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Methods. Infrared (IR) spectra were obtained using a Jasco 260 Plus Fourier transform infrared
spectrometer. Proton and carbon nuclear magnetic resonance spectra ('H NMR and >C NMR)
were recorded on a Bruker model DRX 400 or 500 ("H NMR at 400 MHz or 500 MHz and "*C
NMR at 100 or 125 MHz) spectrometer with solvent resonance as the internal standard (‘H
NMR: CDCl; at 7.26 ppm, DMSO-d6 at 2.54 ppm, and Ce¢Dg at 7.15 ppm; °C NMR: CDCl; at
77.0 ppm, DMSO-d6 at 40.45 ppm, and C¢Ds at 128.6 ppm). 'H NMR data are reported as
follows: chemical shift, multiplicity (s = singlet, bs = broad singlet, d = doublet, dd = doublet of
doublet, dt = doublet of triplet, dq = doublet of quartet, ddd = doublet of doublet of doublet, ddt
= doublet of doublet of triplet, dtd = doublet of triplet of doublet, t = triplet, bt = broad triplet, td
= triplet of doublet, q = quartet, qd = quartet of doublet, qn = quintet, m = multiplet), coupling
constants (Hz), and integration. GLC analysis was performed on an Agilent 6890N Network GC
System equipped with a Chiradex B-DM column (30 m x 0.250 mm, pressure = 80 kPa, flow =
0.6 mL/min, detector = FID, 250 °C) with helium gas as carrier. Supercritical fluid
chromatography was performed on a Berger SFC system equipped with a Chiralpack WO
column (modifier = 2.0% MeOH, flow = 2.0 mL/min, pressure = 200 bar, detector = UV, 210
nm, temperature = 40 °C). Optical rotations were measured using a 2.0 mL cell with a 1.0 dm
path length on a Jasco DIP 1000 digital polarimeter. Mass spectra were obtained using a
Micromass Quattro II (triple quad) instrument with nanoelectrospray ionization. Elemental
analysis was performed by Atlantic Microlab, Inc. Analytical thin layer chromatography (TLC)
was performed on Sorbent Technologies Silica G 0.20 mm silica gel plates. Visualization was
accomplished with UV light, aqueous basic potassium permanganate solution, or aqueous ceric
ammonium molybdate solution followed by heating. Flash chromatography was performed
using Silia-P flash silica gel (40-63 um) purchased from Silicycle. Yield refers to isolated yield
of analytically pure material unless otherwise noted. Yields and diastereomeric ratios (dr) are
reported 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. Tetrahydrofuran, toluene, and dichloromethane were dried by passage through a
column of neutral alumina under nitrogen prior to use. 1,4-Dioxane was distilled from a
sodium/benzophenone ketyl under N, and stored in a Schlenk flask. 1,2-Dichloroethane was
purified by distillation from calcium hydride under N, prior to use. Benzaldehyde, p-
anisaldehyde, 4-methylbenzaldehyde, 2-chlorobenzaldehyde, 2-fluorobenzaldehyde, and trans-
cinnamaldehyde were purified by the following procedure: The neat aldehydes were washed
sequentially with a 1 M sodium hydroxide solution and a saturated aqueous sodium bicarbonate
solution, dried with magnesium sulfate, and distilled under reduced pressure.  4-
Chlorobenzaldehyde was sublimed under reduced pressure. Isobutyraldehyde,
cyclohexanecarboxaldehyde, and hexanal were dried over CaSO, and distilled under N prior to
use. Dimethyl 2,2-methylidene malonate was prepared according to the method of De Keyser'
and was stored at =30 °C. All other reagents were obtained from commercial sources and used
without further purification unless otherwise noted.
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Preparation of dimethyl 2-phenylcyclobutane-1,1-dicarboxylate (1a):

.CO,Me

B ref 5 Br Me0O,C.__CO,Me CO,Me
©/\/\ ©)\/\ NaH 60% in oil)

dloxane reflux

54%
1a
Under Ny, a flame dried 500-mL 2-neck round-bottomed flask containing a magnetic stir bar was
charged with (1,3-dibromopropyl)benzene” (13.95 g, 50.2 mmol, 1.0 equiv), dimethyl malonate
(7.3 g, 55.3 mmol, 1.1 equiv), and 161 mL anhydrous 1,4-dioxane. The flask was affixed with a
reflux condenser and the solution was heated to reflux. Sodium hydride (2.06 g (60% in mineral
oil), 51.7 mmol, 1.03 equiv) was added in small portions over approximately 10 minutes. The
reaction was allowed to reflux for 1 h, at which point additional sodium hydride [2.06 g (60% in
mineral oil), 51.7 mmol, 1.03 equiv] was added in an analogous manner. The reaction was
heated at reflux for an additional 12 h, at which point it was slowly cooled to room temperature.
The resulting heterogeneous mixture was filtered through celite. The filter cake was washed
with copious Et,O and the filtrate was concentrated. Flash chromatography (2.5 — 3.3 — 5.0%
EtOAc/hexanes) provided la (6.67 g, 26.87 mmol, 54% yield) as a slightly yellow clear oil.
Unreacted (1,3-dibromopropyl)benzene was also recovered (2.5 g, 8.99 mmol, 18%). Analytical
data for 1a: IR (thin film, cm™) 3030, 3000, 2952, 1732, 1496, 1435, 1275, 1201, 1107, 791,
699; '"H NMR (400 MHz, CDCls) & 7.29 — 7.28 (m, 4H), 7.22 — 7.18 (m, 1H), 4.37 (t, J =9.2
Hz, 1H), 3.77 (s, 3H), 3.23 (s, 3H), 2.28 (qd, J =9.2, 2.4 Hz, 1H), 2.17 (qd, J = 8.8, 2.0 Hz, 1H);
3C NMR (100 MHz, CDCl3) & 172.0, 169.6, 139.1, 128.0, 127.5, 126.9, 59.7, 52.4, 51.7, 45.1,
25.6, 20.7; TLC (10% EtOAc/hexanes) Rf 0.31; Anal. Calcd. for C4H;604: C, 67.73; H, 6.50.
Found: C, 67.45; H, 6.60.

Preparation of dimethyl 2-(4-methoxyphenyl)cyclobutane-1,1-dicarboxylate (1b):

< .CO,Me
CO,Me
CO,Me
. Y 2 ZnBr,
CO,Me CH,Cl,
-130t0 -78 °C
%
OMe 56% OMe
1b

In an inert atmosphere glove box, a 100-mL round-bottomed flask was charged with ZnBr; (1.32
g, 5.9 mmol, 1.0 equiv), a magnetic stir bar, and was fitted with a rubber septum. A scintillation
vial was charged with dimethyl 2,2-methylidene malonate' (DMM, 0.85 g, 5.9 mmol, 1.0 equiv)
and fitted with a rubber septum. Both vessels were removed from the glove box and placed
under N,. Outside of the glove box, a flame scintillation vial under N, was charged with 1-
methoxy-4-vinylbenzene (0.933 g, 0.933 mL, 6.9 mmol, 1.2 equiv). All vials were charged with
CH,CI;, (13.5 mL, 40.5 mL total). The flask containing ZnBr, was cooled to —130 °C in a
pentane/liquid N, bath. To the ZnBr; was added DMM followed by 1-methoxy-4-vinylbenzene
(both added via canula over approximately 5 min). The reaction was warmed to —78 °C in an
isopropanol/dry ice bath and was allowed to stir for 1 h. A solution of pyridine (1.82 g, 1.85 ml,
23.1 mmol, 4.3 equiv) in CH,Cl;, (13.0 mL) pre-cooled to -78 °C was added to the reaction via
syringe. The reaction was allowed to warm to room temperature, washed with saturated aq.
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Na,EDTA (2 x 60 mL), dried over Na,SO4, and concentrated in vacuo. Flash chromatography
(7.5% EtOAc/hexanes) afforded 1b (0.926 g, 3.33 mmol, 56% yield) as a white solid. Analytical
data for 1b: mp 55-56 °C; IR (thin film, cm'l) 3000, 2952, 2839, 1732, 1612, 1515, 1435, 1275,
1253, 1107, 1037, 835; *H NMR (400 MHz, CDCl3) 6 7.21 (d, J = 8.4 Hz, 2H), 6.82 (d, J= 8.4
Hz, 2H), 4.30 (t, J = 9.6 Hz, 1H), 3.77 (s, 3H), 3.76 (s, 3H), 3.27 (s, 3H), 2.71 — 2.65 (m, 1H),
2.57 (qn, J = 10.0 Hz, 1H), 2.28 — 2.19 (m, 1H), 2.18 — 2.11 (m, 1H); 3c NMR (100 MHz,
CDCl,) 6 172.1, 169.8, 158.6, 131.3, 128.7, 113.4, 59.8, 55.2, 52.4, 51.8, 44.7, 25.5, 21.0;, TLC
(15% EtOAc/hexanes) Rs 0.18; Anal. Calcd. for C;sHi30s: C, 64.74; H, 6.52. Found: C, 64.90;
H, 6.58.

Preparation of dimethyl 2-(4-bromophenyl)cyclobutane-1,1-dicarboxylate (1c):

\\\COZMe
o Br CO,Me

rof. 3 MeO,C.__CO,Me
cf ——— cl ———
2 steps NaH (60% in oil)
Br Br dioxane, reflux

0,
86% Br

1c

Dimethyl 2-(4-bromophenyl)cyclobutane-1,1-dicarboxylate (1c) was prepared from 1-bromo-4-
(1-bromo-3-chloropropyl)benzene® (1.13 g, 2.6 mmol, 1.0 equiv), dimethyl malonate (0.530 g,
0.458 mL, 4.01 mmol, 1.1 equiv), sodium hydride [0.36 g (60% in oil), 9.0 mmol], and 1,4-
dioxane (14 mL) in an analogous manner to the synthesis of 1a. The product was purified by
flash chromatography (10% EtOAc/hexanes) to afford 1c (1.01 g, 3.10 mmol, 86% yield) as a
slightly yellow oil. Analytical data for 1c: IR (thin film, cm™) 3000, 2952, 1732, 1489, 1435,
1281, 1201, 1107, 1073, 1011, 831; *H NMR (400 MHz, CDCl3) 6 7.40 (d, J = 8.3 Hz, 2H), 7.16
(d, J=8.3 Hz, 2H), 4.29 (t, J = 9.6 Hz, 1H), 3.77 (s, 3H), 3.29 (s, 3H), 2.75 — 2.62 (m, 1H), 2.62
— 248 (m, 1H), 2.28 (dd, J = 20.1, 9.1 Hz, 1H), 2.22 — 2.10 (m, 1H); *C NMR (100 MHz,
CDCl) 6 171.9, 169.5, 138.2, 131.1, 129.3, 120.9, 59.8, 59.5, 52.5, 52.0, 44.6, 25.7, 20.7; TLC
(10% EtOAc/hexanes) Rs 0.18; Anal. Calcd. for C14H;504: C, 51.40; H, 4.62. Found: C, 51.58;
H, 4.54.
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Preparation of (E)-dimethyl 2-(prop-1-enyl)cyclobutane-1,1-dicarboxylate (1d):

0]

0 HLMe ’
MeOzC> . /_/{0 L MeO,C >ﬂ L MeOZC>_/_//_{Me
Meo,C 7 W MeO,C " CHZCIzé;QUXQh MeO,C >
o
80% pure CaCinal},0

MeOH, rt, 45 min
93%

0COPh ¢ OH

.CO,Me
CO,Me NaH, 60% in oil Me02C>_/—//_<Me Cl)kOPh Me02C>_/_//_<Me
X CyHg, rtto 55 °C S3 DMAP, pyridine S2

6h,44%  MeOL THF,0°Ctort MeOC
Me 5.5 h, 92%

1d

o (E)-Dimethyl 2-(5-oxohex-3-enyl)malonate (S1): A 250-mL round-
/ bottomed flask containing a magnetic stir bar was charged with dimethyl
Me0,C, Me  2_(3-oxopropyl)malonate® (9.9 g, 52.6 mmol, 1.0 equiv, 80% pure), 1-
Me0,C  S1 (triphenylphosphoranylidene)-2-propanone, and CH,Cl, (111 mL). The
flask was affixed with a reflux condenser and was heated to reflux for 42
h. The reaction was allowed to cool to room temperature and was concentrated in vacuo. The
resulting residue was suspended in 30% EtOAc/hexanes and stirred for 2 h and was filtered
through celite and concentrated. Flash chromatography (40% EtOAc/hexanes) afforded (E)-
dimethyl 2-(5-oxohex-3-enyl)malonate (S1) (7.84 g, 82% yield based on 80% pure starting
material) as a clear colorless oil. Analytical data for S1: IR (thin film, cm'l) 3006, 2956, 1735,
1675, 1437, 1361, 1157, 980; *H NMR (400 MHz, CDCl3) § 6.71 (dt, J = 16.0, 6.8 Hz, 1H), 6.06
(d, J =16.0 Hz, 1H), 3.72 (s, 6H), 3.36 (t, J = 7.6 Hz, 1H), 2.28 — 2.23 (m, 2H), 2.22 (s, 3H),
2.06 (g, J = 8.0 Hz, 2H); *C NMR (100 MHz, CDCl3) & 198.1, 169.3, 145.5, 132.1, 52.5, 50.8,
29.8, 27.0, 26.9; TLC (40% EtOAc/hexanes) Rf 0.28; Anal. Calcd. for C;H;605: C, 57.88; H,
7.07. Found: C, 57.73; H, 7.04.

OH (E)-Dimethyl 2-(5-hydroxyhex-3-enyl)malonate (S2): A 250-mL round-

MeO.C / bottomed flask containing a magnetic stir bar was charged with
? CeCl3*7H,0 (1.75 g, 35.19 mmol, 1.75 equiv) and MeOH (50 mL). The
MeO,C  S2 suspension was stirred vigorously until homogeneous (approximately 5

min), at which point (E)-dimethyl 2-(5-oxohex-3-enyl)malonate (S1) (4.59 g, 20.01 mmol, 1.0
equiv) in MeOH (50 mL) was added. The resulting solution was stirred for 5 min and NaBHy4
(0.837 g, 22.12 mmol, 1.1 equiv) was added in 10 portions over 15 min. The reaction mixture
was allowed to stir for 1.5 h and was then diluted with CH,Cl, (100 mL) and poured into a 2 M
aq. HCl solution (150 mL). The organic layer was separated and the aqueous layer was extracted
with CH,Cl, (3 x 75 mL). The combined CH,Cl, extracts were washed with 2 M aq. HCI (75
mL), brine (75 mL), dried over Na,SO4 and concentrated. The product was purified by flash
chromatography (20% EtOAc/hexanes) to afford (E)-dimethyl 2-(5-hydroxyhex-3-enyl)malonate
(S2) (4.28 g, 18.59 mmol, 93%) as a clear colorless oil. Analytical data for S2: IR (thin film, cm
'Y 3421, 2957, 1734, 1438, 1287, 1245, 1158, 1062, 971; *H NMR (400 MHz, CDCls) & 5.62 —
5.41 (m, 2H), 4.29 — 4.13 (m, 1H), 3.70 (s, 6H), 3.34 (t, J = 7.2 Hz, 1H), 2.03 (dt, J = 9.9, 3.8 Hz,
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2H), 1.99 — 1.91 (m, 2H), 1.88 (s, 1H), 1.20 (d, J = 6.4 Hz, 3H); Bc NMR (100 MHz, CDCls) 6
169.6, 1359, 128.3, 68.4, 52.3, 50.9, 29.6, 28.1, 23.3; TLC (40% EtOAc/hexanes) Rs 0.19;
Anal. Calcd. for C;1H;30s5: C, 57.38; H, 7.88. Found: C, 57.35; H, 7.85.

