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Methods

Proton and carbon magnetic resonance spectra (*H NMR and **C NMR) were recorded on either a Bruker
model DRX 400 or 600 spectrometer (*H NMR at 400 or 600 MHz and *C NMR at 100 or 150 MHz)
with solvent resonance as the internal standard (*H NMR: CDCls at 7.28 ppm and **C NMR: CDCl; at
77.0 ppm). *H NMR data are reported as follows: chemical shift, multiplicity (abbreviations: s = singlet,
br s = broad singlet, d = doublet, dd = doublet of doublets, ddd = doublet of doublet of doublets, dddd =
doublet of doublet of doublet of doublets, dt = doublet of triplets, t = triplet, td = triplet of doublets, tt =
triplet of triplets, gt = quintet, and m = multiplet), coupling constant (Hz) and integration. Melting points
(mp) were determined using a Thomas Hoover Capillary Melting Point Apparatus and are uncorrected.
Infrared (IR) spectra were obtained using a Jasco 260 Plus Fourier Transform Infrared Spectrometer.
High resolution mass spectrometry (HRMS) was performed using a Thermo Scientific LTQ FT Ultra
mass spectrometer S2 with direct infusion in either the positive or negative ion mode. Samples were
prepared in HPLC grade methanol. All reported masses obtained in the positive ion mode correspond to
the protonated molecular ion (M+H) unless otherwise noted, and all reported masses obtained in the
negative ion mode correspond to the deprotonated molecular ion (M—H), unless otherwise noted. High
performance liquid chromatography (HPLC) was performed on a Perkin Elmer Flexar® HPLC system
equipped with a Chiracel 1A column. Samples were eluted with HPLC grade hexanes with the indicated
percentage of 'PrOH with an oven temperature of 40 °C. Optical rotations were measured using a 2 mL
cell with a 1 dm path length on a Jasco DIP 1000 digital polarimeter. Microwave reactions were
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performed using a 300 W CEM Discover System with internal temperature monitoring via infrared
sensing, in sealed 10 mL pressure vessels with a maximum ramp time of 2 min. Reactions performed “on
water” were run in either conventional round-bottomed flasks or 1 or 5 dram vials with rapid agitation,
either by vigorous manual shaking, or stirring (>900 rpm); we noticed no noticeable difference in the two
methods. Thin layer chromatography (TLC) was performed on Sorbtech plastic-backed 0.20 mm silica
gel 60 plates. Visualization was accomplished with UV light and either an agueous ceric ammonium
molybdate (CAM) or potassium permanganate (KMnO.) solution, followed by heating. Flash
chromatography was performed under positive air pressure using Siliaflash-P60 silica gel (40-63 um)
purchased from Silicycle. Unless otherwise specified, all crude materials were introduced to the
chromatography column after dissolution in the specified eluent (plus a few drops dichloromethane, if
required). Yields and diastereomeric ratios (dr’s) are reported herein for a specific experiment and as a
result may differ slightly from those found in the tables, which are averages of at least two experiments.

Materials

Nitrogen was dried by passage through anhydrous calcium sulfate with 3% cobalt chloride as indicator
(commercial Drierite). Ethyl diazoacetate,® N-benzylmaleimide,? and 4-phenyl-1,2,4-triazoline-3,5-dione
(PTAD)® were prepared according to known literature procedures. The cycloheptatrienes la-k were
prepared by a modified literature procedure.*® The ethyl diazoacetate was stored at room temperature as a
solution (>80% wi/w) in CH.Cl; in a brown bottle to exclude light. While we experienced no difficulties
in handling ethyl diazoacetate, care must be taken at all times when handling diazo compounds.® All
aromatic substrates were purified by distillation prior to use. In all reactions run on water, solid reagents
(maleic anhydride, N-benzylmaleimide, naphthoquinone) were ground into fine powders prior to use. All
other reagents and solvents were purchased from commercial sources and used as received.

General Procedure A for the preparation of cycloheptatrienes/norcaradienes (1a-1k)

X H CO,Et Rhy(TFA)4 | —
Ry + \ﬂ/ Rn—r CO,Et
= N, CH,Cl,, rt _

1a-k

To a 25 mL round-bottomed flask charged with Rh,(TFA). (6.6 mg, 0.01 equiv), the aromatic substrate
(20 equiv), and CH,Cl, (2.5 mL) was added a 2.5 mL solution of ethyl diazoacetate (114 mg, 1 mmol) in
CH,CI; via syringe pump addition over 3 h. After complete addition, the brown solution was stirred for an
additional hour at room temperature, at which time the CH.Cl, was removed by rotary evaporation, and
the excess arene was removed and could be recovered by distillation under reduced pressure with gentle
heating (<40 °C). Analytically pure material was obtained following purification by silica gel
chromatography. Complete analytical data are reported for new compounds; only 'H NMR data are
reported for known compounds. In cases where multiple regioisomers were formed, the isomers are listed
in decreasing order of percent composition of the isolated mixture, and when possible, the resonances are
identified for each isomer. The percentage shown in parentheses after identification of the regioisomer
reflects the percent composition of that isomer in the regioisomeric mixture of the product mixture. Also
indicated are the cases where the norcaradiene (NCD) is the predominant isomer by *H NMR analysis.
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Ethyl cyclohepta-1,3,5-triene-7-carboxylate (1a): The title compound was prepared
according to General Procedure A using benzene (1.78 mL, 20 mmol), ethyl
diazoacetate (114 mg, 1 mmol), and Rhy(TFA)s (6.6 mg, 0.01 mmol). Flash

1a chromatography (10% EtOAc/hexanes) provided a clear oil (94 mg, 57%). Analytical
data: *H NMR (600 MHz, CDCls) & 6.68 (m, 2H), 6.28 (m, 2H), 5.46 (dd, J = 9.2, 5.6 Hz, 2H), 4.28 (q, J
=7.2 Hz, 2H), 2.56 (t, J = 5.6 Hz, 1H), 1.33 (t, J = 7.2 Hz, 3H); TLC (20% EtOAc/hexanes) R¢ = 0.59.
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Ethyl 3-methylcyclohepta-1,3,5-triene-7-carboxylate (1b): The title compound
was prepared according to General Procedure A using toluene (2.13 mL, 20
mmol), ethyl diazoacetate (114 mg, 1 mmol), and Rhy(TFA)4 (6.6 mg, 1 mmol).
Flash chromatography (10% EtOAc/hexanes) provided a clear oil (105 mg,
64%). Analytical data: *H NMR (600 MHz, CDCl3) § (1ba, 3-Me, 60%) 6.44
(m, 1H), 6.20 (m, 1H), 6.10 (m, 1H), 5.40 — 5.32 (m, 2H), 4.27 (g, J = 7.2 Hz,
2H), 2.57 (t, J = 5.6 Hz, 1H), 2.09 (s, 3H), 1.32 (t, J = 7.2 Hz, 3H); (1bb, 2-Me,
27%) 6.44 (m, 2H), 6.20 (m, 1H), 5.05 (m, 1H), 4.75 (m, 1H), 4.27 (9, J =7.2
Hz, 2H), 2.26 (t, J = 5.2 Hz, 1H), 1.97 (s, 3H), 1.32 (t, J = 7.2 Hz, 3H); (1bc, 1-
Me, 13%) 6.55 (m, 2H), 6.24 (dd, J = 9.1, 4.8 Hz, 1H), 6.12 (d, J = 4.2 Hz, 1H),
5.72 (dd, J =9.1, 7.0 Hz, 1H), 5.36 (m, 1H), 4.27 (9, J = 7.2 Hz, 2H), 2.85 (d, J =
7.0 Hz, 1H), 1.99 (s, 3H), 1.32 (t, J = 7.2 Hz, 3H); TLC (20% EtOAc/hexanes)
Rf = 0.60.

Ethyl 1,4-dimethylcyclohepta-1,3,5-triene-7-carboxylate (1c): The title
compound was prepared according to General Procedure A using p-xylene (2.47
mL, 20 mmol), ethyl diazoacetate (114 mg, 1 mmol), and Rhz(TFA)s (6.6 mg,
0.01 mmol). Flash chromatography (10% EtOAc/hexanes) provided a clear oil
(115 mg, 60%). Analytical data: *H NMR (600 MHz, CDCls) & (1ca, 1,4-Me,
70%) 6.33 (d, J = 3.2 Hz, 1H), 6.07 (d, J = 6.0 Hz, 1H), 6.01 (d, J = 3.2 Hz, 1H),
5.69 (dd, J = 6.0, 4.4 Hz, 1H), 4.25 (g, J = 7.2 Hz, 2H), 2.89 (d, J = 4.4 Hz, 1H),
2.05, (s, 3H), 1.95 (s, 3H), 1.31 (t, J = 7.2 Hz, 3H); (1cb, 2,5-Me (NCD), 30%)
6.05 (s, 2H), 4.25 (g, J = 7.2 Hz, 2H), 3.79 (br s, 2H), 1.97 (s, 6H), 1.59 (m, 1H),
1.31 (t, J=7.2 Hz, 3H); TLC (20% EtOAc/hexanes) Rt = 0.62.

Ethyl 2,4-dimethylcyclohepta-1,3,5-triene-7-carboxylate (1d): The title
compound was prepared according to General Procedure A using m-xylene (2.47
mL, 20 mmol), ethyl diazoacetate (114 mg, 1 mmol), and Rhx(TFA)4 (6.6 mg,
0.01 mmol). Flash chromatography (10% EtOAc/hexanes) provided a clear oil
(93 mg, 48%). Analytical data: *H NMR (600 MHz, CDCls) § (1da, 2,4-Me,
50%) 6.16 (br s, 1H), 5.94 (br s, 1H), 4.73 (m, 1H), 4.43 (br s, 1H), 4.25 (q, J =
7.2 Hz, 2H), 2.11 (t, J = 5.2 Hz, 1H), 1.99 (s, 3H), 1.96 (s, 3H), 1.31 (t, J = 7.2
Hz, 3H); (1db, 1,3-Me, 35%) 6.36 (d, J = 5.6 Hz, 1H), 6.14 (m, 1H), 5.96 (br s,
1H), 5.65 (dd, J = 9.2, 6.7 Hz, 1H), 4.25 (g, J = 7.2 Hz, 2H), 2.89 (d, J = 6.7 Hz,
1H), 2.05 (s, 3H), 1.95 (s, 3H), 1.31 (t, J = 7.2 Hz, 3H); (1dc, 1,5-Me, 15%) 6.44
(m, 2H), 6.01 (m, 1H), 5.47 (d, J = 6.8 Hz, 1H), 4.25 (q, J = 7.2 Hz, 2H), 2.84 (d,
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J = 6.8 Hz, 1H), 1.96 (s, 3H), 1.94 (s, 3H), 1.31 (t, J = 7.2 Hz, 3H); TLC (20% EtOAc/hexanes) Ri =

0.62.
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Ethyl 3,4-dimethylcyclohepta-1,3,5-triene-7-carboxylate (le): The title
compound was prepared according to General Procedure A using o-xylene (2.47
mL, 20 mmol), ethyl diazoacetate (114 mg, 1 mmol), and Rhx(TFA)4 (6.6 mg,
0.01 mmol). Flash chromatography (10% EtOAc/hexanes) provided a clear oil
(79 mg, 41%). Analytical data: *H NMR (600 MHz, CDCls) & (lea, 3,4-Me,
42%) 6.04 (d, J = 8.0 Hz, 2H), 4.79 (dd, J = 8.0, 5.6 Hz, 2H), 4.25 (q, J = 7.2 Hz,
2H), 2.25 (t, J = 5.6 Hz, 1H), 1.97 (s, 6H), 1.32 (t, J = 7.2 Hz, 3H); (1eb, 2,3-Me,
41%) 6.32 (d, J = 6.4 Hz, 1H), 6.09 (t, J = 7.6 Hz, 1H), 5.05 (m, 1H), 4.82 (m,
1H), 4.25 (q, J = 7.2 Hz, 2H), 2.12 (t, J = 4.8 Hz, 1H), 2.03 (s, 3H), 1.95 (s, 3H),
1.31 (t, J = 7.2 Hz, 3H); (1lec, 1,2-Me, 17%) 6.56 (d, J = 11.0 Hz, 1H), 6.48 (dd,
J =110, 5.4 Hz, 1H), 6.18 (dd, J = 9.6, 5.4 Hz, 1H), 5.77 (dd, J = 9.6, 6.8 Hz,
1H), 4.25 (q, J = 7.2 Hz, 2H), 2.69 (d, J = 6.8 Hz, 1H), 1.91 (s, 3H), 1.86 (s, 3H),
1.32 (t, J = 7.2 Hz, 3H); TLC (20% EtOAc/hexanes) R = 0.62.

Ethyl 1,3,5-trimethylcyclohepta-1,3,5-triene-7-carboxylate (1f): The title
compound was prepared according to General Procedure A using mesitylene
(2.78 mL, 20 mmol), ethyl diazoacetate (114 mg, 1 mmol), and Rhx(TFA). (6.6
mg, 0.01 mmol). Flash chromatography (10% EtOAc/hexanes) provided a clear
oil (129 mg, 62%). Analytical data: *H NMR (400 MHz, CDCls) § 6.25 (s, 1H),
5.84 (s, 1H), 5.38 (d, J = 6.8 Hz, 1H), 4.24 (9, J = 7.2 Hz, 2H), 2.87 (d, J = 6.8
1.93 (s, 3H), 1.90 (s, 3H), 1.30 (t, J = 7.2 Hz, 3H); TLC (20% EtOAc/hexanes) Rs

Ethyl 3-fluorocyclohepta-1,3,5-triene-7-carboxylate (1g): The title compound
was prepared according to General Procedure A using fluorobenzene (1.88 mL, 20
mmol), ethyl diazoacetate (114 mg, 1 mmol), and Rhx(TFA)4 (6.6 mg, 0.01 mmol).
Flash chromatography (10% EtOAc/hexanes) provided a clear oil (99 mg, 54%).
Analytical data: *tH NMR (600 MHz, CDCls) § (1ga, 3-F, 67%) 6.40 (m, 1H), 6.24
(m, 2H), 5.69 (m, 1H), 5.388 (dd, J = 9.0, 5.4 Hz, 1H), 4.28 (q, J = 7.2 Hz, 2H),
2.69 (m, 1H), 1.32 (t, J = 7.2 Hz, 3H); (1gb, 2-F, 20%) 6.60 (ddd, J = 10.8, 6.0,
4.2 Hz, 1H), 6.40 (m, 1H), 6.17 (dd, J = 9.6, 6.0 Hz, 1H), 5.43 (dd, J = 7.8, 6.0 Hz,
1H), 5.03 (dd, J = 12.6, 6.0 Hz, 1H), 4.24 (q, J = 7.2 Hz, 2H), 2.69 (m, 1H), 1.30 (t,
J =7.2 Hz, 3H); (1gc, 1-F, 13%) 6.47 (dd, J = 11.7, 5.7 Hz, 1H), 6.34 (dd, J = 9.6,
5.7 Hz, 1H), 6.29 (ddd, J = 12.9, 11.7, 6.6 Hz, 1H), 6.06 (dd, J = 12.9, 7.2 Hz, 1H),
5.69 (m, 1H), 4.16 (m, 2H), 3.71 (dd, J = 18.0, 7.8 Hz, 1H), 1.24 (t, J = 7.2 Hz,
3H); TLC (20% EtOAc/hexanes) Ri = 0.54.

