OH H
TE 297.9 K E
D1 2.00000000 sec e
D11 0.03000000 sec
TDO 1
======== CHANNEL f{ ======== = o
NUCT 13C
P1 9.50 usec H H
PL1 3.00 dB
PLIW  59.92485046 W
SFO1  150.9178988 MHz 11: Ci4H50;
======== CHANNEL f2 ======== MW. 21 6., 28
CPDPRG2  waltz16
uc2 1H
PCPD2 80.00 usec
PL2 -1.40 dB
PL12 14.38 dB
PL13 13.70 dB
PL2W  16.22728539 W
PL12W  0.42879117 W
PL13W  0.50147104 W
SFO2  600.1324005 MHz
Sl 32768
SF 150.9028090 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
! I ! I ! I ! I I ! I I I I I !
200 180 160 140 120 100 80 60 40 20 ppm



NAME AES 3017 1H o o< V- VOTOANDLO—OONT O
EXPNO 1 © 0 o M OONDVDODVDT— T 0OOOON
PROCNO 1 N o~ OETONOANNT—OOONNO®MAN
Date_ 20160824 r~ oW NANNNNNNN ™~
Time 0.20
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 6
SOLVENT CDCI3
NS
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 71.8
DW 60.800 usec
DE 6.50 usec
TE 297.9K
D1 1.00000000 sec
TDO 1
CHANNEL 1 13ﬂ: C15H1EDE

NUCH H MW, 230.31
P1 10.00 usec
PL1 -2.78 dB
PL1W 27.10892296 W
SFO1 400.1724712 MHz
Sl 32768
SF 400.1700089 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

[ 1
""""" I D L L U I L I I I I BN DL I I

14 13 12 11 10 6 3 2 1 ppm
[e][c0] LID[(D[(M[(O|O|O|~
Q| oe|e|e~ X (N



NAME ~TAES 3017 C13
EXPNO 1

PROCNQ 1
Date_ 20160824
Time 0.54
INSTRUM spect

PROBHD | 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDCI3

512

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203

DW 20.800 usec
DE 6.50 usec
TE 298.1 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f{ ======
NUC1 13C

P1 10.00 usec
PL1 -1.78 dB

PL1W 47.30532455 W
SFO1 100.6328888 MHz

13a: C15H15C}E

S79

======== CHANNEL 2 ======== .
CPDPRG2 waltz16 MW 230.31
uc2 1H
PCPD2 80.00 usec
PL2 -2.78 dB
PL12 15.28 dB
PL13 18.00 dB
PL2W 27.10892296 W
PL12W 0.42375252 W
PL13W 0.22652298 W
SFO2 400.1716007 MHz
SI 32768
SF 100.6228270 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
) I ) I ) I ) I I ) I I I I I )
200 180 160 140 120 100 80 60 40 20 ppm



NAME AES 3293a o o N DLDOANTOOTO—LO~OO©OAN O

EXPNO 1 © [oNe] OCONMNOMMANSISINSOMOOON

PROCNO 1 N 2 LOOONT T OOMNNOM

Date_ 20170407 r~ 0 NANANNNNNN~ v~~~ O

Time 20.51

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG zg30

TD 6

SOLVENT CDCI3

NS

DS 2

SWH 8223.685 Hz

FIDRES 0.125483 Hz

AQ 3.9846387 sec

RG 144

DW 60.800 usec

DE 6.50 usec

TE 2929 K

D1 1.00000000 sec

TDO 1 )

CHANNEL f1 13b: C1?H2¢DES|

NUCH 1H MW: 288,46

P1 10.00 usec

PL1 -2.78 dB

PL1W 27.10892296 W

SFO1 400.1724712 MHz

Sl 32768

SF 400.1700087 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

‘ U MMA J
""""" I D L L U I L I I I I BN DL I I
14 13 12 11 10 6 3 2 1 ppm

A2 o «ﬁﬂ}(m A
Qle A A AT A B R S <
~— |~ M|~ |N|— <t |— »



NAME —AES 3293a C13
EXPNO 1

PROCNQ 1
Date_ 20170407
Time 22.03
INSTRUM spect

PROBHD | 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDCI3

256

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203

DW 20.800 usec
DE 6.50 usec
TE 294.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f{ ======
NUC1 13C

