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I. General
All the reactions were carried out under a nitrogen atmosphere using standard Schlenk techniques.
Pd(OAc),; (99.99% pure) was purchased from Alfa, DPPF (99% pure) was purchased from Zilai
and DBU (99% pure) was purchased from Alfa. CH,Cl, was distilled over CaH,. '"H NMR (300
MHz) and *C NMR (50 MHz) was recored on Varian Inc spectrometers or °C NMR (60 MHz)
was registered on Jeol spectrometers with CDCl; as solvent and tetramethylsilane (TMS) as
internal standard. Chemical shifts are reported in ppm by assigning TMS resonance in the 'H
spectrum as 0.00 ppm and CDCl; resonance in the "*C spectrum as 77.0 ppm. All coupling
constants (J values) are reported in Hertz (Hz). Column chromatography was performed on silica
gel 200-300 mesh. IR, GC, MS, and HRMS were performed by the State-authorized Analytical
Center in Peking University. The following compounds were prepared according to known

literature procedures: citations after punctuation 3', 8a*, 8b°>.
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I1. Synthesis of Substrates

Experimental Procedure of synthesis of 2,3-dimethylenebutane-1,4-diyl diacetate (3): To an
three-neck flask (250 mL) equipped with a magnetic stir bar was added 2.12 g (2.5 mmol, 5 mol %) of
1,3-dimesityl-4,5-dihydroimidazol-2-ylidenetricyclohexylphos-phine benzylidene ruthenium dichloride
(Grubbs 1I catalyst)* under ethylene balloon. A solution of 8.5 g of but-2-yne-1,4-diyl diacetate (50
mmol) in 200 mL of DCM was added to the flask. The mixture was stirred at room temperature for 12
hours. The reaction mixture was purified by silica gel column chromatography with ether/ petroleum

ether = 1/4 to afford compound 3 as white solid (8.11 g, 82% yield). Spectra were identical to those

AcO M OAc‘
3

Dimethyl 3,4-dimethylenecyclopentane-1,1-dicarboxylate '"H NMR (CDCl;, 300 MHz): § 5.34 (bs,
2H), 5.31 (bs, 2H), 4.78 (s, 4H), 2.10 (s, 6H). *C NMR (CDCl;, 50 MHz): § 170.5, 139.3, 115.8, 64.9,
20.9. MS (CoH404): 198 (M"). HRMS (EI): Anal. Caled. (M) 198.08, Found: 198.1. IR (cm™): v
1742, 1405, 1318, 1260, 1178

reported in ref 1.
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I1I. Synthesis and analytical data of product 5, 7, 9

Dimethyl 3,4-dimethylenecyclopentane-1,1-dicarboxylate

COZMe
COzMe

Following the general procedure, starting from 32 mg (0.24 mmol) of dimethyl malonate 4a, product
Sa was obtained using ether/petroleum ether (1:4) as the eluant. yield: 33.4 mg, 79% yield. colorless oil.
"H NMR (CDCl;, 300 MHz): § 5.40 (s, 2H), 4.96 (s, 2H), 3.73 (s, 6H), 3.04 (s, 4H). *C NMR
(CDCl;, 50 MHz): § 171.6, 144.4, 105.6, 57.6, 52.8, 41.2. MS (C;;H4,0,): 210 (M"). HRMS (ESI):
Anal. Caled. (M+Na") 233.07843, Found: 233.07831. IR (cm™): v 1735, 1435, 1288, 1247, 1178.

Ethyl 1-acetyl-3,4-dimethylenecyclopentanecarboxylate (Sb)

COMe
COOEt

Following the general procedure, starting from 32 mg (0.24 mmol) of Ethyl acetoacetate 4b,
product Sb was obtained using ether/petroleum ether (1:4) as the eluant. yield: 35.4 mg, 85%
yield, colorless oil. "H NMR (CDCls, 300 MHz): § 5.39 (s, 2H), 4.96 (s, 2H), 4.24-4.16 (m, 2H),
3.04-2.91 (m, 4H), 2.19 (s, 3H), 1.26 (t, 3H, J = 7.2 Hz). ®C NMR (CDCl;, 50 MHz): & 203.2,
171.9, 144.6, 105.6, 64.0, 61.7, 39.9, 26.3, 14.0. MS (C;,H;c03): 208 (M"). HRMS (ESI): Anal.
Calcd. (M+Na") 231.09917, Found: 231.09911. IR (cm™): v 1713, 1357, 1235, 1180, 1151.

1,1'-(3,4-Dimethylenecyclopentane-1,1-diyl)diethanone (5¢)

COMe
COMe

Following the general procedure, starting from 24 mg (0.24 mmol) of pentane-2,4-dione 4c,
product 5¢ was obtained using ether/petroleum ether (1:4) as the eluant. yield: 29.2 mg, 82% yield,
colorless oil. "H NMR (CDCl;, 300 MHz): § 5.39 (s, 2H), 4.98 (s, 2H), 2.97 (s, 4H), 2.14 (s, 6H).
3C NMR (CDCl;, 50 MHz): § 205.0, 144.4, 105.9, 71.7, 38.8, 26.6. MS (C,;H,40,): 178 (M").
HRMS (ESI): Anal. Caled. (M+H") 179.10666, Found: 179.10634. IR (cm™): v 1718, 1699, 1421,
1356, 1210.

