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General Methods.  All commercially available reagents were used without further 

purification.  All solvents used for the reaction were purified with solvent 

purification system.  Column chromatography was performed on silica gel (200-300 

mesh).  
1
H NMR spectra were recorded on a 400 MHz NMR spectrometer and 

13
C 

NMR spectra were recorded on a 100 MHz NMR spectrometer.  IR spectra were 

recorded on a FT-IR spectrometer.  Melting points were uncorrected.  The 1a, 1b, 

and 1s were purchased from commercial suppliers and the other substrates were 

synthesized via Heck reaction according to the reported procedure.1 

1) Nanteuil, de F.; Waser, J. Angew. Chem. Int. Ed. 2013, 52, 9009 

 

Representative procedure for hydrocarboxylation (Table 2, 2a).  To a mixture of 

Pd(OAc)2 (0.0056 g, 0.025 mmol), PPh3 (0.02623 g, 0.10 mmol), and toluene (0.250 

mL) in a vial (1.5 mL) were added alkene 1a (0.0901 g, 0.50 mmol), HCOOPh 

(0.0733 g, 0.60 mmol), and HCOOH (0.046 g, 1.00 mmol) successively via syringe.  

The vial was purged with Ar to remove the air and tightly sealed with a septum cap.  

The reaction mixture was stirred at 90 
o
C for 48 h, cooled to rt, and purified by flash 

chromatography (silica gel, eluent:  PE/EA = 4/1) to give compound 2a as a white 

solid (0.1042 g, 92% yield). 

 

Table 2, 2a 

 

White solid;  mp. 75-77 
o
C;  IR (film) 3434, 1701 cm

-1
;  

1
H NMR (400 MHz, 

CDCl3) δ 7.34-7.14 (m, 8H), 7.13-7.08 (m, 2H), 3.86 (dd, J = 8.3, 7.1 Hz, 1H), 3.41 

(dd, J = 13.8, 8.4 Hz, 1H), 3.04 (dd, J = 13.8, 7.0 Hz, 1H);  
13

C NMR (100 MHz, 

CDCl3) δ 179.0, 138.9, 138.1, 129.1, 128.9, 128.6, 128.3, 127.9, 126.7, 53.6, 39.5;  

HRMS (ESI) Calcd for C15H13O2 (M-H):  225.0921;  Found:  225.0916. 

Stivala, C. E.; Zakarian, A. J. Am. Chem. Soc. 2011, 133, 11936 
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Table 2, 2b 

 

White solid;  mp. 138-140 
o
C;  IR (film) 3428, 1704 cm

-1
;  

1
H NMR (400 MHz, 

CDCl3) δ 7.20 (d, J = 8.1 Hz, 2H), 7.12 (d, J = 8.0 Hz, 2H), 7.03 (d, J = 8.3 Hz, 1H), 

7.00 (d, J = 8.3 Hz, 1H), 3.81 (dd, J = 8.4, 6.9 Hz, 1H), 3.35 (dd, J = 13.9, 8.6 Hz, 

1H), 2.98 (dd, J = 13.8, 6.8 Hz, 1H), 2.32 (s, 3H), 2.29 (s, 3H);  
13

C NMR (100 MHz, 

CDCl3) δ 179.7, 137.5, 136.1, 135.9, 135.3, 129.6, 129.3, 129.0, 128.2, 53.3, 39.0, 

21.3, 21.2;  HRMS (ESI) Calcd for C17H17O2 (M-H):  253.1234;  Found:  

253.1229. 

 

Table 2, 2c 

 

White solid;  mp. 118-120 
o
C;  IR (film) 3446, 1707 cm

-1
;  

1
H NMR (400 MHz, 

CDCl3) δ 7.37-7.32 (m, 2H), 7.31-7.23 (m, 4H), 7.12-7.06 (m, 2H), 3.85 (dd, J = 9.6, 

5.6 Hz, 1H), 3.39 (dd, J = 14.0, 9.6 Hz, 1H), 2.98 (dd, J = 14.0, 5.6 Hz, 1H), 1.31 (s, 

9H), 1.29 (s, 9H);  
13

C NMR (100 MHz, CDCl3) δ 179.3, 150.7, 149.4, 136.2, 135.5, 

128.7, 127.8, 125.9, 125.5, 53.0, 38.8, 34.7, 34.6, 31.6, 31.5;  HRMS (ESI) Calcd for 

C23H29O2 (M-H):  337.2173;  Found:  337.2168. 

 

Table 2, 2d 

 

White solid;  mp. 88-90 
o
C;  IR (film) 3408, 1709 cm

-1
;  

1
H NMR (400 MHz, 

CDCl3) δ 7.29-7.20 (m, 2H), 7.07-6.96 (m, 4H), 6.94-6.86 (m, 2H), 3.79 (t, J = 7.7 Hz, 
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1H), 3.34 (dd, J = 13.9, 8.0 Hz, 1H), 2.98 (dd, J = 13.9, 7.5 Hz, 1H);  
13

C NMR (100 

MHz, CDCl3) δ 179.4, 162.5 (d, J = 245 Hz), 161.8 (d, J = 243 Hz), 134.1 (d, J = 3 

Hz), 133.4 (d, J = 3 Hz), 130.6 (d, J = 8 Hz), 129.9 (d, J = 8 Hz), 115.9 (d, J = 22 Hz), 

115.5 (d, J = 21 Hz), 53.0, 38.8;  HRMS (ESI) Calcd for C15H11F2O2 (M-H):  

261.0733;  Found:  261.0727. 

Szollosi, G.; Herman, B.; Felfoldi, K.; Fulop, F.; Bartok, M. Adv. Synth. Catal. 2008, 

350, 2804 

 

Table 2, 2e 

 

White solid;  mp. 126-127 
o
C;  IR (film) 3414, 1709 cm

-1
;  

1
H NMR (400 MHz, 

CDCl3) δ 7.31-7.24 (m, 2H), 7.23-7.16 (m, 4H), 7.03-6.97 (m, 2H), 3.79 (t, J = 7.8 Hz, 

1H), 3.34 (dd, J = 13.9, 7.9 Hz, 1H), 2.98 (dd, J = 13.9, 7.6 Hz, 1H);  
13

C NMR (100 

MHz, CDCl3) δ 179.0, 136.8, 136.0, 134.0, 132.7, 130.5, 129.7, 129.2, 128.8, 52.9, 

38.7;  HRMS (ESI) Calcd for C15H11Cl2O2 (M-H):  293.0142;  Found:  293.0138. 

