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General. "H NMR and °C NMR were recorded on Bruker Avance 400 (400 MHz 'H,
100 MHz "C) spectrometers in deuterochloroform and were reference to TMS using
the residual solvent as an internal standard. Chemical shifts are reported in ppm (9).
Coupling constants, J, are reported in Hz. Infrared spectra were recorded on a Bruker
ALPHA FTIR spectrometer. Peaks are reported in units of cm™. High-resolution mass
(Electrospray ionization, ESI) spectra were recorded on a Bruker Impact HD, EVOQ
spectrometer. Melting points were determined on a Fargo MP-2D melting point
apparatus and are uncorrected. Optical rotation were obtained on a Jasco P-2000
Digital Polarimeter at room temperature and reported as follows: [a]p, concentration
(c = g/100 mL), and solvent. Analytical TLC was performed on Merck silica gel
plates with QF-254 indicator. Visualization was accomplished with UV light, PMA,

and KMnO4. Column (flash) chromatography was performed using 32-63 um



silicagel. UV-vis spectra were measured on a Metertech SP-8001 spectrometer in
CH,Cl,. CD spectra were recorded on a AVIV model 410 spectropolarimeter in
CH,Cl,. Analytical high-pressure liquid chromatography (HPLC) was performed on a
Jasco Liquid Chromatograph equipped with PU-980 pumps, UV-975 detector, and
807-IT integrator. The column used was Dicel chiralpak AD or OD-H column with
the detector wavelength at 254 or 310 nm. The flow rate and solvent systems were as
denoted. Photoirradiation in solution were performed by irradiation of a sample (10™
M in CH,CL) in a sealed 1 cm path-length quartz cuvette with an 300 W Oriel 66901
Xe-lamp attached to an Oriel 74100 CornerstoneTM 260 1/4M monochromator.
Photostationary states were ensured by monitoring composition changes in time by
taking UV-vis or CD spectra at distinct intervals until no changes were observed.
Ratios of the different isomers of the optical switches were determined by HPLC with
the detection wavelength at a given isosbestic point. All reagents were purchased
from Acros, Aldrich, and TCI with purification before use unless otherwise stated.
Solvents for extraction and chromatography were reagent grade. Dichloromethane,
carbontetrachloride, acetonitrile, toluene, and DMF were dried over CaH, before use.
THF was dried over Na with benzophenone-ketyl intermediate as indicator before use.
NiCl, and Ag,O were flamed-dried under high vacuum before use. NBS was purified
by recrystallization from water at 90-95 °C. PhI(OCOCH;), was purified by
recrystallization from toluene. HMPT was purified by distillation under reduced

pressure. DIBAL and pyridine-N-oxide were carefully stored in desiccators at -4 C.



Preparation procedures for the synthesis of 1
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Experimental section and characterization:
(10R,11R)-3,7-Dichloro-10,11-dimethoxymethyl-10,11-dihydro-5H-dibenzo[a,d]-

cyclohepten-5-one (8).

In a 10-mL, round-bottomed, flask was placed dibromo 9
'(519 mg, 1.15 mmol), NiCl, (595 mg, 4.6 mmol) in

anhydrous DMF (3.2 mL). The vessel was sealed with a

Teflon screw cap, immersed in a preheated oil bath. The
reaction mixture was heated to 170 °C and stirred for 4 days. The reaction mixture
was cooled to room temperature and then poured into water (30 mL). The aqueous
layer was separated and extracted with CH,Cl, (2 x 40 mL). The combined organic
extracts were washed with H,O (20 mL), dried (MgSQO,), and evaporated. The residue
was purified by column chromatography (EtOAc/hexanes, 1/5) to give 298 mg (71 %)

of dichloro 8 as a pale yellowish solid.: m. p. 78-79°C; "H NMR (400 MHz, CDCl5) &



8.03 (d, J = 2.3 Hz, 2H), 7.43 (dd, J = 8.2 Hz, 2.3, 2H), 7.24 (d, J = 8.2 Hz, 2H),
3.63-3.58 (m, 2H), 3.34 (dd, J = 9.5, 5.5 Hz, 2H), 3.21 (t, J = 9.0 Hz, 2H), 3.11 (s,
6H); °C NMR (100 MHz, CDCl3) § 190.7, 138.5, 137.1, 133.6, 133.4, 132.8, 130.8,
75.2, 58.8, 46.0; IR(neat) v, 2927, 2875, 2825, 1648, 1587, 1476, 1410, 1380, 1300,
1260, 1222, 1194, 1113 cmfl; HRMS-ESI [M+Na]+ caled. For Ci9H;3Cl;NaOs:
387.0531, found: 387.0523.; Ry = 0.30 (EtOAc/hexanes, 1/5); [a]ffz 275 (¢ 0.1,

CHCl5)
tert-Butyl 4-bromo-1,2,3,4-tetrahydro-1,6-naphthyridine-1-carboxylate (11).

Boc. In a 10-mL, round-bottomed, flask was placed fert-butyl
S gr 1,2,3,4-tetrahydro-1,6-naphthyridine-1-carboxylate 12° (100 mg,
N 0.43 mmol ), NBS (91 mg, 0.51 mmol) in anhydrous CCly (25 mL).
The reaction mixture was stirred and irradiated using 40W incandescent light bulb for
2h. The solution was filtered and evaporated under reduced pressure. The residue was
purified by column chromatography (EtOAc/hexanes, 1/2) to give 73 mg (55 %) of
bromo 11 as a yellowish oil.: 'H NMR (400 MHz, CDCl;) & 8.43 (s, 1H), 8.27 (d, J =
6.0 Hz, 1H), 7.98 (d, /= 6.0 Hz, 1H), 5.43 (t,/=3.4 Hz, 1H), 4.26 (ddt, J=13.2, 3.7,
1.2 Hz, 1H), 3.83 (dt, J=13.0, 3.4 Hz, 1H), 2.39 (dq, /= 13.4, 3.0 Hz, 1H), 2.27-2.19
(m, 1H), 1.53 (s, 9H); >C NMR (100 MHz, CDCl3) & 152.5, 151.3, 149.7, 141.2,
122.6, 115.4, 82.8, 44.3, 40.9, 31.2, 28.1; IR(neat) vy 2978, 2931, 1716, 1593, 1558,
1490, 1369, 1327, 1232, 1154, 1057, 1028, 909, 850, 836 cm '; HRMS-ESI [M+H]"
caled. For Ci3H3BrN,O,: 313.0552, found: 313.0539.; Ry = 0.30 (EtOAc/hexanes,

112)



tert-Butyl 4-ox0-1,2,3,4-tetrahydro-1,6-naphthyridine-1-carboxylate (10)

BOC\N In a 10-mL, round-bottomed, flask was placed bromo 11 (63 mg,

= 0 0.20 mmol ), pyridine N-oxide (38 mg, 0.40 mmol), and Ag,O (23

—

N

|
mg, 0.10 mmol) in anhydrous CH;CN (5.0 mL). The reaction

mixture was stirred at room temperature for 2h. The solution was filtered and
evaporated under reduced pressure. The residue was purified by column
chromatography (EtOAc/hexanes, 1/2) to give 26 mg (52 %) of ketone 10 as a white
solid.: m. p. 138-139°C; "H NMR (400 MHz, CDCl3) & 9.01 (s, 1H), 8.48 (d, J = 6.0
Hz, 1H), 7.84 (d, J = 6.0 Hz, 1H), 4.13 (t, J = 6.4 Hz, 2H), 2.73 (t, J = 6.4 Hz, 2H),
1.53 (s, 9H); *C NMR (100 MHz, CDCl5) & 192.9, 153.7, 151.8, 150.1, 149.9, 118.3,
115.7, 83.6, 43.8, 37.9, 28.0; IR(neat) vy, 2976, 2931, 1717, 1696, 1592, 1556, 1483,
1462, 1352, 1252, 1226, 1148, 1090, 1058 cm '; HRMS-ESI [M+H]" calcd. For

Ci3Hi7N2O3 : 249.1239, found : 249.1224.; R= 0.30 (EtOAc/hexanes, 1/2)
tert-Butyl 4-hydrazono-1,2,3,4-tetrahydro-1,6-naphthyridine-1-carboxylate (5).

Boc.. In a 10-mL, two-necked, round-bottomed, flask fitted with a

‘ e NNH, Dean-stark and condenser was placed ketone 10 (28 mg, 0.11
N mmol) in EtOH (3.0 mL). Hydrazine hydrate (0.1 mL, 2.03 mmol)
was added to the reaction. The reaction mixture was heated to reflux for 2 h. After
cooling, the mixture was concentrated under reduced pressure to yield 30 mg (100%)
of hydrazone 5 as a white solid.: m. p. 139-140°C ; '"HNMR (400 MHz, CD;Cl) Major:
09.08 (s, 1H), 8.29 (d, /= 5.8 Hz, 1H), 7.46 (d, J = 5.8 Hz, 1H), 5.48 (brs, 2H), 3.86
(t, J= 6.3 Hz, 2H), 2.59 (t, J = 6.3 Hz, 2H), 1.49 (s, 9H); Minor: 6 8.81 (s, 1H), 7.98
(d, J=5.7 Hz, 1H), 6.38 (d, /= 5.7 Hz, 1H), 4.84 (brs, 2H), 3.34 (t, /= 6.2 Hz, 2H),

2.55 (t, J = 6.2 Hz, 2H), 1.49 (s, 9H); *C NMR (100 MHz, CDCls) Major: & 152.2,



148.0, 146.5, 144.8, 140.5, 121.6, 116.9, 82.3, 41.4, 28.1, 24.4; Minor: d 150.8, 148.3,
145.8, 144.7, 142.0, 115.5, 109.3, 82.3, 39.2, 28.1, 22.0; IR(neat) vy, 3395, 3193,
2976, 2930, 1704, 1605, 1558, 1484, 1458, 1425, 1369, 1327, 1232, 1155, 1076, 1061
cmfl; HRMS-ESI [MJrH]+ caled. For C3H9N4O, : 263.1508, found : 263.1498.; Ry=

0.10 (EtOAc/hexanes, 1/1)
(10R,11R,1'S)-5-(4’-tert-Butoxycarbonyl-1’,2’ 3’,4’-tetrahydro-4’,7’-naphthyri-

den-2’-thirrane)-3,7-dichloro-10,11-dimethoxymethyl-10,11-dihydro-5H-dibenzo

[a,d]-cycloheptene (3).

In a 10-mL, round-bottomed, flask was placed hydrazone 5
(30 mg, 0.11 mmol) in anhydrous DMF (0.3 mL). The solution
was cooled to -40 °C, whereupon a solution of thione 4 (74 mg,

0.23 mmol) in anhydrous CH,Cl, (0.6 mL) and a solution of

PhI(OCOCHj3); in anhydrous DMF (0.3 mL) were slowly
added. After having been stirred for 20 min, the reaction mixture was warmed -20 °C
and stirred for 24 h. The reaction mixture was poured into water (10 mL). The
aqueous layer was separated and extracted with CH,Cl, (2 x 20 mL). The combined
organic extracts were washed with H,O (10 mL), dried (MgSQO,), and evaporated. The
residue was purified by column chromatography (EtOAc/hexanes, 1/3) to give 30 mg
(48 %) of episulfide 3 as a colorless oil.: 'H NMR (400 MHz, CDCls) & 8.20 (d, J =
5.8 Hz, 1H), 8.09 (s, 1H), 7.91 (d, J= 2.2 Hz, 1H), 7.70 (d, /= 5.8 Hz, 1H), 7.39 (d, J
=2.2 Hz, 1H), 7.37 (d, J = 8.3 Hz, 1H), 7.22 (dd, J = 8.3, 2.2 Hz, 1H), 7.14 (dd, J =
8.3,2.2 Hz, 1H), 6.96 (d, J = 8.3 Hz, 1H), 4.32(dt, /= 13.1, 4.0 Hz, 1H), 3.86-3.85 (m,
2H), 3.46-3.42 (m, 1H), 3.39 (s, 3H), 3.36-3.34 (m, 1H), 3.11 (dd, J = 9.6, 4.2 Hz,

1H), 2.94 (dt, J = 11.9, 4.4 Hz, 1H), 2.90 (s, 3H), 2.80 (dd, J = 9.5, 4.6 Hz, 1H),



2.45-2.37 (m, 1H), 1.93 (dt, J=15.2, 3.2 Hz, 1H) , 1.55 (s, 9H); °C NMR (100 MHz,
CDCl3) & 152.2, 150.5, 147.8, 147.7, 144.9, 138.2, 137.6, 135.6, 134.0, 132.5, 132.3,
131.5, 128.7, 128.4, 128.3, 127.8, 123.0, 116.6, 82.4, 78.5, 71.9, 68.2, 58.9, 58.7, 54.4,
45.2,43.3, 40.3, 38.9, 28.2; IR(neat) v, 2983, 2928, 2888, 1712, 1588, 1555, 1477,
1370, 1339, 1263, 1222, 1153, 1111, 1032 cm ;HRMS-ESI [M+H]" calcd. For

C3oH35CLN>O4S @ 613.1695, found : 613.1689.; Ry = 0.30 (EtOAc/hexanes, 1/3);

la]) -
59 (¢ 0.1, CHCls)

(10R,11R,P)-5-(4’-tert-Butoxycarbonyl-1’,2’ 3’,4’-tetrahydro-4’,7’-naphthyriden)

-3,7-dichloro-10,11-dimethoxymethyl-10,11-dihydro-5H-dibenzo[a,d]
cycloheptene ((P)-2).