P1 10.00 usec
PL1 -1.78 dB

PL1W 47.30532455 W
SFO1 100.6328888 MHz

H

13b: C]?HEdGESi

TMS

O

O

S81

======== CHANNEL f2 ======== .
CPDPRG2  waliz16 MW 288.46
NUC2 H
PCPD2 80.00 usec
pL2 278 dB
PL12 15.28 dB
PL13 18.00 dB
PLOW  27.10892296 W
PL12W 042375252 W
PLI3W 022652208 W
SFO2  400.1716007 MHz
3l 32768
SF 100.6228270 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 140
! I ! I ! I ! I I ! I I I I I !
200 180 160 140 120 100 80 60 40 20 ppm



S82

NAME AES 3300b 1H o AN — O LOOOVAOANOT-TOULMOMONO T —

EXPNO 1 © AN O o MO ANOOTIOINONOOMNO —M

PROCNO 1 N MmO N~ T OOo0OOULUITNO®MWWONMNNMNMN®MAN

Date_ 20170412 N~ © O v S FTTOANNNNNTT v v v v

Time 22.50

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG zg30

TD 6

SOLVENT CDCI3

NS O

DS 2

SWH 8223.685 Hz

FIDRES 0.125483 Hz 0

AQ 3.9846387 sec

RG 114 o

DW 60.800 usec

DE 6.50 usec

TE 293.3 K H

D1 1. 00000000 sec

TDO

13c: Cngqu

======== CHANNEL 1 ======== .

NUCH o WY 288.34

P1 10.00 usec

PLA1 -2.78 dB

PL1W 27.10892296 W

SFO1 400.1724712 MHz

Sl 32768

SF 400.1700091 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

) JULJL A | A‘J L« "
""""" S A A I N I I
14 13 12 11 10 6 4 3 2 1 ppm

OO~ [@][ce] — | MO N[O —
(@ Qe SRR
Ol—llOo ™M AN[M |~ |N|N |~ ]|~



NAME  AES 3300b C13
EXPNO 2

PROCNO! 1
Date_ 20170414
Time 23.04
INSTRUM spect

PROBHD |5 mm PABBO BB-
PULPROG zgpg30

S83

TD 65536
SOLVENT CDCI3
NS 1024
DS 4
SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9088159 sec
RG 203
DW 13.867 usec
DE 6.50 usec o
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec (5]
TDO 1
======== CHANNEL f{ ======== o
NUC1 13C
P1 9.50 usec H
PL1 3.00 dB
PL1W 59.92485046 W
SFO1 150.9178988 MHz 13c: {31 ?HEUD4
======== CHANNEL f2 ======== .
CPDPRG2 waltz16 MW: 288.34

uc2 1H
PCPD2 80.00 usec
PL2 -1.40dB
PL12 13.74 dB
PL13 13.70 dB
PL2W 16.22728539 W
PL12W 0.49687356 W
PL13W 0.50147104 W
SFO2 600.1324005 MHz
Sl 32768
SF 150.9028090 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

) I ) I I ) I I ) I I I I I )
200 180 160 140 120 100 80 60 40 20 ppm



NAME AES 3007 1H
EXPNO 1

PROCNO 1
Date_ 20160816
Time 1.33
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT CDCI3

16

7.260

S84

SO OOMTTMNOITOOODONMNNMNOD O
NOOITNMNMOONMUOLNMNNLOANLL OON
OCLULO-MNNMNOOEITTONOOOMNSNMAN
OO ANNNNNNNNT ~— «— «— —

TSN

/

2

DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 203 Q
DW 60.800 usec
DE 6.50 usec H
TE 295.3 K
D1 1. 00000000 sec
TDO 13d: C,5H25NO;
======== CHANNEL f1 ======== MW 315.41
NUC1 1H
P1 10.00 usec
PL1 -2.78 dB
PL1W 27.10892296 W
SFO1 400.1724712 MHz
Sl 32768
SF 400.1700091 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
JML
""""" | R D B S I IR DL I I
14 13 12 11 10 4 2 1 ppm