Ethyl 1-cyano-3,4-dimethylenecyclopentanecarboxylate (5d)
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CN
COOEt
5d

Following the general procedure, starting from 27 mg (0.24 mmol) of ethyl cyanoacetate 4d.

product Sd was obtained using ether/petroleum ether (1:4) as the eluant. yield: 34.8 mg, 91%
yield, colorless oil. '"H NMR (CDCls, 300 MHz): § 5.52 (s, 2H), 5.07 (s, 2H), 4.32-4.25 (m, 2H),
3.15-3.00 (m, 4H), 1.33 (t, 3H, J = 7.2 Hz). *C NMR (CDCl;, 50 MHz): & 168.0, 142.1, 119.5,
107.3, 63.1, 45.5, 43.3, 13.9. MS (C;;H;3NO,): 191 (M"). HRMS (ESI): Anal. Calcd. (M+Na")
214.08385, Found: 214.08361. IR (cm™): v 1743, 1239, 1069, 1023, 907.

Ethyl 3,4-dimethylene-1-nitrocyclopentanecarboxylate (Se)

NO,
COOEt
5e

Following the general procedure, starting from 32 mg (0.24 mmol) of ethyl nitroacetate 4e,

product Se was obtained using ether/petroleum ether (1:4) as the eluant. yield: 21.5 mg, 51% yield,
pale yellow oil. "H NMR (CDCl;, 300 MHz): & 5.48 (s, 2H), 5.05 (s, 2H), 4.32-4.25 (m, 2H), 3.48
(d, 2H, J = 8.7 Hz), 3.26 (d, 2H, J = 8.7 Hz), 1.29 (t, 3H, J = 7.2 Hz). *C NMR (CDCl;, 50 MHz):
5 166.3, 141.8, 107.2, 96.7, 63.2, 42.5, 13.8. MS (C;(H;3NO,): 234 (M"). HRMS (ESI): Anal.
Calcd. (M+Na") 234.07368, Found: 234.07362. IR (cm™): v 1749, 1554, 1414, 1369, 1240.

(3,4-Dimethylenecyclopentane-1,1-diyl)bis(phenylmethanone) (5f)

COPh
COPh

5f

Following the general procedure, starting from 54 mg (0.24 mmol) of
1,3-diphenylpropane-1,3-dione 4f, product 5f was obtained using ether/petroleum ether (1:4) as the
eluant. yield: 54.4 mg, 90% yield, white solid; mp: 73-74 C. '"H NMR (CDCl;, 300 MHz): & 7.86
(d, 4H, J=3.9 Hz), 7.42 (t, 2H, J = 7.5 Hz), 7.31 (t, 4H, J = 7.5 Hz), 5.42 (s, 2H), 4.96 (s, 2H),
3.40 (s, 4H). *C NMR (CDCl;, 50 MHz): § 197.6, 144.9, 135.5, 133.2, 129.2, 128.6, 105.5, 67.4,
41.9. MS (CyH;30,): 302 (M"). HRMS (ESI): Anal. Caled. (M+H") 303.13796, Found:
303.13820. IR (cm™): v 1725, 1682, 1427, 1325, 1210.

Ethyl 3,4-dimethylene-1-(4-nitrobenzoyl)cyclopentanecarboxylate (5g)

0
NO,
COOEt
59

Following the general procedure, starting from 50 mg (0.24 mmol) of ethyl 4-nitrophenylacetate

4g, product 5g was obtained using ether/petroleum ether (1:4) as the eluant. yield: 55.4 mg, 88%
yield, pale yellow sticky oil. "H NMR (CDCls, 300 MHz): § 8.30 (d, 2H, J = 4.5 Hz), 8.04 (d, 2H,
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J=4.5Hz), 5.4 (s, 2H), 4.99 (s, 2H), 4.17-4.10 (m, 2H), 3.20 (s, 4H), 1.06 (t, 3H, J = 7.2 Hz). ®C
NMR (CDCl;, 50 MHz): & 193.7, 172.5, 150.1, 144.0, 139.7, 129.6, 123.7, 105.9, 62.1, 61.4, 41.2,
13.8. MS (Cy;H;;NOs): 315 (M"). HRMS (ESI): Anal. Caled. (M+Na") 338.09989, Found:
338.10013. IR (cm™): v 1738,1693, 1521, 1349, 1280, 1203.

Methyl 3,4-dimethylene-1-(phenylsulfonyl)cyclopentanecarboxylate (5h)
SO,Ph
C02 Me
5h

Following the general procedure, starting from 51 mg (0.24 mmol) of methyl

phenylsulfonylacetate 4h, product Sh was obtained using ether/petroleum ether (1:4) as the eluant.
yield: 41.5 mg, 71% vyield, colorless oil. '"H NMR (CDCl;, 300 MHz): 6 7.85-7.82 (m, 2H),
7.72-7.67 (m, 1H), 7.59-7.54 (m, 2H), 5.39 (s, 2H), 4.96 (s, 2H), 3.66(s, 3H), 3.27 (d, 2H, J = 8.3
Hz), 3.15 (d, 2H, J = 8.3 Hz). *C NMR (CDCl;, 50 MHz): § 168.0, 142.8, 134.3, 129.8, 128.9,
128.8, 106.4, 76.0, 53.3, 38.9. MS (C;5sH;c04S): 292 (M"). HRMS (ESI): Anal. Calcd. (M+Na")
315.06615, Found: 315.06527. IR (cm™): v 1742,1680, 1540, 1470, 1280.