In a 5-mL, round-bottomed flask was placed episulfide 3 (18
mg, 0.03 mmol). The reaction flask was cooled to 0 °C, and
fresh HMPT (0.3 mL) was slowly added. The reaction mixture

was stirred at 0 °C for 10 hours. The reaction mixture was

poured into water (5 mL). The aqueous layer was separated
and extracted with CH,Cl, (2 X 10 mL). The combined organic extracts were washed
with H,O (5§ mL), dried (MgSO,), and evaporated. The residue was purified by
column chromatography (EtOAc/hexanes, 1/2) to give 13 mg (76 %) of helicene 2 as
a colorless oil.: '"H NMR (400 MHz, CDCls) Major: 6 8.58 (s, 1H), 8.25 (d, /= 5.9 Hz,
1H), 8.06 (d, J = 5.9 Hz, 1H), 7.48 (d, J = 8.3 Hz, 1H), 7.22-7.00 (m, 4H), 6.86 (s,
1H), 4.15-3.59 (m, 7H), 3.46 (s, 3H), 3.44-3.40 (m, 1H), 3.34 (s, 3H), 3.04-2.96 (m,
1H), 2.29-2.19 (m, 1H), 1.63 (s, 9H); Minor: é 8.22 (d, J = 5.4 Hz, 1H), 7.99 (d, J =
5.4 Hz, 1H), 7.77 (s, 1H), 7.31 (d, J = 8.5 Hz, 1H), 7.22-7.00 (m, 4H), 6.94 (s, 1H),

4.15-3.59 (m, 7H), 3.38 (s, 3H), 3.26-3.21 (m, 1H), 3.18 (s, 3H), 3.04-2.96 (m, 1H),



2.29-2.19 (m, 1H), 1.63 (s, 9H); °C NMR (100 MHz, CDCls) Major: & 153.0, 148.8,
147.9, 146.0, 144.6, 141.5, 138.6, 138.2, 135.2, 132.9, 131.9, 131.6, 128.6, 128.5,
127.8x2, 125.2, 122.5, 115.8, 82.8, 77.2, 72.5, 59.2, 58.9, 46.7, 45.6, 38.8, 28.3;
Minor: & 153.0, 148.4, 147.9, 145.7, 142.0, 141.6, 136.9, 136.2, 134.9, 133.2, 132.3,
131.1, 128.1, 128.0x2, 127.1, 127.0, 122.8, 116.3, 82.7, 75.9, 74.3, 59.1, 58.7, 46.5,
45.0, 41.8, 28.3; IR(neat) vuar 2976, 2926, 1716, 1587, 1551, 1487, 1416, 1369, 1330,
1255, 1230, 1154, 1111, 1043, 1026 cm '; HRMS-ESI [M+H]" calcd. For

C3H35CLN>O4 @ 581.1974, found : 581.1964.; R, = 0.13 (EtOAc/hexanes, 1/2);

[o]) -
158 (¢ 0.1, CHCLy)

(10R,11R,P)-3,7-Dichloro-10,11-dimethoxymethyl-5-(4’-methyl-1’,2*,3* 4’-tetrahy

-dro-4’,7’-naphthyriden)-10,11-dihydro-5H- dibenzo[a,d]cycloheptene ((P)-1).

OMe  In a 5-mL, round-bottomed flask was placed N-Boc 2 (13 mg,
0.02 mmol) in anhydrous THF (2.0 mL). The reaction mixture
Cl was cooled to 0 °C, and fresh DIBAL (1.2 M in toluene) (0.37

mL, 0.45 mmol) was added over 20 min. Having been stirred

for 30 min, the reaction mixture was heated to 50 °C and
stirred for 6 hours. After cooling to 0 °C, NaF (19 mg, 0.45 mmol) and water (0.5 mL)
were added in small portions, and the mixture was allowed to warm to room
temperature over 3 h. The solution was filtered through a plug of Celite and was
evaporated under reduced pressure. The residue was purified by column
chromatography (CH,Cl,/MeOH/NEt;, 20/1/0.1) to give 9 mg (80 %) of N-Me 1 as a
colorless oil.: "H NMR (400 MHz, CDCls) Major: & 8.32 (s, 1H), 8.01 (d, J = 7.0 Hz,
1H), 7.47 (d, J = 8.4 Hz, 1H), 7.20-7.06 (m, 3H), 6.85 (d, J= 2.1 Hz, 1H), 6.75 (d, J =
1.9 Hz, 1H), 6.65 (d, J = 7.0 Hz, 1H), 3.97-3.49 (m, 7H), 3.49-3.35 (m, 1H), 3.45 (s,

3H), 3.40 (s, 3H), 3.22 (s, 3H), 3.12-2.98 (m, 1H), 2.38-2.28 (m, 1H); Minor: & 7.97



(d, J=6.7 Hz, 1H), 7.36 (d, J = 8.3 Hz, 1H), 7.29 (s, 1H), 7.20-7.06 (m, 3H), 6.94 (d,
J=2.3Hz, 1H), 6.85 (d, J=2.1 Hz, 1H), 6.57 (d, J= 6.8 Hz, 1H), , 3.97-3.49 (m, 7H),
3.49-3.35 (m, 1H), 3.45 (s, 3H), 3.40 (s, 3H), 3.16 (s, 3H), 3.12-2.98 (m, 1H),
2.38-2.28 (m, 1H); *C NMR (100 MHz, CDCl;) Major: & 151.5, 147.8, 146.7, 145.1,
141.9, 138.6, 137.3, 133.0, 132.6, 131.8, 131.5, 128.5, 128.3, 127.6, 127.5, 127.0,
126.8, 125.1, 115.9, 105.4, 77.2, 72.5, 59.2, 58.9, 51.5, 45.6, 39.0, 37.9, 26.8.; Minor:
8 151.0, 148.2, 147.6, 142.7, 142.6, 138.4, 136.3, 133.6, 133.2, 132.1, 131.7, 130.7,
128.4, 127.6, 127.4, 127.2, 126.9, 116.0, 105.5, 76.3, 75.1, 59.0, 58.6, 51.3, 45.0, 41.6,
37.8, 26.5.; IR(neat) vuee 2920, 2872, 2812, 1645, 1591, 1558, 1474, 1458, 1415,
1387, 1349, 1324, 1296, 1267, 1249, 1212, 1177, 1106, 1028, 1006, 913, 873, 824,
803 cm l; HRMS-ESI [M+H]" caled. For CagHxCLN,O»: 495.1606, found:

495.1623.; Ry= 0.3 (CH,Cl,/MeOH/NEts;, 20/1/0.1); [a];=-304 (c 0.1, CHCI5)

General procedure photoisomerization of helicene 1

hvl

hv2
CH,Cl,

<1:>99 (290 nm) |
50:50 (310 nm)
91:9 (340 nm) (M)-1"

A solution of helicene 1 (85 pg, 2.0 umol) in degassed CH,Cl, (2.0 mL) was
irradiated with a 300 W Xe-lamp equipped with a monochromator. The irradiation
wavelength was set at 290, 310, or 340 nm with a slit size equivalent to 8 nm
bandwidth. The experiment was carried out for 1 hour until a constant composition

was observed by HPLC analysis on a Chiralpak AD column.



HPLC data of photoisomerization of helicene 1
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Figure S1. Ratios of the (10R,11R,P)-1 and (10R,11R,M)-1" in solution (CH,Cl,, 10
M) after photoisomerization at 290 nm (top right), 310 nm (bottom left), and 340 nm
(bottom right) as monitored by HPLC on a Chiralpak AD column by using a mixture
of hexanes/i-PA (75/25) as eluent at 1.0 mL/min flow rate and at 310 nm (which is an

isosbestic point in their stacked UV plots) detection wavelength.



HPLC tracing data of photoisomerization of helicene (P)-1

290 nm

CHyCly, 1 h

(P)-1/(M)-1' = <1/>99

-~ . . . .
° ~ - Before irradiation 2 % 290nm, 20min
“ ”
e [~
6 ™ -1 z =]
= =S 31
=] - "
o = | ~ B A1
o o o
- - — -
o ) = 5 7
> Il > B ﬁ
=t £ i~
S = =
0 20 40 0 20 40
Retention time Retention time
# Posk name nin (mim) Acez Area % Assay % # Peak name nin (mim) Area Arez % Assay %
o] 18.278 384.11 100.00 0.00 ° 18577 §e.08 17.07 o.c0
- 1 21.779 333.61 8293 0.00
w = -
- o 290nm, 1h o= 290nm, 40min
= w
= anv
2R 2 &
v - @ ;s 051
S S v @1 F
> A - = ] . ~
£ 2 : J‘L
oo -1 : = ﬂf
e e s ) (TP T TR TRNTEY PP T T PP TR T T 1
0 20 40 0 20 40
Retention time Retention time
® Peak name min (mim) Ares Area % Assay %
® Peak name nin (mim) Area Area % Assay %
] 18.637 31.57 5.08 .00
o 21.662 433.02 100.00 0.00
1 21.307 358591 $S1.82 0.00

Figure S2. Ratios of the (10R,11R,P)-1 and (10R,11R,M)-1" in solution (CH,Cl,, 10
M) during the period of photoisomerization at 290 nm as monitored by HPLC on a
Chiralpak AD column by using a mixture of hexanes/i-PA (75/25) as eluent at 1.0
mL/min flow rate and at 310 nm (which is an isosbestic point in their stacked UV

plots) detection wavelength.



HPLC tracing data of photoisomerization of helicene (M)-1’
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Figure S3. Ratios of the (10R,11R,P)-1 and (10R,11R,M)-1" in solution (CH,Cl,, 10
M) during the period of photoisomerization at 340 nm as monitored by HPLC on a
Chiralpak AD column by using a mixture of hexanes/i-PA (75/25) as eluent at 1.0

mL/min flow rate and at 310 nm (which is an isosbestic point in their stacked UV

plots) detection wavelength.
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HPLC tracing data of thermoisomerization of helicene (M)-1’
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Figure S4. Ratios of the (10R,11R,P)-1 and (10R,11R,M)-1" in p-xylene during the
period of thermoisomerization at 130 ‘C as monitored by HPLC on a Chiralpak AD
column by using a mixture of hexanes/i-PA (75/25) as eluent at 1.0 mL/min flow rate
and at 310 nm (which is an isosbestic point in their stacked UV plots) detection

wavelength.



Orbital interactions in the transition states of the C—-C formation

during the Steglich rearrangement using (P)-1 and (M)-1’

(P)-1, favoring Re face attack (M)-1’, favoring Si face attack

(P)-1, disfavoring Si face attack (M)-2’, disfavoring Re face attack

Figure S5. Orbital interactions in the transition states of the Steglich rearrangement

using (P)-1 and (M)-1’ for illusrtration orbital interactions in the transition states.
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All transition states were optimized at the M06-2X/6-31+G(d) level.” During the
optimization, the solvent effect was included with the integral equation formalism
polarizable continuum model (IEFPCM) with DME as solvent. Frequency
calculations are done to verify the saddle-point structures characterized by one and
only one imaginary value. All the calculations were performed with Gaussian 09
program suit.” As shown in Figures S2 and S3, the dibenzosuberane in the helicene
has two possible conformations, leading to (R)- and (S)-products. Figure S2 shows
that the enolate attacks the carbon atom of the carbamate from the Re-face while
Figure S3 shows the attack from the Si-face. The activation energies listed in Figures
S2 and S3 are relative to R-TS1. In both cases, the rotation of the carboxylic group
(—CO,Ph) and the flip of the seven-membered ring (X1 and X2) can yield four
transitions states. Calculations show that for the Re-face attack, R-TS1 is the
lowest-energy transition state (Figure S2). S-TS3 is the lowest-energy transition state
for Si-face attack (Figure S3). The two transition states, R-TS1 and S-TS3, were
hence chosen to explore the stereoselectivity in the reaction. The difference of the
barrier of 2.35 kcal mol™' (R-TS1 vs S-TS3) allows us to conclude that the Re-face
attack leading to the (R)-product is more kinetically favorable than the Si-face attack,
in agreement with our experimental results (entry 7 in Table 7). The frontier orbitals
in the two TSs were further analyzed. For the clear illustration of the orbital
interactions, the single-point calculations were done on the two separated moieties in
R-TS1/S-TS3. Three major overlaps between HOMO and LUMO, represented by
arrows in Figure S4, are observed for the Re-face attack while only two interactions
occur during the si-face attack. The difference of the orbital interactions might be one

of the factors leading to the preference of the Re-face attack.

To study solvent effect on the reaction, the two transition states of R-TS1 and S-TS3
were computed by the IEFPCM model, which is based on the implicit surrounding
subjected to a dielectric field. The influence of the implicit solvent model on the
optimized structures was negligible; therefore, single-point calculations were done on
the two TSs optimized in DME. Table S1 lists the difference of the barriers in R-TS1
and S-TS3 in five solvents of DME, Et,O, toluene, CH,Cl,, and THF. The fact that
the energy of R-TS1 is lower than that of S-TS3 in all five solvents indicates the
preference of the enantioselectivity remains unchanged with various solvents. The

implicit solvent model yields the values of AE* ranging between 3.78 and 4.16 kcal



mol™". The small variation of ca. 0.5 kcal mol™' might not be decisive to predict ee
values. In fact, solutes are surrounded by real solvent molecules, namely an explicit
environment. The differences in barrier may further decrease if the solvent molecules
are included into calculations explicitly with the solution dynamics considered. Table
S2 lists the difference in barrier between R-TS1 and S-TS3 with different functional
groups, where the calculations are preformed in the IEFPCM model with solvent
CH,ClL,. 1t is also observed that the change of the difference in barrier (A(fF =242 to
2.92 kcal mol ™) is small.

solvent AE* (kcal mol™)
DME (OPT) 7.2 3.78
Et,O (SP) 4.24 4.14
Toluene (SP) 2.37 3.93
CH,Cl, (SP) 8.93 4.15
THF (SP) 7.42 4.16

Table S1. Differences of the electronic energies between R-TS1 and S-TS3 (AE1C =

Es.ts3 — Er-ts1) with R=Ph in various solvents.

