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Experimental 

Reagents and solvents were purchased from Sigma-Aldrich or Alfa Aesar and used as received. 

Buprenorphine (1b) was supplied by the National Institute on Drug Abuse, Bethesda, Maryland. 
1
H 

and 
13

C NMR spectra were obtained with a Brucker-400-MHz instrument (
1
H at 400 MHz, 

13
C at 100 

MHz); δ in ppm, J in Hz with TMS as an internal standard. ESIMS: microTOF (BRUKER). Microanalysis: 

Perkin-Elmer 240C analyzer. Column Chromatography was performed using RediSep pre-packed 

columns with a Teledyne Isco CombiFlash instrument. Ligands were tested as their hydrochloride 

salts, prepared by adding 5 equivalents of HCl (1 N solution in diethyl ether) to a solution of 

compound in anhydrous methanol. All reactions were carried out under an inert atmosphere of 

nitrogen unless otherwise indicated. All compounds were > 95% pure as determined by 

microanalysis. A representative synthesis for each series is reported here. 

 

General procedure A:  Grignard addition 

The Grignard reagents were prepared form the corresponding bromides (5 mmol) by reaction with 

magnesium (182 mg, 7.5 mmol) in anhydrous THF (5 ml) containing a crystal of iodine. The Grignard 

reagents were titrated prior to use by adding 1 ml of the Grignard solution to a flask containing 1,10-

phenanthroline (~2 mg) in anhydrous THF (2 ml) (purple solution) and titrating with 1M 2-butanol 

(anhydrous) in THF (end point pale yellow solution). 

 

A solution of the appropriate Grignard reagent (1 M in THF, 1.2 ml, 1.2 mmol) was treated dropwise 

at room temperature with a solution of N-cyclopropylmethyl-6,14-endo-ethanonorthevinone (8) 

(500 mg, 1.18 mmol) or N-cyclopropylmethyl-6,14-endo-ethanonorthevinal (10) (500 mg, 1.22 

mmol) in anhydrous toluene (12 ml). After stirring at room temperature for 20 h, the reaction was 

quenched by addition of saturated aqueous ammonium chloride solution (20 ml). The phases were 

separated and the aqueous phase extracted with EtOAc. The combined organic phases were washed 

with saturated aqueous sodium bicarbonate, dried over MgSO4, filtered and evaporated in vacuo. 

The residue was purified by column chromatography over silica gel eluting with a gradient from 10% 

to 30% ethyl acetate in hexane. Rf values are recorded from TLC eluted with 30:1:69 ethyl 

acetate/ammonia solution/hexane. 

N.B. For synthesis of 1c and 2d, the addition of Grignard reagent to the ethyl ketone required the 

presence of 1 equiv. of LaCl3(LiCl)2, while for the synthesis of 1f and 2c 1 equiv. of t-butylammonium 

bromide was required at the same stage. 

 

General Procedure B:  3-O-Demethylation with propane thiolate and HCl salt formation 

A solution of the appropriate thevinol (0.25 mmol) in anhydrous HMPA (1 ml) under an inert 

atmosphere was treated with sodium hydride (21 mg, 0.875 mmol) followed by 1-propanethiol (79 

µl, 0.875 mmol). After the addition was complete, the reaction mixture was heated to 120°C and 
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stirred for 3 h. On cooling to room temperature, NH4Cl (sat, aq) was added and the mixture 

extracted with diethyl ether. The organic extracts were washed with water (3×) and brine. The 

organic phase was dried (MgSO4) filtered and evaporated to dryness. The residue was purified by 

column chromatography over silica gel. 

 

The HCl salts were prepared by the addition of 2M HCl in diethyl ether (1.2 equiv.) to a solution of 

the orvinol in diethyl ether. The white precipitate which formed was collected by filtration, washed 

with ether and dried under high vacuum. 

 

(1′′′′S, 5αααα, 6R, 7R, 14αααα)-1′′′′-(4,5-Epoxy-7,8-dihydro-3,6-dimethoxy-17-cyclopropylmethyl-6,14-ethano-

morphinan-7-yl)-1′′′′-phenyl-ethan-1′′′′-ol (9a, R = Ph)  

N-CPM dihydronorthevinone 8a (220.0 mg, 0.52 mmol) in anhydrous toluene (5.2 ml)  was treated as 

in procedure A with phenyl magnesium bromide (1.5 ml, 1.04 mmol). Purification using column 

chromatography (30% EtOAc-Pet.Ether-0.5%NH3) (110.0 mg, 42%). Rf (30% EtOAc.Pet.Ether-

0.5%NH3) 0.7. δH (270 MHz; CDCl3) 7.50 (2H, d, J 7.16, 2 x aryl.CH), 7.33 (2H, t, J 7.16, J 7.72, 2 x 

aryl.CH), 7.18-7.26 (1H, m, 1 x aryl.CH). 6.69 (1H, d, J 8.24, 2-H), 6.52 (1H, d, J 7.97, 1-H), 5.50 (1H, s, 

20-OH), 4.42 (1H, s, 5β-H), 3.87 (3H, s, 3-OCH3), 3.61 (3H, s, 6-OCH3), 2.91 (1H, d, J 19.28, 10β-H), 

2.86 (1H, d, J 7.16, 9α-H), 2.39-2.44 (1H, m, 15/16-NCH2,CH2-), 2.11-2.55 (5H, m, includes 10α-H), 

1.87-1.99 (1H, m, 15/16-NCH2,CH2-), 1.79-1.86 (2H, m, includes 15/16-NCH2,CH2-), 1.79 (3H, s, 20-

CH3), 1.54-1.58 (1H, m), 0.77-1.07 (3H, m, includes 2 x 18/19-H, 8α-H), 0.55-0.73 (1H, m, N-

CH2CH(CH2-CH2-)), 0.33-0.39 (2H, m, N- CH2CH(CH2-CH2-)), -0.10-(-0.03) (2H, m, N- CH2CH(CH2-CH2-)). 