NAME  SAES 3007 C13
EXPNO 1

PROCNOQ. 1
Date_ 20160816
Time 2.01
INSTRUM spect

PROBHD | 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDCI3

256

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203

DW 20.800 usec
DE 6.50 usec
TE 296.4 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f{ ======
NUC1 13C

P1 10.00 usec
PL1 -1.78 dB

PL1W 47.30532455 W
SFO1 100.6328888 MHz

H

13d: G15H;5N03

S85

======== CHANNEL f2 ======== MW 315,41
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 -2.78 dB
PL12 15.28 dB
PL13 18.00 dB
PL2W 27.10892296 W
PL12W 0.42375252 W
PL13W 0.22652298 W
SFO2 400.1716007 MHz
SI 32768
SF 100.6228270 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
) I ) I ) I ) I I ) I I I I I )
200 180 160 140 120 100 80 60 40 20 ppm



S86

o <t ™M QO OOMTT O T OMOHON
N ME,  AAES4003p © © MNT-R0OO—©OOFW
PROCNO 1 N v VYT OO ROMNMNY®
Date 20170413 ™~ O 0 NN NN NN = = v
Time 17.11
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 6 Me
SOLVENT CDCI3
NS
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 64 o
DW 60.800 usec
DE 6.50 usec H
TE 293.3K
D1 1.00000000 sec
TDO 1 13e: E'IEH'IEGE
======== CHANNEL f1 ======== Mw- 23':].-31
NUC1 1H
P1 10.00 usec
PL1 -2.78 dB
PL1W 27.10892296 W
SFO1 400.1724712 MHz
Sl 32768
SF 400.1700093 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
""""" I D L L U I L I I I I BN DL I I

14 13 12 11 10 9 8 7 6 5 4 3 2 1 pm
Qe Y|Q T |©Q|n|M
~ ||~ NI~ INIMD ||



NAME CAES 4003b C13
1

EXPNO

PROCNQ@ 1
Date_ 20170414
Time 1.03
INSTRUM spect

PROBHD| 5 mm PABBO BB-
PULPROG zgpg30

S87

TD 65536
SOLVENT CDCI3
NS 256
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
DW 20.800 usec Me:
DE 6.50 usec
TE 294.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f{ ======== 4]
NUC1 13C
P1 10.00 usec H
PL1 -1.78 dB
PL1W 47.30532455 W
SFO1  100.6328888 MHz 13e: C5H 305
======== CHANNEL 2 ======== MW 230,31
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 -2.78 dB
PL12 15.28 dB
PL13 18.00 dB
PL2W 27.10892296 W
PL12W 0.42375252 W
PL13W 0.22652298 W
SFO2 400.1716007 MHz
Sl 32768
SF 100.6228270 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
) I ) ) I ) I ) I ) I I I I I )
200 180 160 140 120 100 80 60 40 20 ppm



NAME AES 4061b o o < © LOWONONNTOMNMO O

EXPNO 5 © N W0 N TOONOONTDONO @

PROCNO 1 N © o 0 OSTITNOOMNOY MO O

Date_ 20170518 r~ v < NNANNNN~™————O O

Time 20.29

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG 2930

D 6

SOLVENT cDCI3 TESO

NS

DS 2

SWH 8223.685 Hz

FIDRES 0.125483 Hz

AQ 3.9846387 sec

RG 203 o

Dw 60.800 usec

DE 6.50 usec H

TE 294.0 K

D1 1.00000000 sec

TDO 1 13{: CE1 H32DGS|

======== CHANNEL f1 ======== MW: 360.57

NUCH1 1H

P1 10.00 usec

PL1 -2.78 dB

PLIW  27.10892296 W

SFO1 400.1724712 MHz

Sl 32768

SF 400.1700091 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

""""" I B I I B I I I I I I I I I I

14 13 12 11 10 6 3 2 ppm

QK © of—|o|t|o[<]| (v <
el @ < BRI A AR N
~ o (V] [QVAR Sl AN ol S ol Rl R ol » ©