R AG* (kcal mol™)
CMe,CCl; (OPT) 2.42
Bn (OPT) 2.92
Ph (SP) 2.65

Table S2. Differences of the free energies between R-TS1 and S-TS3 (AGi = (Gg.1s3 —
Gr.1s1) with three R groups in CH,Cl,.
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Figure S10. Comparison of the HOMO-LUMO interactions in the lowest-energy
transition states of R-TS1 and S-TS3 from Re- and Si-face attacks, respectively.



Characterization of O-Carboxylazlactones:
5-(2,2,2-Trichloroethoxycarboxyl)-4-methyl-2-(4-methoxyphenyl)-oxazole (6a).

'H NMR (400 MHz, CDCls) & 7.86 (d, J = 9.0 Hz,

NI’\g_O CCl; 2H), 6.92 (d, J = 9.0 Hz, 2H), 3.82 (s, 3H), 2.13 (s,

© )“ o 3H), 2.00 (s, 6H); °C NMR (100 MHz, CDCl;) &

~o 161.3, 155.0, 148.4, 145.2, 127.5, 120.0, 119.7, 114.1,
104.4, 92.2, 55.3, 20.9, 10.2; HRMS-ESI [M+H]" calcd. For Ci¢H;7CL5NOs: 408.0172,

found: 408.0181.; Ry= 0.23 (EtOAc/hexanes, 1/10)
5-Benzyloxycarboxyl-4-methyl-2-(4-methoxyphenyl)-oxazole (6b).°

'H NMR (400 MHz, CDCl;) & 7.87 (d, J = 8.8 Hz, 2H),

N\&O 7.45-7.40 (m, 5H), 6.93 (d, J = 8.8 Hz, 2H), 5.32 (s,
ﬁo o% OBn 2H), 3.84 (s, 3H), 2.12 (s, 3H); *C NMR (100 MHz,
- CDCl3) & 161.3, 154.9, 151.6, 145.6, 133.8, 129.1,
128.8, 128.6, 127.5, 120.0, 119.9, 114.1, 71.7, 55.3, 10.2; HRMS-ESI [M-+H]" calcd.

For CioHsNOs: 340.1185, found: 340.1177.; R,= 0.15 (EtOAc/hexanes, 1/10).
5-Phenoxycarboxyl-4-methyl-2-(4-methoxyphenyl)-oxazole (6c).’

'H NMR (400 MHz, CDCl5) & 7.90 (d, J = 8.8 Hz, 2H),

N/\é_o 7.46-7.42 (m, 2H), 7.33-7.29 (m, 3H), 6.95 (d, J = 8.8

|
S )‘OPh 5
J Hz, 2H), 3.85 (s, 3H), 2.19 (s, 3H); *C NMR (100 MHz,
~

CDCl3) 6 161.3, 155.1, 150.7, 150.1, 145.3, 129.7,
127.5, 126.8, 120.5, 120.2, 119.8, 114.1, 55.3, 10.3; HRMS-ESI [M+H]" calcd. For

CisHisNOs: 326.1028, found: 326.1031.; R,= 0.18 (EtOAc/hexanes, 1/10).

5-Phenoxycarboxyl-4-ethyl-2-(4-methoxyphenyl)-oxazole (6d)."



3 'H NMR (400 MHz, CDCl5) & 7.92 (d, J = 8.8 Hz, 2H),

N.@-o 7.46-7.42 (m, 2H), 7.33-7.29 (m, 3H), 6.95 (d, J = 8.8

/©)\ © O)*OPh Hz, 2H), 3.85 (s, 3H), 2.57 (q, J = 7.6 Hz, 2H), 1.29 (t, J

~o = 7.6 Hz, 3H); *C NMR (100 MHz, CDCl3) § 161.3,
155.2, 150.8, 150.3, 144.7, 129.7, 127.7, 126.8, 125.5, 120.5, 119.9, 114.1, 55.3, 18.5,
10.3; HRMS-ESI [MJrH]+ caled. For CioHgNOs: 340.1185, found: 340.1180.; R, =

0.25 (EtOAc/hexanes, 1/10).
5-Phenoxycarboxyl-4-iso-butyl-2-(4-methoxyphenyl)-oxazole (6e).’”
'H NMR (400 MHz, CDCl3)  7.92 (d, J = 8.8 Hz, 2H),
7.46-7.42 (m, 2H), 7.33-7.29 (m, 3H), 6.95 (d, J = 8.8
N
I -
: )\O O}Oph Hz, 2H), 3.85 (s, 3H), 2.40 (d, J = 6.8 Hz, 2H),
~ 2.13-2.05 (m, 1H), 0.99 (d, J = 6.8 Hz, 6H); °C NMR
(100 MHz, CDCls) 6 161.3, 155.2, 150.8, 150.3, 145.8, 129.7, 127.7, 126.8, 123.7,

120.5, 120.0, 114.1, 55.3, 33.9, 27.6, 22.3; HRMS-ESI [M+H]" calcd. For C;Hx»NO:s:

368.1498, found: 368.1499.; Ry= 0.30 (EtOAc/hexanes, 1/10).
5-Phenoxycarboxyl-4-iso-propyl-2-(4-methoxyphenyl)-oxazole (6f).°

'H NMR (400 MHz, CDCl3) § 7.92 (d, J = 8.9 Hz, 2H),

NN 7.46-7.42 (m, 2H), 7.33-7.29 (m, 3H), 6.95 (d, J= 8.9 Hz,

/©)\ © O)‘ OPh >H), 3.84 (s, 3H), 2.95 (sept, J = 7.0 Hz, 1H), 1.33 (d, J =
o 7.0 Hz, 6H); *C NMR (100 MHz, CDCl3) § 161.3, 155.1,
150.7, 150.5, 143.8, 129.7, 129.4, 127.6, 126.8, 120.5, 120.0, 114.1, 55.3, 25.5, 21.0;
HRMS-ESI [M+H]" caled. For CyHyNOs: 354.1336, found: 354.1342; R, 0.28

(EtOAc/hexanes, 1/10).



5-Phenoxycarboxyl-4-allyl-2-(4-methoxyphenyl)-oxazole (6g).’

'H NMR (400 MHz, CDCl3) § 7.92 (d, J = 8.8 Hz, 2H),

o

N\ 7.46-7.42 (m, 2H), 7.33-7.27 (m, 3H), 6.95 (d, J = 8.8

I )‘OPh Hz, 2H), 6.06-5.96 (m, 1H), 5.24(dd, J = 17.2, 1.6 Hz,

1H), 5.17(dd, J = 10.1, 1.4 Hz, 1H), 3.85 (s, 3H), 3.34

(dt, J= 6.6, 1.4 Hz, 2H); >C NMR (100 MHz, CDCl3) 8 161.4, 155.4, 150.7, 150.1,
145.5, 133.4, 129.7, 127.7, 126.8, 122.3, 120.5, 119.7, 117.1, 114.2, 55.4, 29.7;
HRMS-ESI [M+H]" calcd. For CoH;sNOs: 352.1185, found: 352.1182.; Ry = 0.25

(EtOAc/hexanes, 1/10).
5-Phenoxycarboxyl-4-((2-methylthio)ethyl)-2-(4-methoxyphenyl)-oxazole (6h).’

N 'H NMR (400 MHz, CDCl3) & 7.90 (d, J = 8.8 Hz, 2H),
S

7.46-7.42 (m, 2H), 7.33-7.29 (m, 3H), 6.95 (d, J = 8.8 Hz,

/©/\ }—oph 2H), 3.85 (s, 3H), 2.86-2.84 (m, 4H), 2.16 (s, 3H); °C
NMR (100 MHz, CDCls) 8161.4, 155.4, 150.7, 150.1,

145.6, 129.7, 127.7, 126.8, 122.7, 120.5, 119.7, 114.1, 55.3, 32.3, 25.3, 15.5;

HRMS-ESI [MJrH]+ caled. For CyH2NOsS : 386.1062, found : 386.1069.; Ry =

0.20 (EtOAc/hexanes, 1/10).
5-Phenoxycarboxyl-4-benzyl-2-(4-methoxyphenyl)-oxazole (6i).’

'H NMR (400 MHz, CDCl5) & 7.89 (d, J = 8.8 Hz, 2H),
Bn

7.42-7.38 (m, 2H), 7.34-7.22 (m, 6H), 7.18-7.15 (m,

/©)\ )‘OPh 2H), 6.92 (d, J = 8.8 Hz, 2H), 3.82 (s, 2H), 3.83 (s,

3H); °C NMR (100 MHz, CDCl3) & 161.4, 155.4,



150.6, 149.9, 145.6, 137.3, 129.7, 128.9, 128.5, 127.7, 126.8, 126.6, 123.3, 120.5,
119.7, 114.1, 55.4, 31.7.; HRMS-ESI [MJrH]+ calcd. For Co4HyoNOs: 402.1341, found:

402.1350.; Ry=0.23 (EtOAc/hexanes, 1/10).
5-Phenoxycarboxyl-4-((4-benzyloxy)benzyl)-2-(4-methoxyphenyl)-oxazole (6j).*

Bn 'H NMR (400 MHz, CDCls) & 7.90 (d, J = 8.6 Hz, 2H),
7.41-7.17 (m, 12H), 6.93 (d, J = 8.6 Hz, 4H), 5.01 (s, 2H),

NN o 3.87 (s, 2H), 3.84 (s, 3H); °C NMR (100 MHz, CDCl3) &
/©)\ © O)‘OPh 161.4, 157.5, 155.4, 150.6, 149.9, 145.5, 137.0, 130.0,
~o 129.6, 128.5, 127.9, 127.7, 127.4, 126.7, 123.6, 120.4,
119.7, 114.9, 114.1, 69.9, 55.3, 30.9; HRMS-ESI [M+H]" calcd. For C3HysNOs:

508.1755, found: 508.1760.; R,= 0.28 (EtOAc/hexanes, 1/5).

5-Phenoxycarboxyl-4-((4-phenoxycarbonyloxy)benzyl)-2-(4-methoxyphenyl)-oxa-

zole (6k).*°

PhO2CO, 'H NMR (400 MHz, CDCl3) 8 7.92 (d, J = 9.0 Hz, 2H),
7.45-7.38 (m, 6H), 7.32-7.27 (m, 5H), 7.24-7.22 (m, 3H),
6.95 (d, J = 9.0 Hz, 2H), 3.95 (s, 2H), 3.84 (s, 3H); "°C

N7\
1 Q
O )"OPh
o] NMR (100 MHz, CDCl3) ¢ 161.4, 155.5, 152.0, 151.0,
o)

150.6, 150.0, 149.7, 145.7, 135.6, 130.0, 129.7, 129.5,

~

127.7, 126.8, 126.2, 122.8, 120.9, 120.4, 119.6, 114.1, 55.3, 30.8; HRMS-ESI
[MJrH]+ caled. For C31H24NOg: 538.1496, found: 538.1484; R, 0.23 (EtOAc/hexanes,

1/5).

Representative procedure for catalytic asymmetric Steglich rearrangement. A
5-mL test tube was placed (P)-1 (1 mg, 2.34 ¢ mol) in a anhydrous 1/1 mixture of

dimethoxyethane/t-amyl alcohol (0.25 mL) at -40 °C. The resulting solution was



cannulated to a precooled (-40 °C) solution of O-carboxyazlactone 6¢ (15 mg, 0.05
mmol) in anhydrous 1/1 mixture of dimethoxyethane/z-amyl alcohol (0.25 mL). Upon
reaction completion, iodomethane (0.25 mL) was added, and the solvent was
evaporated under reduced pressure. The residue was purified by column
chromatography (EtOAc/hexanes, 1/4) to give 13 mg (84 %) of C-carboxyazlactone

7c¢ as colorless oil.

4-Methyl-5-0x0-2-(4-methoxyphenyl)-4,5-dihydrooxazole-4-carboxylic acid

2,2,2-trichloroethyl ester (7a).?

'"H NMR (400 MHz, CDCL3) § 7.94 (d, J = 8.2 Hz,

CO,CMe,CCly
NI>S=O 2H), 6.97 (d, J = 8.2 Hz, 2H), 3.88 (s, 3H), 1.91 (s,
© 3H) , 1.88 (s, 3H) , 1.74 (s, 3H).; *C NMR (100
~o MHz, CDCl3) 6 175.0, 163.7, 163.6, 163.5, 130.1,
117.5, 114.3, 105.1, 90.7, 73.6, 55.5, 21.1, 19.3.; HRMS-ESI [M+H]" calcd. For
CisH17CI3NOs: 408.0172, found: 408.0168.; Ry= 0.3 (EtOAc/hexanes, 1/5); HPLC
8.95 min (R), 10.45 min (S) (Chiralpak OD-H column, i-PrOH/hexanes, 1/99, 1.0
mL/min, A = 254 nm). Reaction catalyzed by (P)-1: 9.02 min (major, 55.2 %), 10.53
min (minor, 44.8 %); [a]2=+3.0 (c 0.5, CHCI;) for 10 % ee (lit." [«]=+18.0 (c

1.0, CHCl; for 76 % ee)); the absolute configuration of the major enantiomer was

deduced to be (R).
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4-Methyl-5-0x0-2-(4-methoxyphenyl)-4,5-dihydrooxazole-4-carboxylic acid

benzyl ester (7b).°

'H NMR (400 MHz, CDCl3) & 7.96 (d, J = 9.0 Hz, 2H),
CO,Bn
\ o 735727 (m, 5H), 6.98 (d, J = 9.0 Hz, 2H), 5.22 (ABgq, J

O
= 12.4 Hz, 2H), 3.88 (s, 3H), 1.78 (s, 3H); °C NMR (100

o MHz, CDCl3) & 175.2, 166.1, 163.7, 163.0, 134.8, 130.2,
128.6, 128.4, 127.8, 117.4, 114.3, 72.8, 68.1, 55.5, 20.5.; HRMS-ESI [M+H]" calcd.
For Ci9HsNOs: 340.1185, found: 340.1181; Ry = 0.23 (EtOAc/hexanes, 1/5); HPLC
tr 10.35 min (R), 12.73 min (S) (Chiralpak OD-H column, i-PrOH/hexanes, 5/95, 1.0
mL/min, A = 254 nm). Reaction catalyzed by (P)-1: 10.49 min (major, 70.6 %),
12.95 min (minor, 29.4 %); [a];= +28 (c 0.1, CHCl;) for 41 % ee (lit.° ent []}) =
-55.0 (¢ 0.95, CHCIl; for 91 % ee)); the absolute configuration of the major

enantiomer was deduced to be (R).
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4-Methyl-5-0x0-2-(4-methoxyphenyl)-4,5-dihydrooxazole-4-carboxylic acid

phenyl ester (7c).*!