 

Table 2, 2f 

 

Yellow solid;  mp. 92-94 
o
C;  IR (film) 3443, 1706 cm

-1
;  

1
H NMR (400 MHz, 

CDCl3) δ 7.23 (t, J = 7.9 Hz, 1H), 7.15 (t, J = 8.0 Hz, 1H), 6.90 (d, J = 7.7 Hz, 1H), 

6.86 (t, J = 2.3 Hz, 1H), 6.84-6.79 (m, 1H), 6.75-6.70 (m, 2H), 6.65 (t, J = 2.0 Hz, 

1H), 3.84 (dd, J = 8.5, 6.8 Hz, 1H), 3.78 (s, 3H), 3.72 (s, 3H), 3.37 (dd, J = 13.8, 8.6 

Hz, 1H), 3.01 (dd, J = 13.8, 6.8 Hz, 1H);  
13

C NMR (100 MHz, CDCl3) δ 179.4, 

159.9, 159.7, 140.4, 139.6, 129.9, 129.6, 121.4, 120.7, 114.6, 114.0, 113.3, 112.3, 55.4, 

55.3, 53.5, 39.4;  HRMS (ESI) Calcd for C17H17O4 (M-H):  285.1132;  Found:  
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285.1127. 

 

Table 2, 2g 

 

Yellow oil;  IR (film) 3402, 1709 cm
-1

;  
1
H NMR (400 MHz, CDCl3) δ 7.31-7.24 

(m, 1H), 7.22-7.14 (m, 1H), 7.07-6.94 (m, 3H), 6.91-6.84 (m, 2H), 6.83-6.77 (m, 1H), 

3.84 (t, J = 7.8 Hz, 1H), 3.38 (dd, J = 13.9, 8.2 Hz, 1H), 3.01 (dd, J = 13.9, 7.3 Hz, 

1H);  
13

C NMR (100 MHz, CDCl3) δ 178.8, 163.1 (d, J = 245 Hz), 163.0 (d, J = 245 

Hz), 140.8 (d, J = 7 Hz), 139.9 (d, J = 8 Hz), 130.5 (d, J = 8 Hz), 130.1 (d, J = 8 Hz), 

124.8 (d, J = 3 Hz), 124.1 (d, J = 3 Hz), 116.0 (d, J = 21 Hz), 115.3 (d, J = 22 Hz), 

115.0 (d, J = 21 Hz), 113.9 (d, J = 21 Hz), 53.0, 39.0 (d, J = 1 Hz);  HRMS (ESI) 

Calcd for C15H11F2O2 (M-H):  261.0733;  Found:  261.0727. 

 

Table 2, 2h 

 

White solid;  mp. 89-91 
o
C;  IR (film) 3419, 1706 cm

-1
;  

1
H NMR (400 MHz, 

CDCl3) δ 7.33-7.09 (m, 7H), 7.00-6.93 (m, 1H), 3.81 (t, J = 7.7 Hz, 1H), 3.36 (dd, J = 

13.9, 8.4 Hz, 1H), 2.98 (dd, J = 13.9, 7.1 Hz, 1H);  
13

C NMR (100 MHz, CDCl3) δ 

178.5, 140.3, 139.5, 134.8, 134.4, 130.2, 129.9, 129.2, 128.4, 128.3, 127.3, 127.2, 

126.6, 53.0, 38.9;  HRMS (ESI) Calcd for C15H11Cl2O2 (M-H):  293.0142;  Found:  

293.0139. 
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Table 3, 2i 

 

Yellow oil;  IR (film) 1704 cm
-1

;  
1
H NMR (400 MHz, CDCl3) δ 7.39-7.29 (m, 4H), 

7.29-7.20 (m, 1H), 7.18-7.05 (m, 4H), 3.91 (t, J = 6.9 Hz, 1H), 3.48 (dd, J = 14.1, 8.4 

Hz, 1H), 3.07 (dd, J = 14.2, 6.8 Hz, 1H), 2.31 (s, 3H);  
13

C NMR (100 MHz, CDCl3) 

δ 179.8, 138.4, 137.0, 136.4, 130.5, 129.6, 128.9, 128.2, 127.8, 126.8, 126.1, 52.3, 

36.8, 19.6;  HRMS (ESI) Calcd for C16H15O2 (M-H):  239.1078;  Found:  

239.1075. 

 

Table 3, 2j 

 

Yellow oil;  IR (film) 3420, 1707 cm
-1

;  
1
H NMR (400 MHz, CDCl3) δ 7.35-7.29 

(m, 4H), 7.25-7.09 (m, 3H), 7.07-7.01 (m, 2H), 3.87 (t, J = 7.2 Hz, 1H), 3.46 (dd, J = 

14.1, 8.4 Hz, 1H), 3.05 (dd, J = 14.2, 6.7 Hz, 1H), 2.62 (q, J = 7.6 Hz, 2H), 1.20 (t, J 

= 7.4 Hz, 3H);  
13

C NMR (100 MHz, CDCl3) δ 179.6, 142.4, 138.4, 136.3, 129.7, 

128.9, 128.7, 128.3, 127.8, 127.0, 126.0, 52.8, 36.2, 25.6, 15.5;  HRMS (ESI) Calcd 

for C17H17O2 (M-H):  253.1234;  Found:  253.1231. 

 

Table 3, 2k 

 

Yellow oil;  IR (film) 3431, 1704 cm
-1

;  
1
H NMR (400 MHz, CDCl3) δ 7.33-7.27 

(m, 4H), 7.25-7.13 (m, 3H), 7.02-6.97 (m, 2H), 3.80 (t, J = 7.2 Hz, 1H), 3.45 (dd, J = 

14.1, 8.2 Hz, 1H), 3.16-3.00 (m, 2H), 1.19 (d, J = 6.8 Hz, 3H), 1.14 (d, J = 6.8 Hz, 
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3H);  
13

C NMR (100 MHz, CDCl3) δ 179.9, 147.2, 138.3, 135.4, 130.0, 128.9, 128.3, 

127.8, 127.2, 125.7, 125.6, 53.5, 36.3, 28.9, 24.4, 24.1;  HRMS (ESI) Calcd for 

C18H19O2 (M-H):  267.1391;  Found:  267.1387. 

