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(1) Natural products containing 1,3-dioxin-6-one cores (Figure S1): 
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(2) Representative Synthetic procedures: 

(a) General procedure: 

   Unless otherwise noted, all reactions were carried out under a nitrogen atmosphere in 

oven-dried glassware using standard syringe, cannula and septa apparatus. Tetrahydrofuran 

and hexanes were dried with sodium, benzophenone and distilled before use. 

Dichloromethane and DCE were dried over CaH2 and distilled before use. Methanol and 

triethylamine (Et3N) were stored over 4Å  molecular sieves prior to use. Reagents were 

purchased from commercial sources and used without purification, unless otherwise stated. 

Reactions were magnetically stirred and monitored by thin layer chromatography carried out 

on 0.25 mm E. Merck silica gel plate (60f- 254) using UV light as visualizing agents and 

ethanolic solution of phosphomolybdic acid, and heat as deveoling agents. 
1
H NMR and 

13
C 

http://pubs.acs.org/action/doSearch?ContribStored=Wadsworth%2C+Donald+H.
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NMR spectra were recorded on a Bruker 400, Varian 500 MHz and a Bruker 600 MHz 

spectrometers using chloroform-d (CDCl3) as the internal standard.  

(b) Preparation of tert-butyl 3-phenylpropiolate (1h).
 [S6]

 

 

To a solution of 1-hexyne (1.0 g, 12.19 mmol) in dry THF (25 mL) at -78 ˚C was added 

n-BuLi (4.95 mL, 2.5 M in hexanes, 12.19 mmol), and reaction mixture was stirred for 30 

min at -78 ˚C. Ethyl chloroformate (1.16 mL, 12.19 mmol) was then added, and the reaction 

mixture was warmed room temperature for additional stirring for 1.5 h. The reaction was 

quenched with ice cold water (100 mL) and extracted with Et2O (3 x 100 mL). The organic 

layers were then combined and washed with brine (100 mL), and then dried over MgSO4. 

The resulting organic layer was concentrated under reduced pressure, and the crude product 

was purified by flash chromatography on silica column (Hexanes/Ethyl acetate as a mobile 

phase) to afford 1.72g of ethyl hept-2-ynoate (1a) (92% yield, 11.21 mmol) as a colorless oil. 

To a solution of ethyl hept-2-ynoate (1.0 g, 6.49 mmol) in 45 mL of ethanol was added 

slowly with stirring an aqueous sodium hydroxide solution (25 mL, 1 N). After 2.5 h, the 

reaction mixture was diluted with water (50 mL) and was washed with dichloromethane (2 X 

25 mL). The aqueous phase was acidified with 20% HCl solution and was extracted with 

dichloromethane (3 X 50 mL). The combined extracts were dried over MgSO4 and 

concentrated under reduced pressure to give 686 mg of hept-2-ynoic acid (85% yield, 5.44 

mmol). 

    To a solution of hept-2-ynoic acid (1.0 g, 7.93 mmol) in 75 ml of DCM at 0 °C was 

added tert-butyl acetate (10.6 ml, 79.36 mmol) and TfOH (0.070 ml, 0.79 mmol) dropwise; 

the resulting solution was warmed room temperature with stirring for 2 hours before 

saturated NaHCO3 was slowly introduced. The aqueous layer was extracted with DCM 



(3x100 ml); the combined extracts were washed with saturated NaCl, then dried over MgSO4, 

filtered, and concentrated under reduced pressure to give crude product. The crude product 

was purified by column chromatography on silica using ethyl acetate/hexanes = 1/10 as a 

mobile phase to give tert-butyl hept-2-ynoate (1h) (1.04 g, 2.63 mmol, 72%) as a colourless 

oil.     

  Other tert-butyl 3-propiolates (1a – 1k) were prepared by using the same procedure as that 

of tert-butyl hept-2-ynoate (1h).  

(c) Typical procedure for standard catalytic operations: 

(i) Typical procedure for the synthesis of 2,6-diphenyl-4H-1,3-dioxin-4-one (3a). 

 

A two-neck flask was charged with chloro[(1,1′-biphenyl-2-yl)di-tert-butylphosphine] 

AuCl (13.1 mg, 0.0247 mmol) and silver hexafluoride (8.5 mg, 0.0247 mmol), and to this 

mixture was added dry DCE (1.0 mL). The resulting mixture was stirred at room temperature 

for 10 min. To this mixture was added a dry DCE solution (2 mL) of tert-butyl 

3-phenylpropiolate (1a) (100 mg, 0.495 mmol) and benzaldehyde (209 mg, 1.98 mmol) 

dropwise. After stirring at 50 °C for 3.5 h, the reaction mixture was filtered over a short 

celite bed, concentrated, and eluted through a silica column to give the desired 

2,6-diphenyl-4H-1,3-dioxin-4-one  (3a)  (108 mg, 0.396 mmol, 87 %) as white solid. 

 

(ii) Typical procedure for the synthesis of 2-butoxy-6-phenyl-2H-pyran-4(3H)-one (5a). 

 



A sealed tube was charged with chloro[(1,1′-biphenyl-2-yl)di-tert-butylphosphine] 

 AuCl (13.1 mg, 0.0247 mmol) and silver hexafluoride (8.5 mg, 0.0247 mmol), and to this 

mixture was added dry toluene (1.0 mL); the resulting mixture was stirred at room 

temperature for 10 min. To this mixture was added a dry toluene solution (4 mL) of tert-butyl 

3-phenylpropiolate (1a) (100 mg, 0.495 mmol) and acetone (114 mg, 1.98 mmol) dropwise. 

After stirring at 50 °C for 5 hour, the reaction mixture was added pyridine (7.8 mg, 0.99 

mmol) and n-butyl vinyl ether (247 mg, 2.47 mmol) followed by stirring at 120 °C for 4 h. 

After completion of reaction, the resulting mixture was filtered over a short celite bed, 

concentrated, and eluted through a silica column to give the desired 2-butoxy-6- 

phenyl-2H-pyran-4(3H)-one  (5a)  (85 mg, 0.346 mmol, 70 %) as white solid. 

(iii) Typical procedure for the synthesis of 2,3,6-triphenyl-2H-1,3-oxazin-4(3H)-one 

(6a):  

 

A mixture of 2,2-dimethyl-6-phenyl-4H-1,3-dioxin-4-one (3v) (100 mg,  0.490 mmol) 

and  (E)-N-benzylideneaniline (88.7 mg,  0.490 mmol)  was heated at 120 ℃ without 

any solvent for 25 min. The white solid obtained was recrystallized from a mixture of 

ether-hexane (1:1) to afford desired product 2,3,6-triphenyl-2H-1,3-oxazin-4(3H)-one (6a) 

(104 mg, 0.524 mmol, 65 %) as white crystals. 

(4) Spectral data: 

Spectral data for tert-butyl 3-phenylpropiolate (1a).  