0COPh (E)-Dimethyl 2-(5-(phenoxycarbonyloxy)hex-3-enyl)malonate (S3):

MeO,C / Me A flame-dried 250-mL round-bottomed flask was charged with a
solution of (E)-dimethyl 2-(5-hydroxyhex-3-enyl)malonate (S2) (4.18
MeO,C s3 g, 18.15 mmol, 1.0 equiv) in tetrahydrofuran (74 mL). The flask was

purged with N, and cooled to 0 °C in an ice-water bath. 4-Dimethylaminopyridine (0.22 g, 1.82
mmol, 0.10 equiv) was added in one portion followed by dropwise addition of pyridine (3.59 g,
3.66 mL, 45.38 mmol, 2.5 equiv) via syringe over 10 min. Phenyl chloroformate (5.68 g, 4.55
mL, 36.31 mmol, 2.0 equiv) was added via syringe over 10 min. The reaction was allowed to
stir for 30 min at 0 °C and was then warmed to room temperature and was stirred for an
additional 4.5 h. The reaction was cooled to 0 °C and quenched with 2 M aq. HCI (75 mL). The
organic layer was separated and the aqueous layer extracted with Et;O (3 x 50 mL). The
combined organic extracts were washed with 2 M aq. HCI (2 x 75 mL), 2 M aq. NaOH (2 x 75
mL), dried over MgSQO4, and concentrated in vacuo to afford pure (E)-dimethyl 2-(5-
(phenoxycarbonyloxy)hex-3-enyl)malonate (S3) (5.88 g, 16.79 mmol, 92%) as a clear colorless
oil. Analytical data for S3: IR (thin film, cm'l) 2954, 1756, 1496, 1437m 1250, 1210, 1154,
1044, 970, 780, 688; "H NMR (400 MHz, CDCl3) & 7.36 (td, J = 7.7, 1.8 Hz, 2H), 7.25 — 7.19
(m, 1H), 7.17 (dd, J = 8.6, 1.0 Hz, 2H), 5.76 (dt, J = 13.6, 6.6 Hz, 1H), 5.56 (dd, J = 15.5, 7.1
Hz, 1H), 5.23 (qn, J = 6.5 Hz, 1H), 3.73 (s, 3H), 3.72 (s, 3H), 3.38 (t, J= 7.3 Hz, 1H), 2.10 (dd, J
= 14.5, 6.7 Hz, 2H), 2.00 (dt, J = 7.4, 4.4 Hz, 2H), 1.42 (d, J = 6.5 Hz, 3H); *C NMR (100
MHz, CDCly) & 169.5, 152.9, 151.2, 132.4, 130.1, 129.3, 125.8, 121.0, 75.9, 52.3, 50.8, 29.6,
27.8,29.6, 27.8, 20.2; TLC (20% EtOAc/hexanes) R{0.21; Anal. Calcd. for C1sH,,07: C, 61.71;
H, 6.33. Found: C, 61.79; H, 6.45.

(E)-Dimethyl 2-(prop-1-enyl)cyclobutane-1,1-dicarboxylate (1d): A flame-dried
100 mL round-bottomed flask containing a magnetic stir bar was charged with
sodium hydride (0.285 g (60% in oil), 7.13 mmol, 2.0 equiv) under N,. The sodium
hydride was washed with hexanes to remove the oil and was suspended in C;Hg (7.0
mL). To this suspension was added a solution of (E)-dimethyl 2-(5-
(phenoxycarbonyloxy)hex-3-enyl)malonate (S3) (1.25 g, 3.57 mmol, 1.0 equiv) in
C-Hg (10 mL) via canula over 20 min followed by a C;Hg wash (4 mL). The reaction was stirred
at room temperature for 30 min and then warmed to 55 °C for an additional 5 h. The reaction
was then cooled to room temperature and poured into 50 mL H,O. The organic layer was
separated and the aqueous layer extracted with Et,O (3 x 25 mL). The combined organic layers
were washed with 2 M aq. NaOH (2 x 25 mL), dried over MgSO4, and concentrated in vacuo.
Purification by flash chromatography (7.5% EtOAc/hexanes afforded 1d (0.33 g, 1.55 mmol,
44% yield) as a volatile clear colorless oil. (Note: While analyzing the flash column fractions
using thin layer chromatography, it is necessary to elute the TLC plate twice in 7.5%
EtOAc/hexanes to visualize an undesired impurity). Analytical data for S3: IR (thin film, cm™)
2998, 2953, 1733, 1436, 1275, 1256, 1201, 1115, 970; *"H NMR (400 MHz, CDCl3) & 5.60 —
5.49 (m, 1H), 5.44 (dd, J = 15.8, 6.6 Hz, 1H), 3.73 (s, 3H), 3.69 (s, 3H), 3.60 (dd, J = 16.0, 8.1
Hz, 1H), 2.61 — 2.55 (m, 1H), 2.21 — 2.10 (m, 1H), 2.10 — 1.95 (m, 2H), 1.65 (d, J = 6.2 Hz, 3H);
3C NMR (100 MHz, CDCls) & 172.0, 170.2, 129.5, 127.6, 58.2, 52.3, 52.0, 43.2, 25.7, 22.1,

S6



17.8; TLC (7.5% EtOAc/hexanes) Rs 0.16; LRMS (ESI) Calcd. for C,;H;604+Na: 235.1, Found:
235.1.

Preparation of (+)-dimethyl 2-phenylcyclobutane-1,1-dicarboxylate ((+)-1a):

CO,Me ~COH «CO,Menth CO,Me
COMe  ref.5 COMe "'O Me CO,Me / CO,Menth
T DCC, DMAP, * :
CH,Cly, rt, 3 days
62%

rac-1a *)-S4 (+)- and (-)-S5

1. Separation

2. KOH, H,O:EtOH

(1:1), 80 °C, 2 days
94%

~CO,Me wCOzH
CO,Me CHgl CO,H
K,CO3;, DMF

24 h

56%
(+)-1a98:2 er (+)-S6 (Absolute
(Absolute stereochemistry stereochemistry

unknown) unknown)

(¥)-1-(Methoxycarbonyl)-2-phenylcyclobutanecarboxylic acid (S4): This
compound was prepared from rac-1a according to the protocol reported by Burger
and Coyne’ and was of sufficient purity for subsequent transformations.
Analytical data for S4: mp 139-141 °C; IR (thin film, cm'l) 3005, 2952, 1743,
1706, 1496, 1419, 1287, 1204, 1122, 943, 792, 700; *H NMR (500 MHz, CDCl;)

()-S4 § 7.32 — 7.30 (m, 4H), 7.25 — 7.22 (m, 1H), 4.37 (t, J = 9.5 Hz, 1H), 3.32 (s, 3H),
2.76 — 2.64 (m, 2H), 2.48 — 2.42 (m, 1H), 2.24 — 2.19 (m, 1H); *C NMR (125 MHz, CDCl;) &
177.2, 169.8, 138.6, 128.1, 127.4, 127.1, 59.5, 52.1, 45.6, 25.5, 20.6; LRMS (ESI) Calcd. for
Ci3H1404+Na: 257.1, Found: 257.1.

WCO,H
COZMe

(+)- and (-)-1-Methyl 2-phenylcyclobutane-1,1-

WCO,Menth WCO,Me .
COzMe /" Ncomenth dicarboxylate (S5): A 100-mL round-bottomed flask was
: charged with (£)-(methoxycarbonyl)-2-
© phenylcyclobutanecarboxylic acid (S4) (0.900 g, 3.84 mmol,
1.0 equiv), dicyclohexylcarbodiimide (1.02 g, 4.95 mmol, 1.3
(’\i‘;_te; r?db?f)'}’st%Cis?;;;gelr‘s"’}gou’:]?;gxn equiv), 4-dimethylaminopyridine (0.469 g, 3.84 mmol, 1.0

equiv), and CH,Cl, (20 mL). The resulting solution was
allowed to stir for 30 min, at which time finely ground (—)-menthol (0.650 g, 4.27 mmol, 1.10
equiv) was added in one portion. The flask was sealed with a polypropylene stopper and was
allowed to stir for 3 days. The reaction was filtered through celite and the filtrate was washed
with saturated aq. NH4CI (2 x 20 mL), H,O (2 x 20 mL), and brine (1 x 20 mL), dried over
Na,SOs, and concentrated in vacuo. Partial separation of the isomers was achieved by flash
chromatography (30-60% CH,Cly/hexanes) to afford (—)-1-methyl 2-phenylcyclobutane-1,1-
dicarboxylate (0.200 g, 0.537 mmol), (+)-1-methyl 2-phenylcyclobutane-1,1-dicarboxylate
(0.174 g, 0.467 mmol), and a mixture of the two isomers (0.560 g, 1.503 mmol), all present as
clear slightly yellow oils (total combined yield: 0.934 g, 2.504 mmol, 65%). Analytical data for
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(—)-S5: [a]p” = —115.2 (¢ = 0.440, CHCl;); IR (thin film, cm™) 2953, 2871, 1726, 1435, 1198,
1182, 1109, 1037, 956, 757, 698; *H NMR (400 MHz, CDCls) & 7.29 — 7.26 (m, 4H), 7.24 —
7.16 (m, 1H), 4.70 (td, J = 10.9, 4.3 Hz, 1H), 4.36 (t, J = 8.7 Hz, 1H), 3.20 (s, 3H), 2.72 (t, J =
8.8 Hz, 1H), 2.58 (dd, J = 17.6, 10.5 Hz, 1H), 2.27 — 2.12 (m, 2H), 2.07 (d, J = 11.5 Hz, 1H),
1.86 — 1.74 (m, 1H), 1.74 — 1.62 (m, 2H), 1.57 — 1.45 (m, 1H), 1.43 — 1.32 (m, 1H), 1.13 — 0.79
(m, 3H), 0.93 (d, J = 6.5 Hz, 3H), 0.84 (d, J = 7.1 Hz, 3H) 0.72 (d, J = 6.9 Hz, 3H); *C NMR
(100 MHz, CDCly) & 171.1, 169.9, 139.3, 128.0, 127.7, 126.8, 75.4, 59.9, 51.4, 47.0, 45.0, 40.5,
34.3,31.4,25.9,25.7, 23.3, 22.0, 20.7, 20.7, 16.0; TLC (60% CH,Cly/hexanes) Rf 0.39; LRMS
(ESI) Calcd. for Co3H3,04+Na: 395.2, Found: 395.2. Analytical data for (+)-S5: [a]p> = + 24.9
(c = 0.400, CHCL); IR (thin film, cm™) 2953, 2871, 1726, 1456, 1435, 1271, 1199, 1109, 1037,
957, 757; *H NMR (400 MHz, CDCl3) & 7.34 — 7.22 (m, 4H), 7.20 (t, J = 6.5 Hz, 1H), 4.75 (td, J
=10.9, 4.3 Hz, 1H), 4.35 (t, J = 9.4 Hz, 1H), 3.23 (s, 3H), 2.75 — 2.55 (m, 2H), 2.31 — 2.11 (m,
2H), 2.02 (d, J = 11.9 Hz, 1H), 1.91 (dq, J = 6.6, 4.3 Hz, 1H), 1.69 (d, J = 11.4 Hz, 2H), 1.58 —
1.47 (m, 1H), 1.40 (dd, J = 23.8, 12.4 Hz, 1H), 1.08 (dd, J = 23.0, 12.7 Hz, 1H), 1.00 — 0.83 (m,
9H), 0.79 (d, J = 6.9 Hz, 3H); *C NMR (100 MHz, CDCly) § 171.2, 170.0, 139.2, 127.9, 127.6,
126.8, 75.2, 60.1, 51.6, 47.0, 45.1, 40.3, 34.2, 31.4, 26.1, 25.6, 23.4, 22.0, 20.7, 20.6, 16.1; TLC
(60% CH,Cly/hexanes) R; 0.35; LRMS (ESI) Calcd. for Cy3H3,04+Na: 395.2, Found: 395.2.

~COH  (+)-2-Phenylcyclobutane-1,1-dicarboxylic acid (S6): Potassium hydroxide pellets
COH (0.203 g, 3.62 mmol, 9.0 equiv) were dissolved in H,O (3.25 mL) and diluted with
EtOH (3.25 mL). This KOH solution was added to a 25-mL round-bottomed flask
containing a magnetic stir bar and (+)-methyl 2-phenylcyclobutane-1,1-
(+)-S6 dicarboxylate (S5) (0.150 g, 0.403 mmol, 1.0 equiv). The flask was affixed with a
reflux condenser and the reaction was heated at reflux for 2 d at which point the reaction was
cooled to room temperature and the majority of the ethanol was removed by rotary evaporation.
The resulting solution was diluted with H,O (20 mL) and washed with Et,0 (4 x 20 mL). The
aqueous solution was brought to pH = 1 by addition of concentrated HCI. The acidic solution
was extracted with Et,O (4 x 15 mL) and the combined organic extracts were dried over MgSO4
and concentrated to afford pure (+)-2-phenylcyclobutane-1,1-dicarboxylic acid (S6) (0.083 g,
0.381 mmol, 94%) as a white powder. Analytical data for (+)-S6: [a]p®’ = + 65.5 (¢ = 0.300,
CHCl3); mp 125-128 °C (dec.); IR (thin film, cm™) 2953, 2688, 2573, 1699, 1419, 1290, 1222,
1116, 928, 785, 697; '"H NMR (400 MHz, DMSO) & 12.56 (bs, 2H), 7.31 — 7.28 (m, 4H), 7.22 —
7.17 (m, 1H), 4.18 (t, J = 9.6 Hz, 1H), 2.50 — 2.40 (m, 2H), 2.25 —2.19 (m, 1H), 2.12 — 2.06 (m,
1H); *C NMR (100 MHz, DMSO) & 174.0, 171.7, 140.9, 128.7, 128.4, 127.3, 60.0, 45.1, 26.4,
21.4; LRMS (ESI) Calcd. for C;;H,04+Na: 243.1, Found: 243.1.

«coMe (+)-Dimethyl 2-phenylcyclobutane-1,1-dicarboxylate (1a): A flame-dried 1-
COMe dram vial containing a magnetic stir bar was charged with (+)-2-
phenylcyclobutane-1,1-dicarboxylic acid (S6) (0.083 g, 0.381 mmol, 1.0 equiv),

potassium carbonate (0.208 g, 0.151 mmol, 4.0 equiv), and N,N-

(+)-1la dimethylformamide (1.75 mL). The resulting suspension was stirred for 30 min
and then iodomethane (0.321 g, 0.141 mL, 2.26 mmol, 6.0 equiv) was added in one portion. The
reaction was allowed to stir for 24 h and was then poured into a separatory funnel containing
H,O (10 mL). The resulting solution was extracted with CH,Cl, (3 x 10 mL). The combined
organic extracts were washed with H,O (3 x 15 mL) and 50% saturated aq. NaCl solution (15
mL), dried over Na,SO4, and concentrated in vacuo. The product was purified by flash
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chromatography (10% EtOAc/hexanes) to afford (+)-1a (0.052 g, 0.209 mmol, 56%) as a slightly
yellow clear oil in 98:2 er as determined by GC analysis (Chiradex B-DM column, 30 m x 0.250
mm, pressure = 80 kPa, flow = 0.6 mL/min, detector = FID, 250 °C). [a]p®’ =+ 93.9 (c = 0.360,
CHCl3).

General Procedure A for the Sc(OTf)s-catalyzed [4 + 2] cycloaddition of cyclobutanes la-d
with aryl aldehydes to afford tetrahydropyrans 2a-e, g-j:

<> CO,Me CO,Me
N H 3
Cone + }\ SC(OTf)B J\/j\l—COZMe
1 CH.Cly, rt
R 0~ R 2Ll R 0 R!
1a-d 2a-e, g-j

In an inert atmosphere glove box, a 1-dram vial containing a magnetic stir bar was charged with
Sc(OTf); (0.02 equiv). To this vial was added a solution of the cyclobutane (1.0 equiv) and
aldehyde (3.0 equiv) in CH,Cl; ([1]o = 0.25 M). The vial was sealed with a PTFE-lined screw
cap, removed from the glove box, and allowed to stir. Upon disappearance of the cyclobutane as
indicated by TLC analysis (with 25% EtOAc/hexanes or CH,Cl, as the mobile phase), the
reaction was filtered through a 1-inch Monstr-Pette plug of silica with CH,Cl, (12 mL) and
concentrated. The resulting tetrahydropyrans 2a-e, g-j were purified by flash chromatography
using the indicated solvent system.