 

Table 3, 2l 

 

White solid;  mp. 105-107 
o
C;  IR (film) 3419, 1706 cm

-1
;  

1
H NMR (400 MHz, 

CDCl3) δ 7.35-7.24 (m, 6H), 7.16-7.09 (m, 1H), 7.04 (d, J = 4.2 Hz, 2H), 4.03 (dd, J 

= 8.4, 6.9 Hz, 1H), 3.49 (dd, J = 13.8, 8.5 Hz, 1H), 3.14 (dd, J = 13.8, 6.7 Hz, 1H);  

13
C NMR (100 MHz, CDCl3) δ 179.0, 138.1, 136.4, 134.4, 131.7, 129.7, 129.0, 128.3, 

128.2, 127.9, 126.9, 51.1, 37.5;  HRMS (ESI) Calcd for C15H12ClO2 (M-H):  

259.0531;  Found:  259.0527. 

 

Table 3, 2m 

 

White solid;  mp. 124-126 
o
C;  IR (film) 1695 cm

-1
;  

1
H NMR (400 MHz, CDCl3) 

δ 7.35-7.31 (m, 1H), 7.25-7.20 (m, 2H), 7.16-7.10 (m, 1H), 7.09-7.03 (m, 2H), 

6.87-6.82 (m, 2H), 3.98 (dd, J = 8.0, 7.1 Hz, 1H), 3.79 (s, 3H), 3.46 (dd, J = 13.7, 8.3 

Hz, 1H), 3.11 (dd, J = 13.8, 6.9 Hz, 1H);  
13

C NMR (100 MHz, CDCl3) δ 179.3, 

159.3, 136.5, 134.4, 131.6, 130.1, 129.7, 129.3, 128.2, 126.9, 114.3, 55.5, 50.2, 37.5;  

HRMS (ESI) Calcd for C16H14ClO3 (M-H):  289.0637;  Found:  289.0635. 
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Table 3, 2n 

 

White solid;  mp. 130-132 
o
C;  IR (film) 3416, 1709 cm

-1
;  

1
H NMR (400 MHz, 

CDCl3) δ 7.36-7.31 (m, 3H), 7.30-7.23 (m, 2H), 7.17-7.09 (m, 2H), 7.09-7.03 (m, 1H), 

4.00 (dd, J = 9.2, 5.8 Hz, 1H), 3.46 (dd, J = 13.8, 9.2 Hz, 1H), 3.14 (dd, J = 13.8, 5.9 

Hz, 1H), 1.31 (s, 9H);  
13

C NMR (100 MHz, CDCl3) δ 178.7, 150.8, 136.6, 135.1, 

134.4, 131.6, 129.7, 128.2, 127.7, 126.9, 125.9, 50.6, 37.5, 34.7, 31.5;  HRMS (ESI) 

Calcd for C19H21ClNaO2 (M+Na):  339.1122;  Found:  339.1120. 

 

Table 3, 2o 

 

White solid;  mp. 123-125 
o
C;  IR (film) 3408, 1704 cm

-1
;  

1
H NMR (400 MHz, 

CDCl3) δ 7.34 (dd, J = 7.9, 1.2 Hz, 1H), 7.31-7.21 (m, 4H), 7.14 (td, J = 7.4, 1.8 Hz, 

1H), 7.06 (td, J = 7.5, 1.3 Hz, 1H), 7.01 (dd, J = 7.6, 1.8 Hz, 1H), 4.01 (t, J = 7.6 Hz, 

1H), 3.48 (dd, J = 13.8, 8.1 Hz, 1H), 3.11 (dd, J = 13.8, 7.2 Hz, 1H);  
13

C NMR (100 

MHz, CDCl3) δ 178.9, 136.4, 135.9, 134.3, 133.9, 131.6, 129.8, 129.6, 129.1, 128.5, 

127.0, 50.5, 37.4;  HRMS (ESI) Calcd for C15H11Cl2O2 (M-H):  293.0142;  Found:  

293.0138. 

 

Table 3, 2p 

 

White solid;  mp. 81-83 
o
C;  IR (film) 3414, 1701 cm

-1
;  

1
H NMR (400 MHz, 

CDCl3) δ 7.35 (d, J = 8.2 Hz, 1H), 7.22 (t, J = 7.5 Hz, 1H), 7.17-7.04 (m, 6H), 4.00 
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(dd, J = 8.7, 6.4 Hz, 1H), 3.48 (dd, J = 13.8, 8.8 Hz, 1H), 3.14 (dd, J = 13.8, 6.4 Hz, 

1H), 2.34 (s, 3H);  
13

C NMR (100 MHz, CDCl3) δ 179.3, 138.7, 138.0, 136.5, 134.4, 

131.6, 129.7, 128.8, 128.7, 128.2, 126.8, 125.2, 51.1, 37.4, 21.6;  HRMS (ESI) 

Calcd for C16H14ClO2 (M-H):  273.0688;  Found:  273.0681. 

 

Table 3, 2q 

 

White solid;  mp. 69-71 
o
C;  IR (film) 3425, 1704 cm

-1
;  

1
H NMR (400 MHz, 

CDCl3) δ 7.33 (d, J = 7.7 Hz, 1H), 7.22 (t, J = 7.9 Hz, 1H), 7.16-7.09 (m, 1H), 

7.09-7.03 (m, 2H), 6.90 (d, J = 7.7 Hz, 1H), 6.85 (t, J = 2.3 Hz, 1H), 6.84-6.79 (m, 

1H), 4.00 (dd, J = 8.4, 6.7 Hz, 1H), 3.78 (s, 3H), 3.47 (dd, J = 13.8, 8.5 Hz, 1H), 3.14 

(dd, J = 13.8, 6.6 Hz, 1H);  
13

C NMR (100 MHz, CDCl3) δ 178.9, 160.0, 139.5, 

136.3, 134.4, 131.7, 129.9, 129.7, 128.3, 126.9, 120.5, 113.9, 113.3, 55.5, 51.1, 37.4;  

HRMS (ESI) Calcd for C16H14ClO3 (M-H):  289.0637;  Found:  289.0630. 