'H NMR (400 MHz, CDCl3) & 8.02 (d, J = 9.0 Hz, 2H),
CO,Ph
N o  7:39-7.35 (m, 2H), 7.26-7.22 (m, 1H), 7.11-7.09 (m, 2H),

(0]
7.01 (d, J = 9.0 Hz, 2H), 3.89 (s, 3H), 1.87 (s, 3H); °C

~o

NMR (100 MHz, CDCls) & 175.0, 164.8, 163.8, 163.4,
150.3, 130.3, 129.5, 126.5, 121.0, 117.4, 114.4, 72.8, 55.5, 20.5.; HRMS-ESI [M+H]"
caled. For CisH6NOs: 326.1028, found: 326.1026; Ry = 0.25 (EtOAc/hexanes, 1/5);
HPLC # 11.31 min (R), 13.12 min (S) (Chiralpak OD-H column, i-PrOH/hexanes,
2/98, 1.0 mL/min, A =254 nm). Reaction catalyzed by (P)-1: 11.30 min (major, 93.9
%), 13.10 min (minor, 6.1 %); [«]>=+94 (c 0.5, CHCL3) for 88 % ee (lit."' [a]}=
+88.9 (¢ 0.4, CHCI; for 94 % ee)); the absolute configuration of the major enantiomer
was deduced to be (R). Reaction catalyzed by (M)-1’ : 11.40 min (minor, 4.8 %),
13.23 min (major, 95.2 %); [a]; = -98 (c 0.5, CHCIL3) for 90 % ee; the absolute

configuration of the major enantiomer was deduced to be (S).
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4-Ethyl-5-0x0-2-(4-methoxyphenyl)-4,5-dihydrooxazole-4-carboxylic acid phenyl

ester (7d).*

'H NMR (400 MHz, CDCl3) & 8.04 (d, J = 9.0 Hz, 2H),

CO,Ph
NT_ o 7:39-7.35 (i, 2H), 7.26-7.22 (m, 1H), 7.12-7.09 (m, 2H),

O
7.01 (d, J = 9.0 Hz, 2H), 3.89 (s, 3H), 2.48-2.31 (m, 2H),

~
© 1.00 (t, J = 7.4 Hz, 3H); *C NMR (100 MHz, CDCl3) &
174.2, 164.6, 163.8, 163.3, 150.2, 130.3, 129.5, 126.4, 121.1, 117.3, 114.3, 77.2, 55.5,

27.9, 7.7, HRMS-ESI [MJrH]+ caled. For Ci9H sNOs: 340.1185, found: 340.1182; Ry



= 0.25 (EtOAc/hexanes, 1/2); HPLC #g 9.95 min (R), 11.94 min (S) (Chiralpak OD-H
column, i-PrOH/hexanes, 4/96, 1.0 mL/min, A = 254 nm). Reaction catalyzed by
(P)-1: 9.84 min (major, 93.9 %), 11.89 min (minor, 6.1 %); [a];=+82 (c 0.5, CHCI;)
for 88 % ee ; the absolute configuration of the major enantiomer was deduced to be
(R). Reaction catalyzed by (M)-1’ : 10.01 min (minor, 4.6 %), 12.08 min (major,
95.4 %); [a]2=-84 (c 0.5, CHCL3) for 91 % ee (lit."" [a]=-74.8 (¢ 0.29, CHCl; for

92 % ee)); the absolute configuration of the major enantiomer was deduced to be (S).

== i={11) Somgle O +(21) Smmgle Cemrmatogrmm: Detsst
b racemic
o
o
o (R) (s)
i
— 0=
- T -
= — L

0 10 20

Retention time
min Area Area % Assay Y
9.947 4345 .48 50.16 0.00

11.939 4318.00 4984 0.00

| EFREE S O + {230 Sermpl= O Drmtmster fihams | B Serpls Chrermgrm : @9) Sempls Crerreisgre: Desser 00
E catalyzed by (P)-1 ? “1 catalyzed by (M)-1
i (5)
o =
; (R) 5=
& - S
> (5) > 2 (R)
£ % =B =)
i 10 20 0 10 20
Retention time Retention time
min Area Area % Assay % min Area Area % Assay %
9.840 490006 9389 0.00 10.014 22910 462 0.00

11.893 32518 611 0.00 12.076 472522 9538 0.00



4-iso-Butyl-5-oxo-2-(4-methoxyphenyl)-4,5-dihydrooxazole-4-carboxylic acid

phenyl ester (7e).’

'H NMR (400 MHz, CDCL3) & 8.04 (d, J = 8.9 Hz, 2H),

N COPN 738.734 (m, 2H), 7.25-7.22 (m, 1H), 7.11-7.08 (m, 2H),

/©/“\O ° 7.01 (d, J = 8.9 Hz, 2H), 3.88 (s, 3H), 2.50 (dd, J = 14.3,
~o 5.8 Hz, 1H), 2.17 (dd, J = 14.3, 7.2 Hz, 1H), 1.86-1.77 (m,
1H), 1.00 (d, J= 6.7 Hz, 3H), 0.96 (d, J= 6.7 Hz, 3H); >*C NMR (100 MHz, CDCl3) &
174.8, 164.8, 163.7, 162.8, 150.3, 130.3, 129.5, 126.4, 121.1, 117.4, 114.3, 76.3, 55.5,
42.7,24.7,23.8, 23.1; HRMS-ESI [M+H]" calcd. For C,;H,,NOs: 368.1498, found :
368.1497; Ry = 0.28 (EtOAc/hexanes, 1/5); HPLC tg 8.77 min (R), 10.56 min (S)
(Chiralpak OD-H column, i-PrOH/hexanes, 2/98, 1.0 mL/min, A = 254 nm).
Reaction catalyzed by (P)-1: 8.72 min (major, 93.6 %), 10.53 min (minor, 6.4 %);
[ = +118 (c 0.5, CHCl;) for 88 % ee; the absolute configuration of the major
enantiomer was deduced to be (R). Reaction catalyzed by (M)-1" : 8.79 min (minor,
5.0 %), 10.61 min (major, 95.0 %); [a];= -126 (c 0.5, CHCL3) for 90 % ee; the
absolute configuration of the major enantiomer was deduced to be (.S).

| B i1 Sermpi= Crarmimgramm: {24) Sarmpls Clemrmsisgmm: Des:

racemic

(R) (5)

- -

]
!
“ g

S|

'JI”I”ILEI “””?EI

Retention time

mV{(Response)

min Area Area % Assay %
8.767 4146.73 4971 0.00
10.563 41904 .27 50.29 0.00



| BT Sepls Chemmiogem + 25 Sarpls Crermiograrm: Demsier 50
- E..—\. ) EBPRM L Snrpic O m {24 Sormpis Orarr . {26 Bl
o "+ catalyzed by (P)-1 _
z= v catalyzed by (M)-1
32T (R) : (s)
n & = 2 9
it —_ Ee w E
= 5]
et = :\'_/
= () <
g7 i ~ (R)

- _I L bl L Ll el bl Ll el = 4 ’r'"x.

0 10 20 i - 10 - I?']

Retention time . .
Retention time

min Area Area % Assay Y

min Area Area % Assay Ve
8.724 3614 34 93.63 0.00 2785 439072 405 0.00
10.323 24506 6.37 0.00 10.609 843875 9505 0.00

4-iso-Propyl-5-oxo-2-(4-methoxyphenyl)-4,5-dihydrooxazole-4-carboxylic  acid

phenyl ester (7f).*!

'H NMR (400 MHz, CDCl3) & 8.05 (d, J = 9.0 Hz, 2H),

NI o 7.40-7.36 (m, 2H), 7.26-7.24 (m, 1H), 7.13-7.09 (m, 2H),
/©)\O 7.00 (d, J=9.0 Hz, 2H), 3.89 (s, 3H), 2.97 (sept, J = 6.8 Hz,

h 1H), 1.18 (d, J = 6.8 Hz, 3H), 1.08 (d, J = 6.8 Hz, 3H); °C
NMR (100 MHz, CDCls3) 6 173.4, 164.5, 163.7, 162.8, 150.3, 130.3, 129.5, 126.4,
121.1, 117.4, 114.3, 80.4, 55.5, 34.7, 17.2, 16.4.; HRMS-ESI [M+H]" calcd. For
C20H20NOs: 354.1336, found: 354.1339; R, 0.25 (EtOAc/hexanes, 1/10); HPLC
10.40 min (S), 12.52 min (R) (Chiralpak AD-H column, i-PrOH/hexanes, 5/95, 1.0
mL/min, A = 254 nm). Reaction catalyzed by (P)-1: 10.21 min (minor, 15.5 %),
13.32 min (major, 84.5 %); [a];= +62 (c 0.5, CHCIl3) for 69 % ee; the absolute
configuration of the major enantiomer was deduced to be (R). Reaction catalyzed by
(M)-1" : 11.12 min (major, 85.8 %), 12.19 min (minor, 14.2 %); [a]}; = -65 (c 0.5,
CHCIs) for 72 % ee; the absolute configuration of the major enantiomer was deduced

to be (S).



racemic
H (S)
iz - (R)
= i h
. - .
min Area Area % Assay %
10.398 1872.01 4926 0.00
12.516 1928.42 50.74 Q.00
2| catalyzed by (P)-1 5| catalyzed by (M)-1
- (R) T
:= 5% (5)
:_ (S) g (R)
_ _h - LA
L L |’ in
10 £l Eemtention time

FEetention time

. A min Area Area % Assay %
min T€A Area % Assay % 10.117 4402.70 8579 0.00
10.210 139475 15.53 0.00 12.193 72015 1421 0.00

12.324 7583 42 2447 0.00

4-Allyl-5-0x0-2-(4-methoxyphenyl)-4,5-dihydrooxazole-4-carboxylic acid phenyl

ester (7g)."

'H NMR (400 MHz, CDCl3) & 8.02 (d, J = 9.0 Hz, 2H),
/ CO,Ph
N 7.39-7.35 (m, 2H), 7.24-7.23 (m, 1H), 7.12-7.09 (m, 2H),

0]
/©)\o 7.00 (d, J = 9.0 Hz, 2H), 5.76-5.66 (m, 1H), 5.33-5.20 (m,
o 2H), 3.89 (s, 3H), 3.16 (dd, J = 13.9, 6.6 Hz, 1H), 3.02 (dd,
J=13.9, 8.0 Hz, 1H); *C NMR (100 MHz, CDCls) & 173.7, 164.3, 163.8, 163.3,
150.2, 130.4, 129.5, 129.2, 126.5, 121.8, 121.1, 117.3, 114.3, 76.6, 55.6, 38.4;
HRMS-ESI [MJrH]+ caled. For CyHsNOs: 352.1185, found: 352.1180; Ry = 0.28

(EtOAc/hexanes, 1/5); HPLC tg 9.67 min (R), 11.62 min (S) (Chiralpak OD-H column,



i-PrOH/hexanes, 4/96, 1.0 mL/min, A = 254 nm). Reaction catalyzed by (P)-1: 9.59
min (major, 94.0 %), 11.58 min (minor, 6.0 %); [a];=+97 (c 0.5, CHCls) for 88 %
ee (lit."" [a]=+107.7 (c 0.79, CHCI; for 89 % ee)); the absolute configuration of
the major enantiomer was deduced to be (R). Reaction catalyzed by (M)-1" : 9.69
min (minor, 4.5 %), 11.72 min (major, 95.5 %); [a];=-103 (c 0.5, CHCL3) for 91 %

ee; the absolute configuration of the major enantiomer was deduced to be (S).