Ethyl 3-chlorocyclohepta-1,3,5-triene-7-carboxylate (1h): The title compound
was prepared according to General Procedure A using chlorobenzene (2.03 mL,
20 mmol), ethyl diazoacetate (114 mg, 1 mmol), and Rhy(TFA)4 (6.6 mg, 0.01
mmol). Flash chromatography (10% EtOAc/hexanes) provided a clear oil (113
mg, 57%). Analytical data: *H NMR (600 MHz, CDCls) & (1ha, 3-Cl, 70%0) 6.82
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(dd, J = 6.6, 1.2 Hz, 1H), 6.26 — 6.20 (m, 2H), 5.53 (dd, J = 9.6, 6.0 Hz, 1H), 5.50
(dd, J = 9.6, 5.4 Hz, 1H), 4.27 (q, J = 7.2 Hz, 2H), 2.72 (dd, J = 6.0, 5.4 Hz, 1H),
CO,Et 1.32(t,J = 7.2 Hz, 3H); (1hb, 2-Cl, 18%) 6.54 (dd, J = 10.2, 5.4 Hz, 1H), 6.50 (d,
J=10.2 Hz, 1H), 6.23 (m, 1H), 5.21 (m, 1H), 5.18 (ddd, J = 8.4, 5.4, 1.8 Hz, 1H),

Thb 4.26 (9, J = 7.2 Hz, 2H), 2.50 (dd, J = 6.6, 5.4 Hz, 1H), 1.32 (t, J = 7.2 Hz, 3H);

)

(A

(1hc, 1-Cl, 11%) 6.61 (dd, J = 10.8, 5.4 Hz, 1H), 6.47 (d, J = 6.0 Hz, 1H), 6.42
COLEt (dd,J =108, 6.6 Hz, 1H), 6.34 (dd, J = 9.6, 6.0 Hz, 1H), 5.78 (dd, J = 9.0, 7.8 Hz,
1H), 4.25 (q, J = 7.2 Hz, 2H), 3.48 (d, J = 7.8 Hz, 1H), 1.28 (t, J = 7.2 Hz, 3H);

1hc TLC (20% EtOAc/hexanes) Rt = 0.54.
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Ethyl 3-methoxycyclohepta-1,3,5-triene-7-carboxylate (li): The title
compound was prepared according to General Procedure A using anisole (2.17
mL, 20 mmol), ethyl diazoacetate (114 mg, 1 mmol), and Rhz(TFA)4 (6.6 mg,
0.01 mmol). Flash chromatography (10% EtOAc/hexanes) provided a clear oil
(73 mg, 37%). Analytical data: *H NMR (400 MHz, CDCls) § (lia, 3-OMe,
74%) 6.23 (m, 1H), 6.10 (dt, J = 10.0 Hz, 1.6 Hz, 1H), 5.89 (dd, J = 6.8, 2.0
Hz, 1H), 5.65 (m, 1H), 5.29 (m, 1H), 4.27 (q, J = 7.2 Hz, 2H), 3.69 (s, 3H), 2.71
(t, J =5.6 Hz, 1H), 1.33 (t, J = 7.2 Hz, 3H); (1ib, 1-OMe, 26%), 6.49 (dd, J =
10.8, 6.6 Hz, 1H), 6.36 (dd, J = 10.8, 5.7 Hz, 1H), 6.31 (dd, J = 9.3, 5.7 Hz,

1H), 5.66 (dd, J = 9.3, 7.2 Hz, 1H), 5.53 (d, J = 6.6 Hz, 1H), 4.27 (g, J = 7.2 Hz, 2H), 3.66 (s, 3H), 3.34
(d, J =7.2 Hz, 1H), 1.33 (t, J = 7.2 Hz, 3H). TLC (20% EtOAc/hexanes) R = 0.51.
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Ethyl 3-methoxy-6-methylcyclohepta-1,3,5-triene-7-carboxylate (1j): The
title compound was prepared according to General Procedure A using 4-
methylanisole (2.52 mL, 20 mmol), ethyl diazoacetate (114 mg, 1 mmol), and
Rho(TFA)4 (6.6 mg, 0.01 mmol). Flash chromatography (10% EtOAc/hexanes)
provided a clear oil (95 mg, 46%). Analytical data: 'H NMR (600 MHz,
CDCls) 6 (1ja, 3-OMe, 6-Me, 51%) 6.07 (d, J = 9.9 Hz, 1H), 6.01 (dd, J = 6.6,
1.2 Hz, 1H), 5.86 (dd, J = 9.9, 7.2 Hz, 1H), 5.77 (d, J = 6.6 Hz, 1H), 4.20 (d, J
= 7.2 Hz, 2H), 3.64 (s, 3H), 2.91 (d, J = 7.2 Hz, 1H), 1.91 (s, 3H), 1.31 (t, J =
7.2 Hz, 3H); (1jb, 1-OMe, 4-Me, 31%) 6.24 (d, J = 6.9 Hz, 1H), 6.12 (d, J =
9.6 Hz, 1H), 5.64 (dd, J = 9.6, 7.4, 1H), 5.39 (d, J = 6.9 Hz, 1H), 4.20 (q, J =
7.2 Hz, 2H), 3.61 (s, 3H), 3.31 (d, J = 7.4 Hz, 1H), 2.02 (s, 3H), 1.25 (t, J = 7.2
Hz, 3H); (ljc, 2-OMe, 5-Me (NCD), 19%) 5.83 (br s, 1H), 5.26 (br s, 1H),
4.20 (g, J = 7.2 Hz, 2H), 3.62 (s, 3H), 1.95 (s, 3H), 1.29 (t, J = 7.2 Hz, 3H); °C
NMR (150 MHz, CDCls) & (1ja, 3-OMe, 6-Me) 172.2, 158.7, 124.9, 122.4,

122.3, 121.2, 103.9, 60.5, 54.7, 48.6, 20.0, 14.2; (1jb, 1-OMe, 4-Me) 170.3, 148.1, 133.2, 129.8, 124.9,
117.4, 96.7, 60.8, 56.4, 48.5, 23.6, 14.1; IR (thin film, cm™) 2980, 2937, 2836, 1740, 1616, 1550, 1463,
1369, 1315, 1034; TLC (20% EtOAc/hexanes) Rt = 0.54; HRMS (ESI*) Calcd. for Ci2HisNaOs:
231.0992, Found: 231.0993.

.

MeOZC
1ka

7-ethyl 3-methyl cyclohepta-1,3,5-triene-3,7-dicarboxylate (1k): The title

CO,Et compound was prepared according to General Procedure A using methyl

benzoate (2.51 mL, 20 mmol), ethyl diazoacetate (114 mg, 1 mmol), and
Rhy(TFA)s (6.6 mg, 0.01 mmol). Flash chromatography (10%
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MeO,C EtOAc/hexanes) provided a colored oil (50 mg, 23%). Analytical data: *H

NMR (400 MHz, CDCls) 6 (1ka, 3-CO.Me, 57%) 7.63 (d, J = 6.0 Hz, 1H),

CO,Et 6.85(d, J =9.6 Hz, 1H), 6.42 (m, 1H), 5.55 (ddd, J = 9.0, 5.4, 1.2 Hz, 1H),

5.34 (ddd, J = 9.0, 5.4, 1.2 Hz, 1H), 4.27 (q, J = 7.2 Hz, 2H), 3.85 (s, 3H),

1kb 2.42 (dd, J = 5.4, 5.4 Hz, 1H), 1.32 (t, J = 7.2 Hz, 3H); (1kb, 2-CO;Me,

43%) 7.19 (d, J = 10.2 Hz, 1H), 6.64 (dd, J = 10.2, 6.6 Hz, 1H), 6.39 (m,

1H), 5.72 (ddd, J = 5.4, 3.0, 1.0 Hz, 1H), 4.82 (ddd, J = 8.4, 5.5, 3.0 Hz, 1H), 4.27 (q, J = 7.2 Hz, 2H),
3.81 (s, 3H), 2.10 (dd, J =5.4, 5.4 Hz, 1H), 1.33 (t, J = 7.2 Hz, 3H).
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Table S1. Optimization of the Buchner reaction.?

AN H CO,Et catalyst (1 mol %) —
R~ 0 >~ R-- CO,Et
% N2 CH20|2, rt, 4 h -

entry substrate  catalyst product yield (%) rr

1 benzene  Rhy(TFA). la 90 -
2 Rh2(OAC), la 40 -
3 Cu(hfacac), la <2 -
5  p-xylene Rhy(TFA)4 1c 73 70:30
6 Rh2(OAC)4 1c 36 84:16
7 Rha(0ct)s 1c 15 93:7
8 Rh(esp). 1c 13 96:4

2All reactions were run on 1 mmol scale. Yields are *H NMR vyields and were determined by *H NMR
using 1,4-dimethylterephthalate as internal standard. Regioisomeric ratio (rr) was determined by H
NMR.

Using benzene, Rhy(TFA)s was quickly identified as the optimal catalyst to generate high yields of the
CHT product, as rhodium diacetate dimers bearing electron-deficient ligands are reported to provide
higher activity in the intermolecular Buchner reaction (entry 1).* Copper catalysts (entry 3) were
ineffective at promoting this reaction. In order to investigate the role of the catalyst in the regioselectivity
of the reaction, we focused on p-xylene as a model substrate, since only two possible regioisomers could
arise. As shown in Table S1, although more electron-deficient ligands provided higher yields in the
Buchner reaction, lower rr was observed (entry 5). Conversely, using the electron-rich Rha(esp). (entry 8),
we observed excellent regioselectivity, albeit in poor yields. Variation in reaction temperature,
concentration, and catalyst loading were ineffective in providing higher regioselectivity in the reaction. In
light of these findings, we decided to use RhyTFA). throughout our screening, with the caveat that
downstream separation of the multiple regioisomers would be required.
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Rationale for the regioselectivity in the intermolecular Buchner reaction

There were two key aspects to the factors that governed the regioselectivity of the Buchner reaction: steric
and electronic effects. In alkyl substituted aromatic compounds, the steric effects seemed to govern the
regioselectivity, since, using toluene to generate the cycloheptatriene mixture 1b, the least sterically
encumbered site was the major product, with decreasing product yields approaching the methyl group.
The steric impact was so great such that 1,4-bis-hydroxymethyl-substituted arenes did not undergo the
Buchner reaction, regardless of the protecting group on the primary alcohols. At the same time, a simple
steric argument was insufficient to completely describe this reaction, since the non-symmetrical CHT 1ca
was the major isomer using p-xylene as substrate, even when it appeared to arise from cyclopropanation
at the more congested site.

It has been suggested® that there is a significant electronic component to the regioselectivity of this
reaction. Cyclopropanation reactions involving dirhodium carboxylate carbenoid intermediates are
thought to proceed via a concerted process; however, the bond forming steps are not necessarily
synchronous. In the context of this reaction, the mechanism of cycloaddition was reasonable to consider a
concerted, asynchronous process. With that in mind, the first bond forming “event” should occur at the
position on the aromatic substrate with the highest HOMO, since the intermediate carbenoid was
electrophilic. Upon reaction with anisole, one would expect initial addition to either the ortho- or para-
positions. Initial attack at the para-position provided the major product (lia). Initial attack at the ortho-
position, however, could result in either the 1,2-addition product (Scheme S1), providing 1ib, or the 1,6-
addition product to give the 2-methoxy-substituted cycloheptatriene. Since the latter product was not
observed, it was evident that the 1,2-addition pathway was significantly more facile than the 1,6-pathway.

Along these lines, using an electron-deficient aromatic substrate, such as methyl benzoate, we should
expect a statistical mixture of the 2- and 3-substituted products, owing to the lack of direction by initial
attack at the meta-position. In the event, we observed a 56:44 ratio of 1ka/1kb, which was congruent with
such an analysis.
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Scheme S1. The regiochemical outcome of the Buchner reaction.
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General Procedure B for the Buchner/Diels-Alder sequence of benzene and mesitylene

R Et0,C R o //Z) CO,Me
N 0
1) EDA, Rhy(TFA), | x 1 NPho |
R N Nj< o)
R R 2) dieneophile 7 QA CO,Me

X @] (e}
R X = 0, NBn, 0-CgH,
R =H, Me 2a-7a, 3f . .
dienophile

To a 25 mL round-bottomed flask charged with Rho(TFA). (6.6 mg, 0.01 equiv), the aromatic substrate
(20 equiv), and CH.Cl, (2.5 mL) was added a 2.5 mL solution of ethyl diazoacetate (114 mg, 1 mmol) in
CH,CI; via syringe pump addition over 3 h. After complete addition, the brown solution was stirred for an
additional hour at room temperature, at which time the CH2Cl, was removed by rotary evaporation, and
the excess arene was removed and could be recovered by distillation under reduced pressure, yielding a
brown oil. The following conditions were employed for the appropriate dieneophile:

For maleic anhydride and N-benzylmaleimide: To the resultant oil was then added the dieneophile (3
equiv) and saturated brine (NaCl) solution (10 mL), and the mixture was rapidly stirred at room
temperature until the reaction was complete (2 — 30 min). The products were extracted with Et,O (2 x 5
mL), dried over MgSQ., filtered, concentrated, and purified by chromatography. For naphthoquinone:
To the resultant oil was then added naphthoquinone (3 equiv) and saturated brine (NaCl) solution (3 mL),
and the mixture was heated under microwave irradiation (300 W, 100 °C, 1 h). Then the reaction mixture
was diluted with EtOAc (25 mL), filtered through a short pad of activated charcoal and Celite, dried over
MgSQ., filtered, concentrated, and purified by chromatography. For dimethyl acetylenedicarboxylate
(DMAD): To the resultant oil was then added DMAD (10 equiv) and saturated brine (NaCl) solution (3
mL), and the mixture was heated under microwave irradiation (300 W, 100 °C, 1 h). The products were
extracted with EtOAc (2 x 10 mL), dried over Na,SO,, filtered, concentrated, and purified by
chromatography. For 4-phenyl-1,2,4-triazoline-3,5-dione (PTAD): To the resultant oil was then added
PTAD (1.1 equiv) with 5 mL Et,O. After stirring for 10 min, the solvent was removed by rotary
evaporation, and the residue was purified by chromatography. For O=0O: To the resultant oil was added
rose bengal (0.01 equiv), and the mixture was dissolved in CCl./MeOH (20:1, 5 mL) and cooled to 0 °C.
Then a steady stream of O, was bubbled through the solution and the mixture was irradiated with a Hg
lamp with a Pyrex filter. After stirring for 7 — 24 h, the solvent was removed by rotary evaporation at
room temperature, and the crude material was purified by chromatography.

CO,Et Ethyl -1,3-dioxo-3,3a,4,4a,5,5a,6,6a-octahydro-1H-4,6-ethenocyclopropa-
[flisobenzofuran-5-carboxylate (2a): The title compound was prepared according to

H H  General Procedure B using benzene (17.8 mL, 200 mmol), ethyl diazoacetate (1.14 g,
7 H 10 mmol), Rhx(TFA)4 (65.8 mg, 0.1 mmol), and maleic anhydride (2.94 g, 30 mmol).

0 Flash chromatography (40% EtOAc/hexanes) provided a white solid (2.32 g, 88%).

o Analytical data: *H NMR (600 MHz, CDCls) 8 5.97 (tt, J = 4.2, 3.6 Hz, 2H), 4.08 (q, J

2a = 7.2 Hz, 2H), 3.57 (m, 2H), 3.32 (tt, J = 4.2, 1.8 Hz, 2H), 1.76 (dt, J = 2.7, 2.4 Hz,

2H), 1.38 (t, J = 2.7 Hz, 1H), 1.23 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCls) &
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171.7, 171.5, 129.1, 60.8, 45.2, 32.8, 20.3, 19.6, 14.1; mp 129-130 °C; IR (thin film, cm™) 2981, 1861,
1838, 1779, 1721, 1420, 1297, 1229, 1173, 926; TLC (20% EtOAc/hexanes) Rt = 0.07; HRMS (ESI)
Calcd. for C14H130s: 261.0768, Found: 261.0770.

CO,Et Ethyl -2-octyl-1,3-dioxo-1,2,3,3a,4,4a,5,5a,6,6a-decahydro-4,6-
ethenocyclopropa-[flisoindole-5-carboxylate (3a): The title compound was

H H prepared according to General Procedure B using benzene (1.8 mL, 20 mmol),
7 H ethyl diazoacetate (114 mg, 1 mmol), Rh(TFA)4 (6.6 mg, 0.01 mmol), and N-

o
f\/@ benzylmaleimide (234 mg, 1.25 mmol). Flash chromatography (30%
EtOAc/hexanes) provided a white solid (260 mg, 74%). Analytical data: *H

3a NMR (600 MHz, CDCls) § 7.29 — 7.22 (m, 5H), 5.69 (t, J = 4.2 Hz, 2H), 4.53

(s, 2H), 4.09 (g, J = 7.2 Hz, 2H), 3.50 (br s, 2H), 3.01 (br s, 2H), 1.74 (dd, J =

5.4, 3.0 Hz, 2H), 1.35 (t, J = 3.0 Hz, 1H), 1.23 (t, J = 7.2 Hz, 3H); 3C NMR (150 MHz, CDCl3) 5 177.3,

17.2, 135.6, 128.5, 128.3, 128.2, 127.6, 60.6, 44.5, 42.0, 32.8, 20.3, 19.9, 14.1; mp 172173 °C; IR (thin

film, cmt) 2978, 1702, 1419, 1397, 1335, 1290, 1247, 1173, 1070, 910; TLC (20% EtOAc/hexanes) R; =
0.08; HRMS (ESI*) Calcd. for Co1H2NO4: 352.1543, Found: 352.1564.