δC (100 MHz; CDCl3) 147.46, 146.94, 141.66, 132.76, 128.98, 127.92, 126.79, 126.17, 119.18, 113.97, 

97.14, 80.87, 59.54 (NCH2CH(CH2)2), 57.97, 56.90, 53.00, 48.57, 46.95, 43.52 (CH2), 36.03, 35.70 

(CH2), 32.65, 30.06 (CH2), 23.58, 22.72 (CH2), 17.97 (CH2), 9.35, 4.18 (CH2), 3.32(CH2); m/z 502 (M
+
 + 

1, 100%), (Found: M
+
 + 1, 502.2958. C32H40NO4 requires 502.2957). 

(1′′′′S, 5αααα, 6R, 7R, 14αααα)-1′′′′-(4,5-Epoxy-7,8-dihydro-3-hydroxy-6-methoxy-17-cyclopropylmethyl-6,14-

ethano-morphinan-7-yl)-1′′′′-phenyl-ethan-1′′′′-ol (1d) 

The thevinol 9a (R = Ph) (103.0 mg, 0.21 mmol) was treated as in procedure B to yield orvinol 1d 

after purification using column chromatography (30% EtOAcPet.Ether-0.5%NH3) (40.0 mg, 39%). Rf 

(30% EtOAc.Pet.Ether-0.5%NH3) 0.2. δH (270 MHz; CDCl3) 7.50 (2H, d, J 7.16, 2 x aryl.CH), 7.32 (2H, t, 

J 6.86, 7.97, 2 x aryl.CH),  7.18-7.26 (1H, m, 1 x aryl.CH). 6.62 (1H, d, J 7.99, 2-H), 6.45 (1H, d, J 7.97, 

1-H), 5.58 (1H, s, 20-OH), 4.60 (1H, s, 3-OH), 4.42 (1H, s, 5β-H), 3.56 (3H, s, 6-OCH3), 2.89 (1H, d, J 

17.87, 10β-H), 2.84 (1H, d, J 4.43, 9α-H), 2.40-2.42 (1H, m, 15/16-NCH2,CH2-), 2.10-2.19 (5H, m, 

includes 10α-H, 15/16-NCH2,CH2-), 1.90-2.08 (1H, m, 15/16-NCH2,CH2-), 1.72-1.84 (3H, m, includes 

15/16-NCH2,CH2-), 1.80 (3H, s, 20-CH3), 1.54-1.58 (1H, m, 15/16-NCH2,CH2-), 1.02-1.10 (1H, m, 18/19-

H), 0.89-0.94 (1H, dd, J 12.2, J 9.48, 8α-H), 0.69-0.76 (1H, m, 18/19-H),  0.56-0.65 (1H, m, N-

CH2CH(CH2-CH2-)), 0.30-0.40 (2H, m, N-CH2CH(CH2-CH2-)), -0.1-0 (2H, m, N-CH2CH(CH2-CH2-)); δC (100 

MHz; CDCl3) 147.27, 132.44, 127.93, 126.83, 126.14, 119.56, 116.51, 97.39, 80.92, 59.52 

(NCH2CH(CH2)2), 58.01, 52.91, 48.48, 47.24, 43.53 (CH2), 36.10, 35.60 (CH2), 32.60, 29.95 (CH2), 
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23.59, 22.80 (CH2), 17.97 (CH2), 9.32, 4.15 (CH2), 3.31(CH2) ;  m/z 488 (M
+
 + 1, 100%), Found M

+
 + 1, 

488.2778, C31H38NO4 requires 488.2801. 

(3′′′′S, 5αααα, 6R, 7R, 14αααα)-3′′′′-(4,5-Epoxy-7,8-dihydro-3-hydroxy-6-methoxy-17-cyclopropylmethyl-6,14-

ethano-morphinan-7-yl)-3′′′′-(4’,4’-dimethyl)pentan-3′′′′-ol (1c) 

Using the same procedures as described for 1d, 1c was prepared.  White Solid; 
1
H NMR (CDCl3) δ 

0.06- 0.11 (2H, m), 0.45-0.49 (2H, m), 0.62-0.69 (1H, m), 0.74-0.81 (1H, m), 0.86-0.93 (1H, m), 0.98-

1.11 (12H, m), 1.22-1.33 (2H, m), 1.60-1.78 (3H, m), 1.81-1.98 (3H, m), 2.12-2.34 (4H, m), 2.56-2.61 

(1H, m), 2.82-2.89 (1H, m), 2.94-2.99 (2H, m), 3.50 (3H, s),  4.44 (1H, s), 5.56 (1H, s), 6.48 (1H, d, 

J=8.0 Hz), 6.66 (1H, d, J=8.0 Hz); 
13

C NMR, 100 MHz, (CDCl3) δ 3.19, 4.01, 9.45, 10.47, 17.77, 22.81, 

23.74, 26.71, 29.15, 32.81, 35.40, 35.69, 41.73, 43.64, 44.34, 46.31, 52.24, 58.36, 59.47, 67.02, 

79.71, 80.76, 97.23, 116.26, 119.48, 128.34, 132.54, 137.19, 145.40. HRMS, found[MNa]
+
 504.3106, 

C30H43NO4Na requires 504.3090. 