NAME [AES 4061b C13
EXPNO 1

PROCNO 1
Date_ 20170519
Time 0.46
INSTRUM spect

PROBHD |5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDCI3

256

DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203 TBSO
DW 20.800 usec
DE 6.50 usec
TE 2942 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1 o
======== CHANNEL f1 ========
NUC1 13C H
P1 10.00 usec
PL1 -1.78 dB 13F Co- HooO.Si
PL1W  47.30532455 W -
SFO1  100.6328888 MHz 21 13z -a3l
MW 360.57
======== CHANNEL f2 ========
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 -2.78 dB
PL12 15.28 dB
PL13 18.00 dB
PL2W  27.10892296 W
PL12W  0.42375252 W
PL13W  0.22652298 W
SFO2  400.1716007 MHz
SI 32768
SF 100.6228270 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
! I ! I ! I ! I I I I I I I
200 180 160 140 120 100 80 60 40 20 ppm



S90

NAME  AES 5108 [2+2] 20h then 1h 80 C et3N 8 g g
EXPNO 1 I 0O
PROCNO 1 ~ 0 0
Date_ 20171129
Time 19.05
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
D 65536
SOLVENT CcDCI3
NS
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 203
DwW 60.800 usec
DE 6.50 usec 7
TE 294.9 K
D1 1.00000000 sec
TDO 1 13g° CypHzp0. 514: CyyHwO,
MW: 270,37 MNW: 27047
======== CHANNEL f{ ========
NUC1 1H d.r = 10.1:1 (unpurified)
P1 10.00 usec
PL1 -2.78 dB
PL1W 27.10892296 W
SFO1 400.1724712 MHz
Sl 32768
SF 400.1700090 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
""""" S A A A B B U A I I BN IR IR IR IR
14 13 12 11 10 9 ppm



NAME AES 5108¢c o ™ NOOSYS T T AN T ONOO UL AN
EXPNO 1 © AN NANOO—-—OWLOT—-—OOO MO
PROCNO 1 N L TOOLTITONOOO©MM T,
Date_ 20171130 r~ oY MOANNANNNNN ™~~~
Time 12.53
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT CDCI3
NS 8
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 203 o
DW 60.800 usec
DE 6.50 usec H
TE 294.7 K
D1 1.00000000 sec
TDO 1 139. G1EHEZDZ
======== CHANNEL f| ======== MW 270,37
NUC1 1H
P1 10.00 usec
PL1 -2.78 dB
PL1W 27.10892296 W
SFO1 400.1724712 MHz
Sl 32768
SF 400.1700091 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
JJLA A A LJLA . A e u L_____
""""" I D L L U I L I I I I BN DL I I
14 13 12 11 10 9 8 7 6 5 4 3 2 1 ppm

1.00
1.03
2.07
2.54
2.92
1.02
10.49
1.23
2.30



NAME  CAES 4084c C13
EXPNO 1

PROCNQ: 1
Date_ 20170607
Time 23.00
INSTRUM spect

PROBHD | 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDCI3

256

S92

DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 203
DW 20.800 usec
DE 6.50 usec
TE 296.5 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL {1 ========
NUC1 13C o
P1 10.00 usec
PL1 -1.78 dB H
PL1W 47.30532455 W
SFO1 100.6328888 MHz
======== CHANNEL f2 ======== 1 39- I::1 EHEZDZ
CPDPRG2 waltz16 MW 27037
NUC2 1H
PCPD2 80.00 usec
PL2 -2.78 dB
PL12 15.28 dB
PL13 18.00 dB
PL2W 27.10892296 W
PL12W 0.42375252 W
PL13W 0.22652298 W
SFO2 400.1716007 MHz
SI 32768
SF 100.6228270 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
) I ) I ) I ) I ) I I I I I )
200 160 140 120 100 80 60 40 20 ppm



NAME AES 4062b 1H o [e 0] OO OMNOITLUOO—ANTANMO O
EXPNO 1 - (o] e T ANOO - O OO N O - ONMNMOMAN
PROCNO 1 N N OQUOMM—OONO©OOTMNAN
Date_ 20170525 N~ {e] ANANANANANANNTT T T v v v«
Time 0.58
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 6
SOLVENT CDCI3
NS
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 144
DW 60.800 usec
DE 6.50 usec
TE 293.8 K
D1 1.00000000 sec
TDO 1 514: C1EHEEDE
======== CHANNEL f] ======== MW 270,37
NUC1 1H
P1 10.00 usec
PL1 -2.78 dB
PL1W 27.10892296 W
SFO1 400.1724712 MHz
Sl 32768
SF 400.1700091 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
ne e I
""""" I D L L U I L I I I I BN DL I I
14 13 12 11 10 7 4 3 2 1 ppm
o o< (v[m «ﬁ?‘\\m‘
< QM N|N|O(© NN,
~ IS I INIOI~ [N~~~