Dimethyl 6-(4-methoxyphenyl)-2-p-tolyldihydro-2H-pyran-
3,3(4H)-dicarboxylate (2a): The title compound was prepared
according to General Procedure A using 1b (0.090 g, 0.322 mmol,
1.0 equiv), 4-methylbenzaldehyde (0.116 g, 0.967 mmol, 3.0 equiv),
Sc(OTf); (0.0032 g, 0.0064 mmol, 0.02 equiv) and CH,Cl, (1.28
mL). After stirring for 15 min, the reaction was complete as determined by TLC analysis. The
reaction was worked up and purified by flash chromatography (15% EtOAc/hexanes) to afford
2a (0.120 g, 0.301 mmol, 93% yield) as colorless crystals in 96:4 dr. Analytical data for 2a: mp
126-127 °C; IR (thin film, cm™) 3003, 2952, 2839, 1728, 1515, 1435, 1250, 1083, 1035, 826; 'H
NMR (400 MHz, CDCl,) 6 7.34 (d, J = 8.0 Hz, 4H), 7.10 (d, J = 7.7 Hz, 2H), 6.88 (d, J = 8.4
Hz, 2H), 5.11 (s, 1H), 4.62 (d, J = 10.0 Hz, 1H), 3.80 (s, 3H), 3.68 (s, 3H), 3.58 (s, 3H), 2.68 (d,
J=13.3 Hz, 1H), 2.36 — 2.28 (m, 1H), 2.32 (s, 3H), 2.09 (dq, J = 13.6, 3.8 Hz, 1H), 1.91 (d, J =
12.0 Hz, 1H); *C NMR (100 MHz, CDCly) & 171.3, 169.2, 159.0, 137.0, 136.5, 134.7, 127.9,
127.3, 127.1, 113.7, 82.4, 80.3, 58.6, 55.2, 523, 51.5, 32.8, 299, 21.1; TLC (15%
EtOAc/hexanes) Rf 0.16; Anal. Calcd. for Cy3H606: C, 69.33; H, 6.58. Found: C, 69.10; H,
6.61.

CO,Me Dimethyl 6-(4-methoxyphenyl)-2-(3-bromophenyl)dihydro-2H-

=~co,Me pyran-3,3(4H)-dicarboxylate (2b): The title compound was prepared

o according to General Procedure A using 1b (0.090 g, 0.322 mmol, 1.0

O O equiv), 3-bromobenzaldehyde (0.179 g, 0.967 mmol, 3.0 equiv),

MeO Sc(OTf); (0.0032 g, 0.0064 mmol, 0.02 equiv) and CH,Cl, (1.28 mL).
After stirring for 15 min, the reaction was complete as determined by
TLC analysis. The reaction was worked up and purified by flash chromatography (15%
EtOAc/hexanes) to afford 2b (0.118 g, 0.255 mmol, 79% yield) as a clear colorless oil in 97:3 dr.

2b
Br
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Analytical data for 2b: IR (thin film, cm'l) 3002, 2952, 2838, 1730, 1614, 1515, 1434, 1250,
1082, 1035, 829, 776; *H NMR (400 MHz, CDCl3) 6 7.59 (s, 1H), 7.43 — 7.29 (m, 4H), 7.15 (t, J
= 7.9 Hz, 1H), 6.90 (d, J = 8.6 Hz, 2H), 5.11 (s, 1H), 4.61 (dd, J=11.5, 2.2 Hz, 1H), 3.80 (s,
3H), 3.71 (s, 3H), 3.58 (s, 3H), 2.69 (dt, J = 13.2, 3.1 Hz, 1H), 2.30 (td, J = 13.3, 4.2 Hz, 1H),
2.20 — 2.04 (m, 1H), 1.96 — 1.85 (m, 1H); *C NMR (100 MHz, CDCl3) & 171.1, 168.8, 159.2,
141.8, 134.2, 130.6, 130.5, 128.7, 127.1, 126.2, 121.3, 113.8, 81.6, 80.5, 58.5, 55.2, 52.4, 51.6,
32.7,29.7; TLC (15% EtOAc/hexanes) Rs 0.13; LRMS (ESI) Calcd. for C,,H,3BrOg+Na: 485.1,
Found: 485.1.

COMe D_imethyl 6-(4-bromophen_yl)-2-(4-(trif|uoromethyl) phenyl)

—CO,Me dihydro-2H-pyran-3,3(4H)-dicarboxylate ~ (2c):  The title

o compound was prepared according to General Procedure A using 1c

O O (0.105 g, 0.322 mmol, 1.0 equiv), 4-trifluoromethylbenzaldehyde

Br 2 CFs (0.168 g, 0.967 mmol, 3.0 equiv), Sc(OTf); (0.0032 g, 0.0064 mmol,

0.02 equiv) and CH,Cl, (1.28 mL). After stirring for 15 h, the reaction was complete as

determined by TLC analysis. The reaction was worked up and purified by flash chromatography

(15% EtOAc/hexanes) to afford 2¢ (0.146 g, 0.291 mmol, 90% yield) as a yellow powder in 98:2

dr. Analytical data for 2c: mp 107-109 °C; IR (thin film, cm'l) 3003 2954, 2858, 1731, 1436,

1327, 1166, 1122, 1068, 1011, 856, 815; *H NMR (400 MHz, CDCls) & 7.57 (q, J = 8.5 Hz, 4H),

7.48 (d, J = 8.3 Hz, 2H), 7.28 (d, J = 8.3 Hz, 2H), 5.20 (s, 1H), 4.64 (dd, J =11.4, 2.3 Hz, 1H),

3.70 (s, 3H), 3.54 (s, 3H), 2.71 (dt, J = 13.3, 3.1 Hz, 1H), 2.31 (td, J = 13.3, 4.4 Hz, 1H), 2.08

(ddd, J = 16.8, 13.4, 4.0 Hz, 1H), 2.00 — 1.88 (m, 1H); *C NMR (100 MHz, CDCl3) & 171.0,

168.6, 143.3, 140.8, 131.5, 129.7 (q, J = 32.0 Hz), 127.8, 127.5, 124.2 (d, J = 270.0 Hz), 125.6 —

122.7 (m), 121.5, 81.7, 80.0, 58.3, 52.6, 51.7, 32.5, 29.7; TLC (15% EtOAc/hexanes) R 0.23;
Anal. Calcd. for CoH,oBrF;0s: C, 52.71; H, 4.02. Found: C, 52.78; H, 4.05.

COMe Dimethyl_ 6-(4-bromophenyl)-2-(2-fluorophenyl)dihydro-2H-pyran-
=co,Me 3,3(4H)-dicarboxylate (2d): The title compound was prepared
according to General Procedure A using 1c (0.105 g, 0.322 mmol, 1.0
equiv), 2-fluorobenzaldehyde (0.120 g, 0.967 mmol, 3.0 equiv),
Br g " Sc(OTf); (0.0032 g, 0.0064 mmol, 0.02 equiv) and CH,Cl, (1.28 mL).

After stirring for 16.5 h, the reaction was complete as determined by
TLC analysis. The reaction was worked up and purified by flash chromatography (20%
EtOAc/hexanes) to afford 2d (0.136 g, 0.301 mmol, 94% yield) as a clear colorless oil in 99:1 dr.
Analytical data for 2d: IR (thin film, Cm'l) 2953, 2857, 1735, 1490, 1274, 1255, 1086, 1011,
764; 'H NMR (400 MHz, CDCl3) & 7.88 (t, J = 7.0 Hz, 1H), 7.47 (d, J = 8.3 Hz, 2H), 7.38 —
7.21 (m, 3H), 7.17 (t, J = 7.4 Hz, 1H), 7.02 — 6.88 (m, 1H), 5.17 (s, 1H), 4.62 (dd, J=11.2, 2.0
Hz, 1H), 3.66 (s, 6H), 2.65 (dd, J = 10.6, 3.1 Hz, 1H), 2.52 (td, J = 13.7, 4.0 Hz, 1H), 1.95 (dd, J
= 13.6, 2.9 Hz, 1H), 1.82 (ddd, J = 25.6, 13.8, 3.9 Hz, 1H); *C NMR (100 MHz, CDCLy) &
169.6, 168.7 , 161.0, 158.6, 141.1, 131.4, 131.1 (d, J = 3.7 Hz), 129.3 (d, J = 8.7 Hz), 127.5,
125.8 (d, J = 12.6 Hz), 123.3 (d, J = 3.1 Hz), 121.4, 114.2, 113.9, 80.2, 76.8, 57.7, 52.5, 51.8,
32.1, 30.3; TLC (20% EtOAc/hexanes) R 0.24; LRMS (ESI) Calcd. for C;Hy0BrFOs+Na:
473.1, Found: 473.0.
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CO,Me Dimethyl 6-phenyl-2-(4-(trifluoromethyl)phenyl)dihydro-2H-pyran-
—CO;Me 3,3(4H)-dicarboxylate (2e): The title compound was prepared
o according to General Procedure A using 1a (0.080 g, 0.322 mmol, 1.0
O equiv), 4-trifluoromethylbenzaldehyde (0.168 g, 0.967 mmol, 3.0 equiv),
Sc(OTf); (0.0032 g, 0.0064 mmol, 0.02 equiv) and CH,Cl, (1.28 mL).
After stirring for 4.5 h, the reaction was complete as determined by TLC analysis. The reaction
was worked up and purified by flash chromatography (15% EtOAc/hexanes) to afford 2e (0.126
g, 0.298 mmol, 92% yield) as a clear colorless oil in 99:1 dr. Analytical data for 2e: IR (thin
film, cm™") 2954, 2858, 1731, 1436, 1327, 1166, 1121, 1068, 1019, 856; *"H NMR (400 MHz,
CDCl,) 6 7.62 (d, J = 8.3 Hz, 2H), 7.56 (d, J = 8.4 Hz, 2H), 7.47 — 7.34 (m, 4H), 7.34 — 7.27 (m,
1H), 5.22 (s, 1H), 4.70 (dd, J = 11.5, 2.5 Hz, 1H), 3.71 (s, 3H), 3.56 (s, 3H), 2.73 (dt, J = 13.4,
3.2 Hz, 1H), 2.35 (td, J = 13.4, 4.4 Hz, 1H), 2.21 — 2.06 (m, 1H), 2.03 — 1.93 (m, 1H); °C NMR
(100 MHz, CDCl,) 6 171.1, 168.7, 143.6, 141.9, 129.7 (q, J = 32.3 Hz,), 128.4, 127.9, 127.7,
125.8, 124.3 (q, J = 271.5 Hz), 124.15 (q, J = 4.0 Hz), 81.7, 80.8, 58.6, 52.5, 51.6, 32.7, 29.8;
TLC (15% EtOAc/hexanes) Rs 0.15; Anal. Calcd. for C,H,1F30s5: C, 62.56; H, 5.01. Found: C,
62.81; H, 5.12.

2e CFg

co,Mme Dimethyl 2-(3-nitrophenyl)-6-phenyldihydro-2H-pyran-3,3(4H)-
—CO:Me dicarboxylate (2g): The title compound was prepared according to General
o) Procedure A wusing la (0.080 g, 0.322 mmol, 1.0 equiv), 3-
O O nitrobenzaldehyde (0.146 g, 0.967 mmol, 3.0 equiv), Sc(OTf); (0.0032 g,
no, 0.0064 mmol, 0.02 equiv) and CH,Cl, (1.28 mL). After stirring for 6.0 h,
the reaction was complete as determined by TLC analysis. The reaction was
worked up and purified by flash chromatography (20% EtOAc/hexanes) to afford 29 (0.116 g,
0.290 mmol, 90% yield) as yellow crystals in 98:2 dr. Analytical data for 29: mp 122-123 °C;
IR (thin film, cm™) 3032, 2953, 2860, 1731, 1530, 1349, 1275, 1256, 1092, 1069, 806, 699; ‘H
NMR (400 MHz, CDCl3) & 8.30 (s, 1H), 8.17 — 8.08 (m, 1H), 7.86 (d, J = 7.8 Hz, 1H), 7.47 (t, J
= 8.0 Hz, 1H), 7.44 — 7.34 (m, 4H), 7.34 — 7.28 (m, 1H), 5.24 (s, 1H), 4.71 (dd, J=11.5, 2.7 Hz,
1H), 3.73 (s, 3H), 3.58 (s, 3H), 2.78 — 2.70 (m, 1H), 2.36 (td, J = 13.4, 4.5 Hz, 1H), 2.17 — 2.05
(m, 1H), 1.99 (ddt, J = 13.9, 4.5, 2.8 Hz, 1H); *C NMR (100 MHz, CDCl3) & 171.0, 168.6,
147.7, 141.6 (two overlapping resonances), 133.8, 128.5, 128.1, 127.8, 125.8, 122.6, 122.5, 81.4,
81.1, 58.6, 52.7, 51.9, 32.6, 29.9; TLC (20% EtOAc/hexanes) R; 0.19; Anal. Calcd. for
Co1H21NO7: C, 63.15; H, 5.30; N, 3.51. Found: C, 63.08; H, 5.30; N, 3.51.

29

Dimethyl 2-(4-chlorophenyl)-6-phenyldihydro-2H-pyran-3,3(4H)-
dicarboxylate (2h): The title compound was prepared according to General
Procedure A wusing la (0.080 g, 0.322 mmol, 1.0 equiv), 2-
chlorobenzaldehyde (0.136 g, 0.967 mmol, 3.0 equiv), Sc(OTf); (0.0032 g,
0.0064 mmol, 0.02 equiv) and CH,Cl, (1.28 mL). After stirring for 7.0 h,
the reaction was complete as determined by TLC analysis. The reaction was
worked up and purified by flash chromatography (15% EtOAc/hexanes) to afford 2h (0.122 g,
0.314 mmol, 97% yield) as a white solid in 92:8 dr. Analytical data for 2h: mp 90-92 °C; IR
(thin film, cm™) 3031, 2952, 2856, 1735, 1437, 1276, 1254, 1166, 1092, 1032, 759, 701; 'H
NMR (400 MHz, CDCl3) & 8.14 (dd, J = 7.9, 1.5 Hz, 1H), 7.44 (d, J = 7.2 Hz, 2H), 7.38 — 7.24
(m, 5H), 7.23 — 7.17 (m, 1H), 5.31 (s, 1H), 4.69 (dd, J = 11.4, 2.7 Hz, 1H), 3.68 (s, 3H), 3.63 (s,
3H) 2.65 —2.55 (m, 2H), 1.99 (ddd, J = 13.9, 6.6, 3.5 Hz, 1H), 1.82 (dtd, J = 14.0, 11.5, 6.1 Hz,
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1H); B¥Cc NMR (100 MHz, CDCl;) & 169.5, 168.8, 142.2, 136.4, 133.2, 131.8, 128.9, 128.3,
128.2, 127.6, 126.1, 125.8, 81.0, 78.9, 57.5, 52.7, 51.9, 32.4, 30.6; TLC (15% EtOAc/hexanes)
Rf0.21; Anal. Calcd. for C,1H»ClOs: C, 64.87; H, 5.44. Found: C, 65.15; H, 5.49.

COMe Dimethyl 2,6-diphenyldihydro-2H-pyran-3,3(4H)-dicarboxylate  (2i):
—co,Me The title compound was prepared according to General Procedure A using
la (0.080 g, 0.322 mmol, 1.0 equiv), benzaldehyde (0.103 g, 0.967 mmol,
3.0 equiv), Sc(OTf); (0.0032 g, 0.0064 mmol, 0.02 equiv) and CH,Cl, (1.28
mL). After stirring for 6.5 h, the reaction was complete as determined by
TLC analysis. The reaction was worked up and purified by flash chromatography (15%
EtOAc/hexanes) to afford 2i (0.111 g, 0.313 mmol, 97% yield) as a white waxy solid in 96:4 dr.
Analytical data for 2i: IR (thin film, cm™) 3032, 2952, 2857, 1729, 1452, 1435, 1257, 1091,
1068, 700; *"H NMR (400 MHz, CDCls) & 7.48 (d, J = 7.3 Hz, 2H), 7.43 (d, J = 7.4 Hz, 2H),
7.36 (t, J = 7.4 Hz, 2H), 7.33 — 7.20 (m, 4H), 5.17 (s, 1H), 4.69 (dd, J = 11.4, 2.2 Hz, 1H), 3.69
(s, 3H), 3.56 (s, 3H), 2.77 — 2.62 (m, 1H), 2.34 (td, J = 13.3, 4.3 Hz, 1H), 2.12 (ddd, J = 17.0,
13.5, 4.0 Hz, 1H), 2.01 — 1.89 (m, 1H); *C NMR (100 MHz, CDCls) & 171.3, 142.3, 139.5,
128.3, 127.5, 127.4, 127.2, 125.8, 82.3, 80.7, 58.6, 52.4, 51.5, 32.8, 30.0; TLC (15%
EtOAc/hexanes) Ry 0.18; Anal. Calcd. for C,1H,05: C, 71.17; H, 6.26. Found: C, 71.16; H,
6.32.