(1′′′′S, 5αααα, 6R, 7R, 14αααα)-1′′′′-Phenyl-1′′′′-(4,5-epoxy-7,8-dihydro-3-hydroxy-6-methoxy-17-

cyclopropylmethyl-6,14-ethanomorphinan-7-yl)-methan-1′′′′-ol  (1e) 

Using the same procedures as described for 1d, 1e was prepared.  White solid. 
1
H NMR (CDCl3) 

δ 0.04-0.06 (2H, m), 0.45 (2H, m), 0.7 (1H, m), 2.93 (1H, d, J 18.5), 3.07 (1H, d, J 6.3), 3.48 (3H, s), 

4.46 (1H, d, J 1.8), 5.28 (1H, s), 6.50 (1H, d, J 8.1), 6.68 (1H, d, J 8.1), 7.26-7.40 (5H, m); 
13

C NMR 

(CDCl3) δ 3.36, 4.17, 9.32, 20.6, 22.7, 25.6, 29.1, 35.3, 35.9, 42.1, 43.8, 46.1, 50.6, 58.5, 59.9, 70.1, 

77.3, 92.3, 116.6, 119.5, 125.7, 127.0, 128.2, 128.3, 132.6, 137.4, 145.0, 145.5; EI-HRMS, found M
+
 

473.2558, C30H35NO4  requires 473.2566. 

(1′′′′S, 5αααα, 6R, 7R, 14αααα)-1′′′′-(4,5-Epoxy-7,8-dihydro-3-hydroxy-6-methoxy-17-cyclopropylmethyl-6,14-

ethano-morphinan-7-yl)-1′′′′-phenylpropan-1′′′′-ol (1f) 

Using the same procedures as described for 1d, 1f was prepared.  White Solid; 
1
H NMR (CDCl3)  -

0.04- -0.02 (2H, m), 0.36-0.41 (2H, m), 0.56-0.71 (2H, m), 0.82 (3H, t, J=7.20 Hz), 1.05-1.11 (1H, m), 

1.18-1.31 (2H, m), 1.52-1.57 (1H, m), 1.71-1.79 (3H, m), 2.04-2.20 (6H, m), 2.28-2.33 (1H, m), 2.36-

2.42 (1H, m), 2.88-2.93 (2H, m), 3.47 (3H, s),  4.41 (1H, s), 4.89 (1H, bd), 5.01 (1H, s), 6.47 (1H, d, 

J=8.0 Hz), 6.65 (1H, d, J=8.0 Hz), 7.22-7.24 (1H, m), 7.31 (2H, d, J=8.52 Hz), 7.46 (2H, d, J=8.52 Hz); 
13

C 

NMR, 100 MHz, (CDCl3) δ 3.13, 4.07, 7.98, 9.24, 18.66, 22.69, 26.95, 29.91, 31.99, 35.52, 36.07, 

43.43, 46.98, 49.02, 52.60, 57.92, 59.34, 80.41, 80.75, 90.02, 116.18, 119.48, 126.19, 126.92, 127.55, 

128.40, 132.45, 137.06, 144.31, 145.37.  HRMS, found [MNa]
+
 524.2776, C32H39NO4Na requires 

524.8783.   

(1′′′′R, 5αααα, 6R, 7R, 14αααα)-1′′′′-Phenyl-1′′′′-(4,5-epoxy-7,8-dihydro-3-hydroxy-6-methoxy-17-

cyclopropylmethyl-6,14-ethanomorphinan-7-yl)-methan-1′′′′-ol (1g)  

Using the same procedures as described for 1d, 1g was prepared.  White solid. 
1
H NMR (270 MHz, 

CDCl3) δ 0.05 (2H, m), 0.45 (2H, m), 0.71 (1H, m), 2.93 (1H, d), 3.07 (1H, d), 3.48 (3H, s), 4.46 (1H, d), 

5.28 (1H, s), 6.50 (1H, d), 6.68 (1H, d), 7.26-7.40 (2H, m), 7.36-7.43 (3H, m). 
13

C NMR (68 MHz, CDCl3) 

δ 3.4, 4.2, 9.4, 20.4, 22.6, 25.7, 29.3, 35.5, 35.8, 42.5, 43.8, 46.0, 51.0, 56.6, 58.5, 59.9, 70.1, 77.3, 

92.3, 116.6, 119.5, 125.7, 127.0, 128.2, 128.3, 132.6, 137.4, 145.0, 145.5. EI-HRMS calcd for 

C31H44NO4 M
+
 473.2566; found 473.2558. 