ATLADE il 1) Sorgil= O : {25 Sorgls Orarmisgrom: Dk
o racemic
o
25
5=
o (R) (s)
g 5 o9
> Jﬁ z
i 10 20
Retention time
min Area Area % Assay Y
9674 B005.38 50.62 0.00
11.615 7809.10 4938 0.00
T AP Sargle Ceomatgramn (25) Swegle Ceormisgras Descr 00 | AL S O 357 Saregde O3 o o
? catalyzed by (P)-1 ) catalyzed by (M)-1
- w
. &
o
] R 5
& (R) 2 (S)
> (5) > =
L 1 7] =

0 10 20 0 10 20

Fetention timme Retention time
min Area Area % Assay % min Area Area % Assay %
95387 423000 93 08 0.00 9. 690 199 46 448 Q.00
11.579 271.63 5.02 Q.00 11.720 4254 25 9552 Q.00

4-((2-Methylthio)ethyl)-5-ox0-2-(4-methoxyphenyl)-4,5-dihydrooxazole-4-carbo-

xylic acid phenyl ester (7h).**



'"H NMR (400 MHz, CDCl;) 8 8.03 (d, J = 8.9 Hz, 2H),

N CO2Ph 739.7.35 (m, 2H), 7.24-7.22 (m, 1H), 7.11-7.09 (m, 2H),

/@/H\O ° 7.01 (d, J = 8.9 Hz, 2H), 3.89 (s, 3H), 2.79-2.54 (m, 4H),
~0 2.10 (s, 3H); >C NMR (100 MHz, CDCls) & 174.3, 164.4,
163.9x2, 150.2, 130.4, 129.5, 126.5, 121.0, 117.3, 114.4, 75.6, 55.6, 33.2, 28.3, 15.1;
HRMS-ESI [MJrH]+ caled. For CyoH»NOsS: 386.1062, found: 386.1054; Ry = 0.25
(EtOAc/hexanes, 1/2); HPLC tx 11.65 min (R), 13.70 min (S) (Chiralpak OD-H
column, i-PrOH/hexanes, 4/96, 1.0 mL/min, A = 254 nm). Reaction catalyzed by
(P)-1: 11.69 min (major, 93.7 %), 13.72 min (minor, 6.3 %); [a]; = +183 (c 0.5,
CHCl;) for 87 % ee (lit."" [a]'=+111.0 (c 0.68, CHCI; for 90 % ee)); the absolute
configuration of the major enantiomer was deduced to be (R). Reaction catalyzed by
(M)-1" : 11.64 min (minor, 4.7 %), 13.66 min (major, 95.3%); [«];=-191 (c 0.5,

CHCI;) for 91 % ee; the absolute configuration of the major enantiomer was deduced

to be (S).
[ - L : (A7) Errrgis Chrorrmimgrnrey: T
2 =] racemic
o
c =
2 (R)
RS
L 7 (s)
o : 8
> E | = o
=4 0 . -

Ullllllllﬂ IIHH?G

Eetention time
min Area Area % Assay Yo
11.650 272570 50.83 0.00

13.703 2636.75 4917 0.00



7Y == ET) Serrple Crmmamisprmm (31 Sargis Oeormisgram: Dt 00k _
D= 1A Soregils Chrormmiogrom < (22 Serpls Chrormmisgrom: Dot 000
) catalyzed by (P)-1 ~Z | catalyzed by (M)-1
w (R) o = ]
= 2 .
2 - E (5)
m . a L]
[1¥] R -~
o = il
— &
Z (f) > g2 i
= | }'L_ = ﬂ:
Retention time Retention time
min Area Area Ya Assay Ya 1Tin Area Area % Assa‘y 9
11.687 0042 809 9366 0.00 11_643 207.51 A70 0.00
13.717 672.61 6.34 0.00 13.658 420054 9530 0.00
4-Benzyl-5-0x0-2-(4-methoxyphenyl)-4,5-dihydrooxazole-4-carboxylic acid

phenyl ester (7i)."

'H NMR (400 MHz, CDCl;) & 7.88 (d, J = 9.0 Hz, 2H),
Bn

CO,Ph

NI)S:O 7.40-7.36 (m, 2H), 7.27-7.18 (m, 6H), 7.11-7.10 (m, 2H),

D)\O 6.94 (d, J = 9.0 Hz, 2H), 3.86 (s, 3H), 3.72 (ABq, J = 13.7
o Hz, 1H), 3.60 (ABq, J = 13.7 Hz, 1H); >*C NMR (100 MHz,
CDCls) 8 173.6, 164.5, 163.7, 163.1, 150.3, 132.8, 130.5, 130.2, 129.5, 128.3, 127.6,
126.5, 121.1, 117.2, 1142, 77.5, 55.5, 40.2; HRMS-ESI [M+Na]  calcd. For
C24Hy0NOs: 402.1341, found: 402.1339; Ry = 0.3 (EtOAc/hexanes, 1/5); HPLC #
10.63 min (R), 12.78 min (S) (Chiralpak OD-H column, i-PrOH/hexanes, 6/94, 1.0
mL/min, A = 254 nm). Reaction catalyzed by (P)-1: 10.88 min (major, 94.8 %),
13.17 min (minor, 5.2 %); [a]2=+116 (c 0.5, CHCI;) for 90 % ee (lit."" [o]2=+195
(c 0.61, CHCI; for 91 % ee)); the absolute configuration of the major enantiomer was
deduced to be (R). Reaction catalyzed by (M)-1" : 11.14 min (minor, 2.9 %), 13.47
min (major, 97.1 %); [a]5 = -125 (¢ 0.1, CHCl;) for 94 % ee; the absolute

configuration of the major enantiomer was deduced to be (95).



ic(2) Sarmpic O Dretsciar Srilmmms] &
2= | racemic
S _ (R)
= 7 (S)
o =4 N
o s 9
> = | fk ﬂ
0 11) 20
Retention time
min Area Area % Assay %
10.629 3142.14 49390 0.00
12776 3220.00 50.61 0.00
TR S (34 Smrgl= O Dretesior 50 T BRI Sarrgis Omarmmigram 23) Sl Orormisgram: Dt 000
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e “ (S)
S (R) z
) -
= £, -
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A_/ B [
> (S) > (R)
E - E -
_’_I L L L el _’_I el = L L
0 10 20 i 11} 20
Retention time Retention time
min Area Area % Assay % min Area Area% Assay %
10.881 692700 9482 0.00 11.138 317.37 201 0.00
13.169 378.58 518 0.00 1347210597 .60 97.09 0.00

4-((4-Benzyloxy)benzyl)-5-

0x0-2-(4-methoxyphenyl)-4,5-dihydrooxazole-4-carbo

xylic acid phenyl ester  (7j).

'H NMR (400 MHz, CDCl3) § 7.91 (d, J = 9.0 Hz, 2H),
7.40-7.11 (m, 12H), 6.96 (d, J = 9.0 Hz, 2H), 6.83 (d, J =
8.7 Hz, 2H), 4.97 (s, 2H), 3.87 (s, 3H), 3.68 (ABq, J =

13.9 Hz, 1H), 3.57 (ABq, J = 13.9 Hz, 1H); °C NMR

(100 MHz, CDCls) 6 173.6, 164.5, 163.6, 163.1, 158.2, 150.2, 136.8, 131.6, 130.2,

129.5, 128.5, 127.9, 127.4,

126.5, 125.0, 121.1, 117.2, 114.6, 114.2, 77.6, 69.8, 55.5,



39.4.; HRMS-ESI [M+H]+ caled. For C31H6NOg: 508.1755, found: 508.1798; R, 0.25
(EtOAc/hexanes, 1/5); HPLC #x 21.00 min (R), 26.87 min (S) (Chiralpak OD-H
column, i-PrOH/hexanes, 10/90, 1.0 mL/min, A = 254 nm). Reaction catalyzed by
(P)-1: 22.26 min (major, 95.3 %), 28.46 min (minor, 4.7 %); [a]; = +150 (c 0.5,
CHCL) for 91 % ee (lit."" [a]=+154.1 (c 0.54, CHCI; for 91 % ee)); the absolute
configuration of the major enantiomer was deduced to be (R). Reaction catalyzed by
(M)-1" :20.01 min (minor, 3.3 %), 26.87 min (major, 96.7 %); [a]; = -156 (c 0.5,

CHCl) for 93 % ee; the absolute configuration of the major enantiomer was deduced

to be (S).
racemic
- (R)
s= = (S)
2 =
= A
15
min Area Area % Assav %
20.996 4057.09 49.67 0.00
26.874 411021 50.33 0.00
a1 (25} Sampla Chrometogran - (58] Sample Chromatagmna: Decectar PBeBeP, 8134 Bsmple Chromerogrem - (50} Simple Chromstogme: Devector
catalyzed by (P)-1 catalyzed by (M)-1
B 7= (S)
E (R) : .
: =
) ; (R)
(S) .
- "R
= 1 111 AI 1
15 0% T
min Area Area% Assay % min Area Area % Assay %
22.25632310.30 9527 Q.00 21.010 347 06 308 0.00

28.458 1604.64  4.73 0.00 26.86910250 22 96.72 0.00



4-((4-Phenoxycarbonyloxy)benzyl)-5-0xo-2-(4-methoxyphenyl)-4,5-dihydrooxazo

le-4-carboxylic acid phenyl ester  (7k).™

'H NMR (400 MHz, CDCl3) & 7.87 (d, J = 9.0 Hz, 2H),

|\|I o 7.40-7.07 (m, 14H), 6.92 (d, J = 9.0 Hz, 2H), 3.84 (s,
D)\O 3H), 3.72 (ABq, J = 13.8 Hz, 1H), 3.58 (ABq, J = 13.8

h Hz, 1H); *C NMR (100 MHz, CDCl3) & 173.5, 164.3,
163.8, 163.4, 151.7, 150.9, 150.5, 150.2, 131.7, 131.0, 130.2, 129.5, 126.5, 126.3,
121.1, 120.8, 120.7, 117.0, 114.3, 77.3, 55.5, 39.4.; HRMS-ESI [M+H]" calcd. For
C31H24NOg: 538.1496, found: 538.1489; Ry 0.20 (EtOAc/hexanes, 1/5); HPLC
29.91 min (S), 38.26 min (R) (Chiralpak AD-H column, i-PrOH/hexanes, 20/80, 1.0
mL/min, A =254 nm). Reaction catalyzed by (P)-1: 30.26 min (minor, 6.4 %), 38.95
min (major, 93.6 %); [a]%=+118 (c 0.5, CHCl3) for 87 % ee (lit."" [«]=+125.4 (c
0.52, CHCI; for 89.9 % ee)); the absolute configuration of the major enantiomer was
deduced to be (R). Reaction catalyzed by (M)-1" : 30.01 min (major, 94.8 %), 38.51
min (minor, 5.2 %); [a]; = -123 (¢ 0.5, CHCIL;) for 90 % ee; the absolute

configuration of the major enantiomer was deduced to be ().

£ racemic
57 SN
15 W m
min Area Area % Assay %
29911 816225 4908 0.00

38.259 g8167.77 50.02 0.00
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Figure S11. Stacked 'H NMR spectra of crossover experiments of

O-carboxylazlactones 6¢ and 6l under optimal reaction conditions.
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conditions.



References

1.

C.-T. Chen, C.-H. Chen and T.-G. Ong, J. Am. Chem. Soc., 2013, 135, 5294~

5297.

M. R. Heinrich, H. S. Klisa, H. Mayr, W.Steglich and H. Zipse, Angew. Chem. Int.

Ed., 2003, 42, 4826—4828.

Y. Zhao and D. G. Truhlar, Theor. Chem. Acc., 2008, 120, 215-41.
E. Cances and B. Mennucci, J. Chem. Phys., 2001, /74, 4744-45.

Gaussian 09, Revision E.O1, M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E.
Scuseria, M. A. Robb, J. R. Cheeseman, G. Scalmani, V. Barone, B. Mennucci, G.
A. Petersson, H. Nakatsuji, M. Caricato, X. Li, H. P. Hratchian, A. F. Izmaylov, J.
Bloino, G. Zheng, J. L. Sonnenberg, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J.
Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, J. A.
Montgomery, Jr., J. E. Peralta, F. Ogliaro, M. Bearpark, J. J. Heyd, E. Brothers, K.
N. Kudin, V. N. Staroverov, R. Kobayashi, J. Normand, K. Raghavachari, A.
Rendell, J. C. Burant, S. S. Iyengar, J. Tomasi, M. Cossi, N. Rega, J. M. Millam,
M. Klene, J. E. Knox, J. B. Cross, V. Bakken, C. Adamo, J. Jaramillo, R.
Gomperts, R. E. Stratmann, O. Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J. W.
Ochterski, R. L. Martin, K. Morokuma, V. G. Zakrzewski, G. A. Voth, P.
Salvador, J. J. Dannenberg, S. Dapprich, A. D. Daniels, O. Farkas, J. B. Foresman,

J. V. Ortiz, J. Cioslowski, and D. J. Fox, Gaussian, Inc., Wallingford CT, 2009.
J. C. Ruble and G. C. Fu, J. Am.Chem. Soc., 1998, 120, 11532—11533.

S. A. Shaw, P. Aleman and E. Vedejs, J. Am.Chem. Soc., 2003, 125,

13368—13369.



8. H. V. Nguyen, D. C. D. Butler and C. J. Richards, Org. Lett., 2006, 8, 769-772.

9. J. E. Thomson, C. D. Campbell, C. Concellon, N. Duguet, K. Rix, A. M. Z.

Slawin and A. D. Smith, J. Org. Chem., 2008, 73, 2784-2791.

10. C. Joannesse, C. Simal, C. Concellon, J. E. Thomson, C. D. Campbell, A. M. Z.

Slawin, A. D. Smith, Org. Biomol. Chem., 2008, 6, 2900-2907.

11. C. Joannesse, C. P. Johnston, C. Concellon, C. Simal, D. Philp and A. D. Smith,

Angew. Chem., Int. Ed., 2009, 48, 8914—8918.



