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|. General

All reactions were carried out under nitrogen atmosphere unless otherwise noted and monitored
by thin-layer chromatography to detect the completion of the reaction. NMR spectra were recorded
on a Varian Mercury V x300 spectrometer. Infrared spectra were obtained on a Bio-Rad FTS-185
instrument. Mass spectra were provided on HP 5973 or Agilent 1100. The optical rotation was
measured on a Perkin-Elmer 341 polarimeter and the enantiomeric excesses were determined after
separation of the enantiomers by HPLC on a Perkin-Elmer (785A, 200 IC Pump) or Waters (515
Pump, 2487. Dual Absorbance Detector) instruments. Elemental analyses were carried out on
Elementar Vario EL instruments. All solvents were dried and distilled before use according to the
standard procedure. All melting points were uncorrected. [Pd(dppp)(H,0),](OTf), (4a),1
[Pd(dppe)(H;0)2)(OTH,  (4b),”  [Pd((R)-binap)(H,0)(OT),  (4e),” Pd(OTH,2H,0" and
arylboronic aicds (1a-1¢’ and 1d®) were synthesized following the literature procedures.

I1. Enantioselective annulation of 2-acylarylboronic acids with substituted propynoates
() General procedurefor Table 1

Me
O‘ CO,Me
(—)—3aaOH
Table 1, entry 1:

To a Schlenk tube were added o-formylphenylboronic acid (45 mg, 0.3 mmol, 1.2 equiv.),
[Pd((R)-binap)(H,0),](OT*), (6.8 mg 3 mol%) and methyl 2-butynoate (29 mg, 0.25 mmol, 1 equiv.)
and dioxane (2.0 mL) successively under N,. The reaction mixture was stirred at 20 °C for 12h until
methyl 2-butynoate was disappeared as monitored by TLC. Then, the mixture was concentrated
under reduced pressure and purified by flash column chromatography (ethyl acetate: petroleum
ether = 1:4 to 1:2) to obtain the product 3aa.’

Yield: 92%.The ee value was determined by chiral HPLC using a Chiralcel OD-H column (250 mm)
with hexane : isopropanol = 80 : 20, flow = 0.6 mL/min; ee: 91%; [oc]D2°: -81.9 (c 0.505, CHCI5).
m.p: 123-125°C;

'H NMR (300 MHz, CDCl3): 8 7.59-7.61 (m, 1H), 7.39-7.43 (m, 3H), 5.40 (s, 1H), 3.90 (s, 3H),
3.20 (d, J=3.3 Hz, 1H), 2.50 (d, J=1.8 Hz, 3H); °C NMR (75 MHz, CDCLy): § 166.0, 153.1, 144.5,
142.3,132.0, 129.0, 128.6, 123.9,121.3,75.5, 51.4, 12.4; IR (KBr): v 3319, 3217, 2943, 2838, 1709,
1618, 1238, 755 cm™; MS (70 eV, EI) mVz (%): 204 (M), 189, 172, 144 (100), 115.

Table 1, entry 4:

When Pd(OTY),/(R)-binap was used as catalyst, (-)-3aa was obtained similarly.

Yield: 95%. The ee value was determined by chiral HPLC using a Chiralcel OD-H column (250 mm)
with hexane : isopropanol = 80 : 20, flow = 0.6 mL/min; ee: 91.3%.

(i) General procedurefor Table 2
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Me
CI)-com

(+)-3aa>"

Entry 1

To a Schlenk tube were added o-formylphenylboronic acid (45 mg, 0.3 mmol, 1.2 equiv.), a
solution of Pd(OTf),2H,0 (3.6 mg, 3 mol%) and (S)-S1 (5.4 mg, 3.3 mol%) in dioxane (0.5 mL),
methyl 2-butynoate (29 mg, 0.25 mmol, 1 equiv.) and dioxane (1.5 mL) successively under N,. The
reaction mixture was stirred at 20 °C for 12 h until methyl 2-butynoate was disappeared as
monitored by TLC. Then, the mixture was concentrated under reduced pressure and purified by
flash column chromatography (ethyl acetate: petroleum ether = 1:4 to 1:2) to obtain the product:
3aa.’
Yield: quantitative; The ee value was determined by chiral HPLC using a Chiralcel OD-H column
(150 mm) with hexane : isopropanol = 80 : 20, flow = 0.6 mL/min; ee: 97.8%; [a]p" = +96.6 (C
1.015, CHCI3).

/CaHy

CI
O

OH
3ab

Entry 2

Yield: 84%; The ee value was determined by chiral HPLC using a Chiralcel OD-H column (150 mm)
with hexane : isopropanol = 90 : 10, flow = 0.6 mL/min; ee: 86.1%; [a]p>’ =+76.3 (¢ 1.02, CHCl;).

m.p: 97-98.5°C;

'H NMR (300 MHz, CDCls): & 7.59-7.62 (m, 1H), 7.38-7.46 (m, 3H), 5.40 (d, J=3 Hz, 1H), 3.89 (s,

3H), 3.21 (d, J=3.3 Hz, 1H), 2.91-2.99 (m, 2H), 1.64-1.71 (m, 2H), 1.03 (t, J=7.2 Hz, 3H); *C NMR
(75 MHz, CDCl3): § 165.8, 157.5 144.8,141.7, 131.8, 128.9, 128.6, 124.0, 121.6, 75.7, 51.4, 28.4,

22.2,14.3; IR (KBr): v 3346, 2951, 2868, 1707, 1614, 1245 cm™'; MS (70 eV, EI) mz (%): 232 (M"),
215, 200, 189, 172, 157, 144 (100), 129, 115, 77; Anal. Calcd for C;4H;405: C, 72.39; H, 6.94.

Found: C, 72.30; H, 7.04.