 

Table 3, 2r 

 

White solid;  mp. 136-138 
o
C;  IR (film) 3442, 1698 cm

-1
;  

1
H NMR (400 MHz, 

CDCl3) δ 7.24-7.19 (m, 2H), 7.19-7.12 (m, 1H), 7.04 (td, J = 7.6, 1.6 Hz, 1H), 

7.01-6.92 (m, 2H), 6.86-6.81 (m, 2H), 3.88 (t, J = 7.8 Hz, 1H), 3.78 (s, 3H), 3.37 (dd, 

J = 13.9, 8.2 Hz, 1H), 3.06 (dd, J = 13.9, 7.4 Hz, 1H);  
13

C NMR (100 MHz, CDCl3) 

δ 178.9, 161.5 (d, J = 244 Hz), 159.3, 131.6 (d, J = 5 Hz), 130.0, 129.3, 128.5 (d, J = 

8 Hz), 125.8 (d, J = 15 Hz), 124.1 (d, J = 4 Hz), 115.4 (d, J = 22 Hz), 114.3, 55.5, 

50.9, 33.0;  HRMS (ESI) Calcd for C16H14FO3 (M-H):  273.0932;  Found:  

273.0925. 
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Table 3, 2s 

 

Yellow oil;  IR (film) 3417, 1704 cm
-1

;  
1
H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 

8.2 Hz, 1H), 7.82 (d, J = 8.4 Hz, 1H), 7.67 (d, J = 8.2 Hz, 1H), 7.52-7.41 (m, 2H), 

7.34-7.21 (m, 6H), 7.19-7.13 (m, 1H), 4.05 (dd, J = 8.0, 6.8 Hz, 1H), 3.89 (dd, J = 

14.2, 8.3 Hz, 1H), 3.45 (dd, J = 14.2, 6.4 Hz, 1H);  
13

C NMR (100 MHz, CDCl3) δ 

179.8, 138.4, 134.7, 134.1, 131.8, 129.2, 129.0, 128.2, 127.9, 127.6, 127.3, 126.3, 

125.7, 125.6, 123.5, 52.5, 36.6;  HRMS (ESI) Calcd for C19H15O2 (M-H):  

275.1078;  Found:  275.1071. 

Kubo, T.; Goto, Y.; Uruichi, M.; Yakushi, K.; Nakano, M.; Fuyuhiro, A.; Morita, Y.; 

Nakasuji, K. Chem. Asian J. 2007, 2, 1370 

 

Table 3, 2t 

 

White solid;  mp. 151-153 
o
C;  IR (film) 3420, 1704 cm

-1
;  

1
H NMR (400 MHz, 

CDCl3) δ 7.30-7.20 (m, 5H), 6.76 (s, 2H), 3.75 (dd, J = 7.8, 6.4 Hz, 1H), 3.44 (dd, J = 

14.1, 6.2 Hz, 1H), 3.02 (dd, J = 14.1, 7.9 Hz, 1H), 2.21 (s, 3H), 2.07 (s, 6H);  
13

C 

NMR (100 MHz, CDCl3) δ 180.4, 138.7, 137.0, 135.9, 132.6, 129.3, 128.8, 128.4, 

127.7, 51.8, 33.8, 21.0, 20.1;  HRMS (ESI) Calcd for C18H19O2 (M-H):  267.1391;  

Found:  267.1385. 
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The X-ray structure of compound 2o 

 

 

2o 
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Table 1.  Crystal data and structure refinement for 2o. 

Identification code      2o 

Empirical formula      C15 H12 Cl2 O2  

Formula weight      295.15  

Temperature       293(2) K  

Wavelength       0.71073 Å  

Crystal system, space group    Triclinic,  P-1  

Unit cell dimensions     a = 6.0590(12) Å  alpha = 91.59(3) deg.  

                        b = 8.8930(18) Å  beta = 93.75(3) deg.  

                        c = 13.346(3) Å  gamma = 108.42(3) deg.  

Volume        679.9(2) Å ^3  

Z, Calculated density     2,  1.442 Mg/m^3  

Absorption coefficient     0.471 mm^-1  

F(000)        304  

Crystal size       0.30 x 0.20 x 0.10 mm  

Theta range for data collection   1.53 to 25.38 deg.  

Limiting indices      0<=h<=7, -10<=k<=10, -16<=l<=16  

Reflections collected / unique    2759 / 2500 [R(int) = 0.0232]  

Completeness to theta = 25.38   100.0 %  

Absorption correction     Psi-scan  

Max. and min. transmission    0.9544 and 0.8716  

Refinement method      Full-matrix least-squares on F^2  

Data / restraints / parameters    2500 / 0 / 172  

Goodness-of-fit on F^2     1.004  

Final R indices [I>2sigma(I)]    R1 = 0.0514, wR2 = 0.1484  

R indices (all data)      R1 = 0.0734, wR2 = 0.1660  

Largest diff. peak and hole    0.216 and -0.338 e. Å ^-3  
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Table 2.  Atomic coordinates ( x 10^4) and equivalent isotropic displacement parameters (Å ^2 x 

10^3) for 2o.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor.  

         ________________________________________________________________  

   

                         x             y            z         U(eq)  

         ________________________________________________________________  

          Cl(1)       10267(2)        806(1)       1363(1)       65(1)  

          O(1)        11136(4)       4840(3)       3869(2)       55(1)  

          C(1)         6746(7)       -139(4)       3805(3)       56(1)  

          Cl(2)        4281(2)       8109(1)        541(1)       64(1)  

          O(2)         7543(4)       3760(3)       4314(2)       52(1)  

          C(2)         7629(9)      -1239(4)       4235(3)       74(1)  

          C(3)         9361(9)      -1659(4)       3808(3)       75(1)  

          C(4)        10164(7)      -1013(4)       2935(3)       61(1)  

          C(5)         9262(6)         73(3)       2499(2)       46(1)  

          C(6)         7535(5)        556(3)       2926(2)       40(1)  

          C(7)         6563(5)       1774(3)       2480(2)       41(1)  

          C(8)         8274(5)       3469(3)       2588(2)       36(1)  

          C(9)         9013(5)       4039(3)       3672(2)       36(1)  

          C(10)        7248(5)       4635(3)       2070(2)       37(1)  

          C(11)        8166(6)       5341(4)       1216(2)       43(1)  

          C(12)        7258(6)       6400(4)        739(2)       49(1)  

          C(13)        5441(6)       6769(3)       1124(2)       43(1)  

          C(14)        4496(6)       6089(4)       1972(2)       46(1)  

          C(15)        5390(6)       5012(4)       2440(2)       45(1)  

         ________________________________________________________________  
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Table 3.  Bond lengths [Å] and angles [deg] for 2o.  