ODOMAON~NNODIONLONM
NHOONOTMANM O
QOOUOHUOLMMMMANN -
[spNerNesNesNesNesNesNerNeoNerNerNerNep)

==

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES

AQ
RG
DW
DE

1.092
1.139

140222vMomMdicCl
1

1

20140222
12.46

spect

5 mm DUL 13C-1
zg30

32768

CDCI3

8

0

6410.256
0.195625
2.5559540

4
78.000
6.00

300.0
2.00000000

CHANNEL f1l ====

1H

10.00

-2.40
400.1528010
16384
400.1500168
EM

0

0.00

0

1.00



o ON— O W©L

o NoO-N~OAN N~NO N To) N
© NOOWMN~® — O W~ o N~
g ATt NOOH N~ o
o ONMMANO i . .
0] nMmMmMmMnmm NNOLW [e0] Lo
- A A [N N N o) <

- N SEOUTTIR

T T T T T T T T T ]

180 160 140 120 100 80 60 40 20 ppm

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES

AQ
RG
DW

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
SF02
Si

SF
WDW
SSB
LB

GB

PC

140222MOMdiCl
13

1

20140222
12.47
spect

5 mm DUL 13C-1
zgpg30
65536
CDCI3

590

0

22727 .273
0.346791
1.4418420
57

22.000
6.00

300.0
2.00000000
0.03000000
1.89999998

9.70
-0.50
100.6288660

CHANNEL 2 ====

waltzl16

1H

90.00

-2.40

15.10

18.10
400.1516010
32768
100.6178027
EM

0

3.00

0

1.00



ekl
=]
Fara
AT
gea
L&
B35

— 587
—— 5480
——LERC

3E00 2400 3200 2000 2300 2600 2400 2200 2000 1200 1600 1400 1200 1000 200 GO0

3300




o | sbed NLoN Aq Wd €511 LY PLOZ/E/E pajuld L v SisAleuyeleq ssedwod Jsinig
PeES L0 189 F9E 6N
A Eees , L o, SOEE L .
L
2z
€
2
STSO'L8E
S7S0'L8E FOENF|D*HED +T wc,‘x
655€'88€ < ceeT-cge| [ 6788'98€
7950°888 4
z
£
= d
. srsolse pOLX
€14 UILB0 SN+ [@ e ‘suaju|
<
qw ey o o ov O oS o e 0 0%
Rt i of Wy Y YT Al e i TR T ud A YT T T
— A_jj.:.: Tﬁ:,_ T ::ﬁ A__:
m ~
1134
—_ N~
® 22
! z
M ©O 0 ; 800T'TLE
O o™ ~ 0£6T'T8E 20ST'SLE
: <&
ELBT ST s 0/ )
E9LTBTY O = ¥
O o X csouse
S =
[ oy
o Yl 9
[0 o) N~
©
= Qo
o 33
[Sere) 8
o™
=
. o S YETE09E p0bx
EvH# UIWE'0 S+ :P'6ZS TO 189 vIE 6N ‘susu|
3.0 1ajeaH 10dY 198 Yu o BUOIO) ]88
1seM aAleA HoAI] 19S A 0002 abeyjop Buibieyd 1S Z/W 0051 pu3 uess
| 0'g se9 Qg 18s A 00G- 18SYO 8leld pu3 jeg Z/w g uibsg ueag
2. 002 IsjeeH A i8S A 00SY AgjideD jes ey snoo4
®’gol 18ZIINgaN 188 ansod Aluejod uo| 1S3 adA] a21nog
Isjaweled uonisinboy
usuwiwo)
9100969618} QH Pedw!  juawnysy| o€ 6N swen sjdweg
NLON Jojeisdp wrs|nosjow |[ewg poyisip

P'6ZS L0 188 ¥9€ BN\E0S0TLOZ\EIRAIDIAYIS NLONERANA

Nd 8£:8€:¢ bLOZ/E/E  eleq uonsinbay

slweN sisf|euy
oju| sisAjeuy

Hodsay Aejdsiq




BOC\N

X
Z
N

Br

JJ_J } )| A o J@,
""" | A L A L L E L L I
10 9 8 7 6 5 4 3 2 1 ppm
< (0[O ™ | O (N [e0]
0I5 ([© ™ | |ANN QO | N~
Cele 2 <l e cel “
| ||« o | [ | (o))

NAME
EXPNO
PROCNO
Date_
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INSTRUM
PROBHD
PULPROG
TD
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SWH
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DE
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2

1
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5 mm DUL 13C-1
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CDCI3

8

0

6410.256
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2.5559540
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CHANNEL f1
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16384
400.1500094
EM

0
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0
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-0.50
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1H
90.00
-2.40
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400.1516010
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100.6178084

EM

0
3.00
0
1.00
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INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 32768
SOLVENT CDCI3
NS 1
DS 0
SWH 6410.256 Hz
FIDRES 0.195625 Hz
AQ 2.5559540 sec
RG 4
Bocs DW 78.000 usec
DE 6.00 usec
N 0 TE 300.0 K
D1 2.00000000 sec
I~ TDO 1
N
=—======= CHANNEL f1 ========
NUC1 1H
P1 10.00 usec
PL1 -2.40 dB
SFO1 400.1528010 MHz
Sl 16384
SF 400.1500090 MHz
WDW EM
SSB 0
LB 0.00 Hz
l l l l l ,L A GB 0
PC 1.00
""" LS U A H N I L E NN IR LN IR I
10 9 8 7 6 5 4 3 2 1 ppm
o (@) N 0 N~ ™
o < — [ee] N~ (@)]
o o o o o (92]
— — — N N o
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-0.50 dB
100.6288660 MHz

CHANNEL f2 ========

waltzl16
1H
90.00 usec
-2.40 dB
15.10 dB
18.10 dB
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EM
0
3.00 Hz
0
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5 mm DUL 13C-1
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32768
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0
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8.207
8.192
8.088
7.913
7.908
7.703
7.688
7.400
7.394
7.375
7.354
7.260
7.239

7.234
7.218
7.213
7.146
7.140
7.125
7.120
6.961
6.940
4_309

3.864
3.852
3.419
3.412
3.388
3.361
3.102
3.091
3.078
3.067

2.944
2.933
2.926

2.914
2.898
2.774
2.762
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1.912
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B e )
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10 8 7 4 2 ppm
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

TD

SOLVENT

NS
DS

SWH
FIDRES

AQ
RG
DW
DE

CHANNEL f1

140502-EMCNB

5

1
20150113
15.44
spect

5 mm DUL 13C-1

zg30
32768
CDCI3

16

0
6410.256
0.195625
2.5559540
4

78.000
6.00
300.0
2.00000000

1H
10.00
-2.40

400.1528010

16384

400.1500088

EM

0
0.00
0
1.00
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OSSO OMOMNMOANANNNNA NOMNNMNOAHOOOSLOMOOOW Time 19.23
AT AT A A A A A A A AAAAAd ONNMNNMNNMNNOOLOLSSSIS O N INSTRUM spect
===\ VN
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 260
DS 0
SWH 22727 .273 Hz
FIDRES 0.346791 Hz
AQ 1.4418420 sec
RG 57
Dw 22.000 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
—======= CHANNEL f1 ========
NUC1 13C
P1 9.70 usec
PL1 -0.50 dB
SFO1 100.6288660 MHz
—======= CHANNEL f2 ========
CPDPRG2 waltz16
NUC2 1H
PCPD2 90.00 usec
PL2 -2.40 dB
PL12 15.10 dB
PL13 18.10 dB
SF02 400.1516010 MHz
Sl 32768
SF 100.6177980 MHz
WDW EM
SSB 0
l LB 3.00 Hz
Ao qatal W iy e liraraemumnrpain GB 0
PC 1.00

| ' | ' | ' | ' | ' ' ' ' '
180 160 140 120 100 80 60 40 20 ppm
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Sgggﬁl_gggg EQMEO 140715 hellcege MOMd i CI1-DMAP-NBoc
NN NN N ©
+ o+ 1o oo PROCNO 1
MOONNNNA pate 20140718
//// N\l%////}/ Time 18.59
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 32768
SOLVENT CDCI3
NS 4
DS 0
SWH 6410.256 Hz
FIDRES 0.195625 Hz
AQ 2.5559540 sec
RG 4
Dw 78.000 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
TDO 1
======== CHANNEL f1 ========
NUC1 1H
P1 10.00 usec
PL1 -2.40 dB
SFO1 400.1528010 MHz
Sl 16384
SF 400.1500099 MHz
WDW EM
SSB 0
LB 0.00 Hz
\,J GB 0
C 1.00
S B B I B B B I IR I
10 9 8 7 6 5 1 ppm

10.082



153.034
144 .645
141 .477
138.631
138.232

Lo

MONMNNMNOMNMANNOOOOTOOH LWL NAME
OO NTdOONOOO AN ONMNAAANO dH EXPNO
INNMNOMOOOOANTSTNOOODOONHOONOM

O v v Y Ty o T T PROCNO
— 00 Date_
i N Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

136.928
135.201
133.215
132.878
132.269
131.871
131.628
131.113
128.642
128.525
128.142
127.977
127.815
127.629
127.161
127.007
125.297
122 .495
116.304

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
SF02

Si

SF

WDW

. MJJJM iJ . MMM IWJJ_JJJWEB

PC

x x x ' x ' x ' x ' x ' \
160 120 100 80 60 40 20 ppm

140715-helicene-MOMdiCl-DMAP-NBoc
14

1

20140719
0.03

spect

5 mm DUL 13C-1
zgpg30
65536
cDClI3

8265

0
22727.273
0.346791
1.4418420
57

22.000
6.00

300.0
2.00000000
0.03000000
1.89999998

-0.50
100.6288660

CHANNEL f2 ====

waltzl6

1H

90.00

-2.40

15.10

18.10
400.1516010
32768
100.6178006
EM

0

3.00

0

1.00
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3.725
3.715
3.693
3.688
3.670
3.665
3.445
3.404
3.220
3.161

Te————aa\/ [ TN ee—————

1.560

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

TD

SOLVENT

NS
DS

SWH
FIDRES

AQ
RG
DW
DE

CHANNEL f1

150313HMCNM

6

1
20150319
9.17
spect

5 mm DUL 13C-1

zg30
32768
CDCI3

8

0]
6410.256
0.195625
2.5559540
4

78.000
6.00
300.0
2.00000000

1H
10.00
-2.40

400.1528010

16384

400.1500168

EM

0
0.00
0
1.00
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oo NN OODOANAHAILOANODDOILONOODODOWOOOM
NAOOONAAAOWONNNMNNNOLOWOOWLL *+ + ¢+ + 1+ & &+ 1+ & a1+ a1 1+ PROCNO 1
TENONNONMONNNNNNNNNAAOONNMNNOOSTNODOOAAWNW ADNNO©  Date_ 20150315
A A A A A A A A A A A A A A AAAAAAAANNNNNNNOLOOOOOSSETOOOO NN Time 0.00
PR WIS B
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 7783
DS 0
SWH 22727 .273 Hz
FIDRES 0.346791 Hz
AQ 1.4418420 sec
RG 57
DW 22.000 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
—======= CHANNEL f1 ========
NUC1 13C
P1 9.70 usec
PL1 -0.50 dB
SFO1 100.6288660 MHz
—======= CHANNEL f2 ========
CPDPRG2 waltzl16
NUC2 1H
PCPD2 90.00 usec
PL2 -2.40 dB
PL12 15.10 dB
PL13 18.10 dB
SF02 400.1516010 MHz
Sl 32768
SF 100.6178030 MHz
WDW EM
SSB 0
Il j J} LB 3.00 Hz
g . GB 0
PC 1.00

| ' | ' | ' | ' | ' ' ' ' '
180 160 140 120 100 80 60 40 20 ppm
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_~7.875
™-7.853
—7.260

__~-6.930
-6.907

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES

3.821
_—2.127
—2.002

0] AQ
RG

DW
DE

1.993

3.069

140223MeCMe2CCI3
2
1
20140224
18.30
spect
5 mm DUL 13C-1
zg30
32768
CDCI3
1
0
6410.256 Hz
0.195625 Hz
2.5559540 sec
4
78.000 usec
6.00 usec
300.0 K
2.00000000 sec

CHANNEL f1 ========
1H
10.00 usec
-2.40 dB
400.1528010 MHz
16384
400.1500093 MHz
EM
0
0.00 Hz
0
1.00
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EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DwW

DE

TE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
SFO2
Si

SF
WwDw
SSB
LB

GB

PC

140223MeCMe2CCI3

13

1

20140224
18.32
spect

5 mm DUL 13C-1
zgpg30
65536
CDCI3

471

0
22727.273
0.346791
1.4418420
57

22.000
6.00

300.0
2.00000000
0.03000000
1.89999998

-0.50
100.6288660

CHANNEL T2 ====

waltz16

1H

90.00

-2.40

15.10

18.10
400.1516010
32768
100.6178055
EM

0

3.00

0

1.00
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NAME
EXPNO
PROCNO
Date
Time
INSTRUM
PROBHD
PULPROG

TD

SOLVENT

NS
DS

SWH
FIDRES

AQ
RG
DW
DE

CHANNEL f1

140223MeBn
1

1

20140223
11.38
spect

5 mm DUL 13C-1

zg30
32768
CDCI3

8

0
6410.256
0.195625
2.5559540
4

78.000
6.00
300.0
2.00000000

1H
10.00
-2.40

400.1528010

16384

400.1500095

EM

0
0.00
0
1.00



—
2350332 JNBSN 0 O N 0 o Ty) NAME 140223MeBn
N OO OHOANOL O 0 A O 0 © A < EXPNO 15
AYHAODNORDONOO T “<29h “ “ PROSNO 5
O WD TONNNN A o o M~ © o 0 o Date_ 20149228
A Add AdAAdAdA A A A [ S N To} — 1me -
INSTRUM spect
‘ \ / ‘ \\::<§¥¢/) ///;/) \\s//// ‘ PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 7804
DS 0
SWH 22727 .273 Hz
FIDRES 0.346791 Hz
N AN AQ 1.4418420 sec
\ O RG 57
(@) DW 22.000 usec
o OBn DE 6.00 usec
TE 300.0 K
\\O D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
======== CHANNEL 1 ========
NUC1 13C
P1 9.70 usec
PL1 -0.50 dB
SFO1 100.6288660 MHz
—======= CHANNEL 2 ========
CPDPRG2 waltz16
NUC2 1H
PCPD2 90.00 usec
PL2 -2.40 dB
PL12 15.10 dB
PL13 18.10 dB
SF02 400.1516010 MHz
Sl 32768
SF 100.6178023 MHz
WDW EM
SSB 0
1 l U L H LB 3.00 Hz
J . . A GB 0
PC 1.00

| ' | ' | ' | ' | ' ' ' ' '
180 160 140 120 100 80 60 40 20 ppm
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7.914
7.891
7.459
7.454
7.442
7.438
7.425
7.419
7.328
7.326
7.311
7.308
7.296
7.291
7.260
6.958
6.936