'C7H1s5

CI
(@)

OH
3ac

Entry 3

Yield: 88%; The ee value was determined by chiral HPLC using a Chiralcel OD-H column (150 mm)
with hexane : isopropanol = 97 : 3, flow = 0.7 mL/min; ee: 89.3%; [a]p>’ = +61.8 (¢ 1.04, CHCl;).

m.p: 89-90.5 °C;

'H NMR (300 MHz, CDCLy): § 7.59-7.61 (m, 1H), 7.38-7.44 (m, 3H), 5.40 (d, J=3.6 Hz, 1H), 3.89

(s, 3H), 3.20 (d, J=3.0 Hz, 1H), 2.91-2.99 (m, 2H), 1.59-1.64 (m, 2H), 1,29-1.45 (m, 8H), 0.88 (t,

J=6.9 Hz, 3H); *C NMR (75 MHz, CDCls): § 165.8, 157.8, 144.9, 141.7, 131.5, 128.9, 128.6, 124.0,
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121.6,75.7,51.4,31.7,29.8,29.0, 28.8, 26.6, 22.6, 14.1; IR (KBr): v 3359, 3283, 2927, 2856, 1701,
1699, 1614, 1244 cm™; MS (70 eV, EI) m/z (%): 288 (M"), 256, 229, 199, 157, 144(100), 131, 115,
43; Anal. Calcd for C;gH,405: C, 74.97; H, 8.39. Found: C, 75.19; H, 8.37.

Ph
OMe

O

OH
3ad

Entry 4

Yield: 58%; The ee value was determined by chiral HPLC using a Chiralcel OD-H column (150 mm)
with hexane : isopropanol = 80 : 20, flow = 0.7 mL/min; ee: 90.4%; [o]p>"=+68.1 (¢ 0.69, CHCl;).
m.p: 122-124°C;

'H NMR (300 MHz, CDCls): & 7.66 (d, J=7.2 Hz, 1H), 7.38-7.50 (m, 6H), 7.32 (t, J=7.8 Hz, 1H),
7.19 (d, J=7.5 Hz, 1H), 5.57 (d, J=3.3 Hz, 1H), 3.72 (s, 3H), 3.39-3.42 (m, 1H); *C NMR (75MHz,
CDCl3): 6 165.4,154.0, 144.6, 142.0, 133.0, 132.5, 129.1, 128.8, 128.7, 128.6, 127.9, 124.2, 123.3,
76.2, 51.5; IR (KBr): v 3362, 2943, 1714, 1601, 1577, 1226, 1130 cm™'; MS (70 eV, EI) Mz (%):
266 (M), 234, 206 (100), 178; HRMS Calcd for C,7H;403: 266.0943. Found: 266.0943.

OMe

o
OMe
(0%,
OH

3ae

Entry 5
Yield: 83%; The ee value was determined by chiral HPLC using a Chiralcel OD-H column (150 mm)
with hexane : isopropanol =90 : 10, flow = 0.7 mL/min; ee: 89.5%; [a]p>" =+64.2 (¢0.775, CHCl;).
m.p: 143-145;
'H NMR (300 MHz, CDCls): & 7.66 (d, J=6.9 Hz, 1H), 7.28-7.43 (m, 5H), 7.0 (d, J=8.7 Hz, 2H),
5.57 (d, J=3.3 Hz, 1H), 3.89 (s, 3H), 3.74 (s, 3H), 3.32 (d, J=3.3 Hz, 1H); *C NMR (75 MHz,
CDCl3): 6 165.8, 160.0, 153.9, 144.7, 142.1, 131.7, 130.4, 129.1, 128.7, 125.0, 124.2, 123.4, 113.4,
76.1, 55.2, 51.5; IR (KBr): v 3352, 2940, 1712, 1613, 1512, 1179, 1130 cm™'; MS (70 eV, EI) m/z
(%): 296 (M"), 280, 264, 237, 236 (100), 165; Anal. Calcd for C,sH,4,04: C, 72.96; H, 5.44. Found:
C, 72.70; H, 5.46.

MOM

(L -von

OH
3af

Entry 6
Yield: 95%; The ee value was determined by chiral HPLC using a Chiralcel OD-H column (150 mm)
with hexane : isopropanol = 95 : 5, flow = 0.6 mL/min; ee: 57.3%; [a]p"’ = -42.8 (¢ 2.555, CHCl;).
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'H NMR (300 MHz, CDCLy): & 7.52 (d, J=6.9 Hz, 1H), 7.21-7.38 (m, 3H), 5.23 (d, J=5.4 Hz, 1H),
4.42-4.47 (m ,4H), 3.43 (s, 3H), 3.40 (s, 3H), 2.71 (d, J=3.0 Hz, 1H); *C NMR (75 MHz, CDCl;): &
144.5,143.1, 141.9, 137.0, 128.4, 126.3, 123.3, 120.3,77.4, 66.9, 65.9, 58.5, 58.2; IR (KBr): v 3383,
3070, 3048, 2986, 2928, 2893, 2823, 1712, 1607, 1460, 1108 cm™'; MS (70 eV, EI) mz (%): 220
(M+), 188, 173, 158, 144, 128, 115 (100), 75, 45; HRMS Calcd for C;3H;403: 220.1099. Found:
220.1107.

Me

O ' OMe
MeO O

OH
3ba

Entry 7

Yield: 83%; The ee value was determined by chiral HPLC using a Chiralcel OD-H column (150 mm)
with hexane : isopropanol = 97 : 3, flow = 0.7 mL/min; ee: 98.6%; [a]p>" = +108.1 (c 0.94, CHCl;).
m.p: 138-140°C;

'H NMR (300 MHz, CDCls): & 7.33 (d, J=8.1 Hz, 1H), 7.18 (d, J=2.4 Hz, 1H), 6.91 (dd, J=2.4 Hz,
8.4 Hz, 1H), 5.36 (s, 1H), 3.88 (s, 3H), 3.87 (s, 3H), 3.26 (d, J=3.3 Hz, 1H), 2.47 (d, J=1.8 Hz, 3H);
C NMR (75 MHz, CDCly): & 166.1, 161.3, 153.6, 146.9, 135.0, 127.0, 122.4, 114.5, 109.8, 75.4,
55.5,51.3,12.6; IR (KBr): v 3275, 3003, 2949, 2841, 1695, 1614, 1585, 1454, 1440, 1226 cm™; MS
(70 eV, EI) mVz (%): 234 (M), 218, 203, 187, 175, 174 (100); Anal. Calcd for C;3H 404: C, 66.66; H,
6.02. Found: C, 66.90; H, 5.98

/'C3H7

CI
MeO @)