CO,Et Ethyl -3,8-dioxo-1a,2,23a,3,8,8a,9,9a-octahydro-1H-2,9-ethenocyclopropa-
[b]anthracene-1-carboxylate (4a): The title compound was prepared according to General
Procedure B using benzene (1.8 mL, 20 mmol), ethyl diazoacetate (114 mg, 1 mmol),

Z 2 Rha(TFA), (6.6 mg, 0.01 mmol), and naphthoquinone (474 mg, 3.0 mmol). Flash
chromatography (20% EtOAc/hexanes) provided a brown solid (139 mg, 43%). Analytical

o) data: *H NMR (600 MHz, CDCls) 6 8.03 (dd, J = 6.0, 3.0 Hz, 2H), 7.71 (dd, J = 6.0, 3.0 Hz,
4a 2H), 5.80 (dd, J = 4.2, 3.9 Hz, 2H), 4.11 (q, J = 7.2 Hz, 2H), 3.76 (br s, 2H), 3.29 (s, 2H),

1.89 (dd, J = 4.8, 3 Hz, 2H), 1.26 (t, J = 3.0 Hz, 1H), 1.26 (t, J = 7.2 Hz, 3H); 3C NMR
(150 MHz, CDCls) 6 196.8, 172.9, 135.3, 134.2, 129.8, 126.9, 60.6, 49.5, 36.7, 20.6, 18.0, 14.2; mp
127-128°C; IR (thin film, cm?) 3065, 2980, 1717, 1678, 1592, 1418, 1274, 1161, 709; TLC (20%
EtOAc/hexanes) Rs = 0.13; HRMS (ESI") Calcd. for CxH1704: 321.1132, Found: 321.1144.

CO,Et Ethyl -1,3-dioxo-2-phenyl-2,3,5a,6,6a,7-hexahydro-1H,5H-5,7-
ethenocyclopropa[d][1,2,4]triazolo[1,2-a]pyridazine-6-carboxylate (5a): The title

compound was prepared according to General Procedure B using benzene (1.8 mL, 20

/. N’N%O mmol), ethyl diazoacetate (114 mg, 1 mmol), Rhy(TFA)s (6.6 mg, 0.01 mmol), and 4-
/}N phenyl-1,2,4-triazoline-3,5-dione (175 mg, 1.1 mmol). Flash chromatography (20%

pn  EtOAc/hexanes) provided a white solid (241 mg, 71%). Analytical data: *H NMR (600

o O

B MHz, CDCls) § 7.43 (m, 4H), 7.35 (m, 1H), 6.17 (t, J = 4.2 Hz, 2H), 5.26 (m, 2H), 4.14

(@, J = 7.2 Hz, 2H), 2.23 (m, 2H), 1.45 (t, J = 3.0 Hz, 1H), 1.26 (t, J = 7.2 Hz, 3H); &*C
NMR (150 MHz, CDCls) & 170.2, 156.4, 131.1, 129.0, 128.2, 126.0, 125.4, 61.1, 52.1, 23.5, 15.3, 14.0;
mp 167-168°C; IR (thin film, cm) 3066, 2982, 2937, 1770, 1715, 1503, 1407, 1319, 1235, 1177, 1048;
TLC (20% EtOAc/hexanes) Ry = 0.08; HRMS (ESI*) Calcd. for CisHisNsOs: 340.1292, Found:
340.1311.
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3-Ethyl-6,7-dimethyl-tricycle[3.2.2.02,4]nona-6,8-diene-3,6,7-tricarboxylate

CO,Et
2 (6a): The title compound was prepared according to General Procedure B using
benzene (1.8 mL, 20 mmol), ethyl diazoacetate (114 mg, 1 mmol), Rha(TFA)4 (6.6
/ COMe mg, 0.01 mmol), and dimethyl acetylenedicarboxylate (1.2 mL, 10 mmol). Flash

CcO,Me chromatography (20% EtOAc/hexanes) provided a clear oil (178.2 mg, 58%).

6a Analytical data: *H NMR (600 MHz, CDCls) 6 6.16 (t, J = 4.2 Hz, 2H), 4.25 (m,

2H), 4.07 (q, J = 7.2 Hz, 2H), 3.80 (s, 6H), 2.07 (dt, J = 2.4, 2.4 Hz, 2H), 1.76 (t, J =

2.4 Hz, 1H), 1.23 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDClIs)  170.9, 166.2, 147.1, 130.8, 60.6,

52.3, 40.6, 30.6, 26.8, 14.1; IR (thin film, cm™) 3065, 2985, 2953, 2844, 1714, 1637, 1601, 1278, 1061,

731; TLC (20% EtOAc/hexanes) Rs = 0.17; HRMS (ESI*) Calcd. for Ci6H1906: 307.1176, Found:
307.1176.

Ethyl-6,7-dioxatricyclo[3.2.2.02,4]non-8-ene-3-carboxylate (7a): The title compound was

GO prepared according to General Procedure B using benzene (1.8 mL, 20 mmol), ethyl
diazoacetate (114 mg, 1 mmol), Rhy(TFA)4 (6.6 mg, 0.01 mmol), and rose bengal (10 mg,

/ O/O 0.01 mmol), under irradiation for 7 h. Flash chromatography (30% EtOAc/hexanes) provided
7a a white solid (104 mg, 53%). Analytical data: *H NMR (600 MHz, CDCls) § 6.32 (t, J = 6.0

Hz, 2H), 4.98 (m, 2H), 4.13 (g, J = 7.2 Hz, 2H), 2.24 (m, 2H), 1.29 — 1.22 (m, 4H); *C NMR
(150 MHz, CDCls) § 171.3, 127.8, 72.0, 61.0, 21.7, 14.3, 14.1; IR (thin film, cm) 2984, 1724, 1455,
1370, 1311, 1241, 1182, 1056, 877; TLC (20% EtOAc/hexanes) R = 0.15; HRMS (ESI*) Calcd. for
C1oH13NaO,: 219.0628, Found: 219.0634.

CO,Et Ethyl-3,6-dioxatetracyclo[6.1.0.02,4.05,7]nonane-9-carboxylate ~ (8a):  The title

: compound was prepared according to General Procedure B using benzene (17.8 mL, 200

H., /A\«H mmol), ethyl diazoacetate (1.14 g, 10 mmol), Rhy(TFA)s (65.8 mg, 0.1 mmol), and rose

bengal (103 mg, 0.1 mmol) under irradiation for 20 h. Flash chromatography (20%

OO0 EtOAc/hexanes) provided a pink solid (976 mg, 49%). Analytical data: H NMR (600

8a MHz, CDCl3) & 4.19 (q, J = 7.2 Hz, 2H), 3.31 (s, 4H), 2.12 (d, J = 4.4 Hz, 2H), 1.76 (t, J =

4.4 Hz, 1H), 1.31 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCls) 6 171.1, 61.0, 47.4, 47.0, 22.6, 21.2,

14.0; mp 89-90 °C; IR (thin film, cm™) 2987, 1718, 1455, 1372, 1311, 1184, 1059, 1005, 945; TLC
(20% EtOAc/hexanes) Rs = 0.05; HRMS (ESI*) Calcd. for C10H13NaO,: 219.0628, Found: 219.0633.

< -
~ -
~ -

Et0,.C e Ethyl -4,5a,7-trimethyl-2-octyl-1,3-dioxo-1,2,3,3a,4,4a,5,53,6,6a-

decahydro-4,6-ethenocyclopropa[flisoindole-5-carboxylate (3f): The title

M}; H compound was prepared according to General Procedure B using mesitylene
7

;O (2.78 mL, 20 mmol), ethyl diazoacetate (114 mg, 1 mmol), Rh2(TFA)4 (6.6
Me N\/@ mg, 0.01 mmol), and N-benzylmaleimide (562 mg, 3 mmol). Flash

0 chromatography (20% EtOAc/hexanes) provided a white solid (210 mg, 53%).

3f Analytical data: *H NMR (600 MHz, CDCls) & 7.27 — 7.22 (m, 5H), 4.96 (s,
1H), 4.57 (d, J = 14.1 Hz, 1H), 4.48 (d, J = 14.1 Hz, 1H), 4.09 (g, J = 7.2 Hz, 2H), 3.26 (dd, J = 7.5, 3.6
Hz, 1H), 2.94 (m, 1H), 2.65 (d, J = 7.5 Hz, 1H), 1.51 (s, 3H), 1.45 (d, J = 1.2 Hz, 3H), 1.38 (m, 2H), 1.29
(s, 3H), 1.24 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCls) § 177.5, 176.6, 171.6, 136.8, 135.8, 128.4,
128.3, 127.6, 125.9, 60.5, 49.0, 45.2, 43.8, 41.9, 39.9, 33.7, 24.6, 24.1, 21.5, 20.5, 14.2, 13.2; mp
134-135 °C; IR (thin film, cm™)2933, 2874, 1770, 1698, 1397, 1327, 1180; TLC (20% EtOAc/hexanes)
Ri = 0.18; HRMS (ESI*) Calcd. for C21H22NO4: 394.2013, Found: 394.2036.
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Separation difficulties for 2cb/3ca

Figure S1. Kinetic separation of 1c using maleic anhydride on water

Before addition of maleic anhydride to 1c

a bc a b
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As shown in Figure S1, treatment of the regioisomeric mixture 1c with maleic anhydride in brine
provided complete conversion of 1cb in under 2 min, while only trace conversion of lca (<3%) was
observed. While this analysis was feasible with any of the protons, the methyl peaks provided the cleanest
separation. The vinyl protons in 1cb (6.03 ppm) and 2cb (5.67 ppm) both overlap peaks in 1ca. 1,4-
Dimethylterephthalate was used as an internal standard, with the resonance at 8.11 ppm (aryl C—H) set to
4.00, and the singlet at 3.96 ppm (-CO:Me) provided internal consistency with an integration of 6.00.

1.818
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Scheme S2. Kinetic separation of inseparable regioisomers via successive Diels-Alder reactions.

— N 0
H H NaCl NaCl H H
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H MeH
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Me N 2 2 =
B 30% Me o]
o °n 30% O
3cb 2cb

(+67% unreacted 1ca)

The originally-proposed two-step reaction sequence relied on the facile separation of the anhydride Diels-
Alder product 2cb and the maleimide Diels-Alder product 3ca. This method was successful in providing
orthogonal reactivity by treating the 1lca/lcb mixture successively with maleic anhydride and N-
benzylmaleimide, providing clean identification of 2cb and 3ca by *H NMR; however, this route proved
infeasible for a number of reasons. First, 2cb was non-UV active and does not stain with any conventional
TLC stains. Even KMnO4 was unable to oxidize the alkene. Furthermore, 3ca was only faintly UV active,
and it also did not stain. Not only do the two products elute at similar times (R difference <0.05 in 20%
EtOAc/hexanes) but also the excess maleimide coeluted with the products, so the inability to discern
which fractions contained which products made both mass recovery and pure isolation of the products
challenging. Switching to N-octylmaleimide did provide a noticeable Rf difference; however, the
analogous octyl-substituted maleimide Diels-Alder product was not UV active, and did not stain, so it
faced the same challenges of “flying blind” as running a column on 2cb. Therefore, PTAD was selected
as the second dieneophile in this reaction sequence since it was not hydrolytically stable, so any excess
PTAD would be destroyed in an aqueous workup, and the urazole moiety was both UV active, and the
Diels-Alder products 5 stained in KMnOsa.
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General Procedure C for the Buchner/Diels-Alder/hydrolysis sequence

CO,Et EtO,C A || O

R
N\ 1) EDA, Rhy(TFA),

Rn_: > + N (@)
2 2) A then B, THF [7 [7 "o o

3) NaHCOj, THF/H,0 R COH

n
COH N A
o Ph B lill N
9b-e 5b-e,g,h \<

To a 25 mL round-bottomed flask charged with Rho(TFA)4 (6.6 mg, 0.01 equiv), the aromatic substrate
(20 equiv), and CH,Cl, (2.5 mL) was added a 2.5 mL solution of ethyl diazoacetate (114 mg, 1 mmol) in
CH,CI; via syringe pump addition over 3 h. After complete addition, the brown solution was stirred for an
additional hour at room temperature, at which time the CH.Cl, was removed by rotary evaporation, and
the excess arene was removed and could be recovered by distillation under reduced pressure. At this point
the crude mixture was analyzed by *H NMR spectroscopy to determine yield and regioisomeric ratio,
using 1,4-dimethylterephthalate as an internal standard. To the brown oil was added finely ground maleic
anhydride (300 mg, 3 equiv), and the neat mixture stood at room temperature for 30 min, after ensuring
that the oil permeated the powder, after which, the mixture was dissolved in THF (5 mL) and treated with
PTAD (1.1 equiv, relative to the regioisomers that had not reacted with maleic anhydride), and the red
solution was rapidly stirred for 1 h. After stirring for 1 h, brine was added (5 mL), and the mixture was
rapidly stirred for 30 min. The products were extracted with EtOAc (2 x 10 mL), and washed with
NaHCOs, water, and brine (1 x 10 mL ea), dried over MgSQs,, filtered, and concentrated. The brown
residue was subsequently partitioned between THF (10 mL) and saturated aqueous NaHCOj3 solution (10
mL) and rapidly stirred for 16 h, after which time the mixture was extracted with EtOAc (2 x 10 mL), and
the combined organic layer was washed sequentially with NaHCOs, water, and brine (1 x 10 mL ea),
dried over Na;SOq, filtered, and concentrated, and then purified by chromatography, yielding the urazole
5. The aqueous washes were combined and cooled to 0 °C and acidified with conc. HCI (about 7 mL).
Then the acidic medium was extracted with Et,O (3 x 25 mL), and the combined organic layer was dried
over MgSQ;, filtered, and concentrated. The solid residue was then triturated with CH,Cl,, and the white
solid 9 was collected by vacuum filtration and dried in vacuo. Note: it was necessary to perform a
preliminary aqueous workup to remove the maleic acid resulting from the hydrolysis of maleic anhydride
in order to maximize the yield and purity of the diacid product. Maleic acid was not removed in the
CHCI; trituration, but it could be removed via trituration with EtOAc; however, the diacid products had
higher solubility in EtOAc, so yields were diminished without removing the maleic acid halfway through
the synthetic route. Notably, the anhydride in the Diels-Alder products was significantly more stable
toward hydrolysis than maleic anhydride, so the maleic anhydride could be selectively hydrolyzed under
the conditions reported. Below, in cases where an inseparable mixture of regioisomers were isolated, both
structures are shown, and when possible, the resonances for both structures are identified. All spectra
were recorded in CDCls; however, the diacids required approx. 10 drops of CDsOD for dissolution.
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CO,Et 3-(Ethoxycarbonyl)-8-methyltricyclo[3.2.2.02,4]non-8-ene-6,7-dicarboxylic acid
(9b): The title compound was prepared according to General Procedure C using
toluene (2.13 mL, 20 mmol), ethyl diazoacetate (114 mg, 1 mmol), Rha(TFA), (6.6

L CO.H mg, 0.01 mmol), and maleic anhydride (294 mg, 3 mmol), yielding a white solid (54

Me COZI-2| mg, 20%). Analytical data: *H NMR (600 MHz, CDCls) & (9ba, 47%) 5.51 (d, J =
9ba 6.6 Hz, 1H), 4.02 (q, J = 7.2 Hz, 2H), 3.12 — 2.92 (m, 4H), 1.71 (s, 3H), 1.58 (m,
CO,Et 1H), 1.36 (m, 1H), 1.19 (m, 1H), 1.18 (t, J = 7.2 Hz, 3H); (9bb, 53%) 5.93 (t, J =

7.8 Hz, 1H), 5.53 (d, J = 7.8 Hz, 1H), 4.02 (g, J = 7.2 Hz, 2H), 3.18 (br s, 1H), 3.12

—2.92 (m, 2H), 1.58 (m, 1H), 1.54 (m, 1H), 1.31 (m, 4H), 1.18 (t, J = 7.2 Hz, 3H);

4 13C NMR (150 MHz, CDCls) & (9ba, 47%) 175.1, 175.0, 173.5, 132.6, 120.8, 60.6,

Mé Cgfle 53.6, 47.1, 38.8, 33.3, 21.7, 20.7, 20.1, 18.2, 13.9; (9bb, 53%) 174.9, 174.6, 173.5,
9bb 136.7, 127.3, 60.6, 50.2, 47.2, 38.8, 32.3, 26.7, 21.9, 21.5, 17.7, 13.9; mp 170-172

°C; IR (thin film, cm™) 3445, 1716, 1653, 1419, 1317, 1282, 1219, 1168; HRMS
(ESI) Calcd. for C15H1706: 293.1031, Found: 293.1034.