1,1-Biphenylsulfonyl-3,4-dimethylenecyclopentane (5i):

SOZPh
SOzPh

Following the general procedure, starting from 71 mg (0.24 mmol) of bis(phenylsulfonyl)methane
4i, product 5i was obtained using ether/petroleum ether (1:4) as the eluant. yield: 48.6 mg, 65%
yield, white solid, 123-124 “C. '"H NMR (CDCl;, 300 MHz): & 8.03-8.01 (m, 4H), 7.74-7.69 (m,
2H), 7.59-7.54 (m, 4H), 5.29 (s, 2H), 4.84 (s, 2H), 3.40 (s, 4H). *C NMR (CDCl;, 50 MHz): &
142.5, 136.6, 134.7, 131.1, 128.7, 106.3, 90.2, 38.4. MS (C;oH30,S,): 374 (M"). HRMS (ESI):
Anal. Caled. (M+H") 375.15909, Found: 375.15869. IR (cm’l): v 1740, 1603, 1374, 1224, 1028.

2,3-Dimethylenespiro[4.5]decane-6,10-dione (7a)

D

7a O

Following the general procedure, starting from 27 mg (0.24 mmol) of 1,3-Cyclohexanedione 6a,
product Sa was obtained using ether/petroleum ether (1:2) as the eluant. yield: 33.1 mg, 87% yield,
colorless oil. '"H NMR (CDCls, 300 MHz): & 5.39 (s, 2H), 4.94 (s, 2H), 2.93 (t, 4H, J =1.8 Hz), 2.71 (t,
4H, J = 6.6 Hz), 2.03-1.94 (m, 2H). *C NMR (CDCl;, 50 MHz): § 207.3, 144.6, 105,5, 69.8, 39.7,
37.8, 17.9. MS (C;;H405): 190 (M'). HRMS (ESI): Anal. Caled. (M+H") 191.10666, Found:
191.10626. IR (cm™): v 1727, 1695, 1423, 866, 713.

S6



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

7,8-Dimethylenespiro[4.4|nonane-1,4-dione (7b)

7b O

Following the general procedure, starting from 20 mg (0.24 mmol) of 1,3-Cyclopentanedione 6b ,
product 7b was obtained using ether/petroleum ether (1:2) as the eluant. yield: 24.7 mg, 70% yield,
white solid, mp: 83-84 ‘C. "H NMR (CDCl;, 300 MHz): § 5.46 (s, 2H), 4.97 (s, 2H), 2.82 (s, 4H),
2.70 (t, 4H, J = 1.8 Hz). *C NMR (CDCl;, 50 MHz): 8 214.2, 144.3, 106.0, 59.8, 40.5, 35.0. MS
(C11H,05): 176 (M"). HRMS (ESI): Anal. Calcd. (M+H") 177.09101, Found: 177.09059. IR
(em™): v 1720, 1420, 1297, 1205, 937.

8,8-Dimethyl-2,3-dimethylenespiro[4.5]decane-6,10-dione (7¢)

@)

7¢c O

Following the general procedure, starting from 34 mg (0.24 mmol) of dimedone 6¢, product 7¢ was
obtained using ether/petroleum ether (1:3) as the eluant. yield: 31.0 mg, 71% yield, white solid,
mp: 103-104 “C. '"H NMR (CDCl;, 300 MHz): § 5.38 (s, 2H), 4.93 (s, 2H), 2.91 (s, 4H), 2.63 (s,
4H), 1.01 (s, 6H). *C NMR (CDCls, 50 MHz): & 207.0, 144.6, 105.4, 68.5, 51.6, 39.6, 30.7, 28.4.
MS (C4H,30,): 218 (M"). HRMS (ESI): Anal. Caled. (M+H") 219.13796, Found: 219.13773. IR
(em™): v 1720, 1696, 1422, 1327, 1239.

3,4-Dimethylenespiro[cyclopentane-1,2'-indene]-1',3'-dione (7d)

240

Following the general procedure, starting from 34 mg (0.24 mmol) of 35 mg (0.24 mmol) of

1,3-indanedione 6d, product 7d was obtained using ether/petroleum ether (1:3) as the eluant. yield:
43.0 mg, 96% yield, white solid, mp: 70-71 “C. "H NMR (CDCl;, 300 MHz): & 8.00-7.98 (m, 2H),
7.88-7.85 (m, 2H), 5.53 (s, 2H), 5.01 (s, 2H), 2.83 (s, 4H). *C NMR (CDCl;, 50 MHz): & 202.6, 145.2,
141.2, 135.8, 123.5, 105.6, 56.8, 40.7. MS (C;5H,,0,): 224 (M"). HRMS (ESI): Anal. Calcd. (M+H")
225.09101, Found: 225.09088. IR (cm™): v 1739, 1701, 1593, 1333, 1232.

Dimethyl 8,9- benzo-3,4-dimethylene-11-oxobicyclo[4.3.1]Jundecane-1,6-dicarboxylate (9a)
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CO,Me

£

CO,Me
9a

\\

Following the general procedure, starting from 66 mg (0.24 mmol) of dimethyl
3-0x0-1,2,4,5-tetrahydrobenzo[d]cycloheptene-2,4-dicarboxylate 8a, product 7d was obtained
using ether/petroleum ether (1:4) as the eluant. yield: 65.2 mg, 92% yield, white solid, mp: 94-95
‘C. "H NMR (CDCl;3, 300 MHz): § 7.27-7.20 (m, 4H), 5.58 (s, 2H), 5.04 (s, 2H), 3.73 (s, 6H), 3.22
(dd, 4H, J, = 23.4 Hz, J, = 14.7 Hz), 2.90 (d, 2H, J = 7.5 Hz), 2.55 (d, 2H, J = 7.5 Hz). "C NMR
(CDCls3, 50 MHz): 6 206.0, 172.6, 142.2, 137.0, 131.1, 127.3, 115.7, 63.5, 52.2, 38.4, 37.4. MS
(C21H»,05): 354 (M"). HRMS (ESI): Anal. Calcd. (M+H") 355.15400, Found: 355.15369. IR
(em™): v 1735, 1696, 1433, 1268, 1237, 1202, 1180.