NAME <AES 4062b C13
EXPNO 1

PROCNG 1
Date_ 20170523
Time 19.30
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zgpg30

TD 65536
SOLVENT CDCI3
NS 1024

DS 4

SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9088159 sec
RG 203

DW 13.867 usec
DE 6.50 usec
TE 298.3 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f{ ======
NUC1 13C

P1 9.50 usec
PL1 3.00 dB

PL1W 59.92485046 W
SFO1 150.9178988 MHz

======== CHANNEL 2 ======
CPDPRG2 waltz16

NUC2 1H

PCPD2 80.00 usec

PL2 -1.40 dB

PL12 14.38 dB

PL13 13.70 dB

PL2W 16.22728539 W

PL12W 0.42879117 W

PL13W 0.50147104 W

SFO2 600.1324005 MHz
32

768
SF 150.9028090 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

S14; C‘IHHEEDE
MW 270.37

S94

160

T
140

T
120

100

ppm



S95

™ el

NAVE  AES 42600 2 N5 2 SInT282088

Date__ 20171006 N~ o 0 (o] <TOOOANNNNNNN

Time 22.53

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG zg30

TD 6

SOLVENT CDCI3

NS

DS 2

SWH 8223.685 Hz

FIDRES 0.125483 Hz

AQ 3.9846387 sec o

RG 71.8 o

DW 60.800 usec

DE 6.50 usec

TE 293.9K H

D1 1.00000000 sec

TDO 1

13h: G13H14D:.|_

======== CHANNEL {1 ======== R

NUGH T MW: 218.25

P1 10.00 usec

PL1 -2.78 dB

PL1W 27.10892296 W

SFO1 400.1724712 MHz

SI 32768

SF 400.1700093 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

""""" I D L L U I L I I I I BN DL I I

14 13 12 11 10 9 8 6 4 3 2 ppm

|00 ™ WOIAN || ND|[—|M|©
S|9| |9 SlSlolel  [@N|=|S
—|O o ~— ||| AN|~— ||



NAME  CAES 4218c C13
EXPNO 1

PROCNQ. 1
Date_ 20170822
Time 23.47
INSTRUM spect

PROBHD | 5 mm PABBO BB-
PULPROG zgpg30

S96

D 65536
SOLVENT cbci3
NS 2512
DS 4
SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9088159 sec
RG 203
DW 13.867 usec
DE 6.50 usec
TE 295.9 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1 o
0]
======== CHANNEL {1 ========
NUC1 13C H
P1 9.50 usec
PL1 3.00 dB
PL1IW  59.92485046 W
SFO1  150.9178988 MHz 13h: CyaH 404
======== CHANNEL f2 ======== MW' 21 B '25
CPDPRG2  waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 -1.40 dB
PL12 14.38 dB
PL13 13.70 dB
PL2W  16.22728539 W
PL12W  0.42879117 W
PL13W  0.50147104 W
SFO2  600.1324005 MHz
S| 32768
SF 150.9028090 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
! I ! I ! I ! I I ! I I I I I
200 180 160 140 120 100 80 60 40 20 ppm



S97

NAME AES 5160 1H o N O MDAV OOWOVLOWOOO
EXPNO 1 © © o0 « VOO MOO T O™ OLWH
PROCNO 1 N oo DLODOONOOONMNNLWO®
Date 20180103 ™~ ©wn NANNNNN= === O
Time 16.09
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 6
SOLVENT CDCI3
NS
DS 2
SWH 12335.526 Hz
FIDRES 0.188225 Hz
AQ 2.6564426 sec
RG 114
DW 40.533 usec
DE 6.50 usec
TE 298.2 K
D1 1.00000000 sec
TDO 1 u
13i: C1EHEUDE
======== CHANNEL f] ======== .
N N MW: 244,33
P1 13.00 usec
PL1 -1.40 dB
PL1W 16.22728539 W
SFO1 600.1337060 MHz
SI 32768
SF 600.1300167 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
\J
""""" I D L L U I L I I I I BN DL I I
14 13 12 11 10 6 3 2 1 ppm
—~|o) (o ’{’VO’\—KVNNO N[y
“[2] |2 CN[WO NN O,
~ | ~ AN MM MM