Et0.C e Ethyl-5a-methyl-1,3-dioxo-2-phenyl-2,3,5a,6,6a,7-hexahydro -1H,5H-5,7-

ethenocyclopropald][1,2,4]triazolo[1,2-a]pyridazine-6-carboxylate (5b): The title

N compound was prepared according to General Procedure C using toluene (2.13 mL,

2 N )::O 20 mmol), ethyl diazoacetate (114 mg, 1 mmol) Rhy(TFA). (6.6 mg, 0.01 mmol), and

/%N 4-phenyl-1,2,4-triazoline-3,5-dione (35 mg, 0.2 mmol). Flash chromatography (20%

O Ph  EtOAc/hexanes) provided a white solid (36 mg, 8%). Analytical data: *H NMR (600

5b MHz, CDCls) & 7.45 (m, 4H), 7.38 (m, 1H), 6.27 (ddd, J = 7.2, 5.1, 1.5 Hz, 1H), 6.18

(ddd, J=7.2,6.0, 1.2 Hz, 1H), 5.24 (ddd, J=5.1, 4.5, 1.2 Hz, 1H), 4.96 (dd, J = 6.0, 1.5 Hz, 1H), 4.18 (q,

J=7.2 Hz, 2H), 2.10 (dd, J = 4.5, 3.9 Hz, 1H), 1.61 (d, J = 3.9 Hz, 1H), 1.53 (s, 3H), 1.29 (t, J = 7.2 Hz,

3H); C NMR (150 MHz, CDCls) & 169.7, 157.1, 156.7, 131.2, 129.1, 128.3, 126.7, 125.7, 125.5, 61.1,

58.7, 52.7, 28.3, 20.4, 20.3, 14.2, 12.6; mp 140-142 °C; IR (thin film, cm™) 3065, 2982, 2932, 1774,

1715, 1503, 1405, 1335, 1232; TLC (20% EtOAc/hexanes) R; = 0.13; HRMS (ESI*) Calcd. for
Ci19H20N304: 354.1448, Found: 354.1469.

CO,Et 3-(Ethoxycarbonyl)-1,5-dimethyltricyclo[3.2.2.02,4]non-8-ene-6,7-dicarboxylic acid
(9c¢): The title compound was prepared according to General Procedure C using p-xylene

Me (24.6 mL, 200 mmol), ethyl diazoacetate (1.14 g, 10 mmol), Rhy(TFA)4 (65.8 mg, 0.1

L COH mmol), and maleic anhydride (2.94 g, 30 mmol), yielding a white solid (409 mg, 14%).
Me Cozl-zl Analytical data: *H NMR (600 MHz, CDCls) § 5.57 (s, 3H), 3.98 (g, J = 7.2 Hz, 2H),
9¢ 2.95 (s, 2H), 1.33, (d, J = 2.4 Hz, 2H), 1.31 (s, 6H), 1.30 (t, J = 2.4 Hz, 1H), 1.16 (t, J =

7.2 Hz, 3H); *C NMR (150 MHz, CDCls) § 174.0, 173.7, 131.7, 60.6, 56.0, 38.0, 28.1, 21.7, 17.1, 13.8;
mp 188-189 °C; IR (thin film, cm™) 3420, 2967, 1716, 1417, 1306, 1243, 1163; HRMS (ESI") Calcd. for

ClengOGZ 307.1187, Found: 307.1191

EtO.C e Ethyl- 5a,9-dimethyl-1,3-dioxo-2-phenyl-2,3,5a,6,6a,7-hexahydro-1H,5H-5,7-
ethenocyclopropa[d][1,2,4]triazolo[1,2-a]pyridazine - 6 — carboxylate (5c): The
N title compound was prepared according to General Procedure C using p-xylene (24.6
Z N ):O mL, 200 mmol), ethyl diazoacetate (1.14 g, 10 mmol) Rhy(TFA). (65.8 mg, 0.1
Me N mmol), and 4-phenyl-1,2,4-triazoline-3,5-dione (1.40 g, 8 mmol). Flash
0 Ph chromatography (20% EtOAc/hexanes) provided a white solid (1.85 g, 50%).

5¢c
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Analytical data: *H NMR (600 MHz, CDCls) & 7.46 (m, 4H), 7.37 (m, 1H), 5.83 (m, 1H), 5.00 (dd, J =
5.1, 1.8 Hz, 1H), 4.86 (d, J = 6.0 Hz, 1H), 4.18 (9, J = 7.2 Hz, 2H), 2.05 (dd, J = 5.1, 3.6 Hz, 1H), 1.88 (d,
J = 1.8 Hz, 3H), 1.53 (d, J = 3.6 Hz, 1H), 1.51 (s, 3H), 1.30 (t, J = 7.2 Hz, 3H); ¥C NMR (150 MHz,
CDCls) 6 169.8, 157.4, 156.9, 136.3, 131.3, 129.1, 128.2, 125.4, 118.5, 61.1, 59.6, 57.0, 28.0, 21.7, 20.0,
19.5, 14.2, 12.7; mp 126-127 °C; IR (thin film, cm™) 3063, 2981, 2935, 1772, 1716, 1504, 1404, 1227,
1158; TLC (20% EtOAc/hexanes) R = 0.13; HRMS (ESI*) Calcd. for CyH22N304: 368.1605, Found:
368.1630.

CO,Et 3 - (Ethoxycarbonyl)-1,9-dimethyltricyclo[3.2.2.02,4]non- 8-ene-6,7-
dicarboxylic acid (9d): The title compound was prepared according to General
Me Procedure C using m-xylene (2.47 mL, 20 mmol), ethyl diazoacetate (114 mg, 1

Z CO,H mmol), Rha(TFA)s (6.6 mg, 0.01 mmol), and maleic anhydride (294 mg, 3 mmol),
Me COo,H Yielding a white solid (57 mg, 20%). Analytical data: 'H NMR (600 MHz, CDCls)
9d 3 5.15 (s, 1H), 4.01 (q, J = 7.2 Hz, 2H), 3.05 (d, J = 9.9 Hz, 1H), 3.00 (br s, 1H),

2.90 (d, J = 9.9 Hz, 1H), 1.78 (s, 3H), 1.57 (br s, 1H), 1.30 (m, 1H), 1.26 (s, 3H),
1.21 - 1.15 (m, 4H); *C NMR (150 MHz, CDCls) & 174.9, 174.6, 173.7, 135.9, 125.8, 60.6, 53.5, 49.8,
38.8, 37.3, 27.9, 21.9, 21.4, 20.5, 17.7, 13.9; mp 159-160 °C; IR (thin film, cm) 3432, 2091, 1646,
1636, 1456, 1418, 1274, 1173; HRMS (ESI") Calcd. for C16H1906: 307.1187, Found: 307.1192

EtO,C e Ethyl -5a,10-dimethyl-1,3-dioxo-2-phenyl-2,3,5a,6,6a,7-hexahydro-1H,5H-5,7
ethenocyclopropald][1,2,4]triazolo[1,2-a]pyridazine - 6 — carboxylate (5d): The
Me N title compound was prepared according to General Procedure C using m-xylene (2.47
N }:O mL, 20 mmol), ethyl diazoacetate (114 mg, 1 mmol) Rhx(TFA). (6.6 mg, 0.01 mmol),
/JfN and 4-phenyl-1,2,4-triazoline-3,5-dione (105 mg, 0.6 mmol). Flash chromatography
O Ph (20% EtOAc/hexanes) provided a white solid (114 mg, 31%). Analytical data: H
5da NMR (600 MHz, CDCls) & (5da, 74%) 7.44 (m, 4H), 7.42 (m, 1H), 5.75 (d, J = 5.4
EtO.C e Hz, 1H), 5.14 (t, J = 5.4 Hz, 1H), 4.73 (s, 1H), 4.16 (q, J = 7.2 Hz, 2H), 2.05 (m, 1H),
1.92 (s, 3H), 1.52 (s, 3H), 1.49 (d, J = 3.6 Hz, 1H), 1.29 (t, J = 7.2 Hz, 3H); (5db,
N 26%) 7.41 (m, 1H), 7.36 (m, 4H), 6.18 (dd, J = 7.5, 6.0 Hz, 1H), 5.99 (d, J = 7.5 Hz,
N \=0 1H), 4.94 (d, J = 6.0 Hz, 1H), 4.16 (q, J = 7.2 Hz, 2H), 2.04 (5, 3H), 1.89 (d, J = 3.6
Me //«N Hz, 1H), 1.59 (d, J = 3.6 Hz, 1H), 1.52 (s, 3H), 1.29 (t, J = 7.2 Hz, 3H); 3C NMR
O Ph (150 MHz, CDCls) & (5da, 74%) 169.8, 157.3, 156.9, 137.2, 131.2, 129.0, 128.2,
5db 125.3, 117.7, 63.1, 61.0, 53.6, 27.7, 22.0, 20.0, 19.6, 14.2, 12.6; (5db, 26%) 169.8,
155.9, 155.4, 131.4, 131.2, 129.0, 128.2, 125.7, 125.0, 62.8, 61.0, 58.0, 28.0, 27.7, 21.8, 21.6, 14.2, 12.5;
mp 110-112 °C; IR (thin film, cm™) 3064, 2980, 2934, 1771, 1716, 1504, 1404, 1227, 1173; TLC (20%

EtOAc/hexanes) Rt = 0.13; HRMS (ESI*) Calcd. for C20H22N304: 368.1605, Found: 368.1628.
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CO,Et

CO,H

Me”Me CO,H

9ea
CO,Et

Me

CO,H
CO,H
9eb

3-(Ethoxycarbonyl)-1,8-dimethyltricyclo[3.2.2.02,4]non-8-ene-6,7-dicarboxylic

acid (9e): The title compound was prepared according to General Procedure C using
o-xylene (2.47 mL, 20 mmol), ethyl diazoacetate (114 mg, 1 mmol), Rhz(TFA)4 (6.6
mg, 0.01 mmol), and maleic anhydride (294 mg, 3 mmol), yielding a white solid (37
mg, 12%). Analytical data: *H NMR (600 MHz, CDCls) & (9ea, 77%) 5.58 (d, J =
6.6 Hz, 1H), 3.96 (q, J = 7.2 Hz, 2H), 3.08 (m, 1H), 2.96 (dd, J = 10.8, 1.2 Hz, 1H),
2.87 (d, J = 10.8 Hz, 1H), 1.56 (d, J = 0.6 Hz, 3H), 1.50 (m, 1H), 1.28 (dd, J = 8.4,
2.4 Hz, 1H), 1.25 (s, 3H), 1.16-1.12 (m, 4H); (9eb, 23%) 3.96 (q, J = 7.2 Hz, 2H),
2.93 (br s, 2H), 2.89 (br s, 2H), 1.58 (s, 6H), 1.48 (m, 2H), 1.14 (t, J = 7.2 Hz, 3H),
0.96 (t, J = 2.4 Hz, 1H); ®*C NMR (150 MHz, CDCls) & (9ea, 77%) 174.8, 174.5,
173.7, 137.9, 121.2, 60.5, 53.8, 41.0, 32.0, 26.9, 21.9, 20.0, 18.1, 17.5, 16.8, 13.8;
(9eb, 23%) 175.0, 173.7, 127.4, 60.5, 47.0, 39.3, 21.6, 18.2, 13.8; mp 120-121°C;

IR (thin film, cm™); 3420, 1716, 1698, 1652, 1540, 1276, 1174; HRMS (ESI") Calcd. for CisH190s:
307.1187, Found: 307.1193.

N
N0

N
o//( Ph
5eb

Ethyl-5,5a-dimethyl-1,3-dioxo-2-phenyl-2,3,5a,6,6a,7-hexahydro-1H,5H-5,7-

ethenocyclopropald][1,2,4]triazolo[1,2-a]pyridazine-6-carboxylate (5e): The title
compound was prepared according to General Procedure C using o-xylene (2.47 mL,
20 mmol), ethyl diazoacetate (114 mg, 1 mmol), Rha(TFA), (6.6 mg, 0.01 mmol), and
4-phenyl-1,2,4-triazoline-3,5-dione (44 mg, 0.25 mmol), yielding a white solid (31
mg, 9%). Analytical data: *H NMR (600 MHz, CDCls) & (5ea, 76%) 7.44 (m, 4H),
7.36 (m, 1H), 6.14 (dd, J = 7.8, 6.0 Hz, 1H), 6.04 (dd, J = 7.8, 1.5 Hz, 1H), 5.23 (ddd,
J=6.0,15, 1.5Hz, 1H), 4.17 (q, J = 7.2 Hz, 2H), 2.12 (dd, J = 3.6, 1.5 Hz, 1H), 1.99
(s, 3H), 1.65 (d, J = 3.6 Hz, 1H), 1.43 (s, 3H), 1.29 (t, J = 7.2 Hz, 3H); (5eb, 24%)
7.44 (m, 4H), 7.36 (m, 1H), 6.24 (dd, J = 4.2, 3.6 Hz, 1H), 4.90 (dd, J = 4.2, 3.6 Hz,
1H), 4.17 (q, J = 7.2 Hz, 2H), 1.65 (m, 5H), 1.50 (s, 3H), 1.30-1.27 (m, 4H); °C
NMR (150 MHz, CDCls) & (5ea, 76%) 169.9, 155.7, 155.4, 132.5, 131.3, 129.0,
128.2, 125.7, 124.7, 65.9, 61.1, 61.8, 28.2, 24.0, 22.7, 19.1, 14.2, 10.1; mp
131-132°C; IR (thin film, cm™) 2981, 2929, 1771, 1715, 1504, 1404, 1223, 1188,

TLC (20% EtOAc/hexanes) Rs = 0.13; HRMS (ESI*) Calcd. for CxoH22N304: 368.1605, Found:

368.1627.

EtO,C

71N
N =0
N
O Ph
5g

F

Ethyl -9-fluoro-1,3-dioxo-2-phenyl-2,3,5a,6,6a,7-hexahydro-1H,5H-5,7-
ethenocyclopropald][1,2,4]triazolo[1,2-a]pyridazine-6-carboxylate (5g): The title
compound was prepared according to General Procedure C using fluorobenzene (1.88
mL, 20 mmol), ethyl diazoacetate (114 mg, 1 mmol), Rhy(TFA). (6.6 mg, 0.01
mmol), and 4-phenyl-1,2,4-triazoline-3,5-dione (193 mg, 1.1 mmol). Flash
chromatography (20% EtOAc/hexanes) provided a white solid (167 mg, 47%).
Analytical data: *H NMR (600 MHz, CDClz) & 7.46 (m, 4H), 7.38 (m, 1H), 5.46 (m,

1H), 5.38 (m, 1H), 5.352 (ddd, J = 8.4, 5.4, 3.0, Hz, 1H), 4.17 (q, J = 7.2 Hz, 2H), 2.30 (m, 1H), 2.22 (m,
1H), 1.61 (t, J = 2.7 Hz, 1H), 1.28 (t, J = 7.2 Hz, 3H); 3C NMR (150 MHz, CDCls) & 169.8, 156.4, 156.2
(d, J = 3.3 Hz), 154.2, 130.9, 129.1, 128.4, 125.3, 98.6 (d, J = 3.5 Hz), 61.4, 54.3 (d, J = 26.7 Hz), 52.7
(d, J = 6.3 Hz), 23.2, 16.8, 14.9 (d, J = 2.6 Hz), 14.0; mp 132-133°C; IR (thin film, cm') 3064, 2987,
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2932, 1717, 1663, 1404, 1226, 1165, 1050; TLC (20% EtOAc/hexanes) R: = 0.16; HRMS (ESI*) Calcd.
for C1sH17FN3O4: 358.1198, Found: 358.1217.