           ________________________________________________ 

            Cl(1)-C(5)                    1.738(4)  

            O(1)-C(9)                    1.264(4)  

            O(1)-H(1B)                    0.8200  

            C(1)-C(2)                     1.376(5)  

            C(1)-C(6)                     1.383(5)  

            C(1)-H(1A)                    0.9300  

            Cl(2)-C(13)                   1.740(3)  

            O(2)-C(9)                     1.249(4)  

            C(2)-C(3)                     1.371(6)  

            C(2)-H(2A)                    0.9300  

            C(3)-C(4)                     1.363(6)  

            C(3)-H(3A)                    0.9300  

            C(4)-C(5)                     1.376(5)  

            C(4)-H(4A)                    0.9300  

            C(5)-C(6)                     1.397(4)  

            C(6)-C(7)                     1.506(4)  

            C(7)-C(8)                     1.532(4)  

            C(7)-H(7A)                    0.9700  

            C(7)-H(7B)                    0.9700  

            C(8)-C(9)                     1.510(4)  

            C(8)-C(10)                    1.527(4)  

            C(8)-H(8A)                    0.9800  

            C(10)-C(11)                   1.380(4)  

            C(10)-C(15)                   1.388(4)  

            C(11)-C(12)                   1.382(4)  

            C(11)-H(11A)                  0.9300  

            C(12)-C(13)                   1.370(5)  

            C(12)-H(12A)                  0.9300  
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            C(13)-C(14)                   1.370(5)  

            C(14)-C(15)                   1.385(4)  

            C(14)-H(14A)                  0.9300  

            C(15)-H(15A)                  0.9300  

 

            C(9)-O(1)-H(1B)             109.5  

            C(2)-C(1)-C(6)              121.6(4)  

            C(2)-C(1)-H(1A)             119.2  

            C(6)-C(1)-H(1A)             119.2  

            C(3)-C(2)-C(1)              120.5(4)  

            C(3)-C(2)-H(2A)             119.7  

            C(1)-C(2)-H(2A)             119.7  

            C(4)-C(3)-C(2)              119.5(3)  

            C(4)-C(3)-H(3A)             120.2  

            C(2)-C(3)-H(3A)             120.2  

            C(3)-C(4)-C(5)              119.9(4)  

            C(3)-C(4)-H(4A)             120.0  

            C(5)-C(4)-H(4A)             120.0  

            C(4)-C(5)-C(6)              122.0(3)  

            C(4)-C(5)-Cl(1)             118.1(3)  

            C(6)-C(5)-Cl(1)             119.8(2)  

            C(1)-C(6)-C(5)              116.4(3)  

            C(1)-C(6)-C(7)              120.5(3)  

            C(5)-C(6)-C(7)              123.2(3)  

            C(6)-C(7)-C(8)              113.7(2)  

            C(6)-C(7)-H(7A)             108.8  

            C(8)-C(7)-H(7A)             108.8  

            C(6)-C(7)-H(7B)             108.8  

            C(8)-C(7)-H(7B)             108.8  

            H(7A)-C(7)-H(7B)            107.7  
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            C(9)-C(8)-C(10)             109.0(2)  

            C(9)-C(8)-C(7)              112.7(2)  

            C(10)-C(8)-C(7)             111.4(2)  

            C(9)-C(8)-H(8A)             107.9  

            C(10)-C(8)-H(8A)            107.9  

            C(7)-C(8)-H(8A)             107.9  

            O(2)-C(9)-O(1)              123.3(3)  

            O(2)-C(9)-C(8)              120.2(3)  

            O(1)-C(9)-C(8)              116.4(3)  

            C(11)-C(10)-C(15)           118.5(3)  

            C(11)-C(10)-C(8)            120.2(3)  

            C(15)-C(10)-C(8)            121.4(3)  

            C(10)-C(11)-C(12)           120.9(3)  

            C(10)-C(11)-H(11A)          119.6  

            C(12)-C(11)-H(11A)          119.6  

            C(13)-C(12)-C(11)           119.7(3)  

            C(13)-C(12)-H(12A)          120.2  

            C(11)-C(12)-H(12A)          120.2  

            C(14)-C(13)-C(12)           120.8(3)  

            C(14)-C(13)-Cl(2)           118.7(3)  

            C(12)-C(13)-Cl(2)           120.5(2)  

            C(13)-C(14)-C(15)           119.4(3)  

            C(13)-C(14)-H(14A)          120.3  

            C(15)-C(14)-H(14A)          120.3  

            C(14)-C(15)-C(10)           120.8(3)  

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

            C(10)-C(15)-H(15A)          119.6  

           _____________________________________________________________  

           Symmetry transformations used to generate equivalent atoms:  

               



 S-17 

Table 4.  Anisotropic displacement parameters (Å ^2 x 10^3) for 2o.  The anisotropic 

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

    _______________________________________________________________________  

   

             U11       U22       U33       U23      U13       U12  

    _______________________________________________________________________  

    Cl(1)    76(1)      58(1)      65(1)      -1(1)      21(1)      24(1)  

    O(1)     48(1)      70(2)      41(1)     -12(1)      -3(1)      13(1)  

    C(1)     81(2)      42(2)      43(2)       2(1)       6(2)      18(2)  

    Cl(2)    86(1)      46(1)      64(1)      12(1)     -14(1)      30(1)  

    O(2)     59(1)      55(1)      36(1)       1(1)       7(1)      10(1)  

    C(2)    122(4)      46(2)      52(2)      13(2)      -4(2)      27(2)  

    C(3)    112(3)      41(2)      75(3)      -2(2)     -32(3)      35(2)  

    C(4)     70(2)      39(2)      78(3)     -13(2)     -17(2)      27(2)  

    C(5)     54(2)      33(2)      48(2)      -6(1)      -6(2)      13(1)  

    C(6)     51(2)      29(1)      39(2)      -3(1)      -5(1)      12(1)  

    C(7)     45(2)      35(2)      41(2)       1(1)       0(1)      15(1)  

    C(8)     43(2)      35(2)      33(2)       0(1)       0(1)      15(1)  

    C(9)     44(2)      30(1)      36(2)       2(1)       2(1)      16(1)  

    C(10)    46(2)      30(1)      33(1)       0(1)      -2(1)      12(1)  

    C(11)    52(2)      44(2)      36(2)       1(1)       4(1)      20(1)  

    C(12)    66(2)      44(2)      36(2)       9(1)       4(2)      14(2)  

    C(13)    54(2)      32(2)      40(2)       1(1)     -12(1)      13(1)  

    C(14)    49(2)      46(2)      48(2)       2(1)      -1(1)      21(2)  

    C(15)    52(2)      46(2)      40(2)       9(1)       9(1)      19(2)  

    _______________________________________________________________________  
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Table 5.  Hydrogen coordinates ( x 10^4) and isotropic displacement parameters (Å ^2 x 10^3) 

for 2o.  