3bb OH

Entry 8
Yield: 92%; The ee value was determined by chiral HPLC using a Chiralcel OD-H column (150 mm)
with hexane : isopropanol = 90 : 10, flow = 0.7 mL/min; ee: 84.3%; [a]p"’ = +88.2 (¢ 0.88, CHCl;).
m.p: 113-114°C;
'H NMR (300 MHz, CDCls): 8 7.33 (d, J=8.4 Hz, 1H), 7.18 (d, J=2.1 Hz, 1H), 6.90 (dd, J=2.4 Hz,
8.1 Hz, 1H), 5.35 (d, J=2.1 Hz, 1H), 3.87 (s, 3H), 3.85 (s, 3H), 3.26 (d, J=3 Hz, 1H), 2.86-2.95 (m,
2H), 1.58-1.70 (m, 2H), 1.01 (t, J=7.2 Hz, 3H); °C NMR (75 MHz, CDCl5): 6 165.9, 161.2, 158.0,
147.2,134.4, 130.0, 122.7, 114.5, 109.9, 75.5, 55.2, 51.2, 28.5, 22.2, 14.3; IR (KBr): v 3351, 3003,
2950, 1706, 1609, 1457, 1440, 1233, 1217 cm’'; MS (70 eV, EI) Mz (%): 262 (M), 231, 219, 203,
202, 187, 174 (100), 160, 131, 115, 77; Anal. Calcd for C;5H304: C, 68.68; H, 6.92. Found: C,
68.89; H, 7.07.

7C7H1s

O ' OMe
MeO O

OH
3bc

Entry 9
Yield: 94%; The ee value was determined by chiral HPLC using a Chiralcel OD-H column (150 mm)
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with hexane : isopropanol =90 : 10, flow = 0.7 mL/min; ee: 87.3%; [a]p""=+72.5 (¢ 1.065, CHCl;).
m.p: 92-93 °C;

'H NMR (300 MHz, CDCl3): & 7.32 (d, J=8.4 Hz, 1H), 7.17 (d, J=2.4 Hz, 1H), 6.89 (dd, J=2.4 Hz,
8.4 Hz, 1H), 5.34 (d, J=3.0 Hz, 1H), 3.863 (s, 3H), 3.86 (s, 3H), 3.26 (d, J=3.0 Hz, 1H), 2.90-2.93
(m, 2H), 1,60 (m, 2H), 1.26-1.41 (m, 8H), 0.88 (t, J=6.6 Hz, 3H); °C NMR (75 MHz,CDCl;): §
165.9,161.2,158.3,147.2,134.4,129.4,122.3, 114.5,109.9, 75.5, 55.6, 51.2,31.7,29.9, 29.0, 28.9,
26.7,22.6, 14.1; IR (KBr): v 3358, 3274, 3002, 2950, 2924, 2854, 1704, 1609, 1225, 1087, 809 cm™';
MS (70 eV, EI) mVz (%): 318 (M), 287, 258, 220, 201, 187, 174 (100), 43; Anal. Calcd for C gH»40s:
C, 71.67; H, 8.23. Found: C, 71.76; H, 8.07.

Me
OMe

]
@)

3ca
Entry 10
Yield: quantitative; The ee value was determined by chiral HPLC using a Chiralcel OD-H column
(150 mm) with hexane : isopropanol =95 : 5, flow = 0.7 mL/min; ee: 76.1%; [oc]D20: -71.6 (c 1.005,
CHCly).
m.p: 170-172°C;
"H NMR (300 MHz, CDCl3): § 7.09 (s, 1H), 6.88 (s, 1H), 6.02 (s, 2H), 5.27 (s, br, 1H), 3.87 (s, 3H),
3.21 (d, J=2.7 Hz, 1H), 2.44 (d, J=1.8Hz, 3H); °C NMR (75 MHz, CDCl5): § 165.8, 153,2, 149.2,
148.4, 139.8, 136.5, 131.0, 105.5, 102.2, 101.6, 75.2, 51.3, 12.7; IR (KBr): v 3341, 2951, 2914,

1696, 1595, 1214 cm™; MS (70 eV, EI) m/z (%): 248 (M), 231, 216, 201, 188 (100); Anal.Calcd for
Ci3H,0s: C, 62.90; H, 4.87. Found: C, 62.91; H, 4.80.

O
OH

/CaHy7
<O OMe
|
@] O
3cb OH
Entry 11

Yield: 99%; The ee value was determined by chiral HPLC using a Chiralcel OD-H column (150 mm)
with hexane : isopropanol =90 : 10, flow = 0.7 mL/min; ee: 83.1%; [a]p>" = -62.3 (c 0.68, CHCl;).
m.p: 117-118 °C;

'H NMR (300 MHz, CDCl3): § 7.09 (s, 1H), 6.88 (s, 1H), 6.02 (s, 2H), 5.27 (d, J=2.4 Hz, 1H), 3.86
(s, 3H), 3.22 (d, J=3.0 Hz, 1H), 2.84-2.89 (m, 2H), 1.60-1.89 (m, 2H), 1.02 (t, J=7.5 Hz, 3H); *C
NMR (75 MHz, CDCls): § 165.5, 157.6, 149.0, 148.3, 140.1, 135.7, 130.7, 105.6, 102.3, 101.6, 75.1,
51.2,28.5,22.1, 14.3; IR (KBr): v 3340, 2875, 1701, 1592, 1249, 1211, 1033 cm™'; MS (70 eV, EI)
miz (%): 276 (M"), 259, 244, 234, 227, 216, 201, 188 (100), 174, 159, 115; Anal. Calcd for
CisH60s: C, 65.21; H, 5.84. Found: C, 65.23; H, 5.85.

'C7H15
<O OMe
|
(@] (0]
OH

3cc
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Entry 12

Yield: 90%; The ee value was determined by chiral HPLC using a Chiralcel OD-H column (150 mm)
with hexane : isopropanol = 97 : 3, flow = 1.0 mL/min; ee: 83.7%; [a]p"’ = -50.5 (¢ 1.005, CHCl;).
m.p: 92-93 °C;

'H NMR (300 MHz, CDCl3): § 7.08 (s, 1H), 6.88 (s, 1H), 6.02 (s, 2H), 5.26 (d, J=2.7 Hz, 1H), 3.86
(s, 3H), 3.22 (d, J=3.0 Hz, 1H), 2.84-2.89 (m, 2H), 1.56-1.60 (m, 2H), 1.28-1.40 (m, 8H), 0.88 (t,
J=6.9 Hz, 3H); °C NMR (75 MHz, CDCl;): 8 165.6, 157.9, 149.0, 148.3, 140.1, 135.7, 130.4,
105.6, 102.3, 101.6, 75.2, 51.3, 31.7, 29.8, 29.0, 28.8, 26.8, 22.6, 14.1; IR (KBr): v 3358, 2955,
2926, 2854, 1699, 1593, 1214, 1033 cm™; MS (70 eV, EI) m/z (%): 332 (M), 314, 300, 272, 215,
201, 188 (100), 174, 159, 43; Anal. Calcd for C;yH40s: C, 68.66; H, 7.28. Found: C, 68.62; H, 7.43.