2i

CO,Me Dimethyl  2-(4-chlorophenyl)-6-((E)-prop-1-enyl)dihydro-2H-pyran-
[=COxMe 3 3(4H)-dicarboxylate (2j): The title compound was prepared according
to General Procedure A using 1d (0.040 g, 0.188 mmol, 1.0 equiv), 4-
chlorobenzaldehyde (0.079 g, 0.564 mmol, 3.0 equiv), Sc(OTf); (0.0018
g, 0.0037 mmol, 0.02 equiv) and CH,Cl, (0.75 mL). After stirring for 6.5
h, the reaction was complete as determined by TLC analysis. The reaction was worked up and
purified by flash chromatography (60% CH,Cl,/hexanes) to afford 2j (0.047 g, 0.133 mmol, 70%
yield) as a clear colorless oil in 94:6 dr. Analytical data for 2j: IR (thin film, cm™) 2953, 2360,
2342, 1731, 1492, 1436, 1090, 1014, 846, 808; *H NMR (400 MHz, CDCl3) & 7.34 (d, J = 8.5
Hz, 2H), 7.23 (d, J = 8.5 Hz, 2H), 5.74 (dq, J = 12.9, 6.3 Hz, 1H), 5.55 (dd, J = 15.4, 6.1 Hz,
1H), 4.96 (s, 1H), 4.16 — 3.97 (m, 1H), 3.65 (s, 3H), 3.53 (s, 3H), 2.68 — 2.50 (m, 1H), 2.14 (td, J
= 13.4, 4.4 Hz, 1H), 1.95 — 1.79 (m, 1H), 1.70 — 1.65 (m, 1H), 1.69 (d, J = 6.4 Hz, 3H); *C
NMR (100 MHz, CDCly) 6 171.3, 168.9, 138.2, 133.2, 131.3, 128.9, 127.4, 127.3, 81.4, 79.4,
58.5, 52.4, 51.6, 32.3, 28.0, 17.7; TLC (60% CH,Cly/hexanes) R; 0.28; Anal. Calcd. for
Ci3H2,ClOs: C, 61.28; H, 6.00. Found: C, 61.51; H, 6.04.

General Procedure B for the Hf(OTf),-catalyzed [4 + 2] cycloaddition of cyclobutane la
with 4-methoxybenzaldehyde and cinnamaldehyde to afford tetrahydropyrans 2f and 2k:

\C02Me \COzMG
< > H 3
COzMe + 2\ Hf(OTf)4 ITCOzMe
1 CH,Cl,, rt
Ph 0" R 22 Ph” 0 R!
1a 2f and 2k

In an inert atmosphere glove box, a 1-dram vial containing a magnetic stir bar was charged with
Hf(OTf)4 (0.0050 g, 0.0064 mmol, 0.02 equiv). To this vial was added a solution of cyclobutane
la (0.080 g, 0.322 mmol, 1.0 equiv) and the aldehyde (0.967 mmol, 3.0 equiv) in CH,Cl, (1.28
mL). The vial was sealed with a PTFE-lined screw cap, removed from the glove box, and
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allowed to stir. After disappearance of the cyclobutane was confirmed by TLC analysis, the
reaction was filtered through a 1-inch Monstr-Pette plug of silica with CH,Cl, (12 mL) and
concentrated. The resulting tetrahydropyran products were purified by flash chromatography
using the indicated solvent system.

CO,Me Dimethyl 2-(4-methoxyphenyl)-6-phenyltetrahydropyran-3,3-

—COMe dicarboxylate (2f): The title compound was prepared according to

O 0 O General Procedure B using 1a (0.080 g, 0.322 mmol, 1.0 equiv), 4-
o methoxybenzaldehyde (0.132 g, 0.967 mmol, 3.0 equiv), Hf(OTf),

(0.0050 g, 0.0064 mmol, 0.02 equiv) and CH,Cl, (1.28 mL). After
stirring for 11 h, the reaction was complete as determined by TLC analysis. The reaction was
worked up and purified by flash chromatography (80 — 90 — 100% CH,Cl,/hexanes gradient) to
afford 2f (0.084 g, 0.219 mmol, 68% yield) as a clear colorless oil in 96:4 dr. Analytical data for
2f: IR (thin film, cm™) 2952, 2930, 1851, 1729, 1613, 1514, 1453, 1435, 1250, 1177, 1069,
1033, 700; *H NMR (400 MHz, CDCls) & 7.41 (dd, J = 7.6, 6.1 Hz, 4H), 7.35 (t, J = 7.4 Hz,
2H), 7.31 — 7.23 (m, 1H), 6.84 (d, J = 8.8 Hz, 2H), 5.11 (s, 1H), 4.67 (dd, J = 11.4, 2.4 Hz, 1H),
3.79 (s, 3H), 3.69 (s, 3H), 3.59 (s, 3H), 2.76 — 2.58 (m, 1H), 2.32 (td, J = 13.3, 4.3 Hz, 1H), 2.19
—2.02 (m, 1H), 2.02 — 1.88 (m, 1H); *C NMR (100 MHz, CDCl3) § 171.3, 169.2, 159.0, 142.4,
131.7, 128.6, 128.2, 127.5, 125.8, 112.7, 82.1, 80.7, 58.6, 55.1, 52.3, 51.6, 32.7, 30.0; TLC (80%
CH,Cly/hexanes) Rs 0.18; Anal. Calcd. for C,oH2406: C, 68.74; H, 6.29. Found: C, 69.00; H,
6.28.

Dimethyl 6-phenyl-2-styryldihydro-2H-pyran-3,3(4H)-dicarboxylate
(2k): The title compound was prepared according to General Procedure B
using la (0.080 g, 0.322 mmol, 1.0 equiv), trans-cinnamaldehyde (0.128 g,
0.967 mmol, 3.0 equiv), Hf(OTf)4 (0.0050 g, 0.0064 mmol, 0.02 equiv) and
CH,Cl, (1.28 mL). After stirring for 22 h, the reaction was complete as
determined by TLC analysis. The reaction was worked up and purified by flash chromatography
(15% EtOAc/hexanes) to afford 2k (0.095 g, 0.264 mmol, 82% yield) as a clear colorless oil in
79:21 dr. Analytical data for 2k: IR (thin film, cm™) 3030, 2953, 1732, 1451, 1435, 1236, 1171,
1066, 1026, 696; 'H NMR (400 MHz, C¢Dy) 6 7.41 (d, J = 7.4 Hz, 2H), 7.31 (d, J = 7.3 Hz, 2H),
7.19 (t, J=17.5 Hz, 2H), 7.12 — 6.97 (m, 5H), 6.86 (d, J=16.1 Hz, 1H), 4.73 (d, J = 5.7 Hz, 1H),
4.32 (dd, J=11.6, 2.2 Hz, 1H), 3.36 (s, 3H), 3.25 (s, 3H), 2.71 — 2.58 (m, 1H), 2.15 (ddd, J =
25.2, 13.4, 4.0 Hz, 1H), 1.95 (td, J = 13.3, 4.2 Hz, 1H), 1.62 — 1.50 (m, 1H); **C NMR (100
MHz, CDCly) 6 170.9, 169.2, 142.0, 137.1, 131.3, 128.4, 128.3, 127.6, 127.4, 127.4, 126.6,
125.9, 82.2, 80.4, 58.1, 52.5, 52.1, 32.0, 29.9; TLC (15% EtOAc/hexanes) R; 0.23; Anal. Calcd.
for C;oH2406: C, 72.61; H, 6.36. Found: C, 72.67; H, 6.44.
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General Procedure C for the MADNTf,-catalyzed [4 + 2] cycloaddition of cyclobutanes la-
d with alkyl aldehydes to afford tetrahydropyrans 21-q:

Me ‘Bu
; :O>2AIMe
\\CO2Me B Q02Me
\ H u S
eose + o L L
R 07 R! HNTF, .
(CHy),Cls, rt R™ O 'R
1a-d 2lq

In an inert atmosphere glove box, a 1-dram vial containing a magnetic stir bar was charged with
methylaluminum bis(2,6-di-tert-butyl-4-methylphenoxide)® (MAD, 0.07 equiv), HNTf, (0.05
equiv) and (CH),Cl, (0.180 mL). The resulting solution was stirred until the evolution of
methane gas ceases, approximately 5 min. To this vial is added a solution of the cyclobutane
(0.322 mmol, 1.0 equiv) and aldehyde (0.967 mmol, 3.0 equiv) in (CH;),Cl, (1.00 mL). The vial
was sealed with a PTFE-lined screw cap, removed from the glove box, and stirred. Upon
disappearance of the cyclobutane as indicated by TLC analysis (with 25% EtOAc/hexanes or
CH,Cl, as the mobile phase), the reaction was filtered through a 1-inch Monstr-Pette plug of
silica with CH,Cl, (12 mL) and concentrated. The resulting tetrahydropyrans 2I-q were purified
by flash chromatography using the indicated solvent system.

COMe Dimethyl  6-(4-bromophenyl)-2-pentyldihydro-2H-pyran-3,3(4H)-

=co,me dicarboxylate (2I): The title compound was prepared according to

o ve Qeneral Procedure C using 1c¢ (0.105 g, 0.322 mmol, 1.0 equiv), hexanal

. ) (0.097 g, 0.967 mmol, 3.0 equiv), MAD (0.011 g, 0.023 mmol, 0.07
;

equiv), HNTf, (0.0045 g, 0.0161 mmol, 0.05 equiv), and 1,2-
dichloroethane (1.28 mL). After stirring for 20 h, the reaction was complete as determined by
TLC analysis. The reaction was worked up and purified by flash chromatography (10%
EtOAc/hexanes) to afford 2l (0.116 g, 0.271 mmol, 84% yield) as a clear colorless oil in 87:13
dr. Analytical data for 2I: IR (thin film, cm'l) 2953, 2928, 2859, 1732, 1489, 1435, 1255, 1233,
1083, 1011, 804; *H NMR (400 MHz, CDCly) & 7.44 (d, J = 8.4 Hz, 2H), 7.20 (d, J = 8.3 Hz,
2H), 4.48 — 4.34 (m, 1H), 3.84 (dd, J =9.7, 1.3 Hz, 1H), 3.77 (s, 3H), 3.74 (s, 3H), 2.66 — 2.53
(m, 1H), 2.08 — 1.89 (m, 2H), 1.89 — 1.75 (m, 2H), 1.75 — 1.62 (m, 1H), 1.62 — 1.48 (m, 1H),
1.40 — 1.19 (m, 5H), 0.87 (bt, J = 5.9 Hz, 3H); *C NMR (100 MHz, CDCl3) & 171.5, 169.6,
141.4, 131.3, 127.6, 121.2, 82.1, 79.5, 56.6, 52.4, 52.0, 32.5, 32.4, 31.6, 29.7, 26.9, 22.5, 14.0;
TLC (10% EtOAc/hexanes) Rf 0.23; Anal. Calcd. For C,0H»7BrOs: C, 56.21; H, 6.37. Found: C,
56.51; H, 6.47.

come  Dimethyl 6-(4-methoxyphenyl)-2-pentyldihydro-2H-pyran-3,3

—CO:Me  (4H)-dicarboxylate (2m): Note: This reaction was run at 0 °C. The
o me title compound was prepared according to General Procedure C using
1b (0.090 g, 0.322 mmol, 1.0 equiv), hexanal (0.097 g, 0.967 mmol,
3.0 equiv), MAD (0.011 g, 0.023 mmol, 0.07 equiv), HNTf, (0.0045 g,
0.0161 mmol, 0.05 equiv), and 1,2-dichloroethane (1.28 mL). After stirring for 3.5 h at 0 °C, the
reaction was complete as determined by TLC analysis. The reaction was worked up and purified
by flash chromatography (15% EtOAc/hexanes) to afford 2m (0.081 g, 0.214 mmol, 66% yield)
as a clear colorless oil in 78:22 dr. Analytical data for 2m: IR (thin film, cm™) 2954, 2930,

MeO 2m
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2858, 1731, 1614, 1515, 1436, 1249, 1175, 1081, 1034, 825; *H NMR (400 MHz, CDCl;) 6 7.26
(d, J= 8.5 Hz, 2H), 6.86 (d, J = 8.6 Hz, 2H), 4.48 — 4.34 (m, 1H), 3.90 — 3.82 (m, 1H), 3.79 (s,
3H), 3.77 (s, 3H), 3.74 (s, 3H), 2.67 — 2.51 (m, 1H), 2.11 — 1.94 (m, 2H), 1.92 — 1.75 (m, 2H),
1.73 — 1.48 (m, 2H), 1.29 (m, J = 3.1 Hz, 5H), 0.87 (bs, 3H); BC NMR (100 MHz, CDCl;) o
171.7, 169.7, 159.1, 134.6, 127.2, 113.7, 82.2, 79.9, 56.9, 55.3, 52.3, 51.9, 32.6, 31.6, 29.4, 27.0,
22.6, 14.0; TLC (15% EtOAc/hexanes) Ry 0.22; Anal. Calcd. For C,;H3006: C, 66.65; H, 7.99.
Found: C, 66.81; H, 8.02.

CoMe Dimethyl  2-pentyl-6-phenyldihydro-2H-pyran-3,3(4H)-dicarboxylate
—co,Me (2n): The title compound was prepared according to General Procedure C
o me Using la (0.080 g, 0.322 mmol, 1.0 equiv), hexanal (0.097 g, 0.967 mmol,
on 3.0 equiv), MAD (0.011 g, 0.023 mmol, 0.07 equiv), HNTf, (0.0045 g,
0.0161 mmol, 0.05 equiv), and 1,2-dichloroethane (1.28 mL). After stirring
for 6.0 h, the reaction was complete as determined by TLC analysis. The reaction was worked
up and purified by flash chromatography (10% EtOAc/hexanes) to afford 2n (0.103 g, 0.296
mmol, 92% yield) as a clear colorless oil in 85:15 dr. Analytical data for 2n: IR (thin film, cm™)
2954, 2929, 2859, 1732, 1452, 1435, 1256, 1092, 1068, 698; *H NMR (400 MHz, CDCl3) § 7.34
—7.30 (m, 4H), 7.28 (dd, J="7.7, 4.5 Hz, 1H), 4.55 - 4.37 (m, 1H), 3.87 (d, J=9.0 Hz, 1H), 3.78
(s, 3H), 3.75 (s, 3H), 2.73 — 2.52 (m, 1H), 2.14 — 1.95 (m, 2H), 1.95 — 1.77 (m, 2H), 1.77 — 1.49
(m, 2H), 1.30 (d, J = 3.4 Hz, 5H), 0.88 (bs, 3H); *C NMR (100 MHz, CDCl3) & 171.6, 169.7,
142.4, 128.2, 127.4, 125.9, 82.2, 80.2, 56.8, 52.4, 51.9, 32.6, 31.6, 29.7, 26.9, 22.6, 14.0; TLC
(10% EtOAc/hexanes) Rf 0.25; Anal. Calcd. For CyHps0s: C, 68.94; H, 8.10. Found: C, 69.17;
H, 8.06.

co,me Dimethyl 2-isopropyl-6-phenyldihydro-2H-pyran-3,3(4H)-dicarboxylate
—CO;Me (20): The title compound was prepared according to General Procedure C
o Me  using 1a (0.080 g, 0.322 mmol, 1.0 equiv), isobutyraldehyde (0.070 g, 0.967
Me mmol, 3.0 equiv), MAD (0.011 g, 0.023 mmol, 0.07 equiv), HNTT; (0.0045
g, 0.0161 mmol, 0.05 equiv), and 1,2-dichloroethane (1.28 mL). After
stirring for 22.0 h, the reaction was complete as determined by TLC analysis. The reaction was
worked up and purified by flash chromatography (7.5% EtOAc/hexanes) to afford 20 (0.091 g,
0.284 mmol, 88% yield) as a clear colorless oil in 91:9 dr. Analytical data for 20: IR (thin film,
cm™) 2953, 2871, 1731, 1450, 1435, 1254, 1092, 1068, 1013, 698; *H NMR (400 MHz, CDCl5)
0 7.38 —7.30 (m, 4H), 7.30 — 7.22 (m, 1H), 4.48 (dd, J=10.9, 3.1 Hz, 1H), 3.79 (s, 3H), 3.73 (s,
3H), 3.72 - 3.66 (m, 1H), 2.62 (dt, J = 12.8, 3.1 Hz, 1H), 2.51 — 2.28 (m, 1H), 2.07 (td, J = 12.8,
4.8 Hz, 1H), 2.01 — 1.80 (m, 2H), 1.01 (d, J = 6.6 Hz, 3H), 0.95 (d, J = 6.9 Hz, 3H); *C NMR
(100 MHz, CDCl3) 6 172.2, 169.7, 142.6, 128.2, 127.3, 125.7, 86.9, 80.1, 56.2, 52.3, 52.0, 33.6,
31.7, 29.7, 20.2, 19.8; TLC (7.5% EtOAc/hexanes) Rs 0.16; Anal. Calcd. For CigH»40s5: C,
67.48; H, 7.55. Found: C, 67.44; H, 7.67.