 

Colorless oil; 
1
H NMR (600 MHz, CDCl3): δ 7.55 ~ 7.53 (m, 2 H), 7.41 ~ 7.38 (m, 1 H), 

7.34 ~ 7.31 (m, 2 H), 1.52 (s, 9 H); 
13

C NMR (150 MHz, CDCl3): δ 153.1, 132.8, 130.3, 



128.5, 120.0, 83.8, 83.4, 82.0, 28.0; HRMS calcd. for C13H14O2: 202.0994; found: 202.0984. 

Spectral data for tert-butyl 3-(4-methoxyphenyl)propiolate (1b). 

      

White solid; 
1
H NMR (400 MHz, CDCl3): δ 7.50 (d, J = 8.8 Hz, 2 H), 6.84 (d, J = 8.8 Hz, 2 

H), 3.80 (s, 3 H), 1.52 (s, 9 H); 
13

C NMR (100 MHz, CDCl3): δ 161.2, 153.3, 134.6, 114.1, 

111.6, 84.5, 83.1, 81.3, 55.2, 28.0; HRMS calcd. for C14H16O3: 232.1099; found: 232.1096. 

Spectral data for tert-butyl 3-(4-chlorophenyl)propiolate (1c). 

     

White solid; 
1
H NMR (600 MHz, CDCl3): δ 7.47 (d, J = 8.4 Hz, 2 H), 7.31 (d, J = 8.4 Hz, 2 

H), 1.51 (s, 9 H); 
13

C NMR (150 MHz, CDCl3): δ 152.9, 136.6, 134.0, 128.9, 118.5, 83.7, 

82.8, 82.4, 28.0; HRMS calcd. for C13H13ClO2: 236.0604; found: 236.0601. 

 Spectral data for tert-butyl 3-(thiophen-2-yl)propiolate (1d).  

                         

Colorless oil; 
1
H NMR (600 MHz, CDCl3): δ 7.67 (dd, J = 3.0, 1.2 Hz, 1 H), 7.26 (d, J = 5.1, 

3.0 Hz, 1 H), 7.17 (d, J = 5.1, 1.2 Hz, 1 H), 1.50 (s, 9 H); 
13

C NMR (150 MHz, CDCl3): δ 

153.1, 133.1, 130.1, 125.9, 119.1, 83.4, 81.9, 79.2, 28.0; HRMS calcd. for C11H12O2S: 

208.0558; found: 208.0559. 

Spectral data for tert-butyl 3-(thiophen-3-yl)propiolate (1e).  

                         



Colorless oil; 
1
H NMR (600 MHz, CDCl3): δ 7.39 ~ 7.37 (m, 2 H), 6.99 ~ 6.96 (m, 1 H), 

1.49 (s, 9 H); 
13

C NMR (150 MHz, CDCl3): δ 152.9, 136.0, 130.6, 127.3, 119.6, 86.0, 83.5, 

77.6, 27.9; HRMS calcd. for C11H12O2S: 208.0558; found: 208.0550. 

Spectral data for tert-butyl 4-methylpent-4-en-2-ynoate (1f).  

        

Colorless oil; 
1
H NMR (600 MHz, CDCl3): δ 5.53 ~ 5.52 (m, 1 H), 5.44 ~ 5.43 (m, 1 H), 

1.89 (m, 3 H), 1.47 (s, 9 H); 
13

C NMR (150 MHz, CDCl3): δ 153.0, 126.9, 124.5, 84.7, 83.3, 

80.8, 28.0, 22.4; HRMS calcd. for C10H14O2: 166.0994; found: 166.0996. 

Spectral data for tert-butyl propiolate (1g).  

          

Colorless oil; 
1
H NMR (600 MHz, CDCl3): δ 2.74 (s, 1 H), 1.45 (s, 9 H); 

13
C NMR (150 

MHz, CDCl3): δ 151.6, 84.0, 75.9, 72.2, 27.8; HRMS calcd. for C7H10O2: 126.0681; found: 

126.0681. 

Spectral data for tert-butyl hept-2-ynoate (1h).  

       

Colorless oil; 
1
H NMR (600 MHz, CDCl3): δ 2.27 (t, J = 7.2, 2 H), 1.54 ~ 1.49 (m, 2 H), 

1.46 (s, 9 H), 1.43 ~ 1.35 (m, 2 H), 0.88 (t, J = 7.3 Hz, 3 H); 
13

C NMR (150 MHz, CDCl3): δ 

153.0, 87.0, 82.8, 74.4, 29.6, 28.0, 21.9, 18.3, 13.4; HRMS calcd. for C11H18O2: 182.1307; 

found: 182.1306. 

Spectral data for tert-butyl 4-methylpent-2-ynoate (1i).  



        

Colorless oil; 
1
H NMR (600 MHz, CDCl3): δ 2.66 ~ 2.59 (m, 1 H), 1.46 (s, 9 H), 1.19 (d, J = 

6.6 Hz, 6 H); 
13

C NMR (150 MHz, CDCl3): δ 153.1, 91.5, 82.8, 73.7, 28.0, 21.8, 20.4; 

HRMS calcd. for C10H16O2: 168.1150; found: 168.1155. 

Spectral data for tert-butyl 3-cyclohexylpropiolate (1j).  

       

Colorless oil; 
1
H NMR (600 MHz, CDCl3): δ 2.43 ~ 2.39 (m, 1 H), 1.78 ~ 1.75 (m, 2 H), 

1.66 ~ 1.64 (m, 2 H), 1.46 ~ 1.40 (m, 12 H), 1.27 ~ 1.22 (m, 3 H); 
13

C NMR (150 MHz, 

CDCl3): δ 153.1, 90.2, 82.6, 74.3, 31.4, 28.7, 27.9, 25.5, 24.6; HRMS calcd. for C13H20O2: 

208.1463; found: 208.1463. 

Spectral data for tert-butyl 3-cyclopropylpropiolate (1k).  

       

Colorless oil; 
1
H NMR (600 MHz, CDCl3): δ 1.40 (s, 9 H), 1.29 ~ 1.25 (m, 1 H), 0.83 ~ 0.80 

(m, 4 H); 
13

C NMR (150 MHz, CDCl3): δ 152.7, 90.3, 82.6, 69.7, 27.9, 8.8, -0.81; HRMS 

calcd. for C10H14O2: 166.0994; found: 166.1000. 

Spectral data for 2,6-diphenyl-4H-1,3-dioxin-4-one (3a). 

         

White solid; 
1
H NMR (600 MHz, CDCl3): δ 7.75 ~ 7.73 (m, 2 H), 7.67 ~ 7.65 (m, 2 H), 7.53 

~ 7.43 (m, 6 H), 6.55 (s, 1 H), 6.06 (s, 1 H); 
13

C NMR (150 MHz, CDCl3): δ 168.1, 162.9, 



133.7, 132.5, 130.4, 130.1, 128.9, 128.6, 126.6, 126.5, 100.3, 93.2; HRMS calcd. for 

C16H12O3: 252.0786; found: 252.0786. 