Dimethyl 3,4-dimethylene-11-oxobicyclo[4.4.1]decane-1,6-dicarboxylate (9b)
@]

CO,Me

CO,Me
9b

Following the general procedure, starting from dimethyl cyclohexanone-2,6-dicaboxylate 8b, product
9d was obtained using ether/petroleum ether (1:4) as the eluant. yield: 44.4 mg, 76% yield, colorless oil.
"H NMR (CDCl;, 300 MHz): § 5.48 (s, 2H), 5.11 (s, 2H), 3.74 (s, 6H), 2.92 (s, 4H), 2.55-2.45 (m, 2H),
2.26-2.17 (m, 1H), 2.12-2.01 (m, 2H), 1.97-1.83 (m, 1H). “*C NMR (CDCl;, 60 MHz): & 206.2, 172.8,
142.1, 114.4, 61.1, 52.3, 37.5, 34.8, 17.1. MS (C;sH0s): 292 (M"). HRMS (ESI): Anal. Calcd.
(M+Na") 315.12029, Found: 315.11968. IR (cm™): v 1735, 1706, 1458, 1431, 1277, 1214, 1139.

Synthesis of compound 11 (Eq 4).

0 CO,Me
e e
o H CO,Me
11

A solution of dimethyl 8,9- benzo-3,4-dimethylene-11-oxobicyclo[4.3.1] undecane-1,6-dicarboxylate
9a (65 mg, 0.184 mmol), N-phenylmaleimide 10 (34.6 mg, 0.2 mol) in acetone (5.0 mL) was stirred for
12 hours at RT. After removing the solvent under vacuum, the residue was purified by silica gel column
chromatography with EtOAc/ petroleum ether = 1/4 to afford compound 11 as a white solid (79.7 mg,
84% yield, dr > 20: 1), mp: 273-274 [1."H NMR (CDCls, 300 MHz): § 7.41- 7.33 (m, 3H), 7.30- 7.27
(m, 2H), 7.20- 7.16 (m, 2H), 7.10- 7.02 (m, 2H), 3.81 (s, 6H), 3.48 (s, 1H), 3.43 (s, 1H), 3.16- 3.14(m,
2H), 3.06 (s, 1H), 3.00 (s, 1H), 2.67-2.49 (m, 6H), 2.22 (s, 1H), 2.18 (s, 1H). ®C NMR (CDCl;, 60
MHz): & 206.6, 178.9, 172.7, 135.9, 134.0, 131.8, 131.7, 128.9, 128.3, 128.0, 126.1, 63.2, 52.4, 39.7,
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39.3, 35.8, 31.5. MS (C3,HyNO,): 527 (M"). HRMS (ESI): Anal. Caled. (M+H") 528.20168, Found:
528.20046. IR (cm™): v 2923, 2852, 1738, 1708, 1476, 1285.

Synthesis of compound 13 (Eq 5).

To an oven dried Schlenk tube was added 2,3-dimethylenebutane-1,4-diyl diacetate 3 (39.6 mg,
0.20 mmol), dimethyl malonate 4a (0.24 mmol), Pd(OAc), (1.12 mg, 0.005 mmol), DPPF (5.54
mg, 0.01 mmol), DBU (76 mg, 0.50 mmol). The tube was evacuated and refilled with N,, and this
process was repeated 3 times. Then 2.5 mL of CH,Cl, was added into the tube by syringe. The
mixture was stirred at room temperature for 24 hours. After removing the solvent under vacuum,
the solvent of DMAD 12 (170.4 mg, 1.2 mmol) in ether (5 mL) was add to the reaction mixture.
After refluxing for 4 hours, the solvent was removed under vacuum. the residue was purified by
silica gel column chromatography with EtOAc/ petroleum ether = 1/1 to afford compound 13 as a
white solid (51.9 mg, 74% yield), mp: 117-118 O. Tetramethyl
1H-indene-2,2,5,6(3H,4H,7H)-tetracarboxylate '"H NMR (CDCl;, 300 MHz): & 3.78 (s, 6H),
3.75 (s, 6H), 2.99 (s, 4H), 2.98 (s, 4H). *C NMR (CDCl;, 60 MHz): § 172.4, 166.3, 132.8, 127.8,
57.6, 52.8, 52.1, 42.7, 28.3. MS (C;7;H;Og): 352 (M"). HRMS (ESI): Anal. Calcd. (M+H")
353.12309, Found: 353.12280. IR (cm™): v 1730, 1647, 1434, 1317, 1255, 1202, 1152.

Synthesis of compound 14 (Eq 6).