OMe

o
OMe
A,
3ce OH

Entry 13

Yield: 71%; The ee value was determined by chiral HPLC using a Chiralcel OJ-H column (150 mm)
with hexane : isopropanol = 60 : 40, flow = 0.7 mL/min; ee: 89.2%; [a]p’" =-51.9 (¢ 0.355, CHCl;).
m.p: 166-167 °C.

'"H NMR (300 MHz, CDCL3):  7.38 (d, J=8.4 Hz, 2H), 7.14 (s, 1H), 6.99 (d, J=8.4 Hz, 2H), 6.70 (s,
1H), 6.43 (d, J=3.0 Hz, 1H), 6.00 (s, 2H), 3.88 (s, 3H), 3.71 (s, 3H), 3.45 (d, J=3.0 Hz, 1H); °C
NMR (75 MHz, CDCl;): 8 165.2, 159.9, 154.1, 149.1, 148.3, 139.9, 138.1, 130.5, 130.2, 125.0,
113.4,105.6, 103.9, 101.6, 75.6, 55.2, 51.3; IR (KBr): v 3400, 2900, 1716, 1208, 1178, 1305 cm™;
MS (70 eV, EI) mVz (%): 340 (M), 324, 308, 281, 280 (100); Anal. Calcd for C;9H,40¢: C, 67.05; H,
4.74. Found: C, 66.93; H, 4.94.

Me
‘ COsMe

3da OH
Entry 14
Yield: quantitative; The ee value was determined by chiral HPLC using a Chiralcel OD-H (250 mm)
column with hexane : isopropanol =90 : 10, flow = 0.7 mL/min; ee: 96.4%; [oc]D20 =+4+95.4(c1.015,
CHCly).
m.p: 131-133°C;
"H NMR (300 MHz, CDCls): & 7.58 (s, 1H), 7.31-7.36 (m, 2H), 5.38 (s, 1H), 3.89 (s, 3H), 3.21 (d,
J=3.3Hz, 1H), 2.47 (d, J=1.2Hz, 3H); °C NMR (75 MHz,CDCl;): & 165.8, 152.2, 146.1, 140.8,
135.3,132.4,128.9,124.7,122.4,75.3, 51.5, 12.5; IR (KBr): v 3315, 2949, 1704, 1619, 1576, 1436,

1237, 829 cm™; MS (70 eV, EI) m/z (%): 240 [M+2], 238 (M), 223, 207, 191, 189, 180, 179, 178
(100), 171, 115; Anal. Calcd for C;,H;;ClO3: C, 60.39; H, 4.65. Found: C, 60.46; H, 4.72.

Cl
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'CaHy

O eon
Cl

3dpb OH

Entry 15

Yield: quantitative; The ee value was determined by chiral HPLC using a Chiralcel OD-H column
(150 mm) with hexane : isopropanol = 90 : 10, flow = 0.7 mL/min; ee: 98.7%; [oc]D20 =+88.4 (c
1.015, CHCI3).

m.p: 136-138 °C;

'H NMR (300 MHz, CDCls): § 7.58 (s, 1H), 7.35 (s, 2H), 5.37 (d, J= 3.3Hz, 1H), 3.89 (s, 3H), 3.21
(d, J=3.3Hz, 1H), 2.09-2.95 (m, 2H), 1.61-1.69 (m, 2H), 1.02 (t, J=7.5Hz, 3H); *C NMR (75 MHz,
CDCl3): 6 165.6, 156.6, 146.5,140.3,135.2,132.1, 128.9, 124.8, 122.6, 75.4, 51.5,28.4, 22.1, 14.3;
IR (KBr): v 3353, 3269, 3025, 2996, 2875, 1704, 1613, 1434, 1244, 823 cm™'; MS (70 eV, EI) m/z
(%): 268 [M+2], 266 (M "), 251, 235, 223,206, 191, 178 (100), 165, 149, 128, 115; HRMS Calcd for
C14H5Cl03: 266.0710. Found: 266.0703.

'C7H1s5

(oo
Cl
OH

3dc
Entry 16
Yield: 65%; The ee value was determined by chiral HPLC using a Chiralcel OD-H column (150 mm)
with hexane: isopropanol = 90 : 10, flow = 0.7 mL/min; ee: 91%; [oc]D20 =+61.5 (c0.765, CHCL,).
m.p: 82-83°C;
'H NMR (300 MHz, CDCly): § 7.58 (s, 1H), 7.35 (s, 2H), 5.37 (d, J= 3.3Hz, 1H), 3.88 (s, 3H), 3.21
(d, J=3.6Hz, 1H), 2.91 (m, 2H), 1.57-1.62 (m, 2H), 1.28-1.44 (m, 8H), 0.88 (t, J= 6.9Hz, 3H);"’C
NMR (75 MHz, CDCl;): $ 165.6, 156.9, 146.5, 140.3, 135.3, 131.8, 128.9, 124.8, 122.6, 75.4, 51.5,
31.7,29.8,29.0, 28.8, 26.6, 22.6, 14.1; IR (KBr): v 3367, 2854, 1708, 1612, 1432, 1234, 1197, 813
em’; MS (70 eV, EI) m/z (%): 324 [M+2], 322 (M), 305, 291, 255, 224, 205, 193, 191, 180, 178
(100); HRMS Calcd for C;gH,3C105: 322.1336. Found: 322.1347.

Ph
O‘ CO,Me
cl

3dd ©OH

Entry 17

Yield: 75%; The ee value was determined by chiral HPLC using a Chiralcel OJ-H column with
hexane : isopropanol = 85 : 15, flow = 0.7 mL/min; ee: 89.8%; [a]p"" = +75.1 (¢ 0.86, CHCL5).
m.p: 120-122°C;

'H NMR (300 MHz, CDCls): § 7.65 (s, 1H), 7.42-7.49 (m, 3H), 7.39-7.41 (m, 2H), 7.31 (dd,
J=1.8Hz, 8.1Hz, 1H), 7.12 (d, J= 7.2Hz, 1H), 5.56 (d, J= 3.6Hz, 1H), 3.71 (s, 3H), 3.37 (d, 3= 3.3
Hz, 1H); >C NMR (75 MHz, CDCls): § 165.1, 153.1, 146.2, 140.5, 135.5, 132.6, 132.5, 129.0,
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128.9,128.5,128.0,124.9,124.2,75.8,51.6; IR (KBr): v3318,2946, 1711, 1574, 1432, 1228, 1072
cm’'; MS (70 eV, EI) m/z (%): 302 [M+2], 300 (M "), 285, 267, 253, 243, 242, 242, 240 (100), 205,
178, 176, 88; HRMS Calcd for C;7H,3ClO5: 300.0553. Found: 300.0546.