Spectral data for 6-(4-methoxyphenyl)-2-phenyl-4H-1,3-dioxin-4-one (3b). 

       

White solid; 
1
H NMR (600 MHz, CDCl3): δ 7.69 ~ 7.64 (m, 4 H), 7.48 ~ 7.45 (m, 3 H), 6.93 

(d, J = 9.0 Hz, 2 H), 6.52 (s, 1 H), 5.94 (s, 1 H), 3.84 (s, 3 H); 
13

C NMR (150 MHz, CDCl3): 

δ 168.1, 163.3, 163.1, 133.8, 130.3, 128.6, 128.5, 126.7, 122.3, 114.3, 100.0, 91.2, 55.5; 

HRMS calcd. for C17H14O4: 282.0892; found: 282.0887. 

Spectral data for 6-(4-chlorophenyl)-2-phenyl-4H-1,3-dioxin-4-one (3c). 

       

White solid; 
1
H NMR (600 MHz, CDCl3): δ 7.67 ~ 7.63 (m, 4 H), 7.49 ~ 7.46 (m, 3 H), 7.41 

(d, J = 8.4 Hz, 2 H), 6.54 (s, 1 H), 6.03 (s, 1 H); 
13

C NMR (150 MHz, CDCl3): δ 167.0, 

162.6, 138.8, 133.5, 130.5, 129.2, 128.7, 128.5, 127.8, 126.7, 100.4, 93.5; HRMS calcd. for 

C16H11ClO3: 286.0397; found: 286.0392. 

Spectral data for 2-phenyl-6-(thiophen-2-yl)-4H-1,3-dioxin-4-one (3d). 

          

White solid; 
1
H NMR (600 MHz, CDCl3): δ 7.62 ~ 7.61 (m, 2 H), 7.56 (dd, J = 3.9, 0.9 Hz, 1 



H), 7.54 (dd, J = 5.1, 0.9 Hz, 1 H), 7.45 ~ 7.43 (m, 3 H), 7.09 (dd, J = 5.1, 3.9 Hz, 1 H), 6.52 

(s, 1 H), 5.87 (s, 1 H); 
13

C NMR (150 MHz, CDCl3): δ 163.1, 162.5, 133.4, 133.3, 131.4, 

130.3, 129.8, 128.5, 128.4, 126.5, 100.0, 91.6; HRMS calcd. for C14H10O3S: 258.0351; found: 

258.0352. 

Spectral data for 2-phenyl-6-(thiophen-3-yl)-4H-1,3-dioxin-4-one (3e). 

          

White solid; 
1
H NMR (600 MHz, CDCl3): δ 7.84 (dd, J = 3.0, 1.2 Hz, 1 H), 7.63 ~ 7.62 (m, 2 

H), 7.47 ~ 7.44 (m, 3 H), 7.37 (dd, J = 4.8, 3.0 Hz, 1 H), 7.32 (dd, J = 4.8, 1.2 Hz, 1 H), 6.51 

(s, 1 H), 5.87 (s, 1 H); 
13

C NMR (150 MHz, CDCl3): δ 163.8, 163.0, 133.6, 132.6, 130.3, 

128.5, 128.5, 127.4, 126.5, 124.9, 100.0, 92.7; HRMS calcd. for C14H10O3S: 258.0351; found: 

258.0351. 

Spectral data for 2-phenyl-6-(prop-1-en-2-yl)-4H-1,3-dioxin-4-one (3f). 

          

White solid; 
1
H NMR (600 MHz, CDCl3): δ 7.59 ~ 7.57 (m, 2 H), 7.44 ~ 7.43 (m, 3 H), 6.39 

(s, 1 H), 5.89 (s, 1 H), 5.61 (s, 1 H), 5.43 (s, 1 H), 1.95 (s, 3 H); 
13

C NMR (150 MHz, 

CDCl3): δ 167.6, 162.9, 134.4, 133.7, 130.3, 128.5, 126.5, 122.1, 99.9, 94.9, 18.1; HRMS 

calcd. for C13H12O3: 216.0786; found: 216.0791. 

Spectral data for 2-phenyl-4H-1,3-dioxin-4-one (3g). 

          



White solid; 
1
H NMR (600 MHz, CDCl3): δ 7.56 ~ 7.55 (m, 2 H), 7.45 ~ 7.42 (m, 4 H), 6.41 

(s, 1 H), 5.60 (d, J = 5.4 Hz, 1 H); 
13

C NMR (150 MHz, CDCl3): δ 161.2, 160.6, 133.3, 130.5, 

128.6, 126.5, 100.5, 100.1; HRMS calcd. for C10H8O3: 176.0473; found: 176.474. 

Spectral data for 6-butyl-2-phenyl-4H-1,3-dioxin-4-one (3h). 

          

Colorless liquid; 
1
H NMR (600 MHz, CDCl3): δ 7.53 ~ 7.51 (m, 2 H), 7.40 ~ 7.37 (m, 3 H), 

6.30 (s, 1 H), 5.36 (s, 1 H), 2.30 ~ 2.27 (m, 2 H), 1.54 ~ 1.49 (m, 2 H), 1.35 ~ 1.28 (m, 2 H), 

0.87 (t, J = 7.5 Hz, 3 H); 
13

C NMR (150 MHz, CDCl3): δ 175.3, 162.1, 133.5, 130.0, 128.3, 

126.3, 99.6, 95.3, 32.6, 27.6, 21.8, 13.4; HRMS calcd. for C14H16O3: 232.1099; found: 

232.1091. 

Spectral data for 6-isopropyl-2-phenyl-4H-1,3-dioxin-4-one (3i). 

           

White solid; 
1
H NMR (600 MHz, CDCl3): δ 7.55 ~ 7.52 (m, 2 H), 7.41 ~ 7.38 (m, 3 H), 6.30 

(s, 1 H), 5.38 (s, 1 H), 2.55 ~ 2.50 (m, 1 H), 1.16 ~ 1.13 (m, 6 H); 
13

C NMR (150 MHz, 

CDCl3): δ 179.7, 162.4, 133.6, 130.1, 128.4, 126.3, 99.7, 93.4, 32.1, 19.1, 19.0; HRMS calcd. 

for C13H14O3: 218.0943; found: 218.0942. 

Spectral data for 6-cyclohexyl-2-phenyl-4H-1,3-dioxin-4-one (3j). 