MeO,C
0
COzMe

MeO,C 14

To an oven dried Schlenk tube was added 2,3-dimethylenebutane-1,4-diyl diacetate 3 (39.6 mg, 0.20
mmol), nucleophile (0.24 mmol), Pd(OAc),(1.12 mg, 0.005 mmol), dppf(5.54 mg, 0.01 mmol), DBU
(76 mg, 0.50 mmol). The tube was evacuated and refilled with N,, and this process was repeated 3
times. Then 2.5 mL of CH,Cl, was added into the tube by syringe. The mixture was stirred at room
temperature for 24 hours. After removing the solvent under vacuum, the solvent of DMAD 12 (170.4
mg, 1.2 mmol) in ether (5 mL) was add to the reaction mixture. The mixture was refluxed for 4 hours.
After removing the solvent under vacuum, the residue was purified by silica gel column
chromatography with EtOAc/ petroleum ether = 1/1 to afford compound 14 as a white solid (59.4 mg,
69% yield), mp: 122-123 (1. "H NMR (CDCl;, 300 MHz): & 3.77 (s, 6H), 3.75 (s, 6H), 3.53-3.43 (m,
2H), 3.04-2.95 (m, 4H), 2.53-2.47 (m, 2H), 2.42-2.37 (m, 2H), 2.02-1.97 (m, 2H), 1.86-1.80 (m, 2H).
BC NMR (CDCls, 60 MHz): § 205., 172.8, 168.1, 132.4, 128.7, 61.0, 52.4, 52.0, 35.3, 34.1, 33.4, 16.7.
MS (CpHys00): 434 (M"). HRMS (ESI): Anal. Calcd. (M+Na') 457.14690, Found: 457.14691. IR
(em™): v 1734, 1434, 1286, 1249, 1071.

Synthesis of compounds 16 and 17 (Eq 7).
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To an oven dried Schlenk tube was added 2,3-dimethylenebutane-1,4-diyl diacetate 3 (99 mg, 0.50
mmol), dimethyl acetone -1,3-dicarboxylate 15 (0.2 mmol), Pd(OAc), (2.24 mg, 0.01 mmol), DPPF
(11.8 mg, 0.02 mmol), DBU (182.4 mg, 1.2 mmol). The tube was evacuated and refilled with N,, and
this process was repeated 3 times. Then 5 mL of CH,Cl, was added into the tube by syringe. The
mixture was stirred at room temperature for 24 hours. The reaction mixture was purified by silica gel
column chromatography with ether/ petroleum ether = 1/4 to afford compound 16 as colorless oil (51.1
mg, 74% yield). Dimethyl 3,4,8,9-tetramethylene-11-oxobicyclo[4.4.1Jundecane-1,6-dicarboxylate
"H NMR (CDCl;, 300 MHz): & 5.45 (s, 4H), 5.00 (s, 4H), 3.72 (s, 6H), 2.82 (d, 8H, J = 1.7 Hz). ®C
NMR (CDCls, 60 MHz): & 206.8, 172.7, 143.9, 115.8, 63.3, 52.3, 37.8. MS (CoH,,05): 330 (M").
HRMS (ESI): Anal. Caled. (M+Na") 353.13594, Found: 353.13586. IR (cm™): v 1735, 1696, 1432,
1269, 1209.

COzMe

CO,Me
16

A solution of 16 (66 mg, 0.2 mmol), DMAD 12 (71 mg, 0.5 mol) in CH,Cl,/ ether = 1/1 (5.0 mL) was
stirred for 12 hours in reflux. After removing the solvent under vacuum, the residue was purified by
silica gel column chromatography with EtOAc/ petroleum ether = 2:1 to afford compound 17 as a
white solid (105.6 mg, 86% yield), mp: 253-254 0. Dimethyl
3,4,8,9-tetramethylene-11-oxobicyclo[4.4.1]Jundecane-1,6-dicarboxylate 'H NMR (CDCl;, 300
MHz): § 3.79 (s, 12H), 3.76 (s, 6H), 3.40-3.30 (m, 4H), 3.03-2.92 (m, 4H), 2.58 (s, 8H). *C NMR
(CDCl;, 50 MHz): 6 205.6, 172.7, 167.8, 132.2, 128.0, 62.5, 52.5, 52.3, 35.5, 34.8. MS (C;,H34013):
614 (M"). HRMS (ESI): Anal. Calcd. (M+Na") 637.18818, Found: 637.18916. IR (cm™): v 2952, 1734,
1696, 1434, 1271, 1235, 1066.

e N

CO,Me
MeOQC ‘g. COzMe
MeO,C ' CO,Me
CO,Me
17

Synthesis of compound 18 (Eq 8).

Compound 18 was obtained from CH,Cl, by slow solvent evaporation with using compound
sample obtained by irradiation of 11 in the solid state with £ > 290 nm (Pyrex filter). Compound
18 is a white solid (yield > 95%), mp: 261-262 [1."H NMR (CDCl;, 300 MHz): § 7.33-7.23 (m,
5H), 7.16-6.99 (m, 4H), 3.77 (s, 6H), 3.44 (s, 1H), 3.39 (s, 1H), 3.11- 3.05 (m, 2H), 3.02 (s, 1H),
3.00 (s, 1H), 2.62-2.45 (m, 6H), 2.19 (s, 1H), 2.14 (s, 1H). *C NMR (CDCl;, 60 MHz): § 179.2,
173.0, 136.1, 134.3, 132.0, 131.6, 129.1, 128.6, 128.3, 126.3, 63.3, 52.5, 39.8, 39.4, 35.9, 31.4.
MS (C30H;0NOg): 499 (M"). HRMS (ESI): Anal. Calcd. (M ") 499.19894, Found: 499.20023. IR
(em™): v 2904, 1710, 1699, 1480, 1206.

S10



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

References

1.