         ________________________________________________________________  

   

                         x             y            z          U(eq)  

         ________________________________________________________________  

          H(1B)       11331          5214          4449          82  

          H(1A)        5590           143          4112          67  

          H(2A)        7048         -1700          4821          89  

          H(3A)        9983         -2381          4112          90  

          H(4A)       11320         -1305          2635          74  

          H(7A)        5166          1748          2805          49  

          H(7B)        6116          1490          1772          49  

          H(8A)        9674          3476          2258          44  

          H(11A)       9412          5102           959          52  

          H(12A)       7877          6860           159          59  

          H(14A)       3266          6348          2230          55  

          H(15A)       4736          4535          3010          54  

         ________________________________________________________________  

   



 S-19 

Table 6.  Torsion angles [deg] for 2o.  

         ________________________________________________________________  

          C(6)-C(1)-C(2)-C(3)                                   1.0(6)  

          C(1)-C(2)-C(3)-C(4)                                  -1.8(6)  

          C(2)-C(3)-C(4)-C(5)                                   1.0(6)  

          C(3)-C(4)-C(5)-C(6)                                   0.5(5)  

          C(3)-C(4)-C(5)-Cl(1)                               -177.7(3)  

          C(2)-C(1)-C(6)-C(5)                                   0.4(5)  

          C(2)-C(1)-C(6)-C(7)                                -179.1(3)  

          C(4)-C(5)-C(6)-C(1)                                  -1.2(4)  

          Cl(1)-C(5)-C(6)-C(1)                                176.9(2)  

          C(4)-C(5)-C(6)-C(7)                                 178.3(3)  

          Cl(1)-C(5)-C(6)-C(7)                                 -3.6(4)  

          C(1)-C(6)-C(7)-C(8)                                 108.0(3)  

          C(5)-C(6)-C(7)-C(8)                                 -71.4(4)  

          C(6)-C(7)-C(8)-C(9)                                 -60.4(3)  

          C(6)-C(7)-C(8)-C(10)                                176.7(2)  

          C(10)-C(8)-C(9)-O(2)                                 81.7(3)  

          C(7)-C(8)-C(9)-O(2)                                 -42.5(4)  

          C(10)-C(8)-C(9)-O(1)                                -96.0(3)  

          C(7)-C(8)-C(9)-O(1)                                 139.8(3)  

          C(9)-C(8)-C(10)-C(11)                               123.7(3)  

          C(7)-C(8)-C(10)-C(11)                              -111.3(3)  

          C(9)-C(8)-C(10)-C(15)                               -56.2(3)  

          C(7)-C(8)-C(10)-C(15)                                68.8(3)  

          C(15)-C(10)-C(11)-C(12)                               0.0(4)  

          C(8)-C(10)-C(11)-C(12)                             -180.0(3)  

          C(10)-C(11)-C(12)-C(13)                               0.8(5)  

          C(11)-C(12)-C(13)-C(14)                              -0.7(5)  

          C(11)-C(12)-C(13)-Cl(2)                             179.6(2)  
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          C(12)-C(13)-C(14)-C(15)                              -0.2(5)  

          Cl(2)-C(13)-C(14)-C(15)                             179.5(2)  

          C(13)-C(14)-C(15)-C(10)                               1.0(5)  

          C(11)-C(10)-C(15)-C(14)                              -0.9(4)  

          C(8)-C(10)-C(15)-C(14)                              179.1(3)  

         ________________________________________________________________  

         Symmetry transformations used to generate equivalent atoms:  
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Table 7.  Hydrogen bonds for 2o [Å and deg.].  

 ____________________________________________________________________________  

D-H...A                      d(D-H)      d(H...A)     d(D...A)     <(DHA)  
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The X-ray structure of compound 2t 
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Table 1.  Crystal data and structure refinement for 2t. 

Identification code      2t  

Empirical formula      C18 H20 O2  

Formula weight      268.34  

Temperature       293(2) K  

Wavelength       0.71073 Å  

Crystal system, space group    Triclinic,  P-1  

Unit cell dimensions     a = 8.2600(17) Å  alpha = 102.50(3) deg.  

                      b = 10.221(2) Å  beta = 107.52(3) deg.  

                        c = 10.602(2) Å  gamma = 109.03(3) deg.  

Volume        756.2(3) Å ^3  

Z, Calculated density     2,  1.179 Mg/m^3  

Absorption coefficient     0.075 mm^-1  

F(000)        288  

Crystal size       0.30 x 0.20 x 0.10 mm  

Theta range for data collection   2.15 to 25.38 deg.  

Limiting indices      0<=h<=9, -12<=k<=11, -12<=l<=12  

Reflections collected / unique    2984 / 2776 [R(int) = 0.0150]  

Completeness to theta = 25.38   100.0 %  

Absorption correction     None  

Max. and min. transmission    0.9925 and 0.9778  

Refinement method      Full-matrix least-squares on F^2  

Data / restraints / parameters    2776 / 0 / 182  

Goodness-of-fit on F^2     1.001  

Final R indices [I>2sigma(I)]    R1 = 0.0617, wR2 = 0.1680  

R indices (all data)      R1 = 0.0901, wR2 = 0.1912  

Extinction coefficient     0.119(14)  

Largest diff. peak and hole    0.251 and -0.200 e. Å ^-3  
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Table 2.  Atomic coordinates ( x 10^4) and equivalent isotropic displacement parameters (Å ^2 x 

10^3) for 2t.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor.  

         ________________________________________________________________  

   

                          x            y            z          U(eq)  

         ________________________________________________________________  

          C(1)         4944(3)       6652(2)       6498(2)       45(1)  

          O(1)         8011(3)       4842(2)       9025(3)       88(1)  

          O(2)        10578(3)       6919(2)      10010(2)       71(1)  

          C(2)         5619(4)       7387(3)       5661(3)       49(1)  

          C(3)         4522(4)       7920(3)       4840(3)       55(1)  

          C(4)         2773(4)       7744(3)       4799(3)       55(1)  

          C(5)         2144(4)       7041(3)       5638(3)       56(1)  

          C(6)         3195(4)       6496(3)       6496(3)       50(1)  

          C(7)         7481(4)       7577(4)       5601(3)       68(1)  

          C(8)         1581(5)       8299(4)       3857(4)       85(1)  

          C(9)         2373(4)       5743(4)       7367(3)       70(1)  

          C(10)        6036(4)       5955(3)       7306(3)       53(1)  

          C(11)        7785(3)       7016(3)       8664(3)       48(1)  

          C(12)        8796(4)       6144(3)       9243(3)       50(1)  

          C(13)        7336(3)       7843(3)       9778(2)       47(1)  

          C(14)        7575(4)       9292(3)       9958(3)       58(1)  

          C(15)        7127(5)      10031(3)      10952(4)       74(1)  

          C(16)        6421(5)       9358(4)      11771(3)       78(1)  

          C(17)        6150(5)       7918(4)      11595(3)       76(1)  

          C(18)        6640(4)       7185(3)      10617(3)       62(1)  

         ________________________________________________________________  
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Table 3.  Bond lengths [Å] and angles [deg] for 2t.  