           

White solid; 
1
H NMR (600 MHz, CDCl3): δ 7.56 ~ 7.55 (m, 2 H), 7.44 ~ 7.43 (m, 3 H), 6.30 



(s, 1 H), 5.38 (d, J = 0.6 Hz, 1 H), 2.26 ~ 2.22 (m, 1 H), 1.93 ~ 1.88 (m, 2 H), 1.80 ~ 1.78 (m, 

2 H), 1.70 ~ 1.67 (m, 1 H), 1.34 ~ 1.17 (m, 5 H); 
13

C NMR (150 MHz, CDCl3): δ 179.0, 

162.8, 133.8, 130.3, 128.6, 126.5, 99.9, 93.8, 41.7, 29.7, 29.5, 25.6, 25.5 (one carbon merged 

with others); HRMS calcd. for C16H18O3: 258.1256; found: 258.1258. 

Spectral data for 2-(4-methoxyphenyl)-6-phenyl-4H-1,3-dioxin-4-one (3k). 

            

White solid; 
1
H NMR (600 MHz, CDCl3): δ 7.72 (d, J = 8.1 Hz, 2 H), 7.57 (d, J = 8.4 Hz, 2 

H), 7.52 ~ 7.49 (m, 1 H), 7.42 (t, J = 7.8 Hz, 2 H), 6.97 (d, J = 8.4 Hz, 2 H), 6.48 (s, 1 H), 

6.03 (s, 1 H), 3.82 (s, 3 H); 
13

C NMR (150 MHz, CDCl3): δ 168.2, 163.2, 161.1, 132.4, 130.0, 

128.8, 128.2, 126.5, 125.9, 113.9, 100.3, 93.0, 55.3; HRMS calcd. for C17H14O4: 282.0892; 

found: 282.0886. 

Spectral data for 2-(4-chlorophenyl)-6-phenyl-4H-1,3-dioxin-4-one (3l). 

       

White solid; 
1
H NMR (600 MHz, CDCl3): δ 7.71 (d, J = 8.4 Hz, 2 H), 7.58 (d, J = 8.4 Hz, 2 

H), 7.52 ~ 7.49 (m, 1 H), 7.44 ~ 7.41 (m, 4 H), 6.50 (s, 1 H), 6.03 (s, 1 H); 
13

C NMR (150 

MHz, CDCl3): δ 168.0, 162.4, 136.3, 132.5, 132.1, 129.7, 128.8, 128.0, 126.5, 99.4, 93.1 

(one carbon merged with others); HRMS calcd. for C16H11ClO3: 286.0397; found: 286.0399. 

Spectral data for 6-phenyl-2-(thiophen-2-yl)-4H-1,3-dioxin-4-one (3m). 



           

White solid; 
1
H NMR (400 MHz, CDCl3): δ 7.72 (d, J = 7.8 Hz, 2 H), 7.52 (t, J = 7.4 Hz, 1 

H), 7.46 ~ 7.43 (m, 3 H), 7.39 (d, J = 3.6 Hz, 1 H), 7.09 ~ 7.06 (m, 1 H), 6.78 (s, 1 H), 6.03 

(s, 1 H); 
13

C NMR (100 MHz, CDCl3): δ 167.8, 162.2, 135.9, 132.5, 129.8, 128.8, 127.9, 

127.8, 126.8, 126.6, 97.0, 93.2; HRMS calcd. for C14H10O3S: 258.0351; found: 258.0355. 

Spectral data for 2-(furan-2-yl)-6-phenyl-4H-1,3-dioxin-4-one (3n). 

           

White solid; 
1
H NMR (400 MHz, CDCl3): δ 7.69 (d, J = 8.0 Hz, 2 H), 7.49 ~ 7.46 (m, 2 H), 

7.40 (t, J = 7.6 Hz, 2 H), 6.72 (d, J = 3.2 Hz, 1 H), 6.56 (s, 1 H), 6.44 ~ 6.43 (m, 1 H), 5.98 (s, 

1 H); 
13

C NMR (100 MHz, CDCl3): δ 167.7, 161.9, 146.3, 144.0, 132.4, 129.7, 128.7, 126.5, 

110.9, 110.5, 94.1, 93.0; HRMS calcd. for C14H10O4: 242.0579; found: 242.0576. 

Spectral data for 6-phenyl-2-(prop-1-en-2-yl)-4H-1,3-dioxin-4-one (3o). 

            

White solid; 
1
H NMR (400 MHz, CDCl3): δ 7.70 (d, J = 7.8 Hz, 2 H), 7.51 (t, J = 7.4 Hz, 1 

H), 7.44 (t, J = 7.6 Hz, 2 H), 5.95 (s, 1 H), 5.89 (s, 1 H), 5.43 (s, 1 H), 5.28 (s, 1 H), 1.95 (s, 

3 H); 
13

C NMR (100 MHz, CDCl3): δ 168.1, 163.0, 137.9, 132.4, 130.1, 128.9, 126.5, 118.2, 

101.8, 92.9, 16.5; HRMS calcd. for C13H12O3: 216.0786; found: 216.0785. 



Spectral data for (E)-6-phenyl-2-styryl-4H-1,3-dioxin-4-one (3p). 

           

White solid; 
1
H NMR (400 MHz, CDCl3): δ 7.74 (d, J = 8.6 Hz, 2 H), 7.54 ~ 7.43 (m, 5 H ), 

7.39 ~ 7.30 (m, 3 H), 7.05 (d, J = 16.4 Hz, 1 H), 6.44 (dd, J = 16.4, 5.6 Hz, 1 H), 6.18 (d, J = 

5.6 Hz, 1 H), 6.00 (s, 1 H); 
13

C NMR (100 MHz, CDCl3): δ 168.1, 162.8, 137.0, 134.7, 132.4, 

130.1, 129.1, 128.8, 128.7, 127.1, 126.5, 120.4, 100.0, 93.1; HRMS calcd. for C18H14O3: 

278.0943; found: 278.0913. 

Spectral data for 2-methyl-6-phenyl-4H-1,3-dioxin-4-one (3q). 

            

White solid; 
1
H NMR (400 MHz, CDCl3): δ 7.68 ~ 7.66 (m, 2 H), 7.51 ~ 7.47 (m, 1 H), 7.43 

~ 7.39 (m, 2 H), 5.90 (s, 1 H), 5.73 (q, J = 5.2 Hz, 1 H), 1.75 (d, J = 5.2 Hz, 3 H); 
13

C NMR 

(100 MHz, CDCl3): δ 168.2, 163.3, 132.3, 130.0, 128.8, 126.4, 98.6, 92.7, 19.4; HRMS calcd. 

for C11H10O3: 190.0630; found: 190.0633. 

Spectral data for 6-phenyl-2-propyl-4H-1,3-dioxin-4-one (3r). 

            

White solid; 
1
H NMR (400 MHz, CDCl3): δ 7.67 ~ 7.65 (m, 2 H), 7.50 ~ 7.46 (m, 1 H), 7.43 

~ 7.39 (m, 2 H), 5.89 (s, 1 H), 5.59 (t, J = 5.2 Hz, 1 H), 2.09 ~ 1.96 (m, 2 H), 1.69 ~ 1.56 (m, 

2 H), 1.01 (t, J = 7.4 Hz, 3 H); 
13

C NMR (100 MHz, CDCl3): δ 168.1, 163.4, 132.2, 130.1, 

128.7, 126.3, 101.1, 92.7, 34.9, 16.4, 13.6; HRMS calcd. for C13H14O3: 218.0943; found: 



218.0946. 