N-Cyclopropylmethylnorisonepenthol (12b) 

Aldehyde 11b
13

 (5.0 g, 1.61 mmol) was treated with PhMgBr (THF solution) in toluene (20 mL) for 24 

h at r.t.  The reaction was quenched with a saturated NH4Cl solution and extracted with Et2O to yield 
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12b (2.97 g, 50%) which was purified by silica gel chromatography. 
1
H NMR δH (CDCl3) 0.01-0.08 (2H, 

m), 0.45-0.53 (2H, m), 0.74-0.76 (1H, m), 1.36 (1H, dd), 3.07 (1H, d), 3.53 (1H, d), 3.72 (3H, s), 3.83 

(3H, s), 4.62 (1H, d), 5.23 (1H, s), 5.52 (1H, d), 5.88 (1H, d), 6.49 (1H, d), 6.61 (1H, d), 7.31-7.34 (5H, 

m); δC (CDCl3) 3.39, 4.20, 9.34, 15.27, 23.03, 25.18, 33.64, 43.05, 43.95, 44.04, 48.20, 52.78, 56.65, 

57.04, 59.93, 70.39, 80.73, 94.99, 113.47, 119.28, 125.81, 126.78, 128.16, 128.43, 134.46, 136.85, 

141.87, 143.47, 148.30; Found M
+
 485.2566, C31H35NO4 requires 485.2566 

N-Cyclopropylmethylnornepenthol (14b) 

Ketone 13b
22

 (800mg, 1.61 mmol) in THF (10 mL) was added dropwise to a solution of LiAlH4 (2.5 

equiv) in THF (10 mL) at r.t. The solution was allowed to stir for 16 h before quenching with a 

solution of Rochelle salt (10 mL).  Extraction with Et2O yielded 14b (700mg, 90%) which was purified 

by recrystallization Rf (EtOAc-Hexane; 1:1, 0.5% NH3) 0.48; NMR δH (CDCl3) 0.02-0.07 (2H, m), 0.37-

0.45 (2H, m), 0.64-0.69 (1H, m), 3.03 (1H, d), 3.34 (1H, d), 3.83 (3H, s), 3.84 (3H, s), 4.34 (1H, d), 4.63 

(1H, d), 5.37 (1H, s), 5.56 (1H, d), 6.04 (1H, d), 6.48 (1H, d), 6.62 (1H, d), 7.26-7.33 (5H, m); δC (CDCl3) 

3.50, 3.91, 9.24, 22.95, 30.43, 33.17, 42.55, 43.77, 44.13, 47.46, 54.97, 56.82, 57.05, 59.87, 77.70, 

84.56, 97.62, 113.83, 119.33, 124.62, 127.58, 128.07, 128.17, 128.35, 134.65, 137.72, 141.88, 

141.96, 147.82; m/z Found M
+
 485.2588, C31H35NO4; requires 485.2566. 

(1′′′′S, 5αααα, 6R, 7R, 14αααα)-1′′′′-(4,5-Epoxy-7,8-dihydro-3-hydroxy-6-methoxy-17-cyclopropylmethyl-6,14-

etheno-morphinan-7-yl)-1′′′′-phenyl-methanol (2a)  

The alcohol 14b (500mg, 1.03 mmol) was treated as in procedure B to yield 2a which was purified by 

gravity elution chromatography with MeOH-CH2Cl2. (1:20), (370mg, 76%). Rf (MeOH- CH2Cl2; 1:10) 

0.48; NMR δH (CDCl3) 0.38-0.40 (2H, m), 0.40-0.53 (2H, m), 0.64-0.66 (1H, m), 3.01 (1H, d), 3.35 (1H, 

d), 3.80 (3H, s), 4.35 (1H, d), 4.65 (1H, d), 5.43 (1H, s), 5.56 (1H, d), 6.00 (1H, d), 6.43 (1H, d), 6.55 

(1H, d), 7.26-7.32 (5H, m); δC (CDCl3) 3.52, 3.98, 9.18, 23.03, 30.38, 33.00, 42.59, 43.83, 43.92, 47.76, 

54.86, 57.04, 59.85, 77.70, 84.53, 97.79, 116.26, 119.83, 124.37, 125.77, 127.70, 128.09, 128.23, 

134.32, 137.54, 137.78, 141.71, 146.33; Found M
+
 471.2404, C30H33NO4 requires 471.2410; m.p. (HCl 

salt) 227-231 
o
C (decomp. EtOH). 

(1′′′′R, 5αααα, 6R, 7R, 14αααα)-1′′′′-(4,5-Epoxy-7,8-dihydro-3-hydroxy-6-methoxy-17-cyclopropylmethyl-6,14-

etheno-morphinan-7-yl)-1′′′′-phenyl-methanol (2b) 

The alcohol 12b (550mg, 1.13 mmol) was treated as in procedure B to yield 2b which was purified by 

gravity elution chromatography with MeOH-CH2Cl2. (1:20), (470mg, 88%). Rf (MeOH- CH2Cl2; 1:10) 

0.48; NMR δH (CDCl3) 0.01-0.08 (2H, m), 0.45-0.49 (2H, m), 0.74-0.76 (1H, m), 1.37 (1H, dd) 3.05 (1H, 

d), 3.53 (1H, d), 3.69 (3H, s), 4.62 (1H, d), 5.20 (1H, s), 5.49 (1H, d), 5.81 (1H, d), 6.44 (1H, d), 6.58 

(1H, d), 7.31-7.33 (5H, m); δC (CDCl3) 3.34, 4.20, 9.30, 22.97, 24.99, 33.43, 43.04, 43.41, 44.01, 48.39, 

52.24, 56.91, 59.85, 70.18, 80.85, 94.43, 116.41, 119.88, 125.72, 126.44, 126.84, 127.91, 128.18, 

134.19, 136.89, 137.41, 143.32, 146.74; Found M
+
 471.2408, C30H33NO4 requires 471.2410; m.p.(HCl 

salt) 198-200 
o
C (decomp. EtOH). 