OMe

O‘ CO,Me
cl
o OH

Entry 18

Yield: 55%; The ee value was determined by chiral HPLC using a Chiralcel OD-H column (150 mm)
with hexane : isopropanol =90 : 10, flow = 0.7 mL/min; ee: 87.3%; [oc]D20 =458 (€ 0.21, CHCI5).
m.p: 137-139°C;

'H NMR (300 MHz, CDCls): 8 7.64 (s, 1H), 7.40 (d, J= 8.7Hz, 2H), 7.32 (d, J= 8.1Hz, 1H), 7.18 (d,
J=8.7Hz, 1H), 7.00 (d, J= 9.0Hz, 2H), 5.44 (d, J= 3.0Hz, 1H), 3.88 (s, 3H), 3.74 (s, 3H), 3.35 (d, J=
3.3Hz, 1H); °C NMR (75 MHz, D°-DMSO and D°-Acetone): § 164.5, 159.7, 148.9, 148.7, 140.0,
135.1, 1334, 130.1, 128.3, 124.4, 123.6, 113.6, 74.9, 55.0, 51.0; IR (KBr): v 2950, 2838, 1718,
1610, 1569, 1511, 1256, 1228, 1176 cm™; MS (70 eV, EI) m/z (%): 332 [M+2], 330 (M"), 314, 273,
272,271,270 (100), 255, 235, 199, 165; HRMS Calcd for CgH;5C104: 330.0659. Found: 330.0656.

References:

1). Stang, P. J.; Cao, D. H.; Poulter, G. T.; Arif, A. M. Orgaometallics 1995, 14, 1110.

2). Fallis, S.; Anderson, G. K.; Rath, N. P. Organometallics 1991, 10, 3180.

3). Fujii, A.; Hagiwara, E.; Sodeoka, M. J. Am. Chem. Soc. 1999, 121, 5450.

4). Murata, S.; Ido, Y. Bull. Chem. Soc. Jpn. 1994, 67, 1746.

5). (a) Lautens, M.; Marquardt, T. J. Org. Chem. 2004, 69, 4607. (b) Koepf, M.; Melin, F.; Jaillard J.;
Weiss, J. Tetrahedron Lett. 2005, 46, 139.

6). a) Geen, G. R.; Mann, 1. S.; Mullane, M. V. Tetrahedron 1998, 54, 9875. (b) Monovich, L. G. ;
Le Huérou, Y. ; Ronn, M.; Molander, G. A. J. Am. Chem. Soc. 2000, 122, 52.

7) (a) Shintani, R.; Okamoto, K.; Hayashi, T. Chem. Lett. 2005, 34, 1294. (b) Fisnerova, L.; Kakac,
B.; Nemecek, O.; Simek, A. Vejdelek, Z. J. Coll. Czech. Chem. Comm. 1967, 32, 4082.
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111. Copies of 'H, *C NMR spectra of the annulation product
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IV HPLC analysis reports

Me
‘ OMe
(-)-3aa
my 8. o -
m0-
240
o
o
180
180 |
140 ]
120 :
100 E
ot ]
® i
o |
2] i
[ j
1 2 ] 4 5 8 7 L] L] -
Mo. RTime  PeakHeight  Peakrea  Perlent
1 Tz 121554.3 1T21467.6 50. (939
2 9,043 89351.9 1715017, 1 49, 3061
‘otal 210906.2  3436484.7 100. 0000 B ' - o
Table 1, entry 1
700
600
500 [
4 |
i 400 ]
300- i
200
1004 -
s
. @
1 ] 3 3 H ] 7 ® ) 0 1
No. RTime  Peakfeight _ PeakArea PerCent S
1 7.133 402468, 6 5881398, 8 95. 5320
2 9.017 15423.0 275068. 2 4, 4680
Total 1417891, 6 6156467. 0 100. 6000
Table 1 entry 4
| {
450
400+
3504
300
20 a
0] !
150 |
E 100 |
% g
o &
1 H 3 4 5 ] 7 8 9 10 1
- o - Min
No. R.Time  PeakHeight  PeakArea  PerCort
1 7157 237851.9 3416341, 4 95. 6433
2 9.043 8520.8 155619. 9 4. 3567
Total 246372.6 3571961, 3 100. 0000
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OH
(+)-3aa
. : :
= 2m>§
E—” —['TTH”l Ik I'I_'!“i—l'l I | TTTT { RN [TTTT] ITTT | TTT |—i"['l ] ITI Tyl T'T['|"1'I'TT['I
0 2 4 6 8 10 1 .
Time [min]
REPORT
peak  Time Area Height  Area Norm. Area BL Area/Height
# [min] ~ [uV*sec] (uv] (%) (%] [sec]
1 3.910  12558.50 1059.96 0.14 0.00 BB 11.8481
2 8.329 4292613.00 252686.93 49,14 0.00 BB 16.9879
3 10.320 4431053.50 214110.86 50.72 0.00 BB 20.6951
8736225.00 467857.76 100.00 0.00
500 ﬂ
400-= I
= I\
200 }
S I LIS RS
ETTT!'{T T i'E"."!"I'T ‘l'T_i'l_l"[ TTTT II T Ij TTT ITTl [l I TTT I_FITETI i—rr]"l_i—" I;'|'2T1i"' NEAR 711‘
o 2 4 8 8 . 10
Time [min]
REPORT
:ak  Time Area Height Area Norm. Area BL Area/Height
f [min)  [uV*sec] [uv] [%] €3 [sec]
1 3.922 10102.98 1159.85 0.08 0.00 BV §.7106
2 4,191 54378.52 5625.97 0.40 0.00 VB 9.6656
3 6.510 13750.00 1133.74 0.10 0.00 BB 12.1280
4 8.388 174600.00 10772.33 1.30 0.00 BB 16.2082
5 10.338 13178632.50 645316.77 98.12 0.00 BB 20.4220
13431464.00 664008.67 100.00 0.00
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OH
3ab
w800 E
[
B
1200 | B
| m: I !I | Il.
] i |
{ i | |
|
] (.
0 | & |I :I
o . . J _J Ika__
3 1 H 3 H i ' H 1 T
Ho. PeakMe R Time PeakHa i ght Peakfrea ParCant
1 1 6. 877 1723150, 6 24163775, 7 49, 9010
2 2 10127 1053475. 9 24259693, 8 50, 0980
Total 2776626, 5 48423469, 5 10, OO0
| my 8007 ;
550-
mv
450-
400-
350-
m.
250-
m_
150-
100 5
®] . J 1
X A
0 2 4 6 8 10 12 14 16
‘No. PeakNo R.Time PeakHeight PeakArea PerCent
1 1 6.977 65809. 0 975927.5 7.1015
2 2 10.277 594427.6 12766685. 3 92. 8985
Total 660236. 7 13742612. 8 100. 0000
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Mo PeakNo |D Name