EtO,C

7 /N%
N (@]
Cl /}N
3 Ph
5h

Ethyl -9-chloro-1,3-dioxo-2-phenyl-2,3,5a,6,6a,7-hexahydro-1H,5H-5,7-
ethenocyclopropa[d][1,2,4]triazolo[1,2-a]pyridazine-6-carboxylate (5h): The title
compound was prepared according to General Procedure C using chlorobenzene
(2.03 mL, 20 mmol), ethyl diazoacetate (114 mg, 1 mmol), Rho(TFA). (6.6 mg, 0.01
mmol), and 4-phenyl-1,2,4-triazoline-3,5-dione (193 mg, 1.1 mmol). Flash
chromatography (20% EtOAc/hexanes) provided a white foam (191 mg, 51%).
Analytical data: *H NMR (600 MHz, CDCls) & 7.46 (m, 4H), 7.39 (m, 1H), 6.13 (dd,

J =66, 2.4 Hz, 1H), 5.33 (dd, J = 6.6, 5.8 Hz, 1H), 5.30 (dd, J = 4.8, 2.4 Hz, 1H), 4.17 (q, J = 7.2 Hz,
2H), 2.31 (ddd, J = 8.1, 4.8, 3.0, Hz, 1H), 2.23 (ddd, J = 8.1, 4.8, 3.0 Hz, 1H), 1.52 (t, J = 3.0 Hz, 1H),
1.29 (t, J = 7.2 Hz, 1H) ; C NMR (150 MHz, CDCls) 5 169.8, 156.4, 156.0, 130.9, 129.1, 128.5, 128.4,
125.3, 120.8, 61.4, 59.1, 53.5, 23.3, 16.5, 15.3, 14.1; IR (thin film, cmt) 3065, 2981, 2932, 1772, 1716,
1646, 1505, 1404, 1224: TLC (20% EtOAc/hexanes) Ry = 0.15; HRMS (ESI*) Calcd. for C1sH17CIN3Os:
374.0902, Found: 374.0911.

CO,Et

Ethyl -5-methoxy-1,3-dioxo -2-phenyl- 2,3,6,9- tetrahydro -1H,5H -5,9- etheno
[1,2,4]triazolo[1,2-a][1,2]diazepine-6-carboxylate (10i):
prepared according to General Procedure C using anisole (2.17 mL, 20 mmol), ethyl
diazoacetate (114 mg, 1 mmol), Rhy(TFA)4 (6.6 mg, 0.01 mmol), and 4-phenyl-1,2,4-

The title compound was

N triazoline-3,5-dione (53 mg, 0.3 mmol). Flash chromatography (20% EtOAc/hexanes)

provided a yellow oil (34 mg, 9%). Analytical data: *H NMR (600 MHz, CDCls) & 7.53
(d, =79 Hz, 2H), 7.47 (dt, J = 7.9, 7.3 Hz, 2H), 7.38 (t, J = 7.3 Hz, 1H), 6.78 (dd, J =

9.6, 7.2 Hz, 1H), 6.34 (d, J = 9.6 Hz, 1H), 6.21 (ddd, J = 11.1, 7.2, 2.4 Hz, 1H), 5.77 (dd, J = 11.1, 4.4
Hz, 1H), 5.02 (dd, J = 7.2, 7.2 Hz, 1H), 4.28 (dd, J = 4.4, 2.4 Hz, 1H), 4.16 (g, J = 7.2 Hz, 2H), 3.60 (s,
3H), 1.27 (m, 4H); *C NMR (150 MHz, CDCls) § 167.0, 154.4, 150.8, 132.5, 131.2, 131.1, 129.3, 129.0,
128.2, 126.5, 125.5, 91.2, 61.4, 53.7, 52.0, 50.3, 14.0; IR (thin film, cm™) 3067, 2981, 2938, 1772, 1715,
1498, 1409, 1247, 1187; TLC (20% EtOAc/hexanes) Rr = 0.10; HRMS (ESI*) Calcd. for C1oH2oN3Os:

370.1397, Found: 370.1419.
Further transformations of Diels-Alder products

Method to obtain HPLC traces of 11a,b

PhS
CO,Et CO,Et
quinidine or : LU
H H quinine, MeOH 1) LiEtsBH; H H H
/ H PhMe/CCl, (1:1), / 2) PPhg, CI;CCOCClj, / H
e .55 °C, 60 h COR' 6 PPhy, I,, imidazole e
4 CO2R  3)LisPh
2a 11a,b 83, or enantiomer

Note: The title procedure was required to assay the enantiomeric ratio (er) of the initial desymmetrization
products 11a,b owing to their poor UV activity. The desymmetrization could also be performed using
benzyl alcohol without any loss in reactivity; however, this product was also poorly UV active.
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Furthermore, it was required to convert the hemiester into the respective lactone, since the acid
functionality inhibited elution on silica. Due to the conformational rigidity of the hemiester, and the
intermediates to S3, we presume that no loss of enantiomeric purity was observed in this sequence.

(1S,2S,4R,5R,6R,7S) -3-(ethoxycarbonyl)-7-(methoxycarbonyl)tricyclo[3.2.2.02,4]
non-8-ene-6-carboxylic acid (11a/11b): The anhydride (262 mg, 1 mmol) was added
to a flame-dried round-bottomed flask containing the cinchona alkaloid (357 mg, 1.1
7 mmol), and the solid was suspended in 1:1 toluene/CCl4 (5 mL for quinidine, 20 mL for
CO2H quinine). Then methanol (121 pL, 3 mmol) was added and the mixture was cooled to -
1(?122Me 55 °C, where it stirred for 60 h. The mixture was warmed to room temperature and
concentrated, and the residue was taken up in Et,O (10 mL) and washed with 1 M HCI
CO,Et (3 x 10 mL). The combined aqueous layer was extracted with Et,O (2 x 10 mL). Note:
the cinchona alkaloid could be recovered from the acidic aqueous layer by basifying
with Na,CO; and extracting with Et,O. The combined organic layer was then extracted
Co,Me With Na,COs (2 x 20 mL). The resultant aqueous layer was then acidified with conc.
CO,H HCI (approx. 10 mL), and the organics were extracted with Et,O (2 x 25 mL), washed
11b with brine, dried over MgSOs., filtered, and concentrated, yielding a white solid of good
purity: for quinine (11a, 272 mg, 93%), for quinidine (11b, 290 mg, 99%). Analytical
data: 'H NMR (400 MHz, CDCls) & 10.16 (br s, 1H), 6.01 (t, J = 6.8 Hz, 1H), 5.93 (t, J = 6.8 Hz, 1H),
4.09 (q, J = 7.2 Hz, 2H), 3.59 (s, 3H), 3.00 (m, 2H), 3.17 (dd, J = 10.4, 1.6 Hz, 1H), 3.12 (dd, J = 10.4,
2.0 Hz, 1H), 1.67 (m, 2H), 1.37 (dd, J = 2.8, 2.4 Hz, 1H), 1.24 (t, J = 7.2 Hz, 3H); **C NMR (100 MHz,
CDCls) 6 178.2, 173.0, 172.8, 128.7, 127.8, 60.6, 51.6, 47.4, 47.2, 33.8, 33.3, 20.3, 20.2, 18.4, 14.1; mp
114-116 °C; [a]o = (11a) +0.5° (c = 5.21, CH,Cl,), (11b) -1.4° (c = 11.79, CH2Cl,); IR (thin film, cm™)
3446, 2984, 1732, 1717, 1698, 1419, 1280, 1161, 1047; HRMS (ESI") Calcd. for CisH170s: 293.1031,
Found: 293.1031.

CO,Et

OH (3aS,4S,4aS,5aR,6R,6aR)-5-(hydroxymethyl)-3,3a,4,4a,5,5a,6,6a-octahydro-1H-
4,6-ethenocyclopropa[flisobenzofuran-1-one (S1): The hemiester 11a (290 mg, 1
H equiv) was added to a flame-dried 25 mL round-bottomed flask under nitrogen
H atmosphere and cooled to 0 °C. A solution of LiEts;BH (1.0 M in THF, 6 mL, 6 equiv)
=0 was then added dropwise over 3 min. After stirred for 15 min at 0 °C, the ice bath was
0 removed, and the solution warmed to room temperature while stirred for 6 h. The
reaction was then carefully quenched with 1 M HCI (10 mL) under nitrogen
OH atmosphere, and the mixture stirred for an additional 2 h. The organics were then
extracted with Et,O (2 x 10 mL), dried over MgSQ,, filtered, and concentrated. The
H H crude material was purified by column chromatography (40% EtOAc/hexanes),
/. H yielding a pungent smelling, white solid (132 mg, 71%). Analytical data: *H NMR (600
3 MHz, CDCls) 6 5.99 (dd, J = 7.8, 6.6 Hz, 1H), 5.93 (dd, J = 7.2, 7.2 Hz, 1H), 4.38 (dd,
3 J =9.6,9.0 Hz, 1H), 3.89 (dd, J = 9.6, 4.8 Hz, 1H), 3.51 (dd, J = 11.4, 6.6 Hz, 1H),
s1b 3.45 (dd, J = 11.4, 7.2 Hz, 1H), 3.38 (m, 1H), 3.04 (m, 1H), 2.92 (dd, J = 9.6, 3.6 Hz,
1H), 2.85 (dddd, J = 9.6, 9.6, 3.6, 3.6 Hz, 1H), 1.04 (ddd, J = 7.2, 3.0, 3.0 Hz, 1H),
0.97-0.91 (m, 2H); **C NMR (150 MHz, CDCls) § 178.3, 130.8, 128.8, 71.8, 64.0, 45.7, 39.1, 34.5, 33.1,
20.3, 15.5, 15.4; mp 115-117 °C; [a]o = (Sla) +43.8° (c = 2.90, CH:Cl,), (S1b) -53.6° (c = 6.27,
CH.Cly); IR (thin film, cm?) 3420, 2851, 1748, 1652, 1541, 1396, 1190, 1038; TLC (20%

EtOAc/hexanes) Ry = 0.05; HRMS (ESI*) Calcd. for C12H1503: 207.1016, Found: 207.1021
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(3aS,4S,4aR,5aS,6R,6aR)- 5- (chloromethyl) - 3,3a,4,4a,5,5a,6,6a - octahydro - 1H -
4,6-ethenocyclopropa[flisobenzofuran-1-one (S2): Hexachloroacetone (0.6 mL, 6
equiv) was added to a 25 mL round-bottomed flask with 2 mL CH:Cl,, and the flask was
cooled to 0 °C. Triphenylphosphine (185 mg, 1.1 equiv) was added, and the mixture
) stirred for 5 min. The intermediate alcohol S1 (132 mg, 1 equiv) was added in 3 mL
o) CH.ClI;, and the clear solution stirred for 5 min at 0 °C and 2 h at room temperature. The

o reaction was concentrated and immediately purified by column chromatography (20%

S2 EtOAc/hexanes), yielding a white solid (107 mg, 74%). Analytical data: *H NMR (600
MHz, CDCls) 6 5.96 (dd, J = 7.8, 6.6 Hz, 1H), 5.92 (dd, J = 7.8, 6.6 Hz, 1H), 4.35 (t, J = 9.6 Hz, 1H),
3.85 (dd, J = 9.6, 4.2 Hz, 1H), 3.45 (dd, J = 10.8, 7.2 Hz, 1H), 3.38 — 3.32 (m, 2H), 3.04 (m, 1H), 2.88
(dd, J =9.6, 3.6 Hz, 1H), 2.82 (m, 1H), 1.13 (m, 1H), 1.06 — 0.99 (m, 2H); *C NMR (150 MHz, CDCls)
d 178.0, 130.6, 128.8, 71.6, 46.8, 45.3, 38.8, 34.3, 33.0, 20.2, 18.1, 18.0; mp 99-100 °C; IR (thin film,
cm?) 3050, 2934, 2867, 1759, 1636, 1377, 1182, 1007; TLC (20% EtOAc/hexanes) Ri = 0.05; HRMS
(ESI*) Calcd. for C12,H14ClO,: 225.0677, Found: 225.0677.

Cl

H H
7 H

| (3aS,4S,4aR,5aS,6R,6aR)- 5- (iodomethyl) - 3,3a,4,4a,5,5a,6,6a - octahydro - 1H -

4,6-ethenocyclopropa[flisobenzofuran-1-one (12): A 25 mL round-bottomed flask

H o was charged with triphenylphosphine (412 mg, 2.05 equiv) and imidazole (261 mg, 5

H equiv). The solids were dissolved in CH2Cl, (5 mL) and cooled to 0 °C. lodine (389

=0 mg, 2 equiv) was added, and the yellow-orange solution stirred at 0 °C for 10 min. The

0 intermediate alcohol S1 (158 mg, 0.8 mmol) was added in 10 mL of CH.ClI,, and the

12a reaction was allowed to gradually warm to room temperature as it stirred for 16 h. Then

| the reaction was quenched with saturated Na,S,03 (8 mL), and the reaction was stirred

at room temperature for 15 min. The product were then extracted with CH,Cl, (3 x 10

H H  mL), and washed with brine (1 x 20 mL), dried over Na,SOs, filtered, and concentrated,

7 H and immediately purified by column chromatography (40% EtOAc/hexanes), yielding a

white solid (88 mg, 36%). Analytical data: *H NMR (600 MHz, CDCls) § 5.96 (dd, J =

7.2,6.6 Hz, 1H), 5.92 (dd, J = 7.2, 6.6 Hz, 1H), 4.34 (dd, J = 9.6, 9.0 Hz, 1H), 3.85 (dd,

J=09.6, 4.2 Hz, 1H), 3.36 (m, 1H), 3.13 (dd, J = 9.6, 7.2 Hz, 1H), 3.07 — 2.99 (m, 2H),

2.87 (dd, J = 9.6, 3.0 Hz, 1H), 2.08 (dddd, J = 9.6, 9.6, 4.2, 4.2 Hz, 1H), 1.08 (m, 2H),

0.97 (m, 1H); *C NMR (150 MHz, CDCls) § 177.9, 130.6, 128.7, 71.5, 45.1, 38.6, 34.6, 33.3, 23.3, 23.0,

22.3,9.4; mp 98-99 °C; [a]o = (12a) +47.3° (c = 2.00, CHCly), (12b) -43.0° (c = 4.60, CH2Cly); IR (thin

film, cm™) 3054, 2859, 2359, 1756, 1484, 1437, 1182, 1119, 998, 750; TLC (20% EtOAc/hexanes) Rt =
0.06; HRMS (ESI*) Calcd. for C12H1410,: 317.0033, Found: 317.0035.