(1′′′′S, 5αααα, 6R, 7R, 14αααα)-1′′′′-(4,5-Epoxy-7,8-dihydro-3-hydroxy-6-methoxy-17-cyclopropylmethyl-6,14-

etheno-morphinan-7-yl)-1′′′′-phenyl-propan-1′′′′-ol (2c) 

Using the same procedures as described for 1d, 2c was prepared.  White Solid; 
1
H NMR (CDCl3) δ -

0.07- -0.04 (2H, m), 0.29-0.45 (2H, m), 0.55-0.62 (1H, m), 0.69 (3H, t, J=7.20 Hz), 0.81-0.85 (1H, m), 

1.51-1.54 (1H, m), 1.63-1.66 (2H, m), 1.72-1.86 (1H, m), 2.03-2.11 (3H, m), 2.15-2.26 (3H, m), 2.38-

2.42 (1H, m), 2.91 (1H, d, J=18.4 Hz), 3.29 (1H, d, J=6.4 Hz),  3.68 (3H, s),  4.41 (1H, bd), 4.50 (1H, s), 
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4.82 (1H, s),  5.36 (1H, d, J=9.2 Hz), 5.87 (1H, d, J=9.2 Hz), 6.34 (1H, d, J=8.0 Hz), 6.49 (1H, d, J=8.0 

Hz), 7.13-7.17 (1H, m), 7.22 (2H, d, J=7.2 Hz), 7.32 (2H, d, J=7.2 Hz); 
13

C NMR, 100 MHz, (CDCl3) δ 

3.12, 4.12, 7.63, 9.22, 22.82, 27.12, 30.79, 31.23, 33.48, 42.83, 43.80, 48.00, 50.26, 55.01, 56.68, 

59.47, 79.20, 84.32, 99.23, 115.85, 119.63, 124.61, 126.26, 126.95, 127.57, 128.05, 134.37, 136.01, 

137.12, 143.97, 146.48; Found [MH]
+
 500.2876, C32H38NO4 requires 500.2801.   

(3′′′′S, 5αααα, 6R, 7R, 14αααα)-3′′′′-(4,5-Epoxy-7,8-dihydro-3-hydroxy-6-methoxy-17-cyclopropylmethyl-6,14-

etheno-morphinan-7-yl)-3′′′′-(4’,4’-dimethyl)pentan-3′′′′-ol (2d) 

Using the same procedures as described for 1d, 2d was prepared.  White Solid; 
1
H NMR (CDCl3) δ 

0.06- 0.07 (2H, m), 0.40-0.45 (2H, m), 0.69-0.75 (2H, m), 0.80 (3H, t, J=7.20 Hz), 0.90-0.93 (10H, m), 

1.20-1.32 (1H, m), 1.72-1.80 (2H, m), 2.02-2.09 (1H, m), 2.23-2.32 (4H, m), 2.54-2.61 (1H, m), 2.82-

2.90 (1H, m), 2.97 (1H, d, J=18.4 Hz), 3.38 (1H, d, J=6.4 Hz),  3.66 (3H, s),  4.45 (1H, bd), 4.50 (1H, s), 

5.21 (1H, s), 5.32 (1H, d, J=8.80 Hz), 5.88 (1H, d, J=8.80 Hz), 6.35 (1H, d, J=8.0 Hz), 6.49 (1H, d, J=8.0 

Hz); 
13

C NMR, 100 MHz, (CDCl3) δ 3.12, 4.18, 9.45, 9.65, 23.17, 23.56, 26.97, 31.45, 33.77, 40.99, 

42.92, 44.01, 45.73, 47.41, 54.84, 56.84, 59.46, 79.20, 84.53, 99.82, 115.85, 119.65, 124.15, 128.05, 

134.48, 135.70, 137.09, 146.54; Found [MNa]
+
 502.2926, C30H41NO4Na requires 502.2933. 

(1′′′′S, 5αααα, 6R, 7R, 14αααα)-1′′′′-(4,5-Epoxy-7,8-dihydro-3-hydroxy-6-methoxy-17-cyclopropylmethyl-6,14-

ethano-morphinan-7-yl)-1′′′′-(2-methylphenyl)-ethan-1′′′′-ol (3a) 

Using the same procedures as described for 1d, 3a was prepared.  White Solid; 
1
H NMR (CDCl3) δ -

0.08- -0.03 (2H, m), 0.31-0.0.38 (2H, m), 0.56-0.58 (1H, m), 0.69-0.76 (1H, m), 0.83-0.89 (1H, m), 

1.02-1.09 (1H, m), 1.59-1.63 (1H, m), 1.79-1.89 (6H, m), 1.98-2.05 (1H, m), 2.13-2.23 (4H, m), 2.45-

2.49 (1H, m), 2.62-2.66 (1H, m), 2.75 (3H, s), 2.84-2.93 (2H, m), 3.56 (3H, s),  4.45 (1H, s), 4.62 (1H, 

bd),  5.06 (1H, bd), 6.48 (1H, d, J=8.0 Hz), 6.67 (1H, d, J=8.0 Hz), 7.07-7.17 (3H, m), 7.22-7.24 (1H, m):   
13

C NMR, 100 MHz, (CDCl3) δ 3.17, 4.06, 9.22, 18.24, 22.76, 22.84, 25.93, 29.87, 32.66, 35.63, 36.11, 

43.52, 43.72, 47.34, 52.68, 57.92, 59.47, 79.68, 80.85 97.80, 116.27, 119.55, 124.83, 126.84, 127.50, 

128.56, 132.43, 132.81, 136.84, 137.11, 143.64, 145.49; HRMS, m/z for (C32H40NO4), [MH]
+
, calcd- 

502.2957, found- 502.3017.  