R. Time

3. BTT
L, B27

PeakHe i ght
971038, 3
TAD93L, T

PeakhArea PerCent

THBI16G3. 5

TEZ2336. 0

149, BB46
50, 1354

[ o T ]
| mv 4.4
i 7004 bl |
i
-
- sof
-
|
H 300—
200.
100 '3
o] A
0 1 2 3 4 5 7 8 9 10
s L . o e e s . . .5 85 “n
No. PeakNo 1D.Name  R.Time  PeakHeight PeakArea _PerCent
1 1 Unknown 3.852 55822. 8 443781. 3 5. 3131
2 2 Unknown 4,818 758842. 1 7908785. 0 94, 6869
Total 814664. 9 8352566. 3 100. 0000
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Ph
OMe

\
l. J \
a
i A\
T T H T
TI'FI{'HTTi'!‘i"'i}Hll';ii."[I‘.II‘E]TH|TITI|Iﬂ"T[Tfﬂ']":‘.T['!'iiIlg‘[FI'ETTT!’[T'H'{[.’I'!]i?f‘]?[fIi'li|i;iil‘EITf]|i"II‘|:’IITlTﬂT[
o 1 2 3 4 5 -] r a8 9 10 11 132
Time [min]
REPORT
Peak Time Area Height Area MNorm. Area BL Area/Height
# [min] [uV*sec] [uv] [%] [%] [sec]
1 3.891 7361.82 938.06 0.03 0.00 BV 7.8480
2 4,157 6643.18 539.58 0.02 0.00 VB 12.3117
3 7.207 13424291.50 942058.62 49.95 0.00 BB 14,2500
4 8.708 13381412.07 784923.64 49.79 0.00 BV 17.0480
5 10.036 55379.93 2804.78 0.21 0.00 VB 19.7449
26875088.50 1.73e+06 100.00 0.00
i a g 3
| b s 2
400? !Iq|
T m—% f\l
; 200 | ||
— . A S —
;
i“f‘r?TI'I'I'I]r?‘;i'|H'.?]:’E]"ilflT[TTfT[I"Il'I]'!i'TT?mT[I'!'iI']'IE"ITT!TI'IT[IET'_"H‘JI3'|FT|"|:'I"]"]!"|‘-]'!i'l".i]l"‘.i 'HITTTT[I'TII'IHTII'[[
o 1 2 3 4 ' 5 B 8[ ) ] 1'? a a9 10 11 1‘2
REPORT
Peak Time Area Height Area Norm. Area BL Area/Height
# [min] [uV*sec]) [uv] (%] [%] [sec]
1 3.950 3230.00 455.00 0.04 0.00 BB 7.0989
2 6.783 12996.00 914.69 0.17 0.00 BB 14,2082
3 7.336  371504.00 26260.37 4.77 0.00 BB 14.1469
4 8.850 7385630.00 425973.81 94.76 0.00 BB 17.3382
5 12.157 20611.00 1297.12 0.26 0.00 EB 15,8898
7793971.00 454900.98 100.00 0.00
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o
; 7Y M___ S—
I 2 4 6 8 10 12 14 6 18 20
No. PeakNo R.Time PeakHeight PeakArea PerCent
1 1 10.293 35244. 7 963423. 8 50. 3045
2 2 12.793 27721.5 951761. 1 49, 6955
Total 62966. 2 1915184. 9 100. 0000
:
i 6ol
50-
404
304
201
104
o |
.to-——"Ub~ VAN - j
| D 2 4 8 8 10 12 14 16
| N - o ——— . 8 PRU——
_I__Nc_l. PeakNo R.Time _PsakHe i g_h__t PeakArea PerCent
1 1 10,293 5197.2 145299, 8 5. 3697
2 2 12.793 74236. 4 2560602. 9 94. 6303
Total 79433.6 2705902, 7 100. 0000

25

154

104

OMe

— T (7%
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MOM

<
O
<

OH
3af
o 5501 i E
50
r Il
00 | | l
0 |: | ]
w | i
| |
o, I I |
" 1 !
oo [ 1 ! |
i [
= | [
o B Il'-._ — ...g'l_ ~
[ H H [ [ 1 12 '
Ko, PeakMo R Time Peakbe i ght PeakArea ParCant
1 114,293 544616. 0 16895499, 2 49, 8357
2 .7 16127 486139, 4 17010926, 1 50, 1643
Total . 1D3{I‘?55. 4 33910425. 3 100, Q000
mv 2201
m- =]
180 -
160+
1401
120-
100
80+
60 5
404 =
20
“
0 2 4 6 8 10 12 14 16 18
No. PeakNo R.Time  PeakHeight _ _ PeakArea _  PerCent
1 1 14.210 178420. 5 5411654. 8 78. 6796
2 2 16.127 43425.8 1466435. 0 21. 3204
otal 221846. 3 6878089. 8 100. 0000
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MeO I 0]