Spectral data for 2-isobutyl-6-phenyl-4H-1,3-dioxin-4-one (3s). 

             

White solid; 
1
H NMR (400 MHz, CDCl3): δ 7.68 (d, J = 8.0 Hz, 2 H), 7.52 ~ 7.49 (m, 1 H), 

7.44 (t, J = 7.4 Hz, 2 H), 5.92 (s, 1 H), 5.65 (t, J = 5.6 Hz, 1 H), 2.14 ~ 2.02 (m, 1 H), 2.01 ~ 

1.89 (m, 2 H), 1.04 ~ 1.02 (m, 6 H); 
13

C NMR (100 MHz, CDCl3): δ 168.3, 163.5, 132.3, 

130.2, 128.9, 126.4, 100.6, 92.9, 41.6, 23.5, 22.7, 22.6; HRMS calcd. for C14H16O3: 

232.1099; found: 232.1098. 

Spectral data for 2-methyl-2,6-diphenyl-4H-1,3-dioxin-4-one (3t). 

             

White solid; 
1
H NMR (600 MHz, CDCl3): δ 7.75 (d, J = 7.2 Hz, 2 H), 7.51 ~ 7.48 (m, 3 H), 

7.43 (t, J = 7.5 Hz, 2 H), 7.30 ~ 7.29 (m, 3 H), 5.80 (s, 1 H), 1.99 (s, 3 H); 
13

C NMR (150 

MHz, CDCl3): δ 165.0, 162.0, 139.9, 132.1, 130.5, 129.0, 128.8, 128.5, 126.1, 124.7, 106.7, 

93.3, 29.4; HRMS calcd. for C17H14O3: 266.0943; found: 266.0944. 

Spectral data for 2-ethyl-2,6-diphenyl-4H-1,3-dioxin-4-one (3u). 

             

White solid; 
1
H NMR (600 MHz, CDCl3): δ 7.76 ~ 7.74 (m, 2 H), 7.51 ~ 7.43 (m, 5 H), 7.31 

~ 7.28 (m, 3 H), 5.78 (s, 1 H), 2.28 ~ 2.17 (m, 2 H), 1.05 (t, J = 7.5 Hz, 3 H); 
13

C NMR (150 

MHz, CDCl3): δ 165.1, 162.2, 139.0, 132.1, 130.7, 129.0, 128.8, 128.4, 126.2, 125.3, 108.6, 



93.4, 35.3, 7.3; HRMS calcd. for C18H16O3: 280.1099; found: 280.1099. 

Spectral data for 2,2-dimethyl-6-phenyl-4H-1,3-dioxin-4-one (3v). 

            

White solid; 
1
H NMR (600 MHz, CDCl3): δ 7.61 ~ 7.60 (m, 2 H), 7.44 ~ 7.41 (m, 1 H), 7.37 

~ 7.35 (m, 2 H), 5.81 (s, 1 H), 1.72 (s, 6 H); 
13

C NMR (150 MHz, CDCl3): δ 164.7, 161.5, 

131.8, 130.7, 128.5, 126.0, 106.3, 90.9, 24.7; HRMS calcd. for C12H12O3: 204.0786; found: 

204.0787. 

Spectral data for 4-phenyl-1,5-dioxaspiro[5.5]undec-3-en-2-one (3w). 

            

White solid; 
1
H NMR (600 MHz, CDCl3): δ 7.64 ~ 7.62 (m, 2 H), 7.44 ~ 7.41 (m, 1 H), 7.38 

~ 7.35 (m, 2 H), 5.80 (s, 1 H), 2.13 ~ 2.10 (m, 2 H), 1.93 ~ 1.89 (m, 2 H), 1.69 ~ 1.50 (m, 5 

H), 1.42 ~ 1.36 (m, 1 H); 
13

C NMR (150 MHz, CDCl3): δ 164.2, 161.5, 131.8, 130.8, 128.6, 

126.0, 106.9, 91.1, 33.4, 24.4, 21.2; HRMS calcd. for C15H16O3: 244.1099; found: 244.1097. 

Spectral data for 6-butyl-2,2-dimethyl-4H-1,3-dioxin-4-one (3x). 

           

Colorless oil; 
1
H NMR (600 MHz, CDCl3): δ 5.18 (m, 1 H), 2.17 (t, J = 7.8 Hz, 2 H), 1.63 (s, 

6 H), 1.50 ~ 1.45 (m, 2 H), 1.35 ~ 1.29 (m, 2 H), 0.88 (t, J = 7.2 Hz, 3 H); 
13

C NMR (150 

MHz, CDCl3): δ 172.1, 161.4, 106.1, 93.0, 33.2, 27.7, 24.9, 22.0, 13.6; HRMS calcd. for 

C10H16O3: 184.1099; found: 184.1100. 

Spectral data for 6-cyclopropyl-2,2-dimethyl-4H-1,3-dioxin-4-one (3y). 



           

Colorless liquid; 
1
H NMR (400 MHz, CDCl3): δ 5.28 (s, 1 H), 1.61 (s, 6 H), 1.58 ~ 1.52 (m, 

1 H), 0.94 ~ 0.87 (m, 4 H); 
13

C NMR (100 MHz, CDCl3): δ 172.3, 161.0, 106.0, 91.0, 24.6, 

13.7, 7.0; HRMS calcd. for C9H12O3: 168.0786; found: 168.0788. 

Spectral data for 2-butoxy-6-phenyl-2H-pyran-4(3H)-one (5a). 

        

White solid; 
1
H NMR (400 MHz, CDCl3): δ 7.71 (d, J = 8.0 Hz, 2 H), 7.46 ~7.36 (m, 3 H), 

6.02 (s, 1 H), 5.55 ~ 5.53 (m, 1 H), 3.94 ~ 3.88 (m, 1 H), 3.67 ~ 3.62 (m, 1 H), 2.82 ~ 2.66 

(m, 2 H), 1.59 ~ 1.52 (m, 2 H), 1.37 ~ 1.28 (m, 2 H), 0.85 (t, J = 7.4 Hz, 3 H); 
13

C NMR 

(100 MHz, CDCl3): δ 191.4, 166.3, 132.6, 131.5, 128.6, 126.2,, 102.4, 101.8, 69.5, 42.0, 

31.3, 19.0, 13.6; HRMS calcd. for C15H18O3: 246.1256; found: 246.1259. 

Spectral data for 2-butoxy-6-(4-chlorophenyl)-2H-pyran-4(3H)-one (5b). 