12b
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(3aS,4S,4aR ,5aS,6R,6aR)-5-((phenylthio)methyl)-3,3a,4,4a,5,5a,6,6a-octahydro-
1H-4,6-ethenocyclopropal[flisobenzofuran-1-one (S3): n-BuLi (2.61 M in hexanes,
H 0.36 mL, 2 equiv) was added dropwise to a flame-dried 25 mL round-bottomed flask
H containing thiophenol (0.15 mL, 3 equiv) in anhydrous THF cooled to 0 °C. After
=0 complete addition, the solution was warmed to room temperature, where it stirred for 15
0 min. The alkyl chloride S3 (107 mg, 1 equiv) was added with 4 mL anhydrous THF,
S3a and the clear solution stirred until deemed complete by TLC (16 h). The reaction was
then concentrated and immediately purified by column chromatography (20%
SPh EtOAc/hexanes), yielding a white solid (61 mg, 59%). The enantiomeric ratio (S3a:
94:6; S3b, 6:94) was determined by chiral HPLC (column 1A, 90:10 hexanes/'PrOH).
H H  Analytical data: 'H NMR (600 MHz, CDCls) 8 7.35 (m, 2H), 7.29 (m, 2H), 7.21 (m,
7 H 1H), 5.94 (t, J = 7.2 Hz, 1H), 5.88 (t, J = 7.2 Hz, 1H), 4.35 (dd, J = 9.6, 9.0 Hz, 1H),
3.85 (dd, J = 9.6, 4.2 Hz, 1H), 3.32 (m, 1H), 2.99 (m, 1H), 2.89 — 2.83 (m, 2H), 2.81 —
2.85 (m, 2H), 1.00 (ddd, J = 7.5, 3.0, 3.0 Hz, 1H), 0.91 (ddd, J = 7.5, 3.6, 3.6 Hz, 1H),
S?;b 0.87 (dddd, J = 6.6, 6.6, 3.6, 3.0 Hz, 1H); **C NMR (150 MHz, CDCls) § 178.3, 136.2,
130.6, 130.0, 128.8, 128.7, 126.3, 71.7, 45.5, 38.9, 36.3, 34.6, 33.2, 18.04, 18.00, 17.5;
mp 96-97 °C; [a]o = (Sla) +22.5° (c = 0.98, CH.Cly), (S1b) -21.0° (c = 0.18, CH.Cl); IR (thin film, cm
1) 3053, 2948, 1758, 1647, 1584, 1479, 1377, 1183, 1015; TLC (20% EtOAc/hexanes) R; = 0.11; HRMS

(ESI*) Calcd. for C1gH190-S: 299.1100, Found: 299.1110.

SPh

Cyclopropylmethyl radical-promoted ring-opening of 12

H H hv, BuzSnH | H ~ H
- +
/. H /. H /. H
=0 CH,Cly, 1 h =0 =0
O @) O
12 13 14

| 9-vinyl-3a,4,7,7a-tetrahydro-4,7-ethanoisobenzofuran-1(3H)-one  and  9-vinyl-
H 3a4,7,7a-tetrahydro-4,7-ethanoisobenzofuran-3(1H)-one (13/14): The alkyl iodide 12

H (38 mg, 0.12 mmol) was added to a flame-dried 5 dram vial under nitrogen atmosphere.
(;:o Then the BusSnH (0.13 mL, 4 equiv) was added, and the mixture was dissolved in
anhydrous CH:Cl, (10 mL). The vial was then subjected to irradiation by a Hg
lamp/Pyrex filter for 1 h. After 1 h, the lamp was turned off and the reaction was

% concentrated and purified by column chromatography (20% EtOAc/hexanes), yielding a
H  clear oil as a mixture of regioisomers (23 mg, >99%). Analytical data: *H NMR (600

7 H  MHz, CDCly) § (13, 56%) 6.42 (dd, J = 7.2, 7.2 Hz, 1H), 6.21 (dd, J = 7.2, 7.2 Hz, 1H),
O):O 5.56 (m, 1H), 4.98 (m, 1H), 4.91 (m, 1H), 4.37 (dd, J = 9.0, 9.0 Hz, 1H), 3.87 (dd, J =

14 9.6, 4.2 Hz, 1H), 3.11 (m, 1H), 2.84 — 2.77 (m, 2H), 2.76 — 2.68 (m, 1H), 2.38 (m, 1H),

1.91 (ddd, J = 12.6, 9.6, 2.4 Hz, 1H), 1.19 (ddd, J = 13.2, 4.8, 3.6 Hz, 1H); (14, 44%)

6.36 (dd, J = 7.2, 7.2 Hz, 1H), 6.26 (dd, J = 7.2, 7.2 Hz, 1H), 5.56 (m, 1H), 4.98 (m, 1H), 4.91 (m, 1H),
4.37 (dd, J = 9.0, 9.0 Hz, 1H), 3.87 (dd, J = 9.6, 4.2 Hz, 1H), 3.07 (m, 1H), 2.87 (dd, J = 10.2, 3.6 Hz,
1H), 2.76 — 2.68 (m, 2H), 2.45 (m, 1H), 1.83 (ddd, J = 12.6, 9.6, 2.4 Hz, 1H), 1.15 (ddd, J = 13.2, 5.4, 3.0
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Hz, 1H); C NMR (150 MHz, CDCls) § (13, 56%) 179.1, 143.0, 134.9, 130.7, 113.5, 71.9, 44.1, 40.6,
39.4, 385, 32.3, 31.3; (14, 44%) 178.9, 142.8, 133.2, 132.4, 113.6, 72.3, 45.1, 40.3, 37.4, 37.3, 34.0,
31.3; IR (thin film, cm™) 3048, 2934, 2867, 1759, 1636, 1377, 1182, 1007; TLC (20% EtOAc/hexanes)
Rt =0.16; HRMS (ESI*) Calcd. for C12H14NaO2: 213.0886, Found: 213.0890.

Desymmetrization of bis-epoxide 8a
CO,Et CO,Et CO,Et
H, i ~H 1) MeMgl, BuzSnH H.,, 8 WH Pd,(dba);*CHCl; H., A WH
THF, 0 °C, 5 min (2-furyl)sP
R - Om QO O“‘
dlll ||.b 2)TSNCO, THF O:< >:O THF, rt, 16 h

rt, 8 h %\N

NHTs TsHN (0]
Ts
8a 15 16

Ethyl -2,5-dihydroxybicyclo[4.1.0]hept-3-ene-7-carboxylate (S4): The bis-
epoxide 8a (250 mg, 1.3 mmol) and BusSnH (1.4 mL, 4 equiv) were added to a
Hf iH flame-dried 25 mL round-bottomed flask under nitrogen atmosphere and dissolved

CO,Et

HO ! woH  inanhydrous THF (10 mL). Then the reaction was cooled to 0 °C before the MeMgl

(3.0 M in Et,O, 0.53 mL, 1.25 equiv) was added dropwise over 5 min. After

S4 complete addition of MeMgl|, the reaction was immediately quenched with saturated

NH4CI (5 mL) under nitrogen atmosphere. The product was extracted with Et,O (2 x

5 mL), dried over MgSOs, filtered, and concentrated. The crude material was purified by column

chromatography (50% EtOAc/hexanes = 100% EtOAc > 90% EtOAc/MeOH) yielding a golden oil

(221 mg, 87%). Note: the reaction was slow to proceed if run in Et;O, and it failed when MeMgBr was

used instead. The inclusion of BusSnH minimizes THF polymerization, although the reaction proceeds

without it as an additive. Analytical data: *H NMR (600 MHz, CDCls) § 5.87 (br s, 2H), 4.42 (br s, 2H),

4.32 (brs, 2H), 4.14 (q, J = 7.2 Hz, 2H), 2.04 (d, J = 4.2 Hz, 2H), 1.38 (t, J = 4.2 Hz, 1H), 1.27 (t, J = 7.2

Hz, 3H); *C NMR (150 MHz, CDCls) § 172.8, 128.3, 61.8, 61.0, 25.9, 21.3, 14.2; IR (thin film, cm™)

3391, 2983, 2905, 1716, 1447, 1302, 1198, 1013, 801; TLC (20% EtOAc/hexanes) Rt = 0.02; HRMS
(ESI) Calcd. for C1oH14NaO4: 221.0784, Found: 221.0789.

CO,Et Ethyl-2,5-bis((tosylcarbamoyl)oxy)bicyclo[4.1.0]hept-3-ene-7-carboxylate

: (15): The diol S4 (53 mg, 0.26 mmol) was added to a flame-dried 10 mL

H., [\ H round-bottomed flask under nitrogen atmosphere and dissolved in anhydrous

O mQ THF (2.5 mL). The p-toluenesulfonyl isocyanate (81 uL, 2.01 equiv) was then

O—J\ O added, and the reaction was allowed to stir at room temperature for 8 h. The

NHTs  TsHN reaction was then concentrated and flushed through a short pad of silica first

15 with 20% EtOAc/hexanes (40 mL) then with EtOAc (100 mL). The fractions

containing the product were collected and concentrated, yielding a white solid (158 mg, >99%).

Analytical data: *tH NMR (600 MHz, CDCls) & 7.93 (m, 4H), 7.34 (m, 4H), 5.93 (br s, 2H), 5.42 (m, 2H),

4.13 (g, J = 7.2 Hz, 2H), 2.46 (s, 6H), 1.95 (m, 2H), 1.43 (t, J = 4.2 Hz, 1H), 1.25 (t, J = 7.2 Hz, 3H); 1*C

NMR (150 MHz, CDCls) 6 171.2, 150.0, 145.2, 135.3, 129.6, 128.4, 127.4, 66.2, 61.4, 21.7, 21.4, 21.1,

14.1; mp 87-89 °C; IR (thin film, cm™) 3248, 2985, 2875, 1716, 1597, 1456, 1353, 1161, 853; TLC
(20% EtOAc/hexanes) Rs = 0.01; HRMS (ESI") Calcd. for C2sH27N2010S,: 591.1113, Found: 591.1160.
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co.et Ethyl -2-0x0-3-tosyl-3,3a,5a,6,6a,6b-hexahydro-2H-cyclopropal3,4]benzo[1,2-
w2

: d]oxazole-6-carboxylate (16): A flame-dried 10 mL round-bottomed flask was

H., [A\~H charged with Pdx(dba)s*CHCI; (10 mg, 0.05 equiv) and tris-(2-furyl)phosphine (5 mg,

0.1 equiv) in a nitrogen-filled glovebox. The solids were then dissolved in anhydrous

o
%\Ns THF (2.5 mL), and the dark mixture stirred for 1 h. Then the bis-carbamate 15 (114
0 Ts mg, 0.19 mmol) was added with anhydrous THF (2.5 mL), and the reaction was
16 allowed to stir at room temperature for 16 h. Once the reaction was deemed complete

by TLC analysis, the reaction was concentrated and immediately subjected to column chromatography
(30% EtOAc/hexanes) to yield a white foam (55 mg, 76%). Analytical data: *H NMR (600 MHz, CDCls)
0 7.96 (d, J =8.4 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H), 6.28 (ddd, J = 7.2, 5.4, 1.8 Hz, 1H), 5.63 (ddd, J =
7.2,3.6,1.8 Hz, 1H), 5.14 (dd, J = 7.8, 1.5 Hz, 1H), 4.71 (ddd, J = 7.8, 3.6, 1.8 Hz, 1H), 4.16 (q, J = 7.2
Hz, 2H), 2.46 (s, 3H), 2.28 (ddd, J = 7.8, 4.8, 1.5 Hz, 1H), 2.08 (ddd, J = 7.8, 5.4, 3.6 Hz, 1H), 1.56 (dd, J
= 4.8, 3.6 Hz, 1H), 1.27 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDClz) § 170.4, 150.7, 145.7, 135.3,
129.9, 129.1, 128.4, 119.5, 70.4, 61.4, 53.0, 29.7, 21.8, 20.2, 18.6, 14.2; IR (thin film, cm™) 3058, 2984,
1780, 1717, 1647, 1366, 1300, 1193, 1015, 814; TLC (20% EtOAc/hexanes) Rs = 0.14; HRMS (ESI*)
Calcd. for C1gH1sNNaOeS: 400.0825, Found: 400.0851.

HPLC traces for S3a,b (derived from hemiesters 11a,b)

S3 (rac):
Peak # RT (min) Area (mMAU xs) | Height (mAU) Area(%)
1 14.842 390454.38 18414.06 52.9
2 16.972 347299.13 17470.47 47.1
SPh
H H
y H
=0
o]
(£)-S3 1
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S3a (quinine):

Peak # RT (min) Area (mAU x s) | Height (mAU) Area(%)
1 14.857 25553519.61 1041017.51 93.7
2 17.093 1705684.86 86778.97 6.3
SPh
H H
/ H
=0
o)
S3a
S3b (quinidine):
Peak # RT (min) Area (mAU x s) | Height (mAU) Area(%)
1 14.989 1182560.66 67685.57 6.3
2 16.905 17686664.05 724177.58 93.7
SPh
H H ‘
7 H i
© |
0 “‘
S3b

mmmmm
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1

1

2930

65536

CDC13

16

0

32
41.600 usec

1

1H
13.00 usec

9.00000000 W
65536

10.00 usec
600.1300033 MHz

WDM-15-DX1948-1H
20150623
5 mm CPQNP 1H/
12019.230 Hz
0.183399 Hz
2.7262976 sec
297.9 K
1.00000000 sec
600.1337060 MHz

CHANNEL f1

F2 - Acquisition Parameters
F2 - Processing parameters

Current Data Parameters

NAME

~ — 4 EXPNO
PROCNO
Date.
Time
INSTRUM
PROBHD
PULPROG
SI
SF

862"

o v
— O
™ m

v1€°T
81€" 1T
[44 50"
92¢e° T

EM
0.30 Hz
0

WDW
SSB
LB
GB
PC

0£€°T
8ee" T
S60°7—
6TV 2~
z18°¢
8v8°¢
sz
L9Z ¥
6L2"

ppm

162 ¥
918" %

6S8° %
L8E"9
00%°9

70%°9
LTV "9
82979
6€9°9
GF9°9
96979
€787 9
66879
¥8TL
T02°L
097" L
€LV L
987" L
68G°L
T09°L
€19°L
L9 L
LESTL
70T°8
LOT 8
8T1"8
0cT'8

CO,Et
CO,Et

1ka
“AGBC)z(:

MeO,C

e N

80 BT
ma‘vﬁme
BT BT

0z ge—
LS Zh—

£07egs
817 2§
91719
62719
LETTS
£ 19

€6°69T
LLT99T
8ETLIT—=
6L LT~
057 ZLT
T8°TLT

mw.mm.ﬁw

887621

ST CET

LETEET

TS 6ET
3\

CO,Et

Me (:);g(:)

1ka

CO,Et

1kb

“A(BC)z(:

ppm
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160

180

200
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FOAOTMODINM AN OLY HOOMOOTOWWH OO
OOV OINAHNOEWNWE O WOWWOWL oS MN A Current Data Parameters
TAARANTCCQEQNMNANANANNANNAN WDM-15-DR3873-pure
OO PP OONOOOOAAAAAAAAAA EXPNO 1
W ‘N W% N/ IZ/ PROCNO 1
F2 - Acquisition Parameters
Date_ 20150407
Time 10.33
INSTRUM spect
CO Et PROBHD 5 mm CPQNP 1H/
2 PULPROG 2930
65536
SOLVENT cpC13
NS 16
H H DS 0
SWH 12019.230 Hz
FIDRES 0.183399 Hz
/ H AQ 2.7262976 sec
RG .
(@) DW 41.600 usec
DE 10.00 usec
O TE 298.1 K
D1 1.00000000 sec
TDO 1
CHANNEL £1
SFOL 600.1337060 MHz
NUC1 18
2a P1 13.00 usec
PLW1 9.00000000 W
F2 - Processing parameters
ST 6
SF 600.1300031 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
1 w
T T T T T
10 9 8 7 5 ppm
< -
~ 0 — o © o <~
.. . ~ — ~ ™m0 o
— o . . . e o o
~ - ~N o n N oo«
o i o < ™ N
CO,Et
2a
] | 1l
T T T T T T T T T T 1
200 180 160 140 120 100 80 60 40 20 0 ppm
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(L Rran Yo  RES B Bl s QU N0 [s ol O oy O M OO W O W s Y
o) o O oD O 2 OY - W0 O O e e e I T IS
Curzont Data Paramsters
© 0w g 5 @ ¢
(\! o e er . :-2 Lz L. er t’: :-i I\. I\. P (": h! E\! ’\1 NAME WCM-15-CT1810-110
~ [TelTeRTe] R I s A s B B ] e B B e B B | L i) 1
\V \\\V V ‘ \.\/% PROCHG 1
FZ - Acquisition Parametars
DaLa 20150427
9.29
spect
5 mm CPQCT 1H/
CO,Et g
6hH536
[o{aled ]
6
i
H H 12019.230 k2
0.183329 k.
2,7252976 sex
/ H 1.3
41,600
)ﬁo 19.00
2 298.1
N Dl 1.00003000
]
CTIENNEL T
0] £0,1337069 ™1
12
3 10.15
a 13.00000000
I - - e S ) —
T T T T T T T T T T
9 8 7 6 5 q 3 2 1 ppm
| | / AN
[ o o [ ol (o ) (2o
= = Q|3 |9 |@ I
=t (3] o o o~ ™~ N | =™
o o [=P Ty Oy =
o] o™ WY S e — o r- —
1o B o 9 - Moo
. 0 0 o0 06 [ . . . [
[ O NN N L} = o~ Lo Ts RS o
e I I B B B | hte) = ) e
| NN | Vol Vv
T T T T T T T T T |
Z00 180 i 1£0 ] 1G0 60 Zo o Epm