Me
OMe

OH
3ba
D mv 4
2
e £
-1
| 25
i
= {\I
d 1
| 154 ] i
10- [ ]
; \
° Il ]II 3
5 | I =
AW L LA
e 4 s e w T wm T ) 2 m
Ho, Peakic R Time  PeakHeight  PeakArea  PerCent
1 1 26 293 49568, 1 J0B4B54. L 48. 8157
2 2 30877 35272.7 2977564, B 47. 1179
3 3 34,460 2201.7 256972, 4 4. 0664
Toral 37042. 8 6319381. 3 100, 0000
m
.
o
o
[ 1
120 |
190+ |
|
5
. |
| - s ,'i
n: Hor _.'E__ e
o H 2 12 1 o TTm T m
¥
Mo, Peakle R Time PeakHeight PeakArea ParCent
1 I 26,210 1770.9 122658, 7 0, 6967
4 2 .87 200328, 5 17489255, 2 89, 3033
Total o 22099, 4 17611853, 9 100, 0000
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= 2uo—§
3 = |
& 100-=
|
0-: — S S—— S — e r poaessanaaad T
[T mﬂﬂﬂfmnﬂwwmﬂﬂﬂﬂqﬂl]lqﬂﬂﬂﬂWﬂ] IrﬂqﬂﬂﬂﬂqﬂﬂFEj??nﬁqﬂﬂrﬂun.
| 2 3 4 5 3 7 8 9 10 11 12 1
Time [min]
REPORT
Peak Time Area Height Area Norm. Area BL Area/Height
# [min]  [uV*sec] [uv] (%] [%] [sec]
1 3.574 37976.00 3426.21 0.38 0.00 BB 11.0840
2 9,089 4894895.50 265796.48 49.58 0.00 BB 18.4160
3 11.324 4917384.50 204745.97 49.81 0.00 BB 24.0170
4 13.117 21588.00 905.12 0.22 0.00 BB 23.8509

8
whul
a4
=00
Tt

~ 20 [
R
E 100-= ll"\
o— T - /:\ _)l ....... T
I L L L I]I LD LALLL [lr LS G U
) ill]TFT 4 5 [ 7 sT[ﬂs ELFTE-ll‘-lemJ‘
Time [min]
REPORT
Peak Time Area Height Area Norm. Area BL Area/Height
# [min] [uV*sec] [uv] (%] [%] [sec])
1 3.487 17827.50 1694.03 0.19 0.00 BB 10.5237
2 9.202 716497.00 38104.70 7.79 0.00 BB 18.8034
3 11.412 B446964.51 346200.55 91.79 0.00 BV 24,3991
4 12.685 21331.49 976.53 0.23 0.00 VB 21.8442
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'C7H4s5

O ' OMe
MeO 0]

OH
3bc

1 - o .
- £ o -
‘._:_;_ ¢ ! ¢
— 200 A
= = Il
z = i
= = I
s 3 | I
5 100-— | P
H = [
& == [\
3 \ /N
0 : . A S S R

AL AL AL A A WA A W L Rt e
1 2 4 5 8 -] 10 11

Tirne [rmin]
REPCRT
Peak Time Area Height Area Norm. Area BL Area/Height
# [min] [uV*sec) [uv] [%] (%] [sec]
1 3.442 12066.00 1533.16 0.15 0.00 BB 7.8700
2 4,904 7325.00 658.76  0.09 0.00 BB 11.1194
3 5.759 7007.00 537.48 0.09 0.00 BB 13.0368
4 7.822 3B97668.50 246237.29 49.40 0.00 BB 15.8289
5 9.241 3902497.50 197452.00 49.46 0.00 BB 19.7643
6 11.110 41981.60  1930.47 0.53 0.00 BV 21.7468
7 11.854 21325.40 1122.77 0.27 0.00 VB 18.9936
4 7 :
i 10045 \
¢ 3 J \
= : v N S0, ! |
iTI'ITi'ITI'I']TT]TI'ﬂT?I"Eﬂ_-:‘:'[TTII|IIII;IHI|HI]]TIII|IFII|IFII|[HI|HH[?]II|!IrI|IIiI[I|IIET?|7!rE||i'l'iTi'f.r[[]T
[+] 1 2 3 4 5 & 7 8 -] 10 11
Time [min]
REPORT
Peak Time RArea Height Area Norm. Area BL Area/Height
# [min] [uV*sec] [uv] [%] [%] [sec]
1 3.445 19278.00 1597.38  0.34 0.00 BB 12.0685
2 7.853  354906.50 21565.06 6.29 0.00 BB 16.4575
3 9.256 5246362.50 262446.28 92,91 0.00 BB 19.9902
4 11.293 26300.50 927.88  0.47 0.00 BB 28.3446
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<Z O‘ OMe

O
OH
3ca
_— R .
| o ag
. 35
04
25
= l
15 ||
i |
L I
04
|
| <57
|
|
1 ] L] ] 12 18 24
L .
Wo. PeskMo R Time  PeakMeight  PeakArea ParCant
IO - 49969, 0 3365961. 7 30, 1286
2 2 an 49128.8 3348693. 9 49,8714
Total 99097.8  6714655.6 100. 0000
r
o1
100+
80+
L8
0. |
B0+
[
i &
0
H
i
o
lﬂ-—‘rl.l‘l.l—-—\.- e,
J a L] 12 18
Nh: PaakNo K. Tima F&.lld'hl'_lht Paakiraa Pafl!'.ﬁr_t,
1 1 24,043 120337. 3 9808841, 7 88, 0486
2 2 AT 17132.6 1331413, 1 11.9514
Total 137469.9 11140254, & 104 ﬂﬂm—
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/'C3H7
OMe

3cb OH

Ragponse [mv]
I
bt
duwl 11 10—

= [ |
= 1\ N
i
|
: i
AL LA L AL AT AL L S A A L) L R LA SR AL R AR L A
. o 2  a ] 8 10 12 14 18 18 20
Time [min]
REPORT
' peak Time Area Height Area MNorm. Area BL Area/Height
. #  [(min]  [uV*sec] [uv] [%] (%] [sec]

1 3.616 37435.00 3944.06  0.15 0.00 BB 9.4915
Sz 8.750 314960.00 16874.41 1.27 0.00 BB 18.6650
w3 10.195 12231135.00 569487.93 48.15 0.00 BB 21.4774
© 4 13.691 12304058.00 428083.91 49.44 0.00 BB 28.7422
' 24887588.00 1.02e+06 100.00 0.00

e w

T 1
T T I T T T T T IO [T T T T [T O F T vy il vrprre T
' 2 4| [ 8 | l | 1—[0 ! 1T2 N 1a !
Tirne [min]
REPCRT
Peak Time Area Height Area Norm. Area BL Area/Height
# [min) [uV*sec] [uv] [%] [%] [sec]
1 3.604 21852.50 1797.09 0.13 0.00 BB 12,1600
2 8.711 104883.00 4571.68 0.63 0.00 BB 22.9419
3 10.161 15091796.00 697984.49 90.84 0.00 BB 21.6220
4 13.747 1394745.00 49078.38  8.40 0.00 BB 28.4187
16613276.50 753431.64 100.00 0.00
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'C7H15