NAME OAES 5160 C13
EXPNO 1

PROCNQ: 1
Date_ 20180103
Time 17.45
INSTRUM spect

PROBHD | 5 mm PABBO BB-
PULPROG zgpg30

TD 65536
SOLVENT CDCI3
NS 2625

DS 4

SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9088159 sec
RG 203

DW 13.867 usec
DE 6.50 usec
TE 298.2 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f{ ======
NUC1 13C

P1 9.50 usec
PL1 3.00 dB

PL1W 59.92485046 W
SFO1 150.9178988 MHz

======== CHANNEL 2 ======
CPDPRG2 waltz16

NUC2 1H

PCPD2 80.00 usec

PL2 -1.40 dB

PL12 14.38 dB

PL13 13.70 dB

PL2W 16.22728539 W

PL12W 0.42879117 W

PL13W 0.50147104 W

SFO2 600.1324005 MHz
32

768
SF 150.9028090 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

13i; C‘IEHEUDE
MW: 244,33

S98

160

T
140

T
120

100



S99

NAME  AES 5181 6h then 1h 100C et3N 5 0
EXPNO 1 NQ ©
PROCNO 1 i i
Date_ 20180112
Time 23.17
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
D 536
SOLVENT CD3CN
NS 8
DS 2
SWH 8223.685 Hz o
FIDRES 0.125483 Hz
AQ 3.9846387 sec H
RG 203
DW 60.800 usec E
DE 6.50 usec &
TE 294.8 K HO
D1 1.00000000 sec i
TDO 1 13j: Cy4H1605
CHANNEL 1 MW: 232.28
NUC1 1H dr.=1.31
P1 10.00 usec
PL1 2.78 dB
PLIW  27.10892296 W
SFO1  400.1724712 MHz
sl 32768
SF 400.1700000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
""""" N B B B B B B B I I B I I
14 13 12 11 10 2 ppm



$100

NAME AES 5155¢ o M O NO o O N DTN NMNNO NN N

EXPNO 2 © AN O NM w0 N OANMOWOWWOWTTWOWOOWOW WV O W

PROCNO 1 N ~— 00 O < N~ o NT—OOMNOMOANNOOOOMAN

Date__ 20171218 N~ O womwLw < < oo NNNNNNNN™~ «— «—

Time 16.37

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG zg30

TD 65536

SOLVENT CDCI3

NS 8

DS 2 8]

SWH 8223.685 Hz

FIDRES 0.125483 Hz H

AQ 3.9846387 sec

RG 57 g

DW 60.800 usec =

DE 6.50 usec HO

TE 294.8 K .

D1 1.00000000 sec 13j: Cqy4H1505

TDO 1 MW: 232.28

======== CHANNEL f{ ======== dr.=1.3:1

NUC1 1H

P1 10.00 usec

PL1 -2.78 dB

PL1W 27.10892296 W

SFO1 400.1724712 MHz

Sl 32768

SF 400.1700083 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

N
""""" I D L L U I L I I I I BN DL I I
14 13 12 11 10 9 8 6 5 4 3 2 1 ppm

O[O [co][e] [(el[opl[er][(o][o0] [ Dol Dol B
Bvol<| |v|S ®|©|S|N|NI<| S| m|e
—|O|O|— Ol OO~ IN|— M|~ M|~



NAME  AES5151c C13
EXPNO 1

PROCNO 1
Date_ 20471216
Time 11.25
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zgpg30