      

White solid; 
1
H NMR (400 MHz, CDCl3): δ 7.62 (d, J = 8.4 Hz, 2 H), 7.34 (d, J = 8.4 Hz, 2 

H), 5.96 (s, 1 H), 5.54 ~ 5.52 (m, 1 H), 3.89 ~ 3.83 (m, 1 H), 3.65 ~ 3.59 (m, 1 H), 2.81 ~ 

2.63 (m, 2 H), 1.56 ~ 1.49 (m, 2 H), 1.34 ~ 1.25 (m, 2 H), 0.82 (t, J = 7.4 Hz, 3 H); 
13

C NMR 

(100 MHz, CDCl3): δ 191.1, 164.9, 137.5, 131.1, 128.8, 127.4, 102.5, 101.9, 69.5, 41.9, 31.3, 

19.0, 13.6; HRMS calcd. for C15H17ClO3: 280.0866; found: 280.0865. 

Spectral data for 2-butoxy-6-butyl-2H-pyran-4(3H)-one (5c). 



       

Colorless liquid; 
1
H NMR (600 MHz, CDCl3): δ 5.32 ~ 5.30 (m, 2 H), 3.81 ~ 3.77 (m, 1 H), 

3.54 ~ 3.51 (m, 1 H), 2.65 (dd, J = 16.5, 3.9 Hz, 1 H), 2.54 (dd, J = 16.5, 6.0 Hz, 1 H), 2.22 ~ 

2.19 (m, 2 H), 1.54 ~ 1.50 (m, 4 H), 1.34 ~ 1.30 (m, 4 H), 0.89 ~ 0.86 (m, 6 H); 
13

C NMR 

(150 MHz, CDCl3): δ 191.3, 174.0, 104.5, 101.5, 69.4, 41.7, 34.5, 31.4, 28.4, 22.0, 19.1, 

13.7, 13.6; HRMS calcd. for C13H22O3: 226.1569; found: 226.1568. 

Spectral data for 2-butoxy-6-cyclopropyl-2H-pyran-4(3H)-one (5d). 

       

Colorless liquid; 
1
H NMR (400 MHz, CDCl3): δ 5.42 (s, 1 H), 5.25 ~ 5.23 (m, 1 H), 3.74 ~ 

3.68 (m, 1 H), 3.50 ~ 3.45 (m, 1 H), 2.64 ~ 2.48 (m, 2 H), 1.57 ~ 1.46 (m, 3 H), 1.35 ~ 1.25 

(m, 2 H), 0.94 ~ 0.92 (m, 2 H), 0.87 ~ 0.83 (m, 5 H); 
13

C NMR (100 MHz, CDCl3): δ 190.2, 

174.5, 103.1, 101.7, 69.3, 41.8, 31.3, 19.0, 15.0, 13.6, 7.9; HRMS calcd. for C12H18O3: 

210.1256; found: 210.1252. 

Spectral data for 2,2-diethoxy-6-phenyl-2H-pyran-4(3H)-one (5e). 

         

Colorless liquid; 
1
H NMR (600 MHz, CDCl3): δ 7.76 ~ 7.74 (m, 2 H), 7.47 ~ 7.39 (m, 3 H), 

6.04 (s, 1 H), 3.82 ~ 3.77 (m, 2 H), 3.70 ~ 3.63 (m, 2 H), 2.89 (s, 2 H), 1.21 ~ 1.17 (m, 6 H); 

13
C NMR (150 MHz, CDCl3): δ 192.4, 166.2, 132.2, 131.6, 128.7, 126.3, 116.4, 102.0, 58.7, 

43.7, 15.0; HRMS calcd. for C15H18O4: 262.1205; found: 262.1204. 

Spectral data for 2-ethoxy-3-methyl-6-phenyl-2H-pyran-4(3H)-one (5f). 



         

Colorless liquid; 
1
H NMR for cis-2-ethoxy-3-methyl-6-phenyl-2H-pyran-4(3H)-one (5f) 

(600 MHz, CDCl3): δ 7.74 ~ 7.71 (m, 2 H), 7.47 ~ 7.39 (m, 3 H), 6.00 (s, 1 H), 5.46 (d, J = 

3.6 Hz, 1 H), 3.96 ~ 3.91 (m, 1 H), 3.72 ~ 3.66 (m, 1 H), 2.83 ~ 2.79 (m, 1 H), 1.28 ~ 1.18 

(m, 6 H); 
13

C NMR for cis-2-ethoxy-3-methyl-6-phenyl-2H-pyran-4(3H)-one (5f) (150 MHz, 

CDCl3): δ 195.5, 165.9, 132.9, 131.5, 128.7, 126.3, 106.5, 101.8, 65.6, 45.2, 15.0, 11.3; 
1
H 

NMR for trans-2-ethoxy-3-methyl-6-phenyl-2H-pyran-4(3H)-one (5f’) (600 MHz, CDCl3): 

δ 7.74 ~ 7.71 (m, 2 H), 7.47 ~ 7.39 (m, 3 H), 6.00 (s, 1 H), 5.16 (d, J = 7.2 Hz, 1 H), 4.07 ~ 

4.02 (m, 1 H), 3.77 ~ 3.72 (m, 1 H), 2.64 ~ 2.59 (m, 1 H), 1.27 ~ 1.18 (m, 6 H); 
13

C NMR for 

trans -2-ethoxy-3-methyl-6-phenyl-2H-pyran-4(3H)-one (5f’) (150 MHz, CDCl3): δ 194.9, 

165.4, 132.6, 131.3, 128.6, 126.2, 104.4, 101.4, 65.5, 44.4, 14.9, 8.9; HRMS calcd. for 

C14H16O3: 232.1099; found: 232.1098. 

Spectral data for 2-methoxy-2-methyl-6-phenyl-2H-pyran-4(3H)-one (5g). 

           

Colorless liquid; 
1
H NMR (600 MHz, CDCl3): δ 7.75 ~ 7.74 (m, 2 H), 7.47 ~ 7.39 (m, 3 H), 

6.04 (s, 1 H), 3.33 (s, 3 H), 2.75 (s, 1 H), 2.74 (s, 1 H), 1.69 (s, 3 H); 
13

C NMR (150 MHz, 

CDCl3): δ 192.4, 165.6, 132.7, 131.4, 128.7, 126.2, 105.0, 102.0, 50.2, 46.8, 22.3; HRMS 

calcd. for C13H14O3: 218.0943; found: 218.0941. 

Spectral data for 6-cyclopropyl-2-methoxy-2-methyl-2H-pyran-4(3H)-one (5h). 

           



Colorless liquid; 
1
H NMR (600 MHz, CDCl3): δ 5.43 (s, 1 H), 3.24 (s, 3 H), 2.61 ~ 2.53 (m, 

2 H), 1.57 ~ 1.53 (m, 1 H), 1.49 (s, 3 H), 0.99 ~ 0.84 (m, 4 H); 
13

C NMR (150 MHz, CDCl3): 

δ 191.1, 173.8, 104.7, 102.3, 49.9, 46.4, 22.2, 14.9, 8.2, 7.6; HRMS calcd. for C10H14O3: 

182.0943; found: 182.0935. 