<f) OMe
|
O (0]
OH
3cc

Ragpansa [mv]

| H /\
_ AN

h

: T -[lF?TPfifurlglH|||Hlllnl|JH||1H|]|ﬁT[H||p|I|]H|||'H||Trr]!ﬂ=|"Pii|11rﬂT{fﬂTTrn
i o 2 : 4 ] 1:glmm] 12 14 15 18 20
: REPORT

[

[

P Peak Time Area Height Area MNorm. Area BL Area/Height

E # [min] [uV*sec] [uv] %) (%] [sec]

4 1 2.602 67154.00 5023.25 3.03 0.00 BB 13.3686

2 4,348 97221.50 728.21  4.39 0.00 BB 133.5080

', 3 12,851 1025021.00 33215.65 46.24 0.00 BB 30.8596

!' q 18,236 1027281.00 24075.70 46.34 0.00 BB 42,6688

¢ -
]

2216677.50 €3042.81 100.00 0.00

T
3
557

-18.38

o g

S i - S
|'I'I'Z'::F'Tf!1f"|T="i|"II"iTFHTTTTT]HTTiTI'TrI—'."ITI "[T!'[]’:’I‘.'i!‘ﬂ|"|‘=IETi'I'.'1I:IiI ’|I= !I‘I‘.l!i}'ll['l]ﬂﬂ'ﬂﬂ
o 2 4 & 8 1 12 14 16 18 20
Tirme [min]
REPORT
’eak  Time Area Height Area MNorm. Area BL Area/Height
# [min] [uV*sec] [uv] [%] (€3] [sec]
1 2.625 50443,00 3333.28 0.15 0.00 BB 15,1332
2 3.388 48736.00 1001.15 0.15 0.00 BB 48.6800
3 9.971 34254.00 1553.99 0.10 0.00 BB 22.0427
4 12.583 30448712.00 932612.47 91.47 0.00 BB 32.6488
5 18.383 2707140.00 63604.30 8.13 0.00 BB 42,5622
33289285.00 1.00e+06 100.00 0.00
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OMe

@]
OH
3ce
£
o e ~
"T'III'[I!I!|IIII|It|||||t||IIIi|li'-"-"!'"
] s 10 15 20 fro] 25 30 35
REPORT
Peak Time Area Height Area Norm. Area BL Area/Height
# [min) [uV*sec] [uv] [%] (%) [sec]
1 3.502 65946.00 5927.19  0.44 0.00 BB 11.1260
2 4,327 4425.19 589.92 0.03 0.00 BV 7.5013
3 4,592 25430.81 1396.59 0.17 0.00 VB 18.2093
4 20.108 7495478.65 66151.80 50.39 0.00 *BV 113.3073
5 28.333 7284958.35 37240.17 48.97 0.00 *VB 1985.6210
| - = b
| o & al
| “ : &
= 60
£
it
"'I""T"'I—'T"T T T T | 1T TT | TTT l T T l"'{"'I"'I—";"']"."'T"F"I—["T"
5 10 15 20 25 30 35
Time [min]
REPORT
Peak Time Area Height Area Norm. Area BL Area/Height
4  [min]  [uV*sec] (uv) [%) (%) [sec)
1 3.640 15440.00 848.55 0.12 0.00 BB 18.1957
2 20.512 705113.00 7221.33 5.38 0.00 BB 97.6431
3 28.188 12379155.50 64867.14 94.50 0.00 *BB 190.8386
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Cl
OH
3da
; my 2404 b %
2201 =
200 |
) 1
160 \
140 | __ |
|
120 = |
J \ i
i 100+ | |
w_
11 | |‘
% r
© |
1 20_
of J
_20_0 2 4 [ 8 10 12 14
No. PeﬁkNo R. Time PeakHeight PeakArea PerCent
1 ‘1 10.385 249932. 3 4806263. 2 49, 9564
2 2 11.685 224012.9 4B14647. 2 50. 0436
Total 473945. 2 9620910. 4 100. 0000
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1 1 10. 460 9098, 1 249592, 3 1. 7813
2 2 11.543 628758, 1 13762318. 1 98. 2187
Total 637856. 3 14011910. 4 100. 0000
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‘No. PegkNo R.Time PeakHeight PeakArea PerCent
1 1 4.793 481695, 9 8940038. 0 50. 1541
2 2 5.710 474752, 3 8885101. 6 49, 8459
Total 956448. 2 17825139. 6 100. 0000
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1 1 4.918 3094. 2 34191. 4 0. 6526
2 2 5. 785 401800. 6 5205383. 1 99, 3474
Total 404894. 8 5239574.5 100. 0000
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No. Pgakﬂo R. Time PeakHeight PeakArea PerCent
1 1 4,327 651313. 7 6290066. 6 49, 3567
2 2 5. 027 551038. 0 6454041. 1 50. 6433
Total - 1202351. 7 12744107. 7 100. 0000
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1 1 4.318 37186.9 338038. 1 4.5102
2 2 5,018 643988, 4 7156936. 6 95. 4898
Total 681175.3 7494974. 7 100. 0000
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No. PeakNo R.Time PeakHeight ~  PeakArea PerCent
1 1 14.752 84470. 7 3458727, 2 50. 2700
2 2 17.285 55924. 8 3421568. 1 49, 7300
Total 140395. 4 6880295. 3 100. 0000
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No. PeakNo R.Time PeakHeight PeakArea PerCent
‘1 1 14.418 507010. 7 20787950. 1 94,9275
2 [{lifilE2ilhase:288 18141.3 1110818. 3 5. 0725
;rotal 525152.0 21898768. 4 100. 0000
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No. PeakNo R.Time PeakHeight PeakArea PerCent
1 1 10.177 46535. 0 1380842. 9 50. 1894
2 2 12.077 39402. 4 1370419. 8 49, 8106
Total 85937. 4 2751262. 7 100. 0000
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No. PeakNo R.Time PeakHeight PeakArea PerCent
1 1 10.185 5822.0 175884.5 6.3126
2 2 11.952 76970. 6 2610350.0 93. 6874
Total 82792.7 2786234. 5 100. 0000
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