S$101

™ 65536
SOLVENT CDCI3
NS 2994
DS 4
SWH 39062.500 Hz
FIDRES  0.596046 Hz
AQ 0.8389108 sec
RG 203
DW 12.800 usec
DE 6.50 usec
TE 298.3 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1 H
======== CHANNEL f1 ======== 2
NUC1 13C £
P1 9.50 usec
PL1 3.00 dB HO
PLIW  59.92485046 W i-
SFO1  150.9178988 MHz 13 Cy4H4505
MW 232.28
======== CHANNEL f2 ======== _ .
CPDPRG2  waliz16 dr.=1.3:1
NUC2 1H
PCPD2 80.00 usec
PL2 -1.40 dB
PL12 14.38 dB
PL13 13.70 dB
PL2W  16.22728539 W
PL12W  0.42879117 W
PL13W  0.50147104 W
SFO2  600.1324005 MHz
S| 32768
SF 150.9028090 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
! I ! I ! I ! I I ! I I I I I
200 180 160 140 120 100 80 60 40 20 ppm



$102

NAME AES 2288 1H o 0N N OO OFTOMNT—O N0 — O O M
EXPNO 1 © ~N < ™ OCOTOOO—OANNO O O©N M
PROCNO 1 N [(S2 ITITONOHIODDVDOITNOM — «— —
Date_ 20160721 N~ 00 W NANANANANTSTF ST~~~ v O
Time 19.27

INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zg30
65536

TD

SOLVENT CDCI3

NS 16

DS 2

SWH 12335.526 Hz

FIDRES 0.188225 Hz

AQ 2.6564426 sec

RG 64

DW 40.533 usec

DE 6.50 usec

TE 294.8 K

D1 1.00000000 sec

TDO 1 .
14: ELBH?-BDESI

======== CHANNEL {1 ======== B

NUC1 1H MW: 304.51

P1 14.00 usec

PL1 -1.40 dB

PL1W 16.22728539 W
SFO1 600.1337060 MHz

SI 32768

SF 600.1300167 MHz
WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00




S$103

NAME ~ AES 2288 C13 g g8 o NN o ANNY OW N N
EXPNO 1 \ AR - ©O©ONO® oM< OW MO <
Date_ O 1 3 & &8 N FNN G Nedo odnY o -
_'?.a‘e— 20160721 3 B o [N N N ST ST®M Mn NN A o

ime 20.21
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 1024
DS 4
SWH 39062.500 Hz
FIDRES 0.596046 Hz
AQ 0.8389108 sec
RG 203
DW 12.800 usec
DE 6.50 usec
TE 298.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1 ======== b DTME
NUC1 13C
P1 9.50 usec H
PL1 3.00 dB Me
PL1W 59.92485046 W
SFO1 150.9178988 MHz .

CHANNEL 12 14: C16H200,31
CPDPRG2 waltz16 MW' 394'51
NUC2 1H
PCPD2 80.00 usec
PL2 -1.40dB
PL12 13.74 dB
PL13 13.70 dB
PL2W 16.22728539 W
PL12W 0.49687356 W
PL13W 0.50147104 W
SFO2 600.1324005 MHz
Sl 32768
SF 150.9028090 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
L , . | 'IA i L " | Al J " | J“
j I j I j I j I j I j I I I j I j I I j
200 180 160 140 120 100 80 60 40 20 0 ppm



NAME AES 2267 1H N W o ONTMOWULOO SO W LWIN O

EXPNO 1 [o) BN\ ™ DO MOAANNMNOULOOONOOAN

PROCNO 1 ~— ~ OCOMONDDOMNNOWOMANOO

Date 20160706 © © o NONNN &= == e e e e

Time 20.53

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG zg30

TD 6

SOLVENT CDCI3

NS

DS 2

SWH 12335.526 Hz

FIDRES 0.188225 Hz

AQ 2.6564426 sec

RG 57

DW 40.533 usec

DE 6.50 usec

TE 293.1 K

D1 100000000 sec

TDO 15: C15H2{|D2

======== CHANNEL f{ ======== MWW 232,32

NUC1 1H

P1 14.00 usec

PL1 -1.40 dB

PL1W 16.22728539 W

SFO1 600.1337060 MHz

Sl 32768

SF 600.1300168 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

""""" I D L L U I L I I I I BN DL I I

14 13 12 11 10 5 3 2 1 ppm

o (< ™ ’{r{r«i){w‘é‘oﬁﬁ\m‘
SR S SH SH RIS S S
ol o o OO~ NI NI [~ |~



NAME  AES 2267 C13
EXENO 4

PROCNO 1
Date_ 20160706
Time 23.16
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zgpg30