2.
3.
4

Atsushi K.; Norikazu S.; Miwako M. Tetrahedron, 1999, 55,8155.
Shuntaro Mataka. J. Org. Chem. 1989, 54, 5237.

Blicke, F. F.; McCarty, F. J. J. Org. Chem. 1959, 24, 1069.

Scholl, M.; Ding, S.; Lee, C. W.; Grubbs, R. H. Org. Lett. 1999, 1, 953.

S11



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

IV. X-ray Crystal Structure of 11 and 17

Experimental Details

A colorless Toluene and Hexane solution of 11 was prepared. Crystals suitable for X-ray analysis
were obtained by slow evaporation of solvent at room temperature. A colorless prism crystal of C;; Hag
NO; having approximate dimensions of 0.19 x 0.18 x 0.10 mm was mounted on a glass fiber. All
measurements were made on a Rigaku RAXIS RAPID imaging plate area detector with graphite
monochromated Mo-Ka radiation.

A colorless CH,Cl, and Hexane solution of 17 was prepared. Crystals suitable for X-ray analysis
were obtained by slow evaporation of solvent at room temperature. A colorless prism crystal of C;; Hag
NO; having approximate dimensions of 0.40 x 0.40 x 0.30 mm was mounted on a glass fiber. All
measurements were made on a Rigaku RAXIS RAPID imaging plate area detector with graphite

monochromated Mo-Ka radiation.

Crystal Data

11 17
formula C3HyNO;, C;Hg C3H34013
fw 618.68 614.58
cryst syst triclinic Monoclinic
space group P-1 P2(1)/n
a(A) 9.851(2) 12.624(3)
b (A) 11.303(2) 10.895(2)
c(A) 15.868(3) 21.852(4)
o (deg) 82.36(3) 90.00
B (deg) 76.88(3) 104.90(3)
7(deg) 64.54(3) 90.00
V(&) 1552.4(5) 2904.7(10)
zZ 2 4
Detea (g em™) 1.324 1.405
i (mm™) 0.091 0.110
F(000) 645 1296
cryst size (mm) 0.19x0.18x 0.10 0.40x0.40x0.30
max. 26 (deg) 50.0 55.0
no. of reflns collected 5470 6634
no. of indep reflns/R;y 4872/ 0.0457 2441/0.0903
no. of params 417 404
goodness-of-fit on F2 1211 0.990

R1, wR2 (I > 20(1))
R1, wR2 (all data)

0.0775,0.1767
0.0883,0.1831

0.0649, 0.0734
0.1659, 0.0734
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Figure 2. X-ray crystallographic of compound 17

S13



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

ACOMOAC]
3

@w @ =]
CERS = -
wiul o o |
— 2000
— 1500
. L
— 1000
| L
500
e & _J Lo
e b b B
b b W -
H E P
I 1 T 1 T I 1 T 1 L} r
50 0.0
pRm (f1)
- —
3 & 8 g
£ 3 z K

76.364

46866

— 20855
T

ppm (1)

S14



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

CO,Me
COzMe

5a
0 ~ [ ® r
— 6000
5000
— 4000
— 3000
— 2000
— 1000
] L
T J\.\_ JL e | ;0
i W " " :
N N o I L
o o o o
=] = = @ L
—-1000
‘ T T T ‘ T T T ‘
100 5.0 0.0
ppm (1)
=) - =}
3 ] I LR 82 2
- = i © 9 oo -
P - =1 ~ M~ © [y | -
- - - [ 0w =+
I
|
T T T T T T T T T T T T T T T T T T T T T T T T T
200 150 100 50 0
ppm (t1)

S15



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

COMe

COOEt

5b
o ()] D W0 — 0 0O T~ 0 O O o
g B gQz28 83585 S 58
n < <~ < < < M NNN NN ~—

1500
1000
/ 500
I [
‘ L
|
it L
A Ll o
Wy . 1 e t a
N N N IN %) w
o o o o o o
a o =, N S a =
[ \ \
100 50 0.0
ppm (f1)
w© © < @ L
2 &8 & & 883 o Iz 8 2
o - = o oS M Do ] @ @ -
=1 = 3 e FEE 8% 2 & o -
l y J -
/ i
200
150
i r
100
50
—0
—-50
T T | T T T T | T T T T | T T T T | T T T
200 150 100 50
ppm (f1)



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

COMe
COMe
5c

< Q @ =} — 8000C
» @ © 3 L
o 0 -1 -
0n < o o r
f— 7000C
f— 6000C
f— 5000C
— 4000C
— 3000C
— 2000C
— 1000C
) ;—L ; 0
W . ! -
NN IS o =
o o o = L
> & & @
‘ ‘ T T
10.0 5.0
ppm (t1)
3 2 & ] @ @
2 3 3 28 g 8
8 3 £ s 8 &

——— T7.636
77.000

T T T T T T T T T T T T T T T T T T T T T T T T T
200 150 100 50 0
pprn (t1)

S17



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

CN
COOEt
5d

-0.000000|

5515
5.065
4322
4.299
4275
4251
3.095
3.053
3.000

—5000C

e -
h = EN
=3 © BN
(=] ~ S L
\ \ ‘ \
10.0 5.0 0.0
ppm (t1)
- uy uwy o
8 = 2 ] 883 ¢ 32 3
o o & P oM o = o
© - - (=1 ~r-w o [ ] L]
= - - - P~ P~ M~ O =+ -
[N
|
|
IR \ )
" J NS PO .
et oy Lo ™ o N A
T T T T T T T T T T T T T T T T T T T T T T T
200 150 100 50 0
ppm (t1)