Toe—sa\——

-

0O

O)‘OPh

3.843

A

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

2.192

2.986

2.983

140223MePh
2

1

20140224
19.42
spect

5 mm DUL 13C-1
zg30

32768
CDCI3

1

0]

6410.256
0.195625
2.5559540
4

78.000
6.00

300.0
2.00000000

CHANNEL f1 ====

1H

10.00

-2.40
400.1528010
16384
400.1500092
EM

0

0.00

0

1.00
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NAME
EXPNO
PROCNO
Date
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
SFO2

140223MePh
13

1

20140224
19.43
spect

5 mm DUL 13C-1
zgpg30
65536
CDCI3

216

0

22727 .273
0.346791
1.4418420
57

22.000
6.00

300.0
2.00000000
0.03000000
1.89999998

-0.50
100.6288660

CHANNEL f2 ====

waltzl16

1H

90.00

-2.40

15.10

18.10
400.1516010
32768
100.6178038
EM

0

3.00

0

1.00
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NAME
EXPNO
PROCNO
Date
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES

AQ
RG
DW
DE

—3.851
2.603
2.584
2.565
2.546

A
AN

3.024
1.970
3.141

140627EtPh
3

1

20140629
8.25

spect

5 mm DUL 13C-1
zg30

32768
CDCI3

1

0

6410.256
0.195625
2.5559540
4

78.000
6.00

300.0
2.00000000

-2.40
400.1528010
16384
400.1500090
EM

0

0.00

0

1.00
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NAME
EXPNO
PROCNO
Date
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
SFO2
S1

SF
WDW
SSB
LB

GB

PC

140627EtPh
14

1

20140629
8.26

spect

5 mm DUL 13C-1
zgpg30
65536
CDCI3

1612

0
22727.273
0.346791
1.4418420
57

22.000
6.00

300.0
2.00000000
0.03000000
1.89999998

-0.50
100.6288660

CHANNEL 2 ====

waltzl1l6

1H

90.00

-2.40

15.10

18.10
400.1516010
32768
100.6178008
EM

0

3.00

0

1.00
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20140629
5.28
spect

5 mm DUL 13C-1
zg30

32768
CDCI3

1

0

6410.256
0.195625
2.5559540
4

78.000
6.00

300.0
2.00000000

CHANNEL f1 ====

1H

10.00

-2.40
400.1528010
16384
400.1500092
EM

0

0.00

0

1.00
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0
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1.4418420
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-0.50
100.6288660

CHANNEL 2 ====
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90.00

-2.40

15.10

18.10
400.1516010
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100.6178004
EM

0
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0
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1

20140705
0.09
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5 mm DUL 13C-1
zg30

32768

CDCI3

4

0

6410.256
0.195625
2.5559540

4

78.000

6.00

300.0
2.00000000

CHANNEL f1
1H

10.00

-2.40
400.1528010
16384
400.1500089
EM

0

0.00

0

1.00
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-0.50
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O»\ SWH 6410.256 Hz
FIDRES 0.195625 Hz
NN OPh AQ 2.5559540 sec
d RG 4
DW 78.000 usec
DE 6.00 usec
\O TE 300.0 K
D1 2.00000000 sec
TDO 1
======== CHANNEL f1 ========
NUC1 1H
P1 10.00 usec
PL1 -2.40 dB
SFO1 400.1528010 MHz
Sl 16384
SF 400.1500092 MHz
WDW EM
SSB 0
LB 0.00 Hz
S cs 0
e PC 1.00
""" I L I I B I
10 9 8 7 6 5 4 3 2 1 ppm
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2.825 —
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0.03000000
1.89999998

9.70
-0.50
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-2.40
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18.10
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0

3.00

0
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Date_
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140225BnPh
1

1

20140225
18.32
spect

5 mm DUL 13C-1
zg30

32768
CDCI3

32

0

6410.256
0.195625
2.5559540
2

78.000
6.00

300.0
2.00000000

CHANNEL f1
1H

10.00

-2.40
400.1528010
16384
400.1500168
EM

0

0.00

0

1.00
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22727 .273 Hz
0.346791 Hz
1.4418420 sec
57
22.000 usec
6.00 usec
300.0 K
2.00000000 sec
0.03000000 sec
1.89999998 sec

-0.50 dB
100.6288660 MHz

CHANNEL f2 ========
waltz16
1H
90.00 usec
-2.40 dB
15.10 dB
18.10 dB
400.1516010 MHz
32768
100.6178023 MHz
EM
0
3.00 Hz
0
1.00
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
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PULPROG

TD

SOLVENT

NS
DS

SWH
FIDRES

AQ
RG
DW
DE

CHANNEL f1

150314MeCI-P

1

1
20150314
10.25
spect

5 mm DUL 13C-1

zg30
32768
CDCI3

1

0
6410.256
0.195625
2.5559540

4
78.000
6.00

300.0
2.00000000

1H
10.00
-2.40

400.1528010

16384

400.1500085

EM

0
0.00
0
1.00
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CO,CMe,CCls NOLVENT coers
N DS 0
I o SWH 22727.273 Hz
(@] FIDRES 0.346791 Hz
AQ 1.4418420 sec
RG 57
~0 DW 22.000 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
di1i 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
=—======= CHANNEL 1 ========
NUC1 13C
P1 9.70 usec
PL1 -0.50 dB
SFO1 100.6288660 MHz
=—======= CHANNEL 2 ========
CPDPRG2 waltz16
NUC2 1H
PCPD2 90.00 usec
PL2 -2.40 dB
PL12 15.10 dB
PL13 18.10 dB
SF02 400.1516010 MHz
S 32768
SF 100.6178004 MHz
WDwW EM
} J SSB 0
LB 3.00 Hz
" T—— . p o - SIS Sy T vy + GB 0
PC 1.00

| ' | ' | ' | ' | ' | ' | ' | ' | ' |
180 160 140 120 100 80 60 40 20 ppm
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7.966
7.954
7.949
7.331
7.327
7.320
7.316
7.313
7.308
7.297
7.291
7.285
7.260
6.991
6.986
6.973
6.968
5.267

5.236
5.210
5.179
—3.880
1.779
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PROCNO
Date_
Time
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PULPROG

TD

SOLVENT

NS
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SWH
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AQ
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DW
DE

o
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""" IR R
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o O\

o < | O
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3.348

CHANNEL f1

141215MeBn-P

1
1

20141215

13.36
spect

5 mm DUL 13C-1
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32768
CDCI3
1

0

6410.256
0.195625
2.5559540

4
78.000
6.00
300.0

2.00000000

1H
10.00
-2.40

400.1528010

16384

400.1500089

EM

0
0.00
0
1.00
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-0.50
100.6288660

CHANNEL f2
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90.00

-2.40

15.10

18.10
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100.6178001
EM

0
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0
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o) NAME 141216MePh-P
N~ EXPNO 2
© PROCNO 1
- Date_ 20141216
Time 16.51
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 32768
SOLVENT CDCI3
NS 1
DS 0
SWH 6410.256
FIDRES 0.195625
AQ 2.5559540
RG 4
DW 78.000
DE 6.00
TE 300.0
D1 2.00000000
TDO 1
======== CHANNEL Ff1 ========
NUC1 1H
P1 10.00
PL1 -2.40
SFO1 400.1528010
Sl 16384
SF 400.1500089
WDW EM
SSB 0
LB 0.00
A A GB 0
PC 1.00
\ \ \
10 9 8 7 6 5 4 3 1 ppm
o 0O | | (e0) Lo
O| [©o|~[N|o < N
o O ||| < Te}
N N[N ™ ™



[o0) nw © DTN~ O N o
o g o N~ O o™ g Ot O [coN@NqpNeo] N~ [o0)] NAME 141216MePh-P
o OMN~M N NMITOMM — O 00 Mm o™ — EXPNO 13
e I N hoew B = 1
~ ©OO 1D ONNNA A NN ON To) o Date_ 20141216
L e e —l e s s s K NN~~~ Te} N Time 9.39
INSTRUM spect
NV N/ N/ | PROBLD 5 mm DUL 15Co1
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
CO,Ph NS 501
N DS 0
| (o) SWH 22727 .273 Hz
o] FIDRES 0.346791 Hz
AQ 1.4418420 sec
RG 57
~ DW 22.000 usec
o DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
—======= CHANNEL f1 ========
NUC1 13C
P1 9.70 usec
PL1 -0.50 dB
SFO1 100.6288660 MHz
======== CHANNEL T2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 90.00 usec
PL2 -2.40 dB
PL12 15.10 dB
PL13 18.10 dB
SF02 400.1516010 MHz
Sl 32768
SF 100.6178006 MHz
WDW EM
SSB 0
| [ | LB 3.00 Hz
i A T v A e Y e S ARt GB 0
PC 1.00

\ ‘ \ ‘ \ ‘ \ ‘ \ ‘ ‘ ‘ ‘ ‘
180 160 140 120 100 80 60 40 20 ppm
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=

2.000
1.931
1.030
2.018
1.954
3.232
2.150
3.290

ONOAO0OWOANONSTNOONONOAONT IO NITONOATNANTNOOO AN X
SNOONOOUNSTSONUOLSTONONNAAAO0OO0DODND0VNOSTMNMAODVOTNANO ®© NAME 140629EtPh-P
COMMMMMMMANANNNNNAAAAAAO OO0 OITITITTILITINMNMNNMNMNOO® EXPNO 1
OONNMNNNNNNNNNNNNMNNNNMNNMNNNNNMNNONMANNNNNNNNNNNN O PROCNO 1
Date 20140629
EEEa= P N Date 10629
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 32768
SOLVENT CDCI3
NS 4
DS 0
SWH 6410.256
FIDRES 0.195625
AQ 2 .5559540
RG 4
DW 78.000
DE 6.00
TE 300.0
D1 2.00000000
TDO 1
=—======= CHANNEL f1 ========
NUC1 1H
P1 10.00 usec
PL1 -2.40 dB
SFO1 400.1528010 MHz
S 16384
SF 400.1500088
WDW EM
SSB 0
LB 0.00
GB 0
PC 1.00



— —
R RSO ® ®AOm o o NAWE 140629EtPh-P
N OMNN N NITOMM L O 0 < (o0} O EXPNO 13
' ' [ ' ' [ [ [ ' [ ' MN-HO O Lo e 0] 0 PROCNO 1
< STMOM o OO0 O-ANMNS LI N ' ' [Co) D 20140629
N ©©O©O© M MANNN A A NININES To) N~ ' ate_
— — A A A A NN Lo AN N~ Time 10.06
INSTRUM spect
BN NN, 7 ST o o0t S5
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 928
DS 0
COZPh SWH 22727 .273 Hz
N FIDRES 0.346791 Hz
| o AQ 1.4418420 sec
O RG 57
DwW 22.000 usec
DE 6.00 usec
~0 TE 300.0 K
D1 2.00000000 sec
di1i 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
======== CHANNEL f1 ========
NUC1 13C
P1 9.70 usec
PL1 -0.50 dB
SFO1 100.6288660 MHz
======== CHANNEL 2 ========
CPDPRG2 waltz16
NUC2 1H
PCPD2 90.00 usec
PL2 -2.40 dB
PL12 15.10 dB
PL13 18.10 dB
SFO2 400.1516010 MHz
SI 32768
SF 100.6178015 MHz
WDW EM
SSB 0
u L W LB 3.00 Hz
o i Wt N I o Wiy G 0
PC 1.00
[ ) [ ) [ ) [ ) [ ) [ ) [ ) [ ) [ ) |
180 160 140 120 100 80 60 40 20 ppm
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NAME 140629al lyIPh-P
EXPNO 1
PROCNO 1
Date 20140629
Time 11.05
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
D 32768
SOLVENT cbCl3
NS 4
DS 0
SWH 6410.256 Hz
CO,Ph FIDRES 0.195625 Hz
N o AQ 2.5559540 sec
| RG 4
O DW 78.000 usec
DE 6.00 usec
~ TE 300.0 K
0 D1 2.00000000 sec
TDO 1
======== CHANNEL f1 ========
NUC1 1H
P1 10.00
PL1 -2.40
SFO1 400.1528010
SI 16384
SF 400.1500092
WDW EM
SSB 0
LB 0.00
GB 0
PC 1.00

2.000
106
020 —
033
045

0.993

2.057

3.099

1.968
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
SFO02
Sl

SF
WDW
SSB
LB

GB

PC

140629al ly1Ph-P
13

1

20140629
11.06
spect

5 mm DUL 13C-1
zgpg30
65536
CDCI3

2743

0
22727.273
0.346791
1.4418420
57

22.000
6.00

300.0
2.00000000
0.03000000
1.89999998

9.70

-0.50
100.6288660
CHANNEL f2 ====
waltzl6

1H

90.00

-2.40

15.10

18.10
400.1516010
32768
100.6177993
EM

0

3.00

0

1.00
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

140707-iBuPh-P
49
1
20140707
19.11
spect
5 mm DUL 13C-1
zg30
32768
CDCI3
1
0

6410.256 Hz

0.195625 Hz

2.5559540 sec
4
78.000 usec
6.00 usec
300.0 K
2.00000000 sec

CHANNEL f1 ========
1H
10.00 usec
-2.40 dB
400.1528010 MHz
16384
400.1500094 MHz
EM
0
0.00 Hz
0
1.00