20
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COMe  Dimethyl 2-cyclohexyl-6-phenyldihydro-2H-pyran-3,3(4H)-

—COMe dicarboxylate (2p): The title compound was prepared according to General
o Procedure C wusing la (0.080 g, 0322 mmol, 1.0 equiv),
2p cyclohexanecarboxaldehyde (0.108 g, 0.967 mmol, 3.0 equiv), MAD (0.011

g, 0.023 mmol, 0.07 equiv), HNTf, (0.0045 g, 0.0161 mmol, 0.05 equiv), and 1,2-dichloroethane
(1.28 mL). After stirring for 24.0 h, the reaction was complete as determined by TLC analysis.
The reaction was worked up and purified by flash chromatography (10% EtOAc/hexanes) to
afford 2p (0.109 g, 0.302 mmol, 94% yield) as a clear colorless oil in 96:4 dr. Analytical data
for 2p: IR (thin film, cm™) 2927, 2852, 1730, 1450, 1435, 1093, 1068, 1029, 1009; 'H NMR
(400 MHz, CDCl3) 6 7.37 — 7.29 (m, 4H), 7.29 — 7.22 (m, 1H), 4.45 (dd, J = 10.7, 3.0 Hz, 1H),
3.79 (s, 3H), 3.73 (s, 3H), 3.72 — 3.61 (m, 1H), 2.69 — 2.51 (m, 1H), 2.05 (td, J = 12.6, 4.8 Hz,
3H), 1.99 — 1.80 (m, 2H), 1.76 — 1.53 (m, 4H), 1.35 — 1.09 (m, 3H), 1.09 — 0.91 (m, 2H); *C
NMR (100 MHz, CDCl3) & 172.3, 169.7, 142.6, 128.2, 127.3, 125.7, 86.2, 80.2, 56.1, 52.3, 52.0,
41.6, 33.7, 30.4, 30.1, 29.8, 26.8, 26.6, 26.3; TLC (10% EtOAc/hexanes) Rs 0.32; Anal. Calcd.
For C3sH»405: C, 69.98; H, 7.83. Found: C, 69.80; H, 7.99.

co,Me  Dimethyl 2-pentyl-6-((E)-prop-1-enyl)dihydro-2H-pyran-3,3(4H)-
—cozMe  dicarboxylate (2q): Dimethyl 2-cyclohexyl-6-phenyldihydro-2H-pyran-
ve 3,3(4H)-dicarboxylate (2p): The title compound was prepared according
to General Procedure C using 1d (0.040 g, 0.188 mmol, 1.0 equiv), hexanal
(0.056 g, 0.564 mmol, 3.0 equiv), MAD (0.0063 g, 0.013 mmol, 0.07
equiv), HNTf, (0.0027 g, 0.0094 mmol, 0.05 equiv), and 1,2-dichloroethane (0.75 mL). After
stirring for 3.5 h, the reaction was complete as determined by TLC analysis. The reaction was
worked up and purified by flash chromatography (10% EtOAc/hexanes) to afford 2q (0.050 g,
0.156 mmol, 85% yield) as a clear colorless oil in 77:23 dr containing an inseparable
cyclobutane decomposition product (16%, by mass). Corrected yield: 0.042 g, 0.134 mmol,
72%. Analytically pure material was obtained by HPLC purification. Analytical data for 2q: IR
(thin film, cm™) 2955, 2929, 2858, 1733, 1436, 1256, 1230, 1085, 1068, 1016, 966; ‘H NMR
(400 MHz, C¢Dg) 6 5.68 — 5.56 (m, 1H), 5.52 (dd, J = 15.6, 4.6 Hz, 1H), 4.00 — 3.83 (m, 1H),
3.74 (d,J = 6.4 Hz, 1H), 3.38 (s, 3H), 3.27 (s, 3H), 2.71 — 2.52 (m, 1H), 2.17 (dtd, J = 14.5, 9.8,
4.9 Hz, 1H), 2.10 — 1.93 (m, 2H), 1.92 — 1.70 (m, 2H), 1.54 (m, 1H), 1.48 (d, J = 6.0 Hz, 3H),
1.44 — 1.20 (m, 5H), 0.86 (t, J = 7.0 Hz, 3H); *C NMR (100 MHz, C¢Dy) & 172.4, 170.2, 133.4,
126.6, 82.8, 79.7, 57.7, 52.4, 52.1, 33.9, 33.3, 32.7, 29.4, 28.2, 23.6, 18.3, 14.8; TLC (10%
EtOAc/hexanes) R; 0.27; LRMS (ESI) Calcd. For C;7H,30s+Na: 335.2, Found: 335.2.

General Procedure D for the Sc(OTf)s-catalyzed [[2 + 2] + 2] cycloaddition of 1-methoxy-4-
vinylbenzene, dimethyl 2,2-methylidene malonate, and aldehydes to afford
tetrahydropyrans 2a-b, r:

~ Sc(OTH) COzMe
\ )
. GOMe  CHyCl, ~78 °C, 45 min; CO-Me
/\COzMe RCHO, -78to 0 °C 0" 'R
20 min
MeO 2a-b, r

In an inert atmosphere glove box, a 1-dram shell vial containing a magnetic stir bar was charged
with Sc(OTf); (0.0171 g, 0.0347 mmol, 0.10 equiv). A second shell vial was charged with
dimethyl 2.,2-methylidene malonate' (DMM, 0.50 g, 0.347 mmol, 1.0 equiv) and fitted with a

OMe
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rubber septum. Both vessels were removed from the glove box and placed under N,. The
Sc(OTf); was suspended in CH,Cl, (0.25 mL) and cooled to =78 °C in an isopropanol/dry ice
bath. The DMM was dissolved in CH,Cl, (2.0 mL) and 1-methoxy-4-vinylbenzene (0.061 g,
0.061 mL, 1.3 equiv) was added via syringe. The resulting solution was drawn into a syringe
and added to the Sc(OTf); by syringe pump over 45 min. When the disappearance of DMM was
confirmed by TLC (using 20% EtOAC/hexanes, approx 5-10 min), the aldehyde (1.04 mmol, 3.0
equiv) was added neat via syringe. The reaction was held at —78 °C for 20 min and was then
warmed to 0 °C for an additional 20 min at which point disappearance of 1b can be observed by
TLC (20% EtOAc/hexanes). The reaction was filtered through a 1-inch Monstr-Pette plug of
silica with CH,Cl, (12 mL) and concentrated. The resulting tetrahydropyrans 2a-b, r were
purified by flash chromatography using the indicated solvent system.

CO,Me Dimethyl 6-(4-methoxyphenyl)-2-p-tolyldihydro-2H-pyran-

—CO;Me 3,3(4H)-dicarboxylate (2a): The title compound was prepared

) according to General Procedure D using Sc(OTf); (0.0171 g, 0.0347

Ve O 2a O Ve mmol, 0.10 equiv), DMM (0.50 g, 0.347 mmol, 1.0 equiv), 1-

methoxy-4-vinylbenzene (0.061 g, 0.061 mL, 1.3 equiv), 4-

methylbenzaldehyde (0.125 g, 0.124 mL, 1.04 mmol, 3.0 equiv), and CH,Cl, (2.25 mL). After

work up and purification by flash chromatography (15% EtOAc/hexanes), 2a (0.096 g, 0.241
mmol, 69% yield) was afforded as colorless crystals in 99:1 dr.

Co,Me Dimethyl 6-(_4-methoxyphenyl)-Z-(3-_bromophenyl)dihydro-2H-

=co,Me Pyran-3,3(4H)-dicarboxylate (2b): The title compound was prepared

o according to General Procedure D using Sc(OTf); (0.0171 g, 0.0347

O O mmol, 0.10 equiv), DMM (0.50 g, 0.347 mmol, 1.0 equiv), 1-

MeO 2 methoxy-4-vinylbenzene (0.061 g, 0.061 mL, 1.3 equiv), 3-

Br bromobenzaldehyde (0.192 g, 0.122 mL, 1.04 mmol, 3.0 equiv), and

CH,Cl, (2.25 mL). After work up and purification by flash chromatography (15%

EtOAc/hexanes), 2b (0.076 g, 0.164 mmol, 47% yield) was afforded as a clear colorless oil in
97:3 dr.

co,me Dimethyl 6-(4-methoxyphenyl)-2-phenyldihydro-2H-pyran-

—coMe 3,3(4H)-dicarboxylate (2r): The title compound was prepared

o according to General Procedure D using Sc(OTf); (0.0171 g, 0.0347

O O mmol, 0.10 equiv), DMM (0.50 g, 0.347 mmol, 1.0 equiv), 1-

Me© methoxy-4-vinylbenzene (0.061 g, 0.061 mL, 1.3 equiv),

benzaldehyde (0.110 g, 0.105 mL, 1.04 mmol, 3.0 equiv), and CH,Cl, (2.25 mL). After work up

and purification by flash chromatography (20% EtOAc/hexanes), 2r (0.079 g, 0.205 mmol, 59%

yield) was afforded as a clear colorless oil in 98:2 dr. Analytical data for 2r: IR (thin film, cm™)

2952, 2838, 1730, 1614, 1515, 1435, 1250, 1176, 1082, 1033, 828, 700; '"H NMR (500 MHz,

CDCly) 6 7.48 (d, J=7.5 Hz, 4H), 7.37 (d, J = 8.5 Hz, 2H), 7.32 — 7.29 (m, 3H), 7.29 — 7.24 (m,

2H), 5.18 (s, 1H), 4.66 (m, 1H), 3.83 (s, 3H), 3.71 (s, 3H), 3.57 (s, 3H), 2.72 - 2.70 (m, 1H), 2.34

(dt, J = 13.5 , 4.5 Hz, 1H), 2.18 — 2.10 (m, 1H), 1.96 — 1.93 (m, 1H).; *C NMR (125 MHz,

CDCl3) 6 171.3, 169.1, 159.0, 139.4, 134.5, 127.5, 127.4, 127.2, 127.1, 113.6, 82.3, 80.3, 58.5,

55.2, 52.4, 51.6, 32.7, 29.9; TLC (20% EtOAc/hexanes) Rs 0.23; LRMS (ESI) Calcd. For
CyH»40¢tNa: 407.2, Found: 407.2.

2r
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Procedure for the competition experiment (Equation 3):

A LT
i H
0™ "Ph Ph” 0 N, A
~CO,Me +10 €UV 5c(0Tf); (10 mol %) A
M +
CO,Me H CH,Cl,, rt, 7 days

Ph
X

10 equiv

In an inert atmosphere glove box, a 1-dram vial containing a magnetic stir bar was charged with
the Sc(OTf); (0.0079 g, 0.0161 mmol, 0.10 equiv). To this vial was added a solution of
cyclobutane 1a (0.040 g, 0.161 mmol, 1.0 equiv), benzaldehyde (0.171 g, 1.61 mmol, 10 equiv),
and 4-X-PhCHO (1.61 mmol, 10 equiv) in CH,Cl, (0.640 mL). The vial was sealed with a
PTFE-lined screw cap, removed from the box, and allowed to stir. After 7 days, the contents of
the vial were passed through a 1-inch Monstr-Pette plug of silica with CH,Cl, (12 mL) and
concentrated in vacuo. The relative abundance of each product was determined by comparison
of the 'H NMR resonances of Ha and Hg.

Cycloaddition of (+)-1a with benzaldehyde (Figure 1):

JCOMe  y 5e(0TH), (2 mol %) LO:Me
CoMe + | ﬁcozlvle
CHyCly, 1t
Ph O™ Ph 22 PR 0" Ph
(+)-1a98:2 er (-)-2i 58:42 er

In the glove box, a 1-dram vial containing a magnetic stir bar was charged with Sc(OTf); (0.001
g, 0.002 mmol, 0.02 equiv) (Vial #1). A solution of cyclobutane (+)-1a (0.025 g, 0.101 mmol,
1.0 equiv, 98:2 er), benzaldehyde (0.032 g, 0.302 mmol, 3.0 equiv), hexadecane (approx 0.025 g,
GC internal standard) in CH,Cl, (0.50 mL) was mixed in a 1-dram vile (Vial #2). A 0.050 mL
aliquot was removed (t = 0.0 min) and the remaining contents of Vial #2 were transferred to Vial
#1 by pipette, which was then sealed with a PTFE-lined screw cap, removed from the glove box,
and allowed to stir. Periodically, 0.050 mL aliquots were removed from the reaction via syringe
and quenched with 3.0 M NH4OH and dried over Na,SO4. The er of remaining (+)-1la was
determined by GC analysis (Chiradex B-DM column, 30 m x 0.250 mm, pressure = 80 kPa, flow
= 0.6 mL/min, detector = FID, 250 °C) and conversion was determined by comparison to the
reference sample taken at t = 0.0 min. SFC analysis (Chiralpack, WO, 2.0% MeOH, 2.0
mL/min, 200 bar, 210 nm, 40 °C) was used to determine the er of (—)-2i. Analytical data for (—)-
2i: SFC analysis: er 58:42, trmajor 6.89 min, tr-minor 7.59 min; [oc]D27 =-14.1 (c=0.100, CHCI3).

Table S1: Stereochemical Analysis of the Sc(OTf);-Catalyzed Formal [4 + 2] Cycloaddition of
(+)-1a and Benzaldehyde.

Conversion (%) 0 12 23 32 42 45
(+)-laer (%) 98 93 88.5 84.5 80.5 79
(-)-2i er (%) - 59.5 59 58.5 58 58
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GC data used to determine conversion and er of (+)-la using a hexadecane internal
standard:

t =0.0 min
rac-la and hexadecane Conversion: 0%, er: 98:2

.
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TLLEGAL FILE NAME TLLEGAL FTILE »
* PRUN # 1821 JuL 21, 1989 18:21:44 . . + PN ® 1822 Jur 21, 1989 11:19:35
. apT sTAPT
§.852 3.63
e sSTOP T

) Closing mignsl file M:§
Closing signal €ile M:SIGNAL . BNC Storing
sed pesks to M:0RRANERS PRO

AL _BNC
processed pesks to M:Q8ROCC48 PRO

Staring prane

NTREATARY FiIIL.