(1′′′′S, 5αααα, 6R, 7R, 14αααα)-1′′′′-(4,5-Epoxy-7,8-dihydro-3-hydroxy-6-methoxy-17-cyclopropylmethyl-6,14-

ethano-morphinan-7-yl)-1′′′′-(3-methylphenyl)-ethan-1′′′′-ol (3b) 

Using the same procedures as described for 1d, 3b was prepared.  White Solid;.
 1

H NMR δ 7.34 (1H, 

s, 1 x aryl.CH), 7.25 (1H, d, J 7.96,  1 x aryl.CH), 7.21 (1H, t, J 7.48, 1 x aryl.CH), 7.05 (1H, d, J 7.36, 1 x 

aryl.CH), 6.67 (1H, d, J 8.04, 2-H), 6.48 (1H, d, J 8.04, 1-H), 5.41 (1H, s, 20-OH), 4.67 (1H, s, 3-OH), 

4.45 (1H, s, 5β-H), 3.56 (3H, s, 6-OCH3), 2.91 (1H, d, J 19.24, 10β-H), 2.88 (1H, d, J 7.28, 9α-H), 2.43-

2.46 (1H, m, 15/16-NCH2,CH2-), 2.38 (3H, s, 1 x aryl.CH3), 2.08-2.23 (5H, m, includes 7β-H,  10α-H, 

15/16-NCH2,CH2-), 2.00-2.09 (1H, m, 15/16-NCH2,CH2-), 1.79-1.91 (3H, m, includes 8β-H, 15/16-

NCH2,CH2-), 1.76 (3H, s, 20-CH3), 1.02-1.11 (1H, m, 18/19-H), 0.91-0.97 (1H, dd, J 13.2, J 8.96, 8α-H), 

0.68-0.77 (1H, m, 18/19-H), 0.57-0.65 (1H, m, N-CH2CH(CH2-CH2-)), 0.31-0.43 (2H, m, N-CH2CH(CH2-

CH2-)), -0.09-0.01 (2H, m, N-CH2CH(CH2-CH2-)); δC (100 MHz; CD3OD) 150.81. 145.39, 145.14, 137.56, 

132.37, 127.94, 127.66, 127.58, 127.42, 124.03, 123.12, 119.60, 116.77, 91.62, 64.49, 59.75 

(NCH2CH(CH2)2), 58.47, 50.49, 45.85, 40.82, 36.19, 35.94, 29.33 (CH2), 25.20, 22.81, 21.47, 18.98 

(CH2), 9.19, 4.16, 3.35 (CH2).  m/z 502 (M
+
 + 1), Found M

+
 + 1, 502.2968. C32H40NO4 requires 

502.2957.  
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(1′′′′S, 5αααα, 6R, 7R, 14αααα)-1′′′′-(4,5-Epoxy-7,8-dihydro-3-hydroxy-6-methoxy-17-cyclopropylmethyl-6,14-

ethano-morphinan-7-yl)-1′′′′-(4-methylphenyl)-ethan-1′′′′-ol (3c) 

Using the same procedures as described for 1d, 3c was prepared.  White Solid;.
 1

H NMR δ 7.39 (2H, 

d, J 8.20, 2 x aryl.CH), 7.14 (2H, d, J 7.92, 2 x aryl.CH), 6.68 (1H, d, J 8.04, 2-H), 6.49 (1H, d, J 8.08, 1-

H), 5.42 (1H, s, 20-OH), 4.62 (1H, s, 3-OH), 4.51 (1H, s, 5β-H), 3.57 (3H, s, 6-OCH3), 2.91 (1H, d, J 

18.88, 10β-H), 2.87 (1H, d, J 6.80, 9α-H), 2.43-2.47 (1H, m, 15/16-NCH2,CH2-), 2.35 (3H, s, 1 x 

aryl.CH3), 2.12-2.21 (4H, m, includes 7β-H, 10α-H), 2.07-2.12 (1H, m, 15/16-NCH2,CH2-), 1.95-2.02 

(1H, m, 15/16-NCH2,CH2-), 1.82-1.88 (1H, m, 15/16-NCH2,CH2-), 1.79-1.83 (1H, m, 8β-H), 1.77 (3H, s, 

20-CH3), 1.00-1.09 (1H, m, 18/19-H), 0.87-0.93 (1H, m, 8α-H), 0.69-0.76 (1H, m, 18/19-H), 0.56-0.64 

(1H, m, N-CH2CH(CH2-CH2-)), 0.32-0.43 (2H, m, N-CH2CH(CH2-CH2-)), -0.09-0.00 (2H, m, N-CH2CH(CH2-

CH2-)); δC (100.56 MHz; CDCl3) 145.34, 137.00, 136.03, 132.38, 128.45, 125.86, 119.45, 116.13, 80.71, 

59.41 (NCH2CH(CH2)2), 57.88, 52.72, 48.30, 47.14, 43.42 (CH2), 35.97 (CH2), 32.49, 22.64 (CH2), 20.98, 

17.86 (CH2), 9.17, 4.00 (CH2), 3.13 (CH2). m/z 502 (M
+
 + 1); Found M

+
 + 1, 502.3048, C32H40NaO4 

requires 502.2957.  