           ______________________________________________________ 

            C(1)-C(6)                     1.400(4)  

            C(1)-C(2)                     1.406(3)  

            C(1)-C(10)                    1.508(3)  

            O(1)-C(12)                    1.208(3)  

            O(2)-C(12)                    1.302(3)  

            O(2)-H(2A)                    0.8200  

            C(2)-C(3)                     1.388(4)  

            C(2)-C(7)                     1.509(4)  

            C(3)-C(4)                     1.382(4)  

            C(3)-H(3A)                    0.9300  

            C(4)-C(5)                     1.375(4)  

            C(4)-C(8)                     1.518(4)  

            C(5)-C(6)                     1.397(4)  

            C(5)-H(5A)                    0.9300  

            C(6)-C(9)                     1.500(4)  

            C(7)-H(7A)                    0.9600  

            C(7)-H(7B)                    0.9600  

            C(7)-H(7C)                    0.9600  

            C(8)-H(8A)                    0.9600  

            C(8)-H(8B)                    0.9600  

            C(8)-H(8C)                    0.9600  

            C(9)-H(9A)                    0.9600  

            C(9)-H(9B)                    0.9600  

            C(9)-H(9C)                    0.9600  

            C(10)-C(11)                   1.545(4)  

            C(10)-H(10A)                  0.9700  

            C(10)-H(10B)                  0.9700  

            C(11)-C(12)                   1.510(3)  
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            C(11)-C(13)                   1.511(4)  

            C(11)-H(11A)                  0.9800  

            C(13)-C(18)                   1.375(4)  

            C(13)-C(14)                   1.390(4)  

            C(14)-C(15)                   1.375(4)  

            C(14)-H(14A)                  0.9300  

            C(15)-C(16)                   1.367(4)  

            C(15)-H(15A)                  0.9300  

            C(16)-C(17)                   1.376(5)  

            C(16)-H(16A)                  0.9300  

            C(17)-C(18)                   1.383(4)  

            C(17)-H(17A)                  0.9300  

            C(18)-H(18A)                  0.9300  

   

            C(6)-C(1)-C(2)              119.0(2)  

            C(6)-C(1)-C(10)             120.7(2)  

            C(2)-C(1)-C(10)             120.1(2)  

            C(12)-O(2)-H(2A)            109.5  

            C(3)-C(2)-C(1)              119.2(2)  

            C(3)-C(2)-C(7)              119.1(2)  

            C(1)-C(2)-C(7)              121.7(2)  

            C(4)-C(3)-C(2)              122.5(3)  

            C(4)-C(3)-H(3A)             118.7  

            C(2)-C(3)-H(3A)             118.7  

            C(5)-C(4)-C(3)              117.6(2)  

            C(5)-C(4)-C(8)              121.0(3)  

            C(3)-C(4)-C(8)              121.4(3)  

            C(4)-C(5)-C(6)              122.3(2)  

            C(4)-C(5)-H(5A)             118.9  

            C(6)-C(5)-H(5A)             118.9  
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            C(5)-C(6)-C(1)              119.3(2)  

            C(5)-C(6)-C(9)              117.9(2)  

            C(1)-C(6)-C(9)              122.8(2)  

            C(2)-C(7)-H(7A)             109.5  

            C(2)-C(7)-H(7B)             109.5  

            H(7A)-C(7)-H(7B)            109.5  

            C(2)-C(7)-H(7C)             109.5  

            H(7A)-C(7)-H(7C)            109.5  

            H(7B)-C(7)-H(7C)            109.5  

            C(4)-C(8)-H(8A)             109.5  

            C(4)-C(8)-H(8B)             109.5  

            H(8A)-C(8)-H(8B)            109.5  

            C(4)-C(8)-H(8C)             109.5  

            H(8A)-C(8)-H(8C)            109.5  

            H(8B)-C(8)-H(8C)            109.5  

            C(6)-C(9)-H(9A)             109.5  

            C(6)-C(9)-H(9B)             109.5  

            H(9A)-C(9)-H(9B)            109.5  

            C(6)-C(9)-H(9C)             109.5  

            H(9A)-C(9)-H(9C)            109.5  

            H(9B)-C(9)-H(9C)            109.5  

            C(1)-C(10)-C(11)            116.5(2)  

            C(1)-C(10)-H(10A)           108.2  

            C(11)-C(10)-H(10A)          108.2  

            C(1)-C(10)-H(10B)           108.2  

            C(11)-C(10)-H(10B)          108.2  

            H(10A)-C(10)-H(10B)         107.3  

            C(12)-C(11)-C(13)           110.2(2)  

            C(12)-C(11)-C(10)           108.9(2)  

            C(13)-C(11)-C(10)           113.2(2)  
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            C(12)-C(11)-H(11A)          108.1  

            C(13)-C(11)-H(11A)          108.1  

            C(10)-C(11)-H(11A)          108.1  

            O(1)-C(12)-O(2)             122.9(2)  

            O(1)-C(12)-C(11)            122.7(2)  

            O(2)-C(12)-C(11)            114.3(2)  

            C(18)-C(13)-C(14)           118.0(3)  

            C(18)-C(13)-C(11)           121.5(2)  

            C(14)-C(13)-C(11)           120.5(2)  

            C(15)-C(14)-C(13)           120.4(3)  

            C(15)-C(14)-H(14A)          119.8  

            C(13)-C(14)-H(14A)          119.8  

            C(16)-C(15)-C(14)           121.0(3)  

            C(16)-C(15)-H(15A)          119.5  

            C(14)-C(15)-H(15A)          119.5  

            C(15)-C(16)-C(17)           119.5(3)  

            C(15)-C(16)-H(16A)          120.3  

            C(17)-C(16)-H(16A)          120.3  

            C(16)-C(17)-C(18)           119.5(3)  

            C(16)-C(17)-H(17A)          120.2  

            C(18)-C(17)-H(17A)          120.2  

            C(13)-C(18)-C(17)           121.6(3)  

            C(13)-C(18)-H(18A)          119.2  

            C(17)-C(18)-H(18A)          119.2  

           ______________________________________________________ 

           Symmetry transformations used to generate equivalent atoms:  
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Table 4.  Anisotropic displacement parameters (Å ^2 x 10^3) for 2t.  The anisotropic 

isplacement factor exponent takes the form:  -2 pi^2 [ h^2 a*^2 U11 + ... + 2 h k a* b* U12 ]  