RUNR 1822 JuL 21, 1989 11:19:35
RUNS 1821 JUL 2t, 1989 18:21:44

STGNAL FTLE: M:SIGNAL .BNC

OTH
ARER TYPE UIOTH 3 Lee
3.817 54219872 SPH 185  78. M 198 118
2.403 2844 TR 047 . ‘s eae
4.@68 41862 TBU 128 4 sPe  @c?
4.588 seg? Tue  .1e@ s ap <
4.975 3374218 SHE @57 4. s Bu 3
5.4@7 2741 TBP  .B5Z 12 uu a2
5.798 9433 TPU 182 . o . 28 pu a
13 87t 2989 Py .15E 28 up 1
22.895 22292 Py 27t 32 e
38.556 7499786 PB 287  1@. 38 s
47 078 4@8?9 WP 371 4? 2
51 .274 262689  BP 482 st 4
62 .?7@ 3527858  PU 415 5 s2. 8 4.78824

=6 .9859E+@7

TOTAL ARER=6.9117 1.@eeec-e8

MUL FACTOR=1 .@A@
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t =60 min t =100 min
Conversion: 32%, er: 84.5:15.5 Conversion: 42%, er: 80.5:19.5

ILLEGAL FILE NAME
21, 1989
§.8% 7 833
..... " ) = —oewr
47.102 B2
5L.225 —
stop T ST -
Closing signal file M:SIGNAL .BNC
g processed peaks to M:QBBIF9EL PRO
DIRECTORY FULL
RUN# 1823 JUL 21, 1989 12:17:36
SIGNAL FILE: M:SIGNAL .BNC “
PEAK FILE « M?Q8B9FIEL PRO
RT AREA TYPE ULIOTH AREAY
3.024 54126272 SPB  .185 79 .6591@
2.404 TR .848 .@B559
4.052 TB8 119 84213
4587 8P 181 .88785
4.978 SPB 856 4.28723 .
5.411 BP  .@5L .80382
5.791 PU  .@99 .609322
13 888 BP  .122 08432
14.573 PU 131 88234
28.443 PU 241 .80595
32 890 up 269 .83244 2
39.550 PU 286  11.42818 898
47 .182 up .284 .B5572 3
§1.275 PU 468 69414 se
52.726 Uy 412 3.79158 239
TOTAL AREA=6.7947€407 TOTAL =6 .8362£.87
MUL FACTOR=1.B@GGE+28 oL ~1.8866E-00
t =140 min
Conversion: 45%, er: 79:21
< UL 21, 1989 14112 -
74833

AL BNC
M:Q8BA14EL PRO

processed

; r'.'LL~
PUN® 1825 JUL 21, 1989 14:12.48

veE  urpTH aRERY

b1 108 88 .75862
es 245 .epsa?

T8 282 84121
L4 .e9832 .808712 :

see .88¢ 4.76111
ep .954 28417
P .10¢ je 6
(44 .136 2
ue .209 2
8 286 1
P8 .28¢ e
PU 79 ;
wu M <
w g

TATAL AREA=E 7156E+07
ML F 2082E+00
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SFC data used to determine the er of (-)-2i:

rac-2i

Current Chromatogram(s) ___
LVWD1 A, Wavelength=210 nm of ATP\VII-057C.D

t =20 min
Conversion: 12%, er: 59.5:40.5

Current Chromatogram(s)

LVWD1 A, Wavelength=210 nm of ATPWII-216B.D l

mAU mAU
© |
= 500 |
™ Area: 2333.12 |
2
150 @
Area: 2340.72
‘ \Hl 400 |
125 ’ |
|
100 | 300 |
» \
( \ 200
50 ‘
| -
| &
1‘ ™ Area: 13905
100 | ~
25 | >
| “ " Area: 946.348
| | ‘
0 [ \ \
/ I \
/ /’ \ [ __ S
\_/ \
—— L T N
25 }
] 8 min 6 8 min

t =60 min
Conversion: 32%, er: 58.5:41.5

Current Chromatogram(s)
LVWD1 A, Wavelength=210 nm of ATPWVII-2160.0

| mAU
{ 500
i
400 |
©
3
300 " Area: 3305.65
8
200 &
Area: 23526
1001 | \
|
a \
|
/
!
\
/ _r/_
. N -

6 8 min

t =100 min
Conversion: 42%, er: 58:42

Current Chromatogram(s)

LVWD1 A, Wavelength=210 nm of ATPWII-216E.D
mAU
800
] >
&
700 © Area: 7897.68
600 H
500 ‘ 1 ~
[N
B
\ " Area: 5759.79

] |
a |

|
-
“+

] I
- {

100 I
i /
] | \

S21

t =40 min
Conversion: 23%, er: 59:41

Current Chromatogram(s)
LVWD1 A, Wavelength=210 nm of ATPWVII-216C.D ]

mAU
500

400

1 Area: 2653.57

7.150

g

" Area: 1855.15

t =140 min
Conversion: 45%, er: 58:42

Current Chromatogram(s)

LVWD1 A, Wavelength=210 nm of ATP\VII-216F.D
mAU
500 ¢
400 3
TAM&:JOBS,AB
300 -
s
2
| " Area: 2932.5
200 ’ | ‘
\ |
i
I
|
100 \‘ | j
I
I}
an
IRy
NN
Py I | SN -

£
©
3
5
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ATP-VI-254C 400 MHz WB

LowgoTTNTon
SRaR 2EINCEaE
CORNMANNNNN A

N

S NIRRT

1a
T T T T T T T T T 1
9 8 7 4] & 4 3 2 1 ppm
Jik A AN RPARN
Bk g 5 gl
i g i I g
i oy P P
ATP-VI-254C exp 2 13C 400 MHz WB
.CO,Me
CO:Me
1a
T T T I I T T T T T 1
200 180 160 120 100 80 60 40 20 0 ppm
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ATP-VI-270C 400 MHz WB

7.262
7.219

T~—7.198

6.809

——6.830

PULPRCG
CO,Me SoLvant
CO,Me S
]
NS
OMe 1.0005356;
1b

CHANNAL Z1

10 9 8 7 6 5 4 3 2 1 ppm

I T I
o fo) (@ fa) (9
8 18 8 = e
IR bl ] el

ATP-VI-270C exp 2 13C 400 MHz WB

o o
3 & S
1 . S )
B Il : j
e 3 IaEs | = w =2 - nequisition 2aravetars
' d N o Date_ 20090426
Time 8.02

'h

COsMe
COMe e e
OMe

1b

20.00 4B
399.8415994 ¥z

2 - Frocessing parenelers
32768

1 27
SF 5398489 ¥z
EM
0
1.00 nz
0
1.40

T T 1 T
200 180 160 140 120 100 80 60 40 20 0  ppm
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ATP-VI-230C 400 MHz NB

Currenl Dala Paramclors
= AT:

4.316
4.292
4.269
3.772
3.292
2.703
2.697
2.675
2.652
2.647
2.611
2.587
2.563
2.538
2.513
2.314
2.290
2.263
2.241
2.201
2.197
2.175
2.153
2.131
2.124

) S Ve

COMe
CO,Me

WoW Eb
538

PC

10 9 8 7 6 5

305

ATP-VI-230C exp 2 13C 400 MHz WB

Current Data Paramet.
o a1Vl o2

J o B — EXENO 2
83 =2 a5 & oo

! . o5 b FROCNO

Sa S g ?

=8 @ a

F2 - Aequisition

.CO:Me
CO,Me

0. 5
0189999598

1
Br
1c

CTRIMET, £1

o
200.519802C ¥

MIEL 22

T T R T T
200 180 160 140 120 100 80 60 40 20 0  ppm
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ATP-VII-100C 400 MHz NB

NOMWOMWA A S0 W OO0 ™
WO A~ SN0 SN O™ " -
NS00 oo COMONNNNNNOOOO EXPNO 1
N 16166606 e e B R R RN ENERESENPSIPSFRPNEN
MeQ,C
MeO,C
P
T : T T AN T ] T T T T
10 9 8 7 6 5 4 3 1 ppm
el i |
1SS i i
ATP-VII-100C exp 2 13C 400 MHz WB
o]
MeO,C Me
$1
MeO,C
i T T 1 i i i i T 1 1
200 180 160 140 120 100 80 60 40 20 0 ppm
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ATP-VII-041C 400 MHz NB

Currant Dala Paramsiors
ATP-VTT-041C

7.262
582
568
543
530
524
521
511
486
473
243
228
214
199
184
699
363
345
327
058
051
037
031
018
006
983
981
964
950
946
930
925
879
212
196
z

Acquisition Parameters
= 20080419

OH

MeO,C Me

s2
Me0,C

L r

10 9 8 7 6 5 3 2 1 ppm

282 .
100

ATP-VII-041C exp 3 13C 400 MHz WB

o o |
@ & NS@ o G io

. now oo
@ I ] o
S a N P

OH
MeO,C, / Me
82
MeO,C
f ] 1 1 I T T 1 i T T T T 1
200 180 160 140 120 100 80 60 40 20 0  ppm
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ATP-VII-028C 400 MHz NB

OWHAO AL ANDA> T ARASOWAHINOATOOONNOVOO>HMMELWO AT DLW D > A
CROOTITNMNHRARNDEIDIDRNODTNEEIDO TN ANNO0R DM N M RO N
OO OONNNAAAAAAAT D DODONNNEEOOOMOAA000O0NNO0 0 S
DD DO MOOMOOMOOONNNNCNN A A A A A A
OCO,Ph
MeO,C, Me
83
MeO,C
CHAKNEL =1
st 32760
v
o 1
553 0
i 9.25 iz
or 0
pC 1.00
‘/
H’J ‘»l ﬁ
S B A LI |
T T T T ) T ) T T ) T
10 9 8 7 6 4 1 ppm
P | TR
LR TRAY | HE
foig { il
NN | S ey
iedied | HEEHREY

ATP-VII-028C exp 3 13C 400 MHz WB

Carrent Lata larameters
™ ATP-VII-028C

OCO,Ph
MeO,C, / Me

Me0,C

- CHANNEL £2
waltzls
1

E
90.0C uses
ENI

T T [ ¥
200 180 160 140 120 100 80 60 40 20 0  ppm
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CO,Me
CO,Me

Me

1d

ATP-VII-040C 400 MHz NB

Dala Paramelers
ATP-VTT-0£0C

L
1

F2 - Acquisillion Paramciers

Pate_ 20 5
me

ZKSTRUM =p

PRCBED 5 mm IXI 13C

PULS

9.95 usec
0.0 a2
400.0923618 Mz

i

5 S
25 Blg)
sl R

.COMe

CO,Me

Me

1d

ATP-VII-040C exp 2 13C 400 MHz WB

Current Datz Paramete:
ATP-VII-04

Zx2N0
2ROCHO

o n

CHMMEL

200

180

160 140 120 100 80 60 40 20 0  ppm
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ATP-V11-147C 50U MHz

w0 e o NI MO O HNNMO OO ®©
JSaTL ey P R R Ry R R R R AN R B
SRASIAIN EAA R NS SRRy e R BV i
A e TMAN NN NN NSNS SN NS S
WCOH
COMe
7]
N
(+)-S4
i ]
T T T T T 1 i 1 i T T T N
10 9 8 6 5 4 1 ppm
Iy
g
fei
ATP-VITI-147C exp 2 13C 500 MHz
P = Loo
9 2 Gk 2 2 3
N 5w 2
3 SR R
S R 308 2

JCOH
CO,Me

TE 93.5 K
D1 £.00000000
air 0.03000000
DELTA 0.8959995
CHANKEL £

*)-54

c.co
125.7705162

CHANKEL [2
wallzls

H
00.00 usec

oo
Be8

a.00
500.1320005 Mz

L

T T T T T
200 180 160 140 120 100 80 60 40 20 0  ppm
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ATP-VII-153B exp 2 400 MHz WB

N ANHTCONOVWNAC VT AVDOVOT ANV YWOSOEH NN T ANWWO®NL®M TN
PDOONAOOPNON TP OTOADAIDNOOOOOONOODMOODO T OISO TNO
NANNNNNANAEOONONAFNOVONDNNNAATAOODOE R~ OOOONMNOOOOS
CEE SIS TONNNNNNNNNNNN A A A A A A A A o o

0
COMe

(-)-s5

0.972
0.937

R—0.920

0.893
0.885
0.852
0.834
0.734
0.716

TRUM
PROBID & rmm QNP
PULPROG

D
SOTVENT

00.0 X
D1 1.00D0C00D sec
DO 1

—— CHANNEL f1 ——
NUCL 1H

0
srO1 3998424924 MHz

- Processing parameters
32768
299.840006% MHz

o -
= = o oo
Sa ! T
= 5 e

Bl

e} Me

()85

200 180 160 140 120 100 80 60 40

S31

20

ppm

Correat Dat

2 2arameters
raMz AT2 VII 1538
EXENO 1

FROCHO
F2 - Acquisition Parzreters
Date_ 20090623
Time 5.32

spect
5 ommoQue 18/
30

0.0 K
1.00000000 sec
.03009000 sec
0.89999298 sec

CTANET, 11

0.00
100.3£99020 Miz

CEANNEL 12
walt

90.00
0!

20.00 &
399.8£15994 Mz

T2 - 2rocessing paransters

ST 768

sF

wow

ss5 3

1B 1.00 Ez

GB

B 1.40



ATP-VII-161C exp 4 400 MHz WB

Current Dala Paran
ATP-VI1I-16

OMNENOOWOOTNOOHONNMEWITAIMNHOTNDNREONOONWAHT OSSN AP TENOO)MN AT T OO
HO~ O AOEOFNTODNNOETFTNDNDOTNANOTNONNHODNNOHOOO T = WWMS T =L O
MNMANANNNNNEEOMOONT OO OOANNNNAAATOONDIOTNOWOEWOWO ST TONOONHND0E® ™
SIS TITONNNNNANNNNNNNNNAAAAAAAAAAAAAAA A AO OO OO OO
l\fle
s
Me' !
e} Me
u
v
0O 300.0 K
1 .00000000 sec
COzMe D1 1.000000C0
(+)-S5

399.8400067 Miz
0

0.30 Kz
0
1.00

10 9 8 7 6 5 4 3 2 1 ppm

ATP-VII-161C exp 6 13 C 400 MHz WB

e} Me
0
COMe
(+)-S5
I T 1 T i T T i i T T T T 1
200 180 160 140 120 100 80 60 40 20 0 ppm
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ATP-VII-218A DMSO 400 MHz WB

o
w0 OO~ < T~ N ON AN OANANOODOATAMON TN A
[1p] W N —H OO0 ™~ OOWWOWTANDTNOONIDNO® W
. AN N NN A A NA AT ONNNNAAAAOO
— Ll o o e e S L ol T NN NN NN NN NN NN NN
LCOH

COLH

56

Sy

10 ppm

urrenl Dala Parame.ers
NAME ALP-VLL-,
THONO

ZROCNO

- Acquisition Par
Date_ 200907

6218,
0.189786
2.6345

768

3276
99.8400000 MHz
EM

0
0.30 Ez
0

1.00

ATP-VII-218A DMSO

COH
CO,H

e
210
PROCKO

- Acquisilion Parsmeiers
e 20080729
5.