Spectral data for 2,3,6-triphenyl-2H-1,3-oxazin-4(3H)-one (6a). 

           

White solid; 
1
H NMR (600 MHz, CDCl3): δ 7.69 (d, J = 8.1 Hz, 2 H), 7.57 (d, J = 7.5 Hz, 2 

H), 7.45 ~ 7.30 (m, 10 H), 7.20 (t, J = 7.2 Hz, 1 H), 6.83 (s, 1 H), 6.04 (s, 1 H); 
13

C NMR 

(150 MHz, CDCl3): δ 162.9, 161.3, 139.6, 136.4, 131.6, 131.3, 129.4, 129.0, 128.6, 128.5, 

127.1, 126.3, 126.2, 124.9, 98.9, 90.0; HRMS calcd. for C22H17NO2: 327.1259; found: 

327.1262. 

Spectral data for 2-(4-methoxyphenyl)-3,6-diphenyl-2H-1,3-oxazin-4(3H)-one (6b). 

           

White solid; 
1
H NMR (400 MHz, CDCl3): δ 7.67 (d, J = 7.2 Hz, 2 H), 7.48 ~ 7.17 (m, 10 H), 

6.86 (d, J = 8.8 Hz, 2 H), 6.77 (s, 1 H), 6.03 (s, 1 H), 3.75 (s, 3 H); 
13

C NMR (100 MHz, 

CDCl3): δ 163.1, 161.2, 160.4, 139.5, 131.7, 131.3, 129.0, 128.6, 128.5, 128.3, 126.3, 126.2, 

125.0, 113.9, 98.7, 89.9, 55.2; HRMS calcd. for C23H19NO3: 357.1365; found: 357.1363.  

Spectral data for 2-(4-chlorophenyl)-3,6-diphenyl-2H-1,3-oxazin-4(3H)-one (6c). 

           



White solid; 
1
H NMR (400 MHz, CDCl3): δ 7.68 ~ 7.65 (m, 2 H), 7.50 ~ 7.19 (m, 12 H), 

6.78 (s, 1 H), 6.03 (s, 1 H); 
13

C NMR (100 MHz, CDCl3): δ 162.7, 161.3, 139.4, 135.5, 135.0, 

131.5, 131.4, 129.1, 128.9, 128.7, 128.5, 126.4, 126.3, 125.0, 98.8, 89.4; HRMS calcd. for 

C22H16ClNO2: 361.0870; found: 361.0869.  

(4) NOE of 2-ethoxy-3-methyl-6-phenyl-2H-pyran-4(3H)-one (5f). 

 

                            

 

Sr. no.   Irradiation                        Intensity increase % (Key peaks) 

 

1)       H1 (δ 2.83 ~ 2.79)                        H2 (δ 5.46, 1.44%), H5 (δ ~1.19, 2.43%)                 

 

2)       H2 (δ 5.46)                      H1 (δ 2.83 ~ 2.79, 1.57%), H3 (δ 3.92, 3.69 

0.45% and 1.26%) 

 

 

 

 

Sr. no.   Irradiation                        Intensity increase % (Key peaks) 

 

1)       H1 (δ 2.63 ~ 2.60)                        H2 (δ 5.16, 0.70%), H5 (δ ~1.26, 2.23%)                 

 

2)       H2 (δ 5.16)                      H1 (δ 2.63 ~ 2.60, 0.80%), H3 (δ 4.04, 3.75 

0.55% and 1.23%), H5 (δ ~1.26, 1.30%) 

 



(7) X-Ray crystallographic structure and data for compound (3a):  

 

 

 

Table 1.  Crystal data and structure refinement for 141246_0m. 

Identification code  141246_0m 

Empirical formula  C16 H12 O3 

Formula weight  252.26 

Temperature  296(2) K 

Wavelength  0.71073 Å  

Crystal system  Monoclinic 

Space group  P 21/n 

Unit cell dimensions a = 6.0914(7) Å  = 90°. 

 b = 8.5177(11) Å  = 90.598(7)°. 

 c = 23.947(3) Å   = 90°. 

Volume 1242.4(3) Å 3 

Z 4 

Density (calculated) 1.349 Mg/m3 

Absorption coefficient 0.093 mm-1 

F(000) 528 



Crystal size 0.30 x 0.05 x 0.05 mm3 

Theta range for data collection 0.850 to 26.424°. 

Index ranges -7<=h<=7, -10<=k<=10, -29<=l<=29 

Reflections collected 8860 

Independent reflections 2531 [R(int) = 0.0528] 

Completeness to theta = 25.242° 99.6 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.9485 and 0.7225 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2531 / 0 / 174 

Goodness-of-fit on F2 1.388 

Final R indices [I>2sigma(I)] R1 = 0.1269, wR2 = 0.3426 

R indices (all data) R1 = 0.1690, wR2 = 0.3920 

Extinction coefficient 0.27(5) 

Largest diff. peak and hole 0.866 and -1.044 e.Å -3 

 

Table 2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å 2x 103) 

for 141246_0m.  U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________  

 x y z U(eq) 

________________________________________________________________________________   

C(1) 4946(8) 6899(5) 3242(2) 49(1) 

C(2) 6341(10) 6736(6) 2793(2) 62(1) 

C(3) 5650(11) 5880(7) 2330(2) 71(2) 

C(4) 3641(10) 5194(7) 2310(2) 68(2) 

C(5) 2253(10) 5353(7) 2758(2) 72(2) 

C(6) 2902(9) 6213(7) 3224(2) 60(1) 

C(7) 5653(8) 7843(5) 3747(2) 48(1) 

C(8) 5804(8) 7754(5) 4710(2) 48(1) 

C(9) 7512(8) 8750(6) 4687(2) 53(1) 

C(10) 8836(9) 8857(6) 4185(2) 54(1) 

C(11) 4600(8) 7309(6) 5217(2) 50(1) 

C(12) 2561(9) 6618(7) 5180(2) 63(1) 

C(13) 1380(11) 6245(8) 5650(2) 75(2) 

C(14) 2294(12) 6548(7) 6168(2) 75(2) 

C(15) 4333(12) 7224(7) 6216(2) 72(2) 

C(16) 5517(10) 7601(7) 5748(2) 60(1) 

O(1) 5066(6) 7014(4) 4240(1) 51(1) 



O(2) 7928(6) 8103(4) 3728(1) 57(1) 

O(3) 10624(6) 9401(5) 4147(1) 71(1) 

________________________________________________________________________________  

 

 

Table 3.   Bond lengths [Å ] and angles [°] for  141246_0m. 