S18



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

NO,
COOEt
S5e

- w ol o = S = = g =]
W = NG~ QW o, - 3O
= = MENNN T NN Mmoo
w w TETT 00O - -

\/ \/) .')

| ——
L
e

507 € S ——
/- -
[
h
L
I

Py Caky i L
] ] [ w
o o [= -
o o | - L
| T T T T | T T T T |
10.0 50 0.0
ppmi {t1)
w o Q
g @ I 2 221 38 o ful
[7s] = [ o QoM e wn P~
e s e B SESE 9 o
il
|
M LMLme
T T | T T T T | T T T T | T T T | T T | T
200 150 100 50 0
ppm (t1)

S19



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

COPh
COPh
5f

872
846
448
423
398

7.337

7.311

7287

5422

4956

3.401

ge T
90y L

00z
—| ooz

10.0 5.0 0.0
ppm (t1)
2 2 d5k53d ) oW @
3} @ < ot © = =N o
[ = el @ w ° oo @
@ I ooedd = RREE T
|
|
|
I
T T I T T T T I T T T T I T T T T I T T T
200 150 100 50

ppm (t1)

S20



5000C

Nozl

COOEt
59

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

e

50

100

S21

150

ppm (t1)

o
|
] o
—o
coLel
9e0'L
290'L —— _ - — ' J300 |[
980'L —— - Q ’
gz Ly
OLFLe
1909 =
+ vocol
Loz - H\L/J 3407 0002 |/
0e0 L ——
vZly —— L
a4 — =, J213
26501
Se6' - 201 |2
EELEZL
cer's — = 202 96z,
L 159°6EL
LOTYL
01051
] Yor Tk
2208 —
150’8
0878 N i F202 |1
[//
11e8 — M I 2.01 0EL'EBL
o =4
—<c £
[




Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

SO,Ph
COzMe
5h

NINO O~ O .7 = N O M ©
DANNDN O © [o2} © O IO N~
BHNGS B0 N I 6§ = =

L T n < mOmMm M O o0

0.000000

M~~~
\KK % )) — 1500C
— 1000¢
—5000¢
|
| L
[
[
| L
J\ﬂk L,
Wy Yooy i
N N w NN
o e} o o=
o N () 0o 1=
[ [ I
10.0 5.0 0.0
ppm (1)
3 8583k 3 €382 5 B C
] g IS g o o o L
© I 2ogg = b o b -] r
l ) D 300
III_ 'l‘. f .'._\ :
I" —250
200
150
—100
50
—o
T T T | T T T T | T T T | T T T T | T
200 150 100 50

ppm (f1)

S22



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

SO,Ph
SO,Ph
5i

285983879 5 8 2
e i B i i ™ e i
0 W M~ M~ ~ wn 2 el
|
[
|
|
(
|
I |
I o |
AL ] S
Yoy by Y
B R ha g >
. o o =
[ZI-1] =] = S
T T T T T T T T T
50
ppm (t1)
g & g3 g
@ & = @ ;
- e P~ @

T 134674
N 131,104
128.740
106.295

90.198

— 77.635

200 150 100 50
ppm (t1)

S23



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

D)

N~ [+ WOTWOVWOM —~NDNO
© [\ NOONNO®O MO WO |-
a9 FHONRE 0000
n < NANNNANN NN~~~
)) % o
— 3000
| I—2000
I
— 1000
| L
I
| i
| \ y, L
ooy Sy W =
N N ENIES N
(=] o o o o s
o L N W a
\ \ i
10.0 5.0 0.0
ppm (f1)
A - - i
] @ g BEBE 8 8 Q r
M - - 0O O~ o ~ o — 700
(=1 =+ o Moo @ ~ L
o - - P= = P= @ [ ] -
\) ) / o
[ L
I |- s00
— 400
— 300
| C
| C
— 200
— 100
! C
MW—D
—-100
T T | T T T T | T T T T | T T T T | T T T T | T
200 150 100 50 1]
ppm (t1)



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

< N~ O - ® I
0 © N O O
T 03 O R88
n < o NN
’ J —1000C
\\ \\//// |
[
5000
| L
/ /j
\ mk
L . SN Il 4
Wy Wy
N N B
s o oo L
o - LW
I I I
100 50 00
ppm (f1)
- ~ o =14 o =31
s - o [E=] @ 0 @
b I 2 ERR 3 g3
b
I||
I
T T | T T T | T T T T | T T T T | T T T T | T
200 150 100 50 0
ppm (1)

S25



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

o

o o - 0
© « - N o
3] ) o © S}
[ < oo - — 2500
— 2000
— 1500
— 1000
— 500
| | [
( M M\;_Jg Lo
W K ¥ ? r
N N il nd ol =
o (=] o o (=]
< s} [N IEN] © L
\ \ \
10.0 5.0 0.0
ppm (f1)
=] - w
8 3 g 883 2 2 g§ 28
P < o RN o @ ©oon
[ =1 ol (=] M~ M~ o O - [=:] (=21
o~ - - F= P~ M~ wy L] 3 o™
T T T T T T T T T T T T T T T T T T T T T T T T T
200 150 100 50 0

ppm (t1)