™
SOLVENT
s

Wi

200 180 160 140 120 100 80 60 40 20 ppm
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ATP-VII-094C 400 MHz WB

WO N O NOLNMSETFTODOMMSEAONW SOOI WWrESMOMW M
D MOo DR~ TN HOOERNO R OODWANRND T T AOD DT MO
MM AN AO HOOWOWWYWOOUNMEWOMMMANAAAATO OO OO
~-~Sres 0w O TTONOMNNNNNNNNNNNNNNNN A A
CO;Me
—CO,Me
MeO 2a Me

—— . - .
10 9 8 7 6

ppm

Current Data Paramaters
NAM ATP-VII-094C
1

1

n ameters
20090427
1.3

spect
NP 1H/1
930

CEANNFT

Preoces

LO;Me
CO,Me
O
MeO 2a Me

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

S34

ppm

20,00 dr
5702 399.8415994 MHz

cssing parameters
o8




ATP-VII-094C exp 2 NOESY 400 MHz WB

—

=

o

©
3

current

N
(=]

NAME
H @ EXPNO
PROCNO

MeO,C M0 OMe 8

F2 - Acquisition Parameters
e 20090427
7.40

N
o

w
(<]

w
(3]

by
(=]

o
(=]

o
(3]

o
(=]

B .020 ppm
FnMODE states-TPPT

Processing parameters
024

4
(3]

399.8400049 MHz

N
(=]

N
(2]

||||||||||||
e
(3]

®
(=]

L ey B B L L B L L

80 75 70 65 60 55 50 45 40 35 30 25 20 ppm
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ATP-VII-091C 400 MHz NB

NN ATANNAANOO AT NOMOND WA AMONDOONDINDN—TAOOTTTOOOO A0~ ON
ANrHANOOTNOETOMEHOANNDTDNOOXATONAT T OMNNONNOINF~WOWITMNHOO™ONNNO
WTONONONONNAAATNOAOOODOEOFFLOVWOOOMMHMOHOANNNAAAAAAAD O A T
0O OOONNNNNNNNNNNNNNNNNNNNNN A A A A
b2 - hoguisition caramerers
/%/\\\, N% e oozl
. I
|| | ) | r
| | i Wl ! ik
AW L R AL LS. T SR

10 9 8 7 6

RN !

(olainial | i |
KUK S i S
ESESES RN | el |

ATP-VII-091C exp 3 13C 400 MHz WB

© c = )
Q L N ) : 8%
5 o s % R o .
I SOnnaNsN o ~ 8 a3 7
S TROM
FronD
H ‘ \wf FULPROG
™
sorvm
COyMe
=COMe

9.0300000C se
9.89999998 s
1

i T T T 4
200 180 160 140 120 100 80 60 40 20 0  ppm
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e,

ATP-VII-093C exp 2 NOESY 400 MHz WB

LAl L [

nOeCH

o) OMe

MeO,C
MeO,C
2b Br

3.0

3.5

-4.0

4.5

5.0

55

6.0

6.5

7.0

7.5

80 75 70 65 6.0 55 50 45 40 35 3.0 25 20

S37

8.0

Ppm

Current Data Parameters
NAME ATE-VII-093C
EXPNO 2

PRCCNO 1

GPNAML
CPNAM2
cpzl

crzz -40.00 %
P16 1000.00 usec

Fl - Acquisition parameters
Do

FrMODE

2 - Processing parameters
a1

SE 3995200049 Mz
WowW QSINE
S 2
1B 0.00 Hz
B 0
PC 1.40

Fl - Processing parameters
T 10




ATP-VII-104B 400 MHz NB

Data Paramet:
AT

D

0B

siLion ParamoLs
2

v S

0.00
200.0923618

F2 - Processing param:

327
409.0900037 MHz
i)

a0

SN S N § U O ¥ S

10 9

ATP-VII-104B exp 3 13C 400 MHz WB

rent Data Parameters

@ O oL 0 0 5 o -104n
e | TGO LN o o I
5% By @ 56 0
9 T . 8 & 6w PROCNO !
S S o) : e
=8 < RN RPN < o o F2 - n
[ SEIDANIONNONNN & & Wi ] boee
INSTRUM
PROBED
PUTPROG

SOLVENT

28 usea
0 an

0.0
100.5£99020 sz

CHMMNEL £2
walt

200 180 160 140 120 100 80 60 40 20 0 ppm
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ATP-VII-104B exp 2 NOESY 400 MHz WB

——

nOe(H

MeO,C o]
MeOZC
2c

Br

g.

cur
N

rent Data Parameters
IBME ATP-VII-104B
2

g
o

1

g
o

w
o

NS 4
DS 16
SWe 410 Hz
FIDRES 55 Hz
0 104 sec
35 &
] - oW L500 usec
o DE 6.00 usec
¢ ao

oy
(=)
23

0.00024960 sec

64
0.39890000 sec

o
o

o
o

Fl - Aequisition paransters
D0 1
D

o
o

o
)

N
o

Fl - Processing parame
1 1024
States-T2PT
399.8400042 Mz
QSINE

2
0.00 Hz
0

R L o T
>
o

U D N N U D I B 8.0

80 75 70 65 60 55 50 45 40 35 3.0 25 20 ppm
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ATP-VII-105B 400 MHz NB

Data Paramclers
ATP-VTT- 1055

squisilion Paramelors
200

7

400.0923618 ML

ing parareter

104
645

@

S22
1.40

QN
2288 [Ephphpupa}

LN WO

141

1
13
1

Data_ 20090502
T )

5 oone

_—— 169.618
T 168,

2gpg30
32768

0.c0 dn

2000 dn
5998415994 Mz

Processing parameters

100.53985
:

T T T 1 ]
200 180 160 140 120 100 80 60 40 20 0  ppm
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ATP-VII-105B exp 2 NOESY 400 MHz WB

ke,
o
3

| n e

|||||||||||||
o
o

os

@
A g
(3] (=]

w
o

'
(]

»
(<]

=
()]

o
(]

o
(=]

i
(3]

N
(<)

N
)

| | | | | | | | T | | T T
85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 ppm
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ATP-VII-066C 400 MHz NB

HONHNSH HMNNOOASN FTANNDWOONDHODINNDWOWIDNNODOELDS LT HOMOON Currenl. bata Pararctoers
NHEODN AN NOOOPOOUNTADOAVDLTIITNAOXCDITNOXEOTTNNADDO OO DD NAM ATP-VII-066C
LOLLITNNNNNANANNNE QO NEEEEEENNMNONN A HO000o e Wi 1
CEEC NSO ST TOMNNNNNNNNNN NN NN N NN NN NN NN N A .
Tz - Acquisizion
Date_ 20
INSTRUM
5 mm Tx
COMe
—=CO,Me
[¢)
2e CF3
CHAKNEL,
I -
/
R — UL Y
T T T T T T T T T
10 9 6 5 4 1 ppm
I il R
. SN
[ o byt
I e
e iedlest
ATP-VII-066C exp 3 13C
Carreat Data Parar
o - R, TP
&0 = o ox E
S & 3 28
o = o
=3 < @ o 20n P
[t B & o0
21
P moowp
PULPR0G 2
soLvant
COMe 1S
CO,Me
)
2e CF3

200 180 160 140 120 100 80 60 40 20

ppm

S42

T2 - Processing par
T

100. 54

CHANEL [
walt

“3000 4=
I

20,00 dn
399, 5415994 MIIz

anetars
32768
100.5398482 Mdz
Y
0
1.00 Hz
o

1.40



ATP-VII-066C exp 2 NOESY 400 MHz WB

b

MeO,C

2e

&

nOe(AH

MeO,C

e o o o s A~ W 0 Db
n © »u o »u o »u o u

N
(<)

80 75 70 65 6.0 55 50 45 40 35 3.0 25 20

S43

Current Data Paranete
ATP-VII-06!

C
S
1

F2 - Acquisition Parameters
Date_ 20090415
Time 21.27

3
SFOL 399.8417993 MHz

GRADIENI CHANNEL
1

DO

D 1

SFOL 399.84
FIDRES 31.300079 Hz
s 10.020 pom
EnMODE States-TPPIL

F2 - Processing parameters
3 1024

s. 2
sE 399.8400051 MHz
WD 0sT

SsSB

1B

GB

BC

Fl - Processing parameters
1024

M2 States-TPPT

R 3998400051 MHz
WDW osL

SSB

LB 0

GB




ATP-VII-101C 400 MHz NB

O MUOUEAONTAND AN ONOENANWOOHOMSOITMWMOIT WO ALNNOO ™
N AANOITMNATOTAN ANWONNDOVOONTVWOOWDNANEO TN —NODWWINWWIM
TLITONONNNNODO AQVOOO~ONFETVOVOVONMNMNNANAAA AN D
OO DI TONONONNNNNNNNNNNNNNNNNNNNN A A A A .
:
COMe
COsMe :
o RC 45,
2f OMe TE 296.0 K
DI 1
I I

10 9 8

[+2]
o e -

100

\

CHaNNEL £1

25 usec
£.00 d8
100.5496020 Mz

AT,

32768
1005398496 Mz
B

0
1.00 #z
o

1.40

T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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ATP-VII-101C exp 2 NOESY 400 MHz WB

o Current Data Parameters
o 2.0 [N ATP-VII-101C
3 2

1

nOe(H

MeO,C o 2.5

MeOzC
2f 3.0

OMe

quisition Parameters
20090501

6.4

spect

S mmooNe  18/1

noesygpph

2013

3.5

4.0

4.5

5.0

4
1000.00 usec

5.5

Fl - Acquisition parameters
NDD 1

6.0

sw
FnMODE

F2 - Processing parameters
6.5 ST 1024
- : 399.3400000 MHz
. QSINE
2
0.00 Hz
0

1.40

Fl - Processing parameters
10

e
12 States-TP2L

a . sF 399.8400000 MHz
— 7 5 WOW QSINE

2
1B 0.00 Hz
0

| | | | T | | | | T | | 8.0
80 75 70 65 60 55 50 45 40 35 3.0 25 20 ppm
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ATP-VII-082C 400 MHz NB

OHOOAXODAA T O OO IO NNVODNOANOTNNEOONOEOXENTONOO VWO OWOWMALWN
AN ANNAOOTNOOITNNOOAACTANNAATOODOWNNNONMNDOWNINDNHNANOIDNANNNNO DN
NA A A AA A0 T ITTITITONNDNONNDNNONNNTOEOEEEEETNMOONNAdAAA000 0000 FRH;‘O 1
oo~ DT OONNNNNNNNNNNNNNNNNNN NN A A F2 s
- Bequisition Paramec
D N 20090424
Time 5.2
INsTRum
PROBHD 5 C
PULPROG s
soLvENT
NS
CO-Me s
; swn
COyMe FIDRES
RS
o W
bR
2 IE
9 Dl
NO> e

£1

0.00 4
100.0823618 Mz

F2 - Processing parameters
s1 32768
ST 400.0200032 Mz
wow b
S o
e 0.25 Hz
ce o
rc .00
c - J '
U Y ] U s
T T i T f T H H i T
10 9 7 6 5 2 1 ppm
i JU IR
c:‘:; fal s iy
s ISP Ly
© fai i i
ATP-VII-082C exp 3 13C 400 MHz WB
Current Data Parameters
B - e :Tl1 082¢
© 3 . - o 3
© =] deNgs o 2ROCHO 1
2% EEEEET ROy s S - heausition 2erasiess
- 20090424

——32.618

COMe
=CO,Me
O
29
NO>

£.03000000 sec
€.89999998 sec

HANEL £1

211 !

B 108.5199020 Mz
— chK

cropre2

e

20,00 &
369.8475052 Mz

T2 - Processing pazaneters
s1 32758
ar 100.5398£74 MT2
WoR B
353 0
1B 1.00 Hz
B 0
2 1.10

T T T T ’
200 180 160 140 120 100 80 60 40 20 0  ppm
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ATP-VII-082C exp 2 NOESY 400 MHz WB

J_A_A_Jl}(ll j M M_,,,\_N_L ppm

— 2 o Current Data Parameters
noe H - NAME P-VII-082C
EXENO 2
PROCNO 1
MeO,C (e} © 8. Log [ rewisition taraseicrs
Time 6.40
MeO,C 2 =

29 NO, 3.0
. 3.5
4.0
4.5

5.0

GRADTENT CHANNEL

- L 55 SINE.100
- 2 SINE.100
Gpz1
Gpa2
P16
L 6.0  r - cousicion paranccers
DO 1
D 115
sEOL 399.3415 MHz

FIDRES 34.833348 Hz
e 10.020 ppm

6.5 Mo scaetlinit

¥2 - Processing parameters
2

SF 399.8400042 MHz
70 5 sz
588 2

LE 0.00 Hz
0

S 4 s -

Fl - Processing parameters
024

8.0 &t

B I L N L R L L B B N L B B 85
85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20 ppm
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8.149
8.145
8.129
8.125
7.448
7.431
7.369
7.365
7.351
7.332
7.313
7.296
7.293
7.284

ATP-VII-088C 400 MHz NB

OTMNNHAS O AN
©~0ON—HO OO ©
NN NN NN NN A
e ol e

5.309

~
o
=

Bl

o~ ~
~ I
© ©

=

o~

4.700
4.679
3.683
3.632
2.652
2.644
2.631

2.609
2.602
2.592
2.008
2.000
1.992
1.982
1.973
1.965
1.957
1.873
1.858
1.845
1.839
1.830
1.823
1.816
1.810
1.801
1.795

= R s

NAME
XPNO
2R0CNO 1

2 - Acquisition Parameters

Dat 20090421
Time 6.26
spect

ac

Cl
2h

%

Q
i}

W/

126.196

121.78

400 MHz WB

e1.021

51.887

T
180

T
160

T
140

T
120

T
100 80

S48

60

40

20

ppm

Current Data Parametars
NAME ATP-V11-08EC
=x210
2ROCHO 1
=2 - Recuisition Parameters
Data_ 20090424
INSTRUM spect
SRODIT 5 mm OFP 1077
2UTPROS 2qpg30
32788
SOLVENT coo
s 1014
2
2398081
3 az
0.6832628 sec
297
20,820 usec
6.00 usec

300.0 %
00020000 =.
0.03000000 =
0169939968 s

CHANNEL £

399.84

15992

Processing paransters
32758

100.5398489

B

0

1.00

0

1.40



ATP-VII-088C exp 2 NOESY 400 MHz WB

e -

P W w0 N
o v o

&
o

N o o9 o
o » o

N
o

|1|||||||||||
o
o

|
85 8.0

| | | | T T T T | | T T
75 70 65 6.0 55 50 45 40 35 3.0 25 20

S49

ppm

Current Data Parameters
ATP-VIT-D88C
2

1

00024960 sec

64
39890000 see

5
HhE
5

CEANNEL f1

- Processing paraneters
1

Fl - Processing pa

states
399.84




7.491
7.473
7.440
7.422
7.374
7.356
7.337

ATP-VII-057C 400 MHz NB

7.316
7.299
7.280
7.262
7.246

5.173
4.705
4.699
4.676
4.671
3.692
3.555
2.725
2.717

2.710
2.692
2.684
2.676
2.381
2.370
2.348
2.337
2.315
2.304
2.171
2.161
2.137
2.128
2.107
2.098

2.075
2.065
1.980
1.972

1.954
1.946

TR NN T

= Data Paramete.
ATP-VII-057C

2.00
= 400.0923618 MHz
T2 - Processing parametsrs

52168

200.0909040 MHz
=

o
1.50 Hz
0

1

10

W

106

171

e RS IERERICS

S
PR

13C 400 MHz WB

©©omn o ox
NEL D L 2w

NomEw 0 o <
SR NN A o F

|

200

180

160

T
140

120

T
100 80 60 40

S50

20

ppm

Carrent Data Parameters
VII-057C
1

1

T2 - Acquisition Parareters
e 20090475

PROBED
PULPROG

SOTVENT

0000000 se
'

.03 sec
085993998 sec
1

CHRMNEL £1
130

.00 4B

005653020 WFz

99.00 usec
~3.00 dn
16.72 df
20.00 d5
399.8415994 MEz

T2 - Processing parameters

uEz



ATP-VII-057C exp 3 NOESY 400 MHz WB

Wk N
nOe (" H 8

H
MeO,C o )

o
°
3

Current Data Parameters
NAME ATP-VII-057C
EXPNO 3
PROCNO 1

g
o

F2 - Acquisition Parameters

25 X T

INSTRUM spect

MeOZC »® RoSD 5 oNp 1E/1
BULPROG noesygoph

2 - o
3.0 o

16
4006.410 Hz
1.956255 Hz

0.2556404 sec

124.800 usec
6.00 usec

0.00011296
1.50000000
0.80000001
0.00010000
0.00024960 sec

0.39890000 sec

—= CHANNEL f1 =

9.
18.