(1′′′′S, 5αααα, 6R, 7R, 14αααα)-1′′′′-(4,5-Epoxy-7,8-dihydro-3-hydroxy-6-methoxy-17-cyclopropylmethyl-6,14-

ethano-morphinan-7-yl)-1′′′′-(4-(2-propyl)phenyl)-ethan-1′′′′-ol (3d) 

Using the same procedures as described for 1d, 3d was prepared.  White Solid;.
 1

H NMR White Solid; 
1
H NMR (CDCl3) δ -0.09- -0.04 (2H, m), 0.31-0.0.35 (2H, m), 0.57-0.60 (1H, m), 0.68-0.75 (1H, m), 

0.86-0.92 (1H, m), 1.00-1.05 (1H, m), 1.24 (6H, d, J=6.88 Hz),  1.56 (1H, s), 1.78 (3H, s), 1.79-1.85 (3H, 

m), 1.98-2.04 (2H, m), 2.10-2.23 (4H, m), 2.45-2.49 (1H, m), 2.78 (1H, d, J=6.40 Hz), 2.88-2.93 (2H, 

m), 3.56 (3H, s),  4.45 (1H, s), 4.61 (1H, bd), 5.30 (1H, bd),  6.47 (1H, d, J=8.0 Hz), 6.66 (1H, d, J=8.0 

Hz), 7.17 (2H, d, J=8.1 Hz), 7.40 (2H, d, J=8.1 Hz); 
13

C NMR, 100 MHz, (CDCl3) δ 3.40, 3.65, 9.29, 17.92, 

23.05, 23.59, 23.92, 24.12, 29.87, 32.60, 33.72, 35.61, 36.16, 43.35, 47.25, 48.53, 52.71, 58.56, 

59.39, 80.80, 97.56, 116.22, 119.52, 125.81, 125.91, 128.51, 132.52, 137.12, 144.75, 145.48, 147.1; 

Found [MH]
+
 530.3285, C34H44NO4 requires 530.3270.  

(1′′′′S, 5αααα, 6R, 7R, 14αααα)-1′′′′-(4,5-Epoxy-7,8-dihydro-3-hydroxy-6-methoxy-17-cyclopropylmethyl-6,14-

ethano-morphinan-7-yl)-1′′′′-(3,5-dimethylphenyl)-ethan-1′′′′-ol (3e) 

Using the same procedures as described for 1d, 3e was prepared.  White Solid;
 1

H NMR (CDCl3) δ -

0.04- -0.01 (2H, m), 0.34-0.0.42 (2H, m), 0.61-0.65 (1H, m), 0.70-0.76 (1H, m), 0.94-0.99 (1H, m), 

1.04-1.11 (1H, m), 1.56 (1H, s), 1.76 (3H, s), 1.79-1.86 (3H, m), 2.00-2.07 (2H, m), 2.14-2.24 (4H, m), 

2.33 (6H, s), 2.41-2.45 (1H, m), 2.90-2.94 (2H, m), 3.56 (3H, s), 4.45 (1H, s), 4.80 (1H, bd), 5.41 (1H, 

bd), 6.48 (1H, d, J=8.0 Hz), 6.66 (1H, d, J=8.0 Hz), 6.87 (1H, s), 7.10 (2H, s):   
13

C NMR, 100 MHz, 

(CDCl3) δ 3.00, 4.23, 9.19, 18.12, 21.59, 22.78, 23.83, 29.87, 32.53, 35.52, 36.09, 43.67, 47.17, 48.16, 

52.70, 57.81, 59.27, 80.87, 97.34, 116.29, 119.53, 123.90, 128.29, 128.45, 132.48, 136.93, 137.16, 

145.47, 147.41; Found [MH]
+
 516.3145, C33H42NO4 requires 516.3114.  

(1′′′′S, 5αααα, 6R, 7R, 14αααα)-1′′′′-(4,5-Epoxy-7,8-dihydro-3-hydroxy-6-methoxy-17-cyclopropylmethyl-6,14-

ethano-morphinan-7-yl)-1′′′′-(3-chlorophenyl)-ethan-1′′′′-ol (3f) 

Using the same procedures as described for 1d, 3f was prepared.  White Solid;.
 1

H NMR (CDCl3) δ -

0.05- -0.02 (2H, m), 0.36-0.0.42 (2H, m), 0.60-0.62 (1H, m), 0.70-0.76 (1H, m), 0.89-0.93 (1H, m), 

1.02-1.07 (1H, m), 1.56 (1H, s), 1.75-1.85 (6H, m), 2.01-2.06 (2H, m), 2.15-2.23 (4H, m), 2.44-2.48 

(1H, m), 2.87-2.94 (2H, m),   3.57 (3H, s), 4.43 (1H, s), 4.68 (1H, s),  5.48 (1H, bd), 6.48 (1H, d, J= J=8.0 

Hz), 6.67 (1H, d, J= J=8.0 Hz), 7.21-7.28 (2H, m), 7.37 (1H, d, J= 10.6 Hz), 7.53 (1H, s):   
13

C NMR, 100 



S8 

 

MHz, (CDCl3) δ 3.21, 4.03, 9.27, 17.87, 22.84, 23.54, 29.84, 32.53, 35.60, 36.10, 43.46, 47.27, 48.44, 

52.81, 57.98, 59.44, 80.87, 97.42, 116.34, 119.62, 124.40, 126.50, 126.92, 128.47, 129.05, 132.37, 

133.89, 137.14, 145.44, 149.68; Found [MH]
+ 

522.2447, C31H37ClNO4 requires 522.2411.  