S26



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

0

OO T I o] o] @ [
QDO QN QL) I Q N
QO 00O 0 < <
O NNNNNNN 0 0 3l — 1500
— 1000
i 500
i [
J JLJ - L
N Wy Ly
[NIN) N N EN [
=T Q o o
i) <] & G
\ \ \
100 5.0 0.0
ppm (1)
Q T © 1 o ~ L
n o - O ~ © 0 QM © ©
10 - N~ < 10 90 Q9 I 10
o [ o) © 0 00 5 o © N
o ] ] o NI~ © © =]
I - < - - -~ N~ o~ 0 < =
— 150
Il L
| L
— 100
— 50
i
—-50

200 150 100 50 0
ppm (1)

S27



Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is (c) The Royal Society of Chemistry 2011

— 15000

1000C

5000C

COzMe

= C

CO,Me
9a

185 —
LISE
5182
526
951 '€
S07'E
vez'e

csze ——

)2

gzLe

LEO'S

£86'S

6614
riT L
ogg's
6ET'L
A
0Lzd

e

T 202
200
TF a0

I 618

T 2.4

3425

50

— 3000C

[ i ~
43

¥ZZes

[A33>]

¥OEQL
000°LL ———2y

9E9°LL

S99'SHE

welek
950°LEL
0L6'9gL
£8T°CrE

29T

LGS0

I
100

ppm (t1)

S28



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

N

COzMe
COzMe
—4000
w W
-~ o
= - L
w oW
(— 3000
— 2000
, 1000
]
If II |-
[
,I .-"f I| L
J 1 / .-||" / ,'”.-i' L
IIg I uli
— | | AN _rll“\_ﬁ"-._l:lf!\l-"l!"'\a_. — P |
R b R e e =
N = = - [ e
2 9 B 2 8 Kis -
T T T T T T T -
50 0.0
T T T T
150 100 -] [ PPM

S29



CO,Me
COzMe

11

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

3 =]
o =]
- wy (=]
_ 1 1 1 _ 1 1 1 1
— ]
=
Fih i S
. 964 GE ———
9LLT —— B 0ZE8E ——
DNNN Fi N -
LBYE —— —
€EGE —— [
8297 —\} r
cz9z =3 FO8 sizee
499¢€ ==
== 6,48
cooe % H_l
) =141 —
950 IIILu S wﬁ r 000 LL —7
avle ) . e
85l€ HJ F 684
LE¥E
— T 610
z8ve ) L
oLge
| = [V 18-"48
| i /
620 — _ 1992 Wh
EE0L — _ e
GS0L — ZOPEL—"
GGLL — - n@m.m?|\\|
£L1L —)
11 3
B61°L
19TL |
PIT L lllu.j_ W 1.78 B
S8TL == Fi¥
MMMM PLLELL
8zE . | 8981
€5€°L /
BLE L —,
G6EL —
B0¥'L
VG 502
ot
—c g
g

S30



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

MeOOC COO'V'e
13

o 0 - o I

2R & B

o m ooy I
— 5000C

/ L
—4000C
| | 3000c
—2000C
‘ — 1000C

L QHQ ;G

L 5 B

“m =] -

8 3 L

I ' ' I ' I
5.0 0.0
ppm (t1)
W V—

20 150 100 5 I PPM

S31



Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is (c) The Royal Society of Chemistry 2011

MeO,C
‘ CO,Me
COQMe
MeOzC 14
Br QB YSB3BR O8RS 58333
R R L T RS e

A ’( "IL
— JVU“L e S—
aom B NN NN
o ® = = =
=1
T T T T T T T T T T T
100 50 0.0
e (F4L
w w o W
P (=] M~ o w oM =] o - o o o -
w o @ o @ @om § ®\o N=® o~
(=) M o o~ M~ M @ - oy w = w
o~ - - - - ~ M~ = o oW N ] -
|'| ‘
" " wii J MJ oy
T lad " i ¥ e Mb‘ ”w Ll iy
T T T T
150 100 50 0

ppm (f1)

S32

—To0

— 600

500

[—400

[—300

200

100

-100



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

-

COzMe
COzMe
L 16
o - P
2 8 [ Hx o
uwy wy o« oo
— 1000
— 5000C
.J L
l J Ll.l 1 0
Yoy Y i
s o o ® r
(=3 w o o
2 9 2
T T T T | T T T T | T T T T |
100 50 0.0
ppm (t1)
20 150 00 5 0 oM

S33



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

CO,Me
MeOZC ‘g. ' COzMe
MeOzC COzMe
CO,Me
17
BIILHEIL B L
T M aaog @ on
PO O DM NN
L._ ‘ //J/J/ | 15000
I 1000¢
- 5000¢
|f B
/ // /J L
I (I
LY S T o
Py |
& - B [=-]
L% o - -
8 [=] (=] w =
| T T T T | T T T T |
50 0.0
ppm (1)
2 g8 8 €83 8 3§ &2
] 8B gk RKro o oid i
o~ e - P P~ I~ Lie] uw [ I ]
I |
I
I
I
I
T T | T T T T T T T T | T T T T | T T T T | T
200 150 100 50 0
ppm (1)

S34



COzMe
COzMe

el T T T

18

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

g g
(=} [=]
s & o
| | | | | | | | | | |
— Lo
B e
_ [ —
- ovee —
6617 ' LLg8e —
9817 —\
=\
wv.v.m N 152 —
eorz —\\| |
AR\ ko T
\ o 86259
€297 — f.fHJW.J oo
996°C
. ~ —_———
gi0'e ] W mmm r 2859
s —7 o =
zive —e= T AR u
w7 sl
LEpE R L
98L'E

L=
u
Som
2= 1|
|r.||..lIJ F5:
eE0eLl
SELELE —
o £
=28

PPM

S35

00

T -

)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /MyriadPro-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