    _______________________________________________________________________  

   

              U11      U22       U33       U23       U13      U12  

    _______________________________________________________________________  

    C(1)     49(1)      40(1)      38(1)       7(1)       8(1)      21(1)  

    O(1)     59(1)      53(1)     123(2)      39(1)      -4(1)      22(1)  

    O(2)     52(1)      58(1)      89(2)      32(1)       6(1)      24(1)  

    C(2)     50(2)      47(1)      41(1)       8(1)      12(1)      21(1)  

    C(3)     60(2)      52(2)      45(1)      19(1)      15(1)      21(1)  

    C(4)     53(2)      48(1)      50(2)      12(1)       4(1)      22(1)  

    C(5)     43(1)      57(2)      54(2)      10(1)       9(1)      22(1)  

    C(6)     50(2)      45(1)      41(1)       8(1)      10(1)      18(1)  

    C(7)     65(2)      85(2)      64(2)      29(2)      28(2)      37(2)  

    C(8)     71(2)      79(2)      87(2)      40(2)       1(2)      31(2)  

    C(9)     62(2)      78(2)      62(2)      29(2)      23(2)      22(2)  

    C(10)    58(2)      44(1)      49(1)      12(1)      10(1)      24(1)  

    C(11)    47(1)      42(1)      50(1)      19(1)      11(1)      19(1)  

    C(12)    45(1)      45(1)      54(2)      19(1)      11(1)      20(1)  

    C(13)    43(1)      41(1)      42(1)      12(1)       3(1)      16(1)  

    C(14)    60(2)      45(1)      66(2)      22(1)      20(1)      22(1)  

    C(15)    79(2)      46(2)      89(2)      10(2)      30(2)      28(2)  

    C(16)    87(2)      71(2)      63(2)       6(2)      30(2)      31(2)  

    C(17)    89(2)      69(2)      56(2)      19(2)      27(2)      23(2)  

    C(18)    77(2)      48(2)      51(2)      18(1)      18(1)      23(1)  

    _______________________________________________________________________  
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Table 5.  Hydrogen coordinates ( x 10^4) and isotropic displacement parameters (Å ^2 x 10^3) 

for 2t.  

         ________________________________________________________________  

   

                         x             y             z         U(eq)  

         ________________________________________________________________  

          H(2A)       11035          6390         10311         107  

          H(3A)        4983          8415          4296          65  

          H(5A)         977          6924          5634          67  

          H(7A)        7692          8097          4972         102  

          H(7B)        7477          6624          5266         102  

          H(7C)        8459          8130          6528         102  

          H(8A)         426          8086          3975         128  

          H(8B)        1323          7817          2890         128  

          H(8C)        2241          9347          4112         128  

          H(9A)        1172          5754          7213         104  

          H(9B)        3189          6254          8348         104  

          H(9C)        2232          4740          7099         104  

          H(10A)       6427          5410          6680          63  

          H(10B)       5201          5245          7557          63  

          H(11A)       8620          7741          8412          58  

          H(14A)       8040          9764          9403          70  

          H(15A)       7307         11004         11070          89  

          H(16A)       6126          9869         12442          93  

          H(17A)       5642          7440         12130          91  

          H(18A)       6494          6223         10525          74  

         ________________________________________________________________  
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Table 6.  Torsion angles [deg] for 2t.  

         ________________________________________________________________  

          C(6)-C(1)-C(2)-C(3)                                  -0.9(3)  

          C(10)-C(1)-C(2)-C(3)                                175.0(2)  

          C(6)-C(1)-C(2)-C(7)                                -179.2(2)  

          C(10)-C(1)-C(2)-C(7)                                 -3.4(4)  

          C(1)-C(2)-C(3)-C(4)                                  -0.7(4)  

          C(7)-C(2)-C(3)-C(4)                                 177.7(2)  

          C(2)-C(3)-C(4)-C(5)                                   1.6(4)  

          C(2)-C(3)-C(4)-C(8)                                -178.2(2)  

          C(3)-C(4)-C(5)-C(6)                                  -0.9(4)  

          C(8)-C(4)-C(5)-C(6)                                 178.9(2)  

          C(4)-C(5)-C(6)-C(1)                                  -0.7(4)  

          C(4)-C(5)-C(6)-C(9)                                -179.9(2)  

          C(2)-C(1)-C(6)-C(5)                                   1.5(3)  

          C(10)-C(1)-C(6)-C(5)                               -174.3(2)  

          C(2)-C(1)-C(6)-C(9)                                -179.3(2)  

          C(10)-C(1)-C(6)-C(9)                                  4.8(4)  

          C(6)-C(1)-C(10)-C(11)                              -107.8(3)  

          C(2)-C(1)-C(10)-C(11)                                76.5(3)  

          C(1)-C(10)-C(11)-C(12)                             -174.4(2)  

          C(1)-C(10)-C(11)-C(13)                               62.6(3)  

          C(13)-C(11)-C(12)-O(1)                               98.5(3)  

          C(10)-C(11)-C(12)-O(1)                              -26.3(4)  

          C(13)-C(11)-C(12)-O(2)                              -80.8(3)  

          C(10)-C(11)-C(12)-O(2)                              154.5(2)  

          C(12)-C(11)-C(13)-C(18)                             -43.7(3)  

          C(10)-C(11)-C(13)-C(18)                              78.5(3)  

          C(12)-C(11)-C(13)-C(14)                             137.9(2)  

          C(10)-C(11)-C(13)-C(14)                             -99.9(3)  
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          C(18)-C(13)-C(14)-C(15)                               0.2(4)  

          C(11)-C(13)-C(14)-C(15)                             178.6(2)  

          C(13)-C(14)-C(15)-C(16)                              -0.7(5)  

          C(14)-C(15)-C(16)-C(17)                              -0.2(5)  

          C(15)-C(16)-C(17)-C(18)                               1.6(5)  

          C(14)-C(13)-C(18)-C(17)                               1.3(4)  

          C(11)-C(13)-C(18)-C(17)                            -177.1(3)  

          C(16)-C(17)-C(18)-C(13)                              -2.2(5)  

         ________________________________________________________________  

         Symmetry transformations used to generate equivalent atoms:  
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Table 7.  Hydrogen bonds for 2t [Å and deg.].  

 ____________________________________________________________________________  

D-H...A                      d(D-H)      d(H...A)    d(D...A)    <(DHA)  
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