TD 65536
SOLVENT CDCI3
NS 1024

DS 4

SWH 39062.500 Hz
FIDRES 0.596046 Hz
AQ 0.8389108 sec
RG 203

DW 12.800 usec
DE 6.50 usec
TE 296.7 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f{ ========
NUC1 13C

P1 9.50 usec
PL1 3.00 dB

PL1W 59.92485046 W
SFO1 150.9178988 MHz

======== CHANNEL 2 ========
CPDPRG2 waltz16

NUC2 1H

PCPD2 80.00 usec

PL2 -1.40 dB

PL12 13.74 dB

PL13 13.70 dB

PL2W 16.22728539 W

PL12W 0.49687356 W

PL13W 0.50147104 W

SFO2 600.1324005 MHz
32

768
SF 150.9028090 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

15: G15H2.:|G2
MW 232,32

S$105
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S$106

NAME AES 3009 1H o © oD NSO —INTTINTT 00O O

EXPNO 1 © Yo [ToNe] ANWOTONLOOWLWSSONNOD

PROCNO 1 N ‘o] oo OETTONODNDOMN OO NN

Date_ 20160814 ™~ © ©w NANNNNN == === = e

Time 18.13

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG zg30

TD 6

SOLVENT CDCI3

NS OH

DS 2

SWH 12335.526 Hz

FIDRES 0.188225 Hz

AQ 2.6564426 sec

RG 101 o

DW 40.533 usec

DE 6.50 usec H

TE 294.5K

D1 1,00000000 sec Me

TDO 1 16: E]hHmOQ

======== CHANNEL f{ ======== MW 232 32

NUC1 1H

P1 14.00 usec

PL1 -1.40 dB

PL1W 16.22728539 W

SFO1 600.1337060 MHz

Sl 32768

SF 600.1300164 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00
", R

""""" I D L L U I L I I I I BN DL I I

14 13 12 11 10 6 3 2 1 ppm

NEE ,m/"_/rgﬁ\l ) é‘lﬁﬁ\v‘
S (L] (NN
(@) ~ | ||| Tt N|—



NAME N AES 3009 C13
EXPNO 1

PROCNO 1
Date_ 20160814
Time 19.09
INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zgpg30

TD 65536
SOLVENT CDCI3
NS 1024

DS 4

SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9088159 sec
RG 203

DW 13.867 usec
DE 6.50 usec
TE 298.7 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f{ ======
NUC1 13C

P1 9.50 usec
PL1 3.00 dB

PL1W 59.92485046 W
SFO1 150.9178988 MHz

======== CHANNEL 2 ======
CPDPRG2 waltz16

NUC2 1H

PCPD2 80.00 usec

PL2 -1.40 dB

PL12 13.74 dB

PL13 13.70 dB

PL2W 16.22728539 W

PL12W 0.49687356 W

PL13W 0.50147104 W

SFO2 600.1324005 MHz
32

768
SF 150.9028090 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

Ma
MW, 232,532

§$107

160

T
140

T
120

100

ppm
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) —© O©nw© K

Eﬁyﬁo JAL3209|1| crude 1H N® WO ™~
NO OO ™

PROCNO 1 NN O NO© -

Date_ 20180103

Time 14.48

INSTRUM spect

PROBHD 5 mm PABBO BB-
PULPROG zg30
65536

D
SOLVENT C6D6

NS 8

DS 2

SWH 8223.685 Hz

FIDRES 0.125483 Hz

AQ 3.9846387 sec

RG 203

Dw 60.800 usec cl
DE 6.50 usec |

TE 294.3 K s

D1 1.00000000 sec A
TDO 1 N
======== CHANNEL f1 ========

NUC1 1H

P1 10.00 usec

PL1 -2.78 dB

PL1W 27.10892296 W
SFO1 400.1724712 MHz

SI 32768

SF 400.1700001 MHz
WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

14 13 12 1 10 9 8 7 6 5 4 3 2 1 ppm
[e2] o ©
@ < <
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