_____________________________________________________  

C(1)-C(6)  1.375(7) 

C(1)-C(2)  1.384(7) 

C(1)-C(7)  1.511(6) 

C(2)-C(3)  1.389(7) 

C(2)-H(2)  0.9300 

C(3)-C(4)  1.357(8) 

C(3)-H(3)  0.9300 

C(4)-C(5)  1.379(9) 

C(4)-H(4)  0.9300 

C(5)-C(6)  1.387(7) 

C(5)-H(5)  0.9300 

C(6)-H(6)  0.9300 

C(7)-O(2)  1.404(6) 

C(7)-O(1)  1.423(5) 

C(7)-H(7)  0.9800 

C(8)-C(9)  1.344(7) 

C(8)-O(1)  1.364(5) 

C(8)-C(11)  1.473(7) 

C(9)-C(10)  1.458(7) 

C(9)-H(9)  0.9300 

C(10)-O(3)  1.188(6) 

C(10)-O(2)  1.380(5) 

C(11)-C(12)  1.377(8) 

C(11)-C(16)  1.407(7) 

C(12)-C(13)  1.380(8) 

C(12)-H(12)  0.9300 

C(13)-C(14)  1.379(8) 

C(13)-H(13)  0.9300 

C(14)-C(15)  1.373(10) 

C(14)-H(14)  0.9300 

C(15)-C(16)  1.377(8) 



C(15)-H(15)  0.9300 

C(16)-H(16)  0.9300 

 

C(6)-C(1)-C(2) 119.7(4) 

C(6)-C(1)-C(7) 120.2(4) 

C(2)-C(1)-C(7) 120.2(4) 

C(1)-C(2)-C(3) 119.3(5) 

C(1)-C(2)-H(2) 120.3 

C(3)-C(2)-H(2) 120.3 

C(4)-C(3)-C(2) 121.3(5) 

C(4)-C(3)-H(3) 119.3 

C(2)-C(3)-H(3) 119.3 

C(3)-C(4)-C(5) 119.4(5) 

C(3)-C(4)-H(4) 120.3 

C(5)-C(4)-H(4) 120.3 

C(4)-C(5)-C(6) 120.3(5) 

C(4)-C(5)-H(5) 119.8 

C(6)-C(5)-H(5) 119.8 

C(1)-C(6)-C(5) 120.0(5) 

C(1)-C(6)-H(6) 120.0 

C(5)-C(6)-H(6) 120.0 

O(2)-C(7)-O(1) 111.3(4) 

O(2)-C(7)-C(1) 109.3(4) 

O(1)-C(7)-C(1) 109.1(4) 

O(2)-C(7)-H(7) 109.1 

O(1)-C(7)-H(7) 109.1 

C(1)-C(7)-H(7) 109.1 

C(9)-C(8)-O(1) 120.4(4) 

C(9)-C(8)-C(11) 126.0(4) 

O(1)-C(8)-C(11) 113.5(4) 

C(8)-C(9)-C(10) 120.5(4) 

C(8)-C(9)-H(9) 119.7 

C(10)-C(9)-H(9) 119.7 

O(3)-C(10)-O(2) 118.7(4) 

O(3)-C(10)-C(9) 127.1(4) 

O(2)-C(10)-C(9) 113.9(4) 

C(12)-C(11)-C(16) 118.9(5) 

C(12)-C(11)-C(8) 120.9(4) 



C(16)-C(11)-C(8) 120.2(5) 

C(11)-C(12)-C(13) 121.6(5) 

C(11)-C(12)-H(12) 119.2 

C(13)-C(12)-H(12) 119.2 

C(14)-C(13)-C(12) 118.8(6) 

C(14)-C(13)-H(13) 120.6 

C(12)-C(13)-H(13) 120.6 

C(15)-C(14)-C(13) 120.7(5) 

C(15)-C(14)-H(14) 119.7 

C(13)-C(14)-H(14) 119.7 

C(14)-C(15)-C(16) 120.7(5) 

C(14)-C(15)-H(15) 119.6 

C(16)-C(15)-H(15) 119.6 

C(15)-C(16)-C(11) 119.3(6) 

C(15)-C(16)-H(16) 120.4 

C(11)-C(16)-H(16) 120.4 

C(8)-O(1)-C(7) 111.8(3) 

C(10)-O(2)-C(7) 115.8(4) 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  

 

 

Table 4.   Anisotropic displacement parameters  (Å 2x 103) for 141246_0m.  The anisotropic 

displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 

______________________________________________________________________________  

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  

C(1) 65(3)  47(2) 34(2)  0(2) -4(2)  1(2) 

C(2) 71(3)  68(3) 46(3)  -8(2) 6(2)  -10(3) 

C(3) 93(4)  81(4) 41(3)  -12(3) 11(3)  -13(3) 

C(4) 92(4)  69(3) 43(3)  -11(2) -5(3)  -12(3) 

C(5) 75(4)  84(4) 59(3)  -10(3) -5(3)  -15(3) 

C(6) 64(3)  72(3) 45(3)  -7(2) -1(2)  -5(3) 

C(7) 62(3)  47(2) 37(2)  -1(2) -2(2)  3(2) 

C(8) 62(3)  47(2) 35(2)  -4(2) -2(2)  6(2) 

C(9) 65(3)  58(3) 37(2)  -5(2) -1(2)  -6(2) 

C(10) 68(3)  60(3) 35(2)  -5(2) -6(2)  -5(2) 

C(11) 64(3)  48(3) 38(2)  -1(2) -2(2)  10(2) 



C(12) 72(4)  66(3) 51(3)  -2(2) 0(2)  -1(3) 

C(13) 83(4)  72(4) 71(4)  0(3) 14(3)  -12(3) 

C(14) 101(5)  74(4) 49(3)  9(3) 20(3)  -4(4) 

C(15) 100(5)  78(4) 38(3)  1(2) 3(3)  10(3) 

C(16) 76(3)  67(3) 37(2)  -3(2) 0(2)  3(3) 

O(1) 67(2)  51(2) 34(2)  -2(1) -1(1)  -5(2) 

O(2) 66(2)  69(2) 35(2)  -7(1) 2(1)  -10(2) 

O(3) 72(3)  90(3) 50(2)  -5(2) 1(2)  -26(2) 

______________________________________________________________________________  

 

 

Table 5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å 2x 10 3) 

for 141246_0m. 

________________________________________________________________________________  

 x  y  z  U(eq) 

________________________________________________________________________________  

  

H(2) 7726 7195 2802 74 

H(3) 6584 5774 2028 86 

H(4) 3203 4622 1998 81 

H(5) 876 4882 2748 87 

H(6) 1955 6325 3523 73 

H(7) 4893 8857 3741 58 

H(9) 7852 9377 4994 64 

H(12) 1965 6397 4829 76 

H(13) -8 5798 5618 90 

H(14) 1521 6292 6489 90 

H(15) 4922 7429 6569 86 

H(16) 6908 8043 5783 72 

________________________________________________________________________________  
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