8.033
8.027
8.022
8.018
8.012
8.006
7.720
7.714
7.709
7.704
7.699
7.693
5.805
5.798
5.792
5.790
5.784
5.776
4.124
4.112
4.100
4.088
3.757
3.755
3.752
3.284
1.889
1.884
1.880
1.876
1.262
1.257
1.250
1.238

CO,Et

Current Data Parameters

NAME WDM-15-EB9390-pure-1H

EXPNO 1

PROCNO 1

F2 - Acquisition Parameters

Date_ 20150929

Time

INSTRUM spect

PROBHD 5 mm CPQNP 1H/

PULPROG zg30
65536

SOLVENT €DC13

NS 8

DS 0

SWH 12019.230 Hz

FIDRES 0.183399 Hz
A0 2.7262976 sec
RG 32

oW 41.600 usec
DE 10.00 usec
TE 294.2 K

D1 1.00000000 sec
TDO 1

CHANNEL f1 =
600.1337060 MHz

13.00
9.00000000 w
F2 - Processing parameters
SI 65536

4a SF 600.1300027 MHz
55 o =
LB 0.30 Hz
gg ¢ 1.00
T T T T T T T T T
10 9 ) 7 5 1 ppm
T A
NI N
i i i
s o~ NN NN
[ee) o N N 00 O o~ < n O o ~
. . e e e o A o O o
o ™~ N < O O . . . e
o -~ MM NN o o o or- <
— — R s B B | o < ™ N
CO,Et
7 (0]
o
4a
n L Ll L
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0
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MO =M NONOOM SO
DN OO LW S S MOS0 IN
SLLLOOONNODNOO A A AN
o e e e e Ll RN}

TR

4.155
4.143
4.131
4.119

2.229
2.225
1.450
1.445

1.440

/
Y

© o~
~0
Current Data Parameters
(\f (\f (\f NAM] WDM-15-DX1913-1H
o EXPNO 1
PROCNO 1

F2 - Acquisition Parameters

Date_ 20150608
Time 15.35
INSTRUM spect
PROBHD 5 mm CPQNP 1H/
PULPROG zg30
COZEt 65536
SOLVENT cpC13
NS 16
DS 0
SWH 12019.230 Hz
FIDRES 0.183399 Hz
N AQ 2.7262976 sec
74 RG 20.
/ DW 41.600 usec
N (@] DE 10.00 usec
TE 298.0 K
N D1 1.00000000 sec
TDO 1
\
CHANNEL £1
(@) Ph SFOL 600.1337060 MHz
NUC1 18
5 3 13.00 usec
a PLW1 9.00000000 W
F2 - Processing parameters
ST 6
SF 600.1300033 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
JLL -
T T T T T T T T T T
10 9 8 2 ppm
)
()
Q1
Il
- 0 0N W O WL
N ™ oo NOY™M ~ < o el
. . e e e o — n o™ o
o o — 00 0 N . . . ¢ .
~ n MANNNN — o~ o n ™M
— — Lo B B B B | o n N o
CO,Et
AN
% \
5a
N
T T T T T T T T T T T 1
200 180 160 140 120 100 80 60 40 20 0 ppm
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N TR e

CO,Et

CO,Me

CO,Me
6a

N O MW Ao
[ RN T
o N
[CRCRCRERER

4.251
4.248
4.246
4.243
4.238
4.089
4.077
4.065
4.053
3.804

o
©
o

~

2.076
2.072
2.068
1.763
1.759
1.754
1.240
1.228
1.216

Current Data Parameters

NAME WDM-15-EF1919A-1H

EXPNO 1

PROCNO 1

F2 - Acquisition Parameters

Date_ 20151019

Time 14.02

INSTRUM spect

PROBHD 5 mm CPQNP 1H/

PULPROG zg30
65536

SOLVENT CDC13

NS 16

DS 0

SWH 12019.230 Hz

FIDRES 0.183399 Hz

a0 2.7262976 sec

RG 32

DW 41.600 usec

DE 10.00 usec

TE 294.2 K

D1 1.00000000 sec

DO 1

= CHANNEL f1 =

600.1337060 MHz
1H

13.00 usec
9.00000000 W

F2 - Processing parameters

SI 553
SF 600.1300027 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
L
T T T T T T T T
10 9 8 7 6 5 1 ppm
A s
1= S|
IS o3l
~ = ~N o
@ N — [ee) At [ee] O 0 Oy n
. . . . n o~ n wn -~ —
o v ~ o . . . P .
~ O « o o o~ o o v «
— i i 0 n < ™M N —
CO,Et
7 CO,Me
CO,Me
6a
T T T T T T T T T T T 1
200 180 160 140 120 100 80 60 40 20 0 ppm
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6.318
6.311
6.305
6.299
4.994
4.988
4.984
4.981
4.977
4.971
4.141
4.129
4.117
4.105
2.242
2.237
2.233
2.228
1.265
1.253
1.241
1.237
1.232

NN T N N

Current Data Parameters

NAME WDM-15-EF1907-1H

EXPNO 1

PROCNO 1

F2 - Acquisition Parameters

Date_ 20151012

Time 17.15

INSTRUM spect

PROBHD 5 mm CPQNP 1H/

PULPROG zg30
65536

SOLVENT CDC13

NS 8

DS 2

SWH 12019.230 Hz

FIDRES 0.183399 Hz

a0 2.7262976 sec

RG 32

DW 41.600 usec

DE 10.00 usec

TE 294.2 K

D1 1.00000000 sec

DO 1

CHANNEL f1

600.1337060
1H

13.00
9.00000000

F2 - Processing parameters

SI 5536
SF 600.1300028 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
SN
T T T T T T T T T
10 9 8 7 5 3 2 1 ppm
{d J Ji
3 5 B
[l sl I
— N
~ = o - ~ ~o
. . oy o O N
“ ~ ) ; > o
-~ N — o —
— — ~ o N
CO,Et
g
7a
N Ll
T T T T T T T T T T 1
200 180 160 140 120 100 80 60 40 20 0 ppm
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4,138
4.126
4.114
4.103
3.253
3.240
3.239

€
<

Current Data Parameters
N.

IAME WDM-15-DX1918-1H
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date_ 20150610
Time 17.13
INSTRUM spect
PROBHD 5 mm CPQNP 1H/
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 8

DS 0

SWH 12019.230 Hz
FIDRES 0.183399 Hz
AQ 2.7262976 sec
RG 20.

DW 41.600 usec
DE 10.00 usec
TE 298.0 K
D1 1.00000000 sec
D0 1

CHANNEL f1

SFO1 600.1337060 MHz
NUC1 1H

Pl 13.00 usec
PLW1 9.00000000 W

F2 - Processing parameters
6

SF 600.1300032 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
| L
T T T T T T
10 6 5 4 3 ppm
A loa
8l &
I les]
©
o o ™ ~™m o~
. o <« O n ™ o
= o = N
— 0 <+ < NN —
CO,Et
H., /\.H
T T T T T T T T T T T 1
200 180 160 140 120 100 80 60 40 20 0 ppm
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T MO DL AN OOAOO LI~ A~
nones SBELEINSIRILRBIRE i bata paranerers
e e e I T Y NAME WDM-15-DU1871B-1H
NN " N 0 LOONOOOOONNNAAAAAAA EXPNO 1
NV SOSswws=" \ve= T :
COzEt F2 - Acquisition Parameters
Date_ 20150523
Time
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULPROG zg30
65536
SOLVENT cDC13
/ NS 16
DS 0
CO-H SHH 12019.230 Hz
M 2 FIDRES 0.183399 Hz
e aQ 2.7262976 sec
COZH RG 22.6
9ba oW 41.600 usec
DE 10.00 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
CO2Et == CHANNEL f1 =

600.1337060 MHz
1H

10.15 usec
13.00000000 W

F2 - Processing parameters
/ SI 6
SF 600.1300017 MHz
WDW EM
CO,H FE
LB 0.30 Hz

CO,H 5 ‘ 1.00

o -
o
P

10 9 8 7 ppm

ANAY

(&1 (] el

el N

IS I il
O N < O w o ~
H O w®wonin O O o~ CODEEAODM A NO A A MOMO
. . . . . . MW AAATNMEOS TS~ ON- OO
[T AR, oa ~ o
~r~ o~~~ MM N N COMOME~0MANWYWA—AAOOWMNSM®M
R B M B B B o — VOO LTOOMOONNNNNNAAAA

CO,H

Me CO,H

9ba

CO,Et

CO,H
CO,H
9bb

L

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

S41



Current Data Parameters

NAME WDM-15-DU1871C-1H
EXPNO 1

&M\/ \M%"%"‘ WH%/PROCNO 1

F2 - Acquisition Parameters

7.474
7.460
7.448
7.444
7.432
7.388
7.385
7.3717
7.369
7.365
6.280
6.2717
6.267
6.264
6.257
6.254
6.189
6.178
6.167
5.250
5.248
5.241
5.239
5.232
5.230
4.963
4.961
4.953
4.951
4.198
4.186
4.175
4.163
2.110
2.103
2.096
1.644
1.614
1.608
1.532
1.305
1.293

281

1

Date_ 20150525
Time
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
Et02C M PULPROG 2930
e 65536
SOLVENT cDC13
NS 16
DS 0
S 12019.230 Hz

WH z
FIDRES 0.183399 Hz
N AQ 2.7262976 sec

7 ’ RG 14.2
N O DW 41.600 usec
DE 10.00 usec

TE 298.0 K
N D1 1.00000000 sec
TDO 1
\
O Ph CHANNEL f1

SFO1 600.1337060 MHz
NUCL 1

5b P1 10.15 usec
PLHL 13.00000000 W
F2 - Processing parameters
sI 6
SF 600.1300024 Miz
WDW EM
sSB 0
LB 0.30 Hz
B 0
BC 1.00

10 9 8 4 3
&
e
o < O @ — < O)Y O T
~ — O MO WO NN o o~ N
. .. e e e e — -~ o~ N TN NN
o e o
o 0 " M AN NN NN — 0 N w OO TN
— ] R B B B B | O mn n N NN A
EtO2C  \e
71 N
N%O
N
O Ph
5b
JL_ n > 1 jy
T T T T T T T T T T T 1
200 180 160 140 120 100 80 60 40 20 0 ppm
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CO,Et

Me

CO,H
CO,H

9c

5.57

0N [ O
O m o
RS

N R

N

S S

—2.946

|
iy

-

Tire

-
=

SISTRIK
ROBHT
ILPEGG

3o Cpx

- BCquisLion Taranst
L 20130501

5

T T
9 8 7 5 4 2 1 0 ppm
I I -
o o - o & ed
3G w w© o w o
9 ' 52 A
= M — . . . . . . .
== oy 3 r— [&5] — -
LR Rl RUsNTS] oy o™~ [aN e B
CO,Et
Me
M CO,H
e
CO,H
9c
T T T T T T T T T 1
Z00 180 140 _z0 160 80 60 4G Z0

S43



NOWONMFONOMS MO LMY N OO N NWD®DWO I
COODDOECVINLSONONOONNWOVINDNWMS W) FIOSMNOO O O

Current Data Parameters
LLL L OO MO0ODO OO A AAADOO OO MNN
P T T NAME WDM-15-DU1853A-1H
CECC S0 OO0 S S S PSS LS NNN A A A A A A A A EXPNO 1

TR W N TN

Z

W/ PROCNO 1

F2 - Acquisition Parameters

Date_ 20150518
Time
Eto C INSTRUM spect
2 Me PROBHD 5 mm CPQCI 1H/
PULPROG 2930
65536
SOLVENT cDC13
NS 16
DS 0
N SWH 12019.230 Hz
/ FIDRES 0.183399 Hz
/ aQ 2.7262976 sec
N =0 = 16
DW 41.600 usec
DE 10.00 usec
Me N TE 298.0 K
\ D1 1.00000000 sec
O Ph DO 1
CHANNEL £1
5 SFO1 600.1337060 MHz
[+ NUC1L 1H
Pl 10.15 usec
PLW1 13.00000000 W
F2 - Processing parameters
SI 6
SF 600.1300022 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T
10 9 8 4 3 ppm
)
o)
fedl
™ o~ MO0 S0
0 < o MNONMLWOn o I N AN A
. .. D o o OO TN wY
o ~© OO ® . . . el e e e e
©0 010 MO NN N o~ ®H O 0T N
— i L B B B B | O n " NANNAAA
EtO.C e
/ 1\
\
5c
J !
T T T T T T T T T T T 1
200 180 160 140 120 100 80 60 40 20 0 ppm
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CO,Et

Me

CO,H
CO,H

9d

Me

—5.148

&
v
X
/
}

4.025
4.014
4.002
3.991
3.058
3.042
2.995
2.907
2.890
1.782
1.578
1.573

WO o
(SR RCRON
NN A A
A

Current Data Parameters

NAME
EXPNO
PROCNO

1
1

WDM-15-DU1867B-1H

F2 - Acquisition Parameters

Date_
Time
INSTRUM
PROBHD
PULPROG

SOLVENT
NS

SFO1
NUC1

Pl
PLW1

SI

CHANNEL f1 =

6

1

20150521
12.16

spect
5 mm CPQCI 1H/

2930
65536
CDC13

16

0
12019.230
0.183399
2.7262976

298.
1.00000000
1

00.1337060
1H

10.15
3.00000000

Hz
sec

usec
usec

sec

usec
W

F2 - Processing parameters
6

SF 600.1300011 MHz
WDW EM
SSB
LB 0.30 Hz
GB
PC 1.00
T T T T T
10 9 8 6 5 ppm
ﬂ:&
2‘73,i
™M O © o o
o W WO fee] ~ O O~ NO NMUOIS WO
e . . n T~ ~Mm OO M T OO
< st ™ mn wn . .. .. e e e e e e
~ S o™ o~ o ™ Oy o~ ~Hdd0OM~M
o — — O n MM NANNN A A
CO,Et
Me
/
Me COyH
CO,H
9d
T T T T T T T T T T T 1
200 180 160 140 120 100 80 60 40 20 0 ppm
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M

CO,Et

CO,H

eMe co,H

9ea
CO,Et

—6.275

<

5.608
5.598

Current Data Parameters

NAME WDM-15-DX1901B-1H
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters

Date_ 20150604

Time 17.11

INSTRUM spect

PROBHD 5 mm CPQNP 1H/

PULPROG 2930
65536

SOLVENT CDC13

NS 16

DS 0

SWH 12019.230 Hz

FIDRES 0.183399 Hz

AQ 2.7262976 sec

RG 32

DW 41.600 usec

DE 10.00 usec

TE 298.0 K

D1 1.00000000 sec

TDO 1

CHANNEL f1 =
600.1337060
1H

13.00 usec
9.00000000 W

F2 - Processing parameters
SI 6

/ Sgw 6004130002;1 MHz
Me COZH XZEB Z 0.30 Hz
COZH PC 1.00
9eb
| LI
T T T T T T T T
10 9 8 6 5 4 ppm
/;-i} :gW
st i
el [
GeRiey 2839 2 #S53534330983%5
0wt oMM -~ o~ — . . . . . . . .
S n oSy § BEggsNasssnena
NV 4 LT NN\ e=
CO,Et
/
CO,H
Me”Me
CO,H
9ea = 2
CO,Et
Me
7
CO,H
Me 2
CO,H
9eb
A W L.
T T T T T T T T T T T 1
200 180 160 140 120 100 80 60 40 20 0 ppm

S47



1
1
20150715
12.01
spect
5 mm CPQNP 1H/
2930
65536
CDC13
16
0
12019.230 Hz
0.183399 Hz
2.7262976 sec
32
41.600 usec
10.00 usec
294.1 K
1.00000000 sec
1
600.1337060 MHz
1H
13.00 usec
9.00000000 W
65536
600.1300036 Mz
EM
0.30 Hz

WDM-15-DX1996B-1H

F2 - Acquisition Parameters
CHANNEL f1
F2 - Processing parameters

Date.
Time
INSTRUM
PROBHD
PULPROG
SI

SF

WDW

SSB

LB

GB

PC

Et0,C

Lo

EtO,C

£
a
a

10

19°6
NH.OHuﬂV
2z o1
6076\
mw.mm;/(
L9°ze
L6 €z—
61°82—%
18782
zet62
L9762
L6° 7€

c9°pzT
85 szT
pLoSTT
677921
sz 8zT
mm.wNﬁWWw
wo.mmﬂu\w
Z1 621
8T T¢I
zz TET
by zeT
9£°6ST
557 ceT >
oeLs1"

Z€ 69T~
267 69T~
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o
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1.2594
1.252

[ )
T A cursent Data Farameters
.. NAME HEM-15-CU1816-10
o LXEND 1
FROTHG 1
FZ - Apquisition Parametars
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CIENNEL 1
500,12

60 M
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10.15
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Current Data Parameters
NAMI WDM-15-DX1922-1H

EXPNO 1

PROCNO 1

F2 - Acquisition Parameters

Date_ 20150612

Time 15.24

INSTRUM spect

PROBHD 5 mm CPQNP 1H/

PULPROG zg30
65536

SOLVENT cpC13

NS 16

DS 0

SWH 12019.230 Hz

FIDRES 0.183399 Hz

20 2.7262976 sec

RG 22.