NAME
EXPNO
PROCNO
Date
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

DS

SWH
FIDRES
CO,Ph AQ
N RG
DW
| o DE
(0]

163.733
162.837
130.288
129.460
24.663
23.760
23.063

—174.783

164.811
—150.295
—126.404
—121.050
—117.446
-114.346

77

77

76

76
—55.522
—42.710

v
N
va
v
N

/

O ;_
Qoo
=P
=

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
SF02

Sl

SF

wDw

SSB
L LB
g W (W el ey A s A L doimdiresrdh b GB

PC

T T T

w w w w
180 160 140 120

140707-iBuPh-P
13

1

20140707
19.12
spect

5 mm DUL 13C-1
zgpg30
65536
CDCI3

564

0
22727.273
0.346791
1.4418420
57

22.000
6.00

300.0
2.00000000
0.03000000
1.89999998

-0.50
100.6288660

CHANNEL 2 ====

waltzl6

1H

90.00

-2.40

15.10

18.10
400.1516010
32768
100.6178026
EM

0

3.00

0

1.00
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10 8 7 6 5 4 2 ppm
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

140714-SMePh-P
1

1

20140714

20.16

spect

5 mm DUL 13C-1
zg30

32768

CDCI3

4

0

6410.256
0.195625
2.5559540

4

78.000

6.00

300.0
2.00000000

CHANNEL f1
1H

10.00

-2.40
400.1528010
16384
400.1500096
EM

0

0.00

0

1.00



—
R BIN 3 HOING© 0O Mo ~ om 1 NAME  140714-SMePh-P
N MO N <SLOOONM — O 0L Lo 0 O [e0) EXPNO 13
[ [ [ [ [ [ [ [ [ [ [ MnNoOoOwvL Lo — \ o PROCNO 1
< SO M o OO OHANMNS LI ' o ' D 20140714
~ ©OO W0 MOANNN A A ~N~©Lwn Ty) ™M Tp) ate_
— A — A A NN Lo o N — Time 20.17
INSTRUM spect
N N N N PROBHD 5 nm DUL_130-1
PULPROG zgpg30
D 65536
SOLVENT CDCI3
NS 508
—S DS 0
SWH 22727 .273 Hz
CO,Ph FIDRES 0.346791 Hz
N AQ 1.4418420 sec
| (@] RG 57
O DW 22.000 usec
DE 6.00 usec
TE 300.0 K
\O D1 2.00000000 sec
dii 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
======== CHANNEL f1 ========
NUC1 13C
P1 9.70 usec
PL1 -0.50 dB
SFO1 100.6288660 MHz
======== CHANNEL 2 ========
CPDPRG2 waltzl16
NUC2 1H
PCPD2 90.00 usec
PL2 -2.40 dB
PL12 15.10 dB
PL13 18.10 dB
SFO2 400.1516010 MHz
Si 32768
SF 100.6178010 MHz
WDwW EM
SSB 0
LB 3.00 Hz
} J «J” GB 0
A o A A A MU o MMMM PC 1.00

w ' T ' w ' T ' w ' T ' T ' T ' T ' \
180 160 140 120 100 80 60 40 20 ppm
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NAME
EXPNO
PROCNO
Date__
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

150331BnPh-P
1

1

20150331
13.27

spect

5 mm DUL 13C-1
zg30

32768

CDCI3

8

0

6410.256
0.195625
2.5559540

4

78.000

6.00

300.0
2.00000000

CHANNEL 1 ====

1H

10.00

-2.40
400.1528010
16384
400.1500088
EM

0

0.00

0

1.00
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180 160 140 120 100 80 60 40 20 ppm

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
SFO2
Sl

SF
WDW
SSB
LB

GB

PC

150331BnPh-P
13

1

20150331
13.28
spect

5 mm DUL 13C-1
zgpg30
65536
CDCI3

2634

0
22727.273
0.346791
1.4418420
57

22.000
6.00

300.0 K
2.00000000
0.03000000
1.89999998

9.70

-0.50
100.6288660
CHANNEL 2 ========
waltz16

1H

90.00

-2.40

15.10

18.10
400.1516010
32768
100.6177995
EM

0

3.00

0

1.00
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7.932
7.910
7.459
7.454
7.441
7.437
7.424
7.419
7.326
7.324
7.309
7.287
7.260
6.957
6.934

—3.838

_1.344

-1.326

T e——

2.399
2.531
5.626

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

TD

SOLVENT

NS
DS

SWH
FIDRES

AQ
RG
DW
DE

CHANNEL f1

160710-1PrPh

2

1
20160712
1.02
spect

5 mm DUL 13C-1

zg30
32768
CDCI3

1

0
6410.256
0.195625
2.5559540

4
78.000
6.00

300.0
2.00000000

1H

10.00

-2.40
400.1528010
16384
400.1500085
EM

0

0.00

0

1.00
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
SF02
Sl

SF
WDW
SSB
LB

GB

PC

160710-1PrPh
14

1

20160712
1.03

spect

5 mm DUL 13C-1
zgpg30
65536
CDCI3

6864

0
22727.273
0.346791
1.4418420
57

22.000
6.00

300.0 K
2.00000000
0.03000000
1.89999998

-0.50
100.6288660
CHANNEL 2 ========
waltzl16

1H

90.00

-2.40

15.10

18.10
400.1516010
32768
100.6178052
EM

0

3.00

0

1.00
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NAME
EXPNO
PROCNO
Date__
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DwW

DE

160717-BnOBNnPh
2

1
20160718
1.24
spect

5 mm DUL 13C-1
zg30
32768
CDCI3

4

0
6410.256
0.195625
2.5559540

4
78.000
6.00

300.0
2.00000000

CHANNEL f1
1H

10.00

-2.40
400.1528010
16384
400.1500168
EM

0

0.00

0

1.00

ppm
ol [ofw©|~|w© ™ N~
SN ==] o N
o| N |w|o]H — ™
N o<t o< N To)



161.393
157.548
155.377
150.626
149.932
145.475
137.034
129.967
129.627
128.508
127.860

127.711

S e

BnO

i

127.373
126.714
123.601
120.443
119.713
114.858
114.108

A\

o
0 O)/\oph

77.318
77.000
76.683

—™69.940

<

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

—55.309
30.858

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
SFO2
Sl

SF
WDW
SSB
LB

GB

PC

| |
180 160

|
140

|
120

|
100 80

60 40 20

ppm

160717-BnOBnPh
13

1

20160717
0.28

spect

5 mm DUL 13C-1
zgpg30
65536
CDCI3

245

0

22727 .273
0.346791
1.4418420
57

22.000
6.00

300.0
2.00000000
0.03000000
1.89999998

9.70
-0.50
100.6288660

CHANNEL f2
waltz16

1H

90.00

-2.40

15.10

18.10
400.1516010
32768
100.6178062
EM

0

3.00

0

1.00
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7.445
7.438
7.426
7.425
7.423
7.418
7.415
7.409
7.405
7.399
7.383
7.322
7.320
7.302
7.293
7.291
7.285
7.284
7.275
7.270
7.268
7.260
7.242
7.238
7.220
6.965
6.943
3.948
3.844

L_$=EE§§§§§§§§§§§§§§§$§$42%%é%%%%%%%%§§§§§%§252=L~%5//

PhO,CO

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES

AQ
RG
DW
DE

2.000

160713-Ph0OC02BnPh
2

1
20160713
7.48
spect
5 mm DUL 13C-1
zg30
32768
CDCI3
1
0
6410.256 Hz
0.195625 Hz
2.5559540 sec
4
78.000 usec
6.00 usec
300.0 K
2.00000000 sec

CHANNEL f1 ========
1H
10.00 usec
-2.40 dB
400.1528010 MHz
16384
400.1500084 MHz
EM
0
0.00 Hz
0
1.00



161.445
155.533
151.975
150.954
150.601
149.973
149.677

j

2

/

O

135.593
129.954
129.684
129.494
127.720
126.782
126.207
122.848
120.862
120.437
119.621
114.124

_—145.657

—2Z
Y
O

O
O

/
)
\

77.318
77.000
76.682
—55.304
30.835

yd
N

YUY [P TTTRVTPTTATION ¥
Ll s

N
N Wl

T
140

w
120

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
SF02
Sl

SF
WDW
SSB
LB

1 GB

CHANNEL f2

160713-PhOC0O2BnPh
14
1
20160713
7.49
spect

5 mm DUL 13C-1

zgpg30
65536

CDCI3

217

0
22727.273 Hz
0.346791 Hz
1.4418420 sec
57

22.000 usec
6.00 usec

300.0 K
2.00000000 sec
0.03000000 sec
1.89999998 sec

-0.50 dB
100.6288660 MHz

waltzl6
1H

90.00 usec

-2.40 dB
15.10 dB
18.10 dB
400.1516010 MHz
32768
100.6178067 MHz
EM
0
3.00 Hz
0
1.00
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—3.888
2.974
2.957
2.940
2.923
2.906

2.889
2.870

1.084

1.193
1.176
1.067

A
X

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

160712-1PrPh-P
5

1

20160719

2.36

spect

5 mm DUL 13C-1
zg30

32768

CDCI3

1

0

6410.256
0.195625
2.5559540

4
78.000
6.00

300.0
2.00000000

CHANNEL f1
1H

10.00

-2.40
400.1528010
16384
400.1500096
EM

0

0.00

0

1.00



NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS
SWH
CO,Ph FIDRES
N AQ
\ o) RG
o

DW
DE

—173.429
164 .522
163.705
162.842

—150.303
130.344
129.488

——126.397

—121.144

—-117.356

-114.288
80.392
77.317
77.000
76.682

—55.537

—34.747

_17.174
~~16.369

yda
DN
v
e
X

/
R m

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
SFO2
Si

SF
WDW
SSB
LB
Mgy GB

PC

| | | | |
180 160 140 120 100 80 60 40 20 ppm

160712-1PrPh-P
15

1

20160719
2.38

spect

5 mm DUL 13C-1
zgpg30
65536
CDCI3

340

0
22727.273
0.346791
1.4418420
57

22.000
6.00

300.0
2.00000000
0.03000000
1.89999998

-0.50
100.6288660

CHANNEL f2 ====

waltzl16

1H

90.00

-2.40

15.10

18.10
400.1516010
32768
100.6178007
EM

0

3.00

0

1.00
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NAME 160718-Bn0OBnPh-P
1

EXPNO
PROCNO 1
Date_ 20160718
Time 0.05
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 32768
SOLVENT CDCI3
BNO NS 4
n DS 0
COzPh SWH 6410.256 Hz
N‘ o FIDRES 0.195625 Hz
AQ 2.5559540 sec
O RG 4
DW 78.000 usec
~ DE 6.00 usec
o TE 300.0 K
D1 2.00000000 sec
TDO 1
======== CHANNEL f1 ========
NUC1 1H
P1 10.00 usec
PL1 -2.40 dB
SFO1 400.1528010 MHz
Sl 16384
SF 400.1500085 MHz
WDW EM
SSB 0
LB 0.00 Hz
) J GB 0
PC 1.00
""" M B B B N I MM
10 9 8 7 6 5 4 3 2 1 ppm
oH([R (S| IN]N ™ oo™
OO |H NN~ N (o) l=] (%]
olooNH|lOO o ||
QO [N NN e e o] MmO



-
/

173.595
164.536
163.628

_—158.215

150.240
136.805
131.553

%

ANLOUOMONMNLL LWL

OOONNOQOOO NN © 00O N < )]

AN <TOMTOOAON N—HO M O <
[ [ [ ' 1 [ ' [ [ [ [ OMoOoOwon <t <t

OO NMNOTEANT I e o ' '

MOANNNNNNN A A A N~ O L )]

e A [l Dl A [p] ™

BnO CO,Ph
N
| o
o

Q

@]

S
L
F ——

T
180

T
160

T ' T ' ' ' ' ' '
140 120 100 80 60 40 20 ppm

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
SF02
Sl

SF
WDwW
SSB
LB

GB

PC

160718-Bn0OBnPh-P
13
1
20160718
0.06
spect
5 mm DUL 13C-1
zgpg30
65536
CDCI3
1223
0
22727 .273 Hz
0.346791 Hz
1.4418420 sec
57
22.000 usec
6.00 usec
300.0 K
2.00000000 sec
0.03000000 sec
1.89999998 sec

-0.50 dB
100.6288660 MHz

CHANNEL f2 ========
waltzl16
1H
90.00 usec
-2.40 dB
15.10 dB
18.10 dB
400.1516010 MHz
32768
100.6178049 MHz
EM
0
3.00 Hz
0
1.00
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

160714-Ph0OC0O2BnPh-P
1
1
20160714
8.34
spect
5 mm DUL 13C-1
zg30
32768
CDCI3
4
0
6410.256 Hz
0.195625 Hz
2.5559540
4
78.000
6.00
300.0 K
2.00000000

CHANNEL f1 ========
1H
10.00
-2.40 dB
400.1528010
16384
400.1500168
EM
0
0.00 Hz

0

1.00
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180 160 140 120 100 80 60 40 20 ppm

NAME
EXPNO
PROCNO
Date
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
SF02
Si

SF
WDW
SSB
LB

GB

PC

160714-PhOC0O2BnPh-P
13

1
20160714
8.35
spect
5 mm DUL 13C-1
zgpg30
65536
CDCI3
1280
0
22727 .273 Hz
0.346791 Hz
1.4418420 sec
57
22.000 usec
6.00 usec
300.0 K
2.00000000 sec
0.03000000 sec
1.89999998 sec

-0.50 dB
100.6288660 MHz

CHANNEL 2 ========
waltzl6
1H
90.00 usec
-2.40 dB
15.10 dB
18.10 dB
400.1516010 MHz
32768
100.6178017 MHz
EM
0
3.00 Hz
0
1.00
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