(1′′′′S, 5αααα, 6R, 7R, 14αααα)-1′′′′-(4,5-Epoxy-7,8-dihydro-3-hydroxy-6-methoxy-17-cyclopropylmethyl-6,14-

ethano-morphinan-7-yl)-1′′′′-(4-chlorophenyl)-ethan-1′′′′-ol (3g) 

Using the same procedures as described for 1d, 3g was prepared.  White Solid;.
 1

H NMR (CDCl3) δ -

0.03- -0.02 (2H, m), 0.37-0.0.41 (2H, m), 0.58-0.62 (1H, m), 0.71-0.74 (1H, m), 0.85-0.90 (1H, m), 

0.99-1.05 (1H, m), 1.54 (1H, m), 1.75 (3H, s), 1.77-1.84 (3H, m), 1.99-2.05 (2H, m), 2.14-2.22 (4H, m), 

2.44-2.48 (1H, m), 2.86-2.90 (2H, m),  3.58 (3H, s), 4.42 (1H, s), 4.63 (1H, bd),  5.46 (1H, bd), 6.51 (1H, 

d, J=8.0 Hz), 6.69 (1H, d, J=8.0 Hz), 7.29 (2H, d, J=11.1 Hz), 7.43 (2H, d, J=11.1 Hz);   
13

C NMR, 100 

MHz, (CDCl3) δ 3.20, 4.03, 9.27, 17.83, 22.79, 23.48, 29.86, 32.60, 35.59, 36.09, 43.45, 47.29, 48.52, 

52.81, 57.99, 59.50, 80.85, 97.48, 116.32, 119.60, 127.60, 127.93, 128.49, 132.35, 132.54, 137.13, 

145.44, 146.10; Found [MH]
+
 522.2515, C31H37ClNO4 requires 522.2411.  

(1′′′′S, 5αααα, 6R, 7R, 14αααα)-1′′′′-(4,5-Epoxy-7,8-dihydro-3-hydroxy-6-methoxy-17-cyclopropylmethyl-6,14-

ethano-morphinan-7-yl)-1′′′′-(3-fluorophenyl)-ethan-1′′′′-ol (3h) 

Using the same procedures as described for 1d, 3h was prepared.  White Solid;.
 1

H NMR (CDCl3) δ -

0.05- -0.03 (2H, m), 0.35-0.40 (2H, m), 0.58-0.63 (1H, m), 0.70-0.76 (1H, m), 0.87-0.93 (1H, m), 1.01-

1.09 (1H, m), 1.60 (1H, s), 1.75-1.86 (6H, m), 1.97-2.14 (2H, m), 2.17-2.22 (4H, m), 2.45-2.49 (1H, m), 

2.81-2.94 (2H, m), 3.58 (3H, s), 4.44 (1H, s), 4.64 (1H, s),  5.45 (1H, bd), 6.48 (1H, d, J=8.0 Hz), 6.67 

(1H, d, J= J=8.0 Hz), 6.92-6.97 (1H, m), 7.24-7.29 (3H, m):   
13

C NMR, 100 MHz, (CDCl3) δ 3.28, 3.94, 

9.28, 17.83, 22.85, 23.51, 29.86, 32.51, 35.60, 36.09, 43.40, 47.28, 48.52, 52.81, 58.09, 59.49, 80.84, 

97.48, 113.23, 113.45, 113.69, 116.31, 119.61, 121.76, 128.48, 129.17, 132.38, 137.13, 145.44, 

150.23, 161.63; Found [MH]
+ 

506.2749, C31H37FNO4 requires 506.2707.  

(1′′′′S, 5αααα, 6R, 7R, 14αααα)-1′′′′-(4,5-Epoxy-7,8-dihydro-3-hydroxy-6-methoxy-17-cyclopropylmethyl-6,14-

ethano-morphinan-7-yl)-1′′′′-(4-fluorophenyl)-ethan-1′′′′-ol (3i) 

Using the same procedures as described for 1d, 3i was prepared.  White Solid;.
 1

H NMR (CDCl3) δ -

0.06- -0.03 (2H, m), 0.35-0.0.40 (2H, m), 0.58-0.62 (1H, m), 0.70-0.76 (1H, m), 0.84-0.89 (1H, m), 

0.99-1.06 (1H, m), 1.59 (1H, s), 1.74-1.84 (6H, m), 1.94-2.07 (2H, m), 2.14-2.22 (4H, m), 2.44-2.48 

(1H, m), 2.85-2.91 (2H, m),  3.58 (3H, s), 4.44 (1H, s), 4.59 (1H, s),  5.45 (1H, bd), 6.48 (1H, d, J=8.0 

Hz), 6.67 (1H, d, J=8.0 Hz), 6.99-7.04 (2H, m), 7.41-7.46 (2H, m):   
13

C NMR, 100 MHz, (CDCl