DW 41.600 usec

DE 10.00 usec

TE 300.9 K

D1 1.00000000 sec

TDO 1

CHANNEL £1

SFOL 600.1337060 MHz

NUC1 18

3 13.00 usec

PLW1 9.00000000 W

F2 - Processing parameters

ST 6

SF 600.1300031 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

10 9 8 7 3
n oMM o) 00 D NN
~ AN NN 0 o T ™M o NN -~™M OOy ™M
. e e L I 0 n ™M T N0 A~ 0o O
o e e Coau .
o 0 w0 w0 0o ™M NN o oo T NN MO T T T
i o i B B | oy O AR NTo TN N A A
EtO,C
71 N
N %O
F N
\
O Ph
59
T T T T T T T T T T T 1
200 180 160 140 120 100 80 60 40 20 0 ppm
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F2 - Acqulsltlon Parameters

EtOZC Date_ 0153%;

Time

INSTRUM spect

PROBHD 5 mm CPQNP 1H/

PULPROG 2930

65536

SOLVENT CDC13

NS 16

/ DS 0
SWH 12019.230 Hz
FIDRES 0.183399 Hz

2.7262976 sec

AQ 2 2
Cl /TN = 6 e

DE 10.00 usec

TE 298.0 K

o) Ph D1 1.00000000 sec
TDO 1

5h CHANNEL £1

SFOL 600.1337060 MHz
NUC1 18
3 13.00 usec
PLW1 9.00000000 W
F2 - Processing parameters
ST 6
SF 600.1300033 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

10 9 8 5
mn — oy O~ - oNMLn
E @8 A8 Genuune EEEF 2% 8082
o 56 wn R RS RSI o oo Ao oo
— o o R i B B B B B | WO WY N N ™M ™M N
| VeV NN NI/ \ANW
EtO,C
7 QU
N =0
Cl N
\
O Ph
5h
|
| 1
T T T T T T T T T T T 1
200 180 160 140 120 100 80 60 40 20 0 ppm
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7.531
7.518
7.486
7.473
7.460
7.394
7.381
7.369
6.812
6.800
6.796
6.784
6.347
6.331
6.231
6.228
6.219
6.214
6.209
6.200
6.197
5.781
5.773
5.762
5.755
5.029
5.017
5.005
4.275
4.181
4.170
4.160
4.148
3.597
1.287
1.275
1.263
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Current Data Parameters

NAME WDM-15-DU1874C-1H
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20150526
Time 17.32
INSTRUM spect
PROBHD 5 mm CPQCI 1H/
PULPROG zg30
65536
SOLVENT cpC13
NS 16
DS 16
H 12019.230 Hz
FIDRES 0.183399 Hz
20 2.7262976 sec
RG 22.6
DW 41.600 usec
DE 10.00 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
CHANNEL £1
SFOL 600.1337060 MHz
NUC1 18
3 10.15 usec
PLW1 13.00000000 W

F2 - Processing parameters
SI 6

SF 600.1300024 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T
10 9
o -~ o O 0 M N T T 00O
o oM~ A A NO NS S O O YO o
. .. ) — ™M - oOoN o
~ < O ™N =  OY O) 00 O DO . . ... .
o n " MM NNN N — — M NO <«
S 88 290NSSSy - T oNg M
CO,Et
\ | OMe
N
7
N =0
N
\
O Ph
10i
\ ke
T T T T T T T T T T 1
200 180 160 140 120 100 80 60 40 20 0 ppm
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Ha Hb Hc Hd He Hf

WY

T

w@@ 45 COSY correlations
9 | F5.5
6.0
QOH 0 0 § .
| 0 3
§ 0
o
- 8.0

T T T T T T T T T T T T T
80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 ppm
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Current Data Parameters
[ S 7t} WDM-15-DX1985B
VOOV LILIIONNONNNMNOOMM®O®O A — EXPNO 2

F2 - Acquisition Parameters

10.159
020
003
986
938
921
903
901
112
094
076
059
585
297
293
290
177
172
151
147
127
122
101
096
679
670
661
652
372
365
359
254

Date_ 20150713
Time 9.21 h
INSTRUM spect
PROBHD ~ 2104450_0391 (
PULPROG zg30
TD 65536
CO Et SOLVENT CDC13
2 NS 4
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
2Q 4.0894465 sec
RG 59.75
DW 62.400 usec
DE 6.50 usec
7 TE 297.0 K
D1 1.00000000 sec
COzMe DO 1
SFO1 399.9824699 MHz
CO H NUC1 18
2 Pl 13.25 usec
PLW1 11.19999981 W
11a F2 - Processing parameters
ST 65536
SF 399.9800017 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T~
8 7 5 ppm
000 ™
™~ Oy ~ ~ r~ — o O~ < 0 owinm
e .. 0 n M A @ N Ll I ]
0 NN @ ~ . N - e
~ - NN o — S M ™M o O o
L ] o o [Eol U o™ ™M NN
CO,Et
CO,Me
CO,H
11a
" "~ n " " "
W ¥ 3 U o .
T T T T T T T T T T T 1
200 180 160 140 120 100 80 60 40 20 0 ppem
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OH

<+ H o
T ¢ ™
ocoo
™M N

2.926
2.915
2.909

——2.851

1.047
1.040
1.034
1.028
0.962
0.956
0.949
0.944
0.938
0.933
0.928
0.922

|

Current Data Parameters
NAME WDM-15-EF1902A2-pure
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20151009

ime 0.50
INSTRUM spect
PROBHD 5 mm CPQNP 1H/
PULPROG 2930
TD 65536
SOLVENT cpCl3
NS 16
DS 2

SWH 12019.230 Hz
FIDRES 0.183399 Hz
AQ 2.7262976 sec
RG 32
DW 41.600 usec
DE 10.00 usec
TE 294.2
D1 1.00000000 sec
DO 1

= CHANNEL f1 =
600.1337060
1H

13.00
9.00000000 w

F2 - Processing pagamg%ers
S1 g; 600.130(51827 MHz
WDW
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T
10 9 8 7 5 2 ppm
<« ~ N
(a2} ~ O < o ™M O
. T ~ o 0 — N ™M
o o . . . e . oo
-~ ™ N — < n o) ¢ ™M o N N
Rl o ~ 0 T MmN m N o
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H H
/ H
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. o o
T T T T T T T T T T T
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Cl

S2

Ao

EXPNO
PROCNO

Current Data Parameters

WDM-15-DZ7841C-1H
1

1

Date_ 0801
Time
INSTRUM spect
PROBHD 5 mm CPONP 1H/
PULPROG zg30
65536
SOLVENT cDC13
NS 16
DS 0
SWH 12019.230
FIDRES 0.183399
AQ 2.7262976
RG 64
DW 41.600
DE 10.00
TE 294.
D1 1.00000000
TDO 1
CHANNEL f£1
SFO1 600.1337060
NUC1 18
Pl 13.00
PLW1 9.00000000

F2 - Acquisition Parameters
20

Hz
Hz
sec

usec
usec

sec

F2 - Processing parameters
ST 65536

SF
WDW
SSB

10 9

Cl

S2

—178.05

71.65

_—46.85

™~45.47

—38.95
_—34.45
T~33.07

600.1300037 MHz

18.20
18.17

_-20.30
~

EM

0.30

1.00

Hz

T
200

T
180

T
160

T
140

T
120

T
100

80

S56

60

40

20
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Current Data Parameters
« NAME WDM-15-DZ7870-1H
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters

Date_ 20150813

Time 15.27

INSTRUM spect

PROBHD 5 mm CPONP 1H/

PULPROG zg30
65536

SOLVENT cpc13

NS 8

DS 0

SWH 12019.230 Hz

FIDRES 0.183399 Hz

20 2.7262976 sec

RG 22.6

DW 41.600 usec

DE 10.00 usec

TE 294.2 K

D1 1.00000000 sec

TDO 1

= CHANNEL f£1

SFO1 600.1337060 MHz

NUCL 18

Pl 13.00 usec

PLW1 9.00000000 W

F2 - Processing parameters
ST 65536

SF 600.1300000 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

10 9 8

—177.87

12

_—130.55
—~128.72

71.52

—45.10
—38.59
_—34.59
™~-33.28
23.31
23.02
22.31
—9.42

£
N

T T T
200 180 160

T
140

T
120

T
100

80

S57

60

40 20 0

ppm



7.353
7.341
7.306
7.293
7.283
7.226
7.214
5.940
5.928
5.893
5.882
4.362
4.347
4.331
3.865
3.858
3.849
3.842
3.326
3.323
3.320
2.988
2.985
2.882
2.870
2.867
2.861
2.850
2.845
2.794
2.782
2.773
2.761
1.004
0.997
0.990
0.985
0.917
0.911
0.904
0.870
0.865

0

860

+ NAME
EXPNO

W“&;?Q\\NW &\% PROCNO

F2 - Acquisition Parameters
20

SPh

S3

Date_
Time
INSTRUM
PROBHD
PULPROG

SOLVENT
NS

SFO1
NUC1

P1
PLW1

Current Data Parameters
WDM-15-DZ7845-1H
1

1
0804

spect
5 mm CPONP 1H/
2930

65536

cpC13

16

0

12019.230
0.183399
2.7262976

32
41.600
10.00

294.1
1.00000000

1

CHANNEL f1
600.1337060

1H

13.00
9.00000000

Hz
Hz
sec

usec
usec

sec

F2 - Processing parameters
ST 65536

SF
WDW
SSB
LB
GB
PC
T T T T T T
10 9 8 5 ppm
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1
1
32
41.600 usec
1
1H
13.00 usec
9.00000000 W
EM
.00

10.00 usec
294.2 K
0.30 Hz

16.59
1.00000000 sec

WDM-15-EB9389

20150929

5 mm CPQNP 1H/
12019.230 Hz
0.183399 Hz
2.7262976 sec
600.1337060 MHz

65536
600.1300000 MHz

CHANNEL f1

F2 - Acquisition Parameters

F2 - Processing parameters

Current Data Parameters
SI
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D
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Current Data Parameters
© © © R e e ] COMM®MAN NN
L. PN L e e e NAME WDM-15-EB9362-1H
010 10 B R NN A A A A EXPNO 1

<
/
X
£
/

% PROCNO 1

F2 - Acquisition Parameters

Date_ 20150911
Time
INSTRUM spect
PROBHD 5 mm CPQNP 1H/
PULPROG 2930
™ 65536
COZEt SOLVENT cpCl3
- NS 16
- DS 0
s 12019.230 Hz
H H FIDRES 0.183399 Hz
2 W aQ 2.7262976 sec
RG 32
pW 41.600 usec
DE 10.00 usec
HO! mOH TE 294.2 K
D1 1.00000000 sec
D0 1
= CHANNEL f1 = =
SFO1 600.1337060 MHz
S4 NUC1 1H
P1 13.00 usec
PLHL 9.00000000 W
F2 - Processing parameters
sT 65536
SF 600.1300028 MHz
WDW EM
sSB 0
1B 0.30 Hz
GB 0
BC 1.00
.
T T T T T T T T
10 9 8 7 5 3 2 ppm
wn —
0 (32] o v o n
. . w O 0 ™M —
~ © S R
~ N — O n <«
— i w0 Y NN -
CO,Et
H, /\.«H
HOI " " |OH
. L L
T T T T T T T T T T T 1
200 180 160 140 120 100 80 60 40 20 0 ppm
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- Mo HIONOODWOWONTONDOINTMT™WOWO I~ OOWWT N OO
TN TN MOANNAALTSITOONAON WO MNNODIE WO M Current Data Parameters
M AMIASMIAATAIAAN QAN IANNANN wae woM-15-£89387 pure-1t
~~o WO WO PP FNNAAA A A A A A A A EXPNO 1
PROCNO 1
Date_ 20150929
Time
INSTRUM spect
PROBHD 5 mm CPQNP 1H/
PULPROG 2930
CO Et ™ 65536
2 SOLVENT cpcl3
z NS 8
- DS 0
SWH 12019.230 Hz
H/ \H FIDRES 0.183399 Hz
’, W\ 20 2.7262976 sec
RG 3
DW 41.600 usec

DE 10.00 usec
ot "0 . :

294.2
D1 1.00000000 sec
O O TDO 1
CHANNEL f1 =

NHTS TSHN 600.13370§)i MHz

13.00
9.00000000 W

F2 - Processing parameters
15 2 :

SF 600.1300029 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00

6 5 3 2 ppm
i N
o 0 A WA m®
el o N N O — O o i ) O
. .o I ISR [CREE RS
‘—4 o n n oY 0 ~ . . e e e
~ 0w MNNN © o A
— o L e B B | o o N NN
CO,Et
H, /\.H
Qe QO
o 0]
NHTs  TsHN
15
— |
T T T T T T T T T T T 1
200 180 160 140 120 100 80 60 40 20 0 ppm
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7.967
7.953
7.372
7.359
6.280
6.272
6.269
6.263
5.640
5.637
5.623
5.620
5.145
5.143
5.132
5.130
4.714
4.711
4.708
4.701
4.698
4.695
4.176
4.164
4.152
4.140
2.459
2.281
2.277
2.273
2.268
2.265
2.089
2.087
2.081
2.076
1.571
1.564
1.562
1.556
1.287
1.275

1

TSy T TTs\Waee—

CO,Et
A .H

\
W

263

+ NAME
EXPNO
PROCNO

Current Data Parameters

WDM-15-EB9386
1

1

F2 - Acquisition Parameters
20

Date_ 0922
Time 13.56
INSTRUM spect
PROBHD 5 mm CPONP 1H/
PULPROG zg30
65536
SOLVENT cDC13
NS 16
DS 2
SWH 12019.230
FIDRES 0.183399
aQ 2.7262976
RG 32
DW 41.600
DE 10.00
TE 294.
D1 1.00000000
TDO 1
CHANNEL f£1
SFO1 600.1337060
NUC1 18
Pl 13.00
PLW1 9.00000000

SI

Hz
Hz
sec

usec
usec

sec

F2 - Processing parameters
65536

SF 600.1300028 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
U -—— @ @@
T ™ T T T T
10 9 8 7 ppm
) ()
& 1=
fei femi
N o - N —HOYT N
o w0 Y oo Mm o0 — — o 0O o
. . . e e . o~ ™ o N O WA
o o n 0 oY 0 O . . . . e e
-~ n MmN NN A o — ~ o O 0
— o L B B B B | ~ o v N NN
CO,Et
H, H
o
\\\
(0) N
Ts
16
T T T T T T T T T T 1
200 180 160 140 120 100 80 60 40 20 0 ppm
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X-ray crystallographic data for 2a

Suitable single crystals of compound 2a were selected and analyzed on a Bruker APEX-1I CCD’
diffractometer. Crystals were kept at 100 K during data collection. Using Olex2,* structures were solved
with the olex2.solve? structure solution program using Charge Flipping and refined with the XL3
refinement package using Least Squares minimization. Thermal ellipsoid plots of this structure is
included below.
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