GENAML
Gl

122
399.8418 Miz
32.839428 Hz
10,020 ppm

States-TPPT

o
o

F2 - Processing parameters
sI

o
o

1024
399.8400032 MHz
OSINE

2
0.00 Hz
0

1.40

Fl - Processing parameters
ST 1024

w o

LS L L L L B Ly B L B L B L B B B

80 75 70 65 60 55 50 45 40 35 30 25 20 ppm

~
o
v Ey
28
wE

©

©
o
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ATP-VII-097C 400 MHz NB

CONTNANENANARONNOEIONHOTOEONTNNOD MWW NN MDA [~ u

DWNOTNSOTNOO®M OO T AN WO HOONOMNWOWEMSNMHON NN O ® NALE
MOANNEEEEEOOONNVNODDNCSOVOLIWY =00 E®®©®®®™© XN
CEEENOOODOODODOOOVOWOODTTITNNNNNTNNNNNNN A A A A A A A A

2 - Acquisition P

B
Date_ 2
Time
INSTRUM
PRCBED 5 mm TX

PULPROG

T —4.030

e W 2

10 9 8 7 6

1 Jy PRAN A
ﬁ@;é} {w;c\; @9 {3}
&= & Sie 15
NI B fedjed i
ATP-VII-097C exp 3
R . -
@ oo o o o Parameters
3 Bl S0050.
K
apset
5o awe TR
2apaso
3o
dnels
oo

CO;Me

2
23980.814 7
0.73

.731836 Hz
0.6832628 sec
6384

0 se
0.89993998 e

CHAMNEL L7

0.00 cB
100.5199020 MEx

CHMMNEL L2

20.
399.8475994 MEz

cessing parameters
s 32768

100.3398£74 MEz
[

0
1.00 Kz
0

200 180 160 140 120 100 80 60 40 20 0 ppm
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ATP-VII-097C exp 2 NOESY 400 MHz WB

gl e

ke’
o
3

nOe(H Ba

g
o

MeO,C A0 \
MeO,C ®
2

N
(]

w
(<]

w
(3]

by
o

P
()]

o
o

o
)

o
o

o
(]

n
(=)

& .

N
)

e B B e BB B L L R

©
o

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

80 75 70 65 60 55 50 45 40 35 3.0 25 20 ppm

S53

Current Data P
NAME ATP

EX2NO
PROCNO 1

o

o
PROBHD 5 mm QNP

PULERCG noesygpph
b 2048
SOLVENT cpe13

NS 1

DS 16

sWi 4006.410 Hz
FIDRES 1.956255 Hz
a9 0.2556404 sce
RG 12.7

oW 124.800 usec
D 6.00 usec
= 00.0 K

00011296 sec
50000000 sec
80000001 sec
00010000 sec
00024960 sec

0.39890000 sec

CHANNEL £1
1H

9.30 usec

18.60 usec

-3.00 ¢
399.8417993 Milz

GRADIENT CHANNEL =====
STNE.100
SINE.100
40.00 %
-40.00 %
1000.00 usec
Fl - Acquisition parameters
NDO 1
™ 85
399.8418 MHz
FIDRES 27.134239 Hz
s 10.02D ppm
FrMODE States-TPPT

cessing parameters

399.8400000 MHz
OSINE

2
0.00 Hz

0
1.40

F1 - Processing parameters
1024

M2 States-TPPL
a7 399.8400000 MHz
OSINE
2
0.00 Hz

0




ATP-VII-126D C6D6 400 MHz WB

o
©
=

—

1.978
1.955
1.945
1.922
1.912
1.581
1.577
1.571
1.547
1.543
1.537

Current Data Parame

NAME
FXPNO
PROCNO

v
Date_
Time
INSTRUM
PR
PULPROG

D
SOLVENT
NS

ATE-VTT-126D
1
1

- Acguisition Parameters

2009

5 mm QNF

300.0
1.00000000
1

(i

.
»

1.08
15

e

108

Proce.

CHANNSL £1

8400467
EK.

135
2.107

38
5.

___—52.504

Date.
Time

T T
200 180 160 140 120

S54

- hequisilion
2

amete:

3

a
s

20.00
5. 8115991

ag paramete
2768




ATP-VII-126D exp 2 NOESY C6D6 400 MHz|WB

nOe(H -1

s
5
NO 2
PRCOCNC 1
MeO,C (0] u L] me @ £2 - Aoquisition Parancters
7.09
MeO,C == seect
= 5 QNP 1H/L
Ph [ I ] «a@ s Lo ™ Reesvapen
2k e Be & 2028

Dl 50001
D8 0.8000 sec

D16 0.00010000 sec
- 0.0D024960 sec

1 399.8418 Mz
RES 40.881737 Ez
10.020 ppm
6 ODE states-TEPI

¥2 - Processing parameters
1 024

@ 99.5200457 Miiz
QSINE
2
0.00 B2
* 0
: v o s L0
'. . —7 F1 - Processing parameters
.
4 Hez States-TpyL
" sE 399.5200456 Mz
s “ o INE
’ 535 2
a 8 0.00 12
R 0

B U L L L N I D IR DR I 8
80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 ppm

S55



ATP-VII-114D 400 MHz NB

COANNE HHOOLMO AN HOOMNDD
LNOWHON NNODIMNDSM OO ML
NN A S SOOI 00 00N O
~ S ST OMOMOONNNNN N

Br 2

2.048
2.026
2.016
1.993
1.968
1.961
1.941
1.932
1.909
1.900
1.879
1.853
1.844
1.837
1.829
1.821
1.797
1.705
1.689
1.679
1.658

1.98

187

100

ppm

200

“urrent bata
AT

parameters

0
5341.880
3.16302L
3.0672283
40.3

327
400.0900032

B
0
00 1z

0
.00

ATP-VII-114D exp 3 13C 400 MHz WB

© om o
= ox x
B aa 3
@ RIS Qe
4 a5 3 RN

"o

O,Me
CO,Me

Tine
THSTROM
PROBED 5
PULPROG

o

200 180 160 140 120 100 80

S56

60

40

20

0 ppm




ATP-VII-114D exp 2 NOESY 400 MHz \B

LL

A _ A
0] ﬂ-
nOeC H .
. o B .
MeO,CA—+0 Br g
MeO,C = é .
21 Me -
= [ ] [ 31
% ® # . . .
- " ] P e

| R

|
80 75 70 65 6.0 55 5.0

45

4.0 3.

S57

|
5 3.0

25 20 15 1.0

ppm

Data Parameters
ATP-VII-114D

F2 - Acquisition Parameters
Date_ 20090516
Time 7.47
INSTRUM

PROBHD 5 mm QN2
PULPROG foe

e 10.020 ppm
FnMODE states-TPPI

F2 - Processing parameters

399.8400058 MHz
OSINE

0.00 Hz
0
1.40

Brocessing paraneters
1024

states-TPRI
399.34DD058 MHz
QST



ATP-VII-111C 400 MHz NB

Currer & Pararclors

O @ N EEEHTONTFOADODSIDOMDADOIN NN A NODN Pala Pars s
~ < ~ 0 AP OTOEMNHOE TN O®EOD NN DM OM D~ D~ NAME AT2VIT 111
NN o TOMOOSEOO0DOOO0MM®MMEWVWVIWWIWOLIDNN ® EXPNO !
PROCKO

~ © THELONONNNNNNNNNN A A A A A A A A A Ao O

i s

CHANNEL 1 ==
1

i 0 ppm

<l
1O
feit
ATP-VII-111C exp 3 13C 400 MHz WB
T T T T 1 T T T T T T 1
200 180 160 140 120 100 80 60 40 20 0  ppm
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ATP-VII-111C exp 2 NOESY 400 MHf WB

L) : e

noqu

MeO,C o) OMe
MeO,C - o @ -

. [} ’
o .
e B I e o o o B M I e s s s I

80 75 70 65 6.0 55 50 45 4.0 35 3.0 25 20 15 1.0 05

S59

ppm

Current Data Parameters
NAME ATP-VII-111C

PNO 2
BROCNO 1

£2 - Acquisition Parameters
Date, 20090507
Time 7.1

124.800 usec
6.00 usec

300.0 K
0.00011296 sec
1.50000000 see

0.8000000L sec
0.00010000 sec
0.00024960 sec
64
0.39890000 sec

= CHANNEL ©1

1000.00 usec
- Acquisition parameters
0 L
105

399.5418 MHz
38.156288 EHz

- Precessing parameters
1024

3998400054 MHzZ
OSINE
2

0.00 Ez
0
1.40

- Processing parameters
1024

States-TPPT
3998400054 MHZ

2
0.00 Ez
0



ATP-VII-108C 400 MHz NB

— NN DO NMEEEHANONHOMODOMAETHOMN>™MANWONHND®RON tEaiﬁPE}VWEtEFS
=MW~ 0 WOOVOOWETNNNEENDNONWOOONHN®OIONDN©O O™ ATP-VII-108C
[RRUESESEN] TITODREOONOOOOD G GO W ® MO WOWWOONMMNHM®© sxero !
== TFTTOOMNONONNNNNNNNAAAAAAAAAAAAAAA A A O
£2 - Requisition Parameters
ate_ 20090507
5 m
5341.6
0163021 k2
3.0672263 sec
[} Me £0.5
600 usec
= 6.00 usec
2n 2 295.8 K
1 1.00000000 sec
T
400.092361€ 1z
T2 - Processing perameters
T 52768
400.0900025 pHz
1
©
1.00 kz
1.00
\ h
I i l“\
¥
I \
| U
J it AN
T T T T f T T
8 7 [+ 5 3 0 ppm
L I \
S {oa! )
19 S &
iy o (&Y
ATP-VII-108C exp 3 13C 400 MHz WB
Current Data Parametors
oo ° %0 A VIl 108
e =1 298 amnme wmcmo o 3
33 E Zas EREEE] 83638 & H
Vol o = e HR R i
=3 B J8Q Nores Sdgda @ T2 - Acquisition Parameters
55 3 Rpap S8 = SHISY 2 avo0ats
‘ 5
COsMe
=Co,Me
O Me
2n

0
100.5493020 Miz
CHANNEL 12
ualtz16
0

90.00 uses

200

T T T T
180 160 140 120 100

80

S60

60

40

20

ppm



ATP-VII-108C exp 2 NOESY 400 MH

WB

N -

w

(3]

[=2]

LR B B B B L L B L L S B I
=N

nOe(H
MeO,C O
MeO,C
2n Me
~
;
-
——
H T

8.0 75 70 65 6.0 55 50 45 4.0 3.5 30 25 20 15 1.0 05

S61

ppm

Current Data Parameters
NAME A

EXPNO
PROCNO

F2 - Acq

= GRADTENT CHANNEL
GPNAML 00
GPNAM2 NE. 100

Gprl 40.00 %
GPz2 40.00 %
216 1000.00 usec
Fl - Acquisition parameters
NDD 1

™ 111

SFO1 399.8418 Miz
FIDRES 36.093784 Hz
B 10.020 ppm
FnMODE states-TPPT

5 mm QNP

CEANNEL f1 =

VII-108C
2
1

ition Parameters

20090507
5.15

spect

/1
noesygoph
8

1.956255 Hz
0.2556404 sec
512.7

0.00024960 sec

64
39890000 sec

3.00 dB
399.8417993 MHz

¥2 - Processing parameters

sT
ST

399.8400057 Miz
OSINE

2
0.00 Hz
0




ATP-VII-125C 400 MHz NB

Pata Paramolers
ATP-VTT-125C
L

1

£2 - Acquisition meters
20090516
7.10

COMe

—CO,Me
o Me
% Me

11

2.0
a.a0
400.0923618

=2 - processing parameers
32761

wonchh
=)
©
o
~
o
o
B
@

2507
494~
357,

594

ATP-VII-125C exp 3 13C 400 MHz WB

@ o © ey e
Jeps 5 gea s n9ng oo e - nw EXPHO
g & a8 5855 SEE IS v
i ! (e % 382 {85 N ES FROCYO !
3 o @ ] 1 g .
8% <@ IxR o o @ o Sa 2 - Acquisition Paramelers
s 3 RRR ERANNS SRE &2 e Sonanans
COMe
=CO,Me
Me RS
o} oW
Dk
Me &
20 1
11 0ln300000
DELTA 0139939998
0 1

M £

106

ANNEL £2 —
waltz16
1E

Processing parsnecers

100.5393485 Mz
£

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

S62



ATP-VII-125C exp 2 NOESY 400 MHz WB

. A A ppm

nOeC H s : g [1 Current bata Paramecers

NAME ATP-VII-125C
EXPNO 2
-] PROCNO 1

MeOzC (e} F2 - Acquisition

T . e_ 2

MeOC Me ) .
e s -
20 . B 2
"
£ -] B

-7 Fl - Processing paransters
sT 1024
2

—— -]

B N N U U T L R N N DA DR DM I B 8

80 75 70 65 60 55 50 45 4.0 35 3.0 25 20 15 1.0 ppm
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ATP-VII-127C 400 MHz WB

Currer =
NAME ic

CAMANNXOAMNADVONOAATOOETTNMANNOTONTAOMM TS OO OWO®EIDWYMOTID EXPNO 1

NAC O TOOTNONANANNXXEODTNAODTANANOSOONON~OT AT A>T A PROCNO ]

NONNNNT T ITIEEEOONNNO00O0COONNNNNEREREOOOLOONNNNAAAAAO OO OO

eSS TONONONNNNNNNNNNNN A A A A A A A A A uisition Parameters

200905

5 mm QNP

ing paramcters
32768
339.8400075

EM

1.00

wd
o
8

10 9 8

;

2/

358\

128

2 3o m o
It} 2E0 =
H N
o @0 N
B R ©
4 S9N = frapapv sipy

o & < B
! TEE S b
T
UL
™
SOTYTNT

O-Me
CO,Me

2p

200 180 160 140 1 20 100 80 60 40 20 0 ppm
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ATP-VII-127C exp 2 NOESY 400 MHz WB

=
=
k]
]
3

1 Current Data Parameters
NAME ATE-VIT-127C
2

MeO,C o)
MeO,C

|
%
o S

-3

INE.

SINE.100
20.00 %
40

(3]

114

118

MHzZ

8400050 MHz
0STNE

2
0.00 Hz
Q

~

S U N L D N A U N DL L DL DL DL B 8

80 75 70 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 ppm
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ATP-VII-121E CéD6 400 MHz WB

Current Dala Parameler
NAME ATP-VII-1215
OCHLOLNIVAATT AANDOVOMNONEPOOINEACOTOVOOATOT ADINE AN NOMONON D EXPNO 1
VOXINNNAOTNNROITNN AOOA=OVNTOONDTNNOMN ANEITANEONWE )T ® OO O DROCNO 1
HOOLDODANANE NN OVOVOOONAAAATOOOOCODOOWOIWTTITNMMONMMNEN NN OO D
COLOONMAMNMNONNANNNNNNNNNNNNNNNNNNAAAAAAAAAA A A A A A A A OO O

¥2 - Acquisition
e_ 2

200

Time
TNSTRUM
PROSHED 5 ram QNP

rocessing parameters
51 32768
SF 399.8400468 MAz

10 9

T2 - Accuisition P

Da:
Tare
LIS TR B
PROBED 5 mm QN2 1H/1
FULPROE z
32

oy

COxMe
COsMe

Me 2

T T T T T T T
200 180 160 140 120 100 80 80 40 20 0 ppm
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ATP-VI]-121E exp 2 NOESY 400 MHz WB

A ppm
nOe C H = -]
H

\ - . .
Meo,CA=r0 \ 0 . o é@

MeO,C - [}
2q .

Current Data Parame
PME ATP-VII-12

1

¥2 - Acquisition Parameters
Date_ 20090522
17.16

INSTRUM 5]
5 mm QNP
noe,

16
£006.410 Hz

1.956255 Hz
T

10.020 ppm
states-TPPT

6

B I N L D N N U N DL R IR IR DL I 8

80 75 70 65 6.0 55 5.0 45 40 35 3.0 25 20 15 10 ppm
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ATP-VII-Z205C 500 MHz

renl Dala Parameler
E ATP-VII-205C
EXPNO
PROCNC 1
COTHAITTNROMO TN o o LAHATNOVNYVOENO NN HNMA OO NMICLN O
QNOERONNON©™WN TN O ~© NOECNHOAEOVOIITNAREWTONNO NN O F2 — Acquisition Paramelers
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ATP-VIT-205C exp 2 NOESY 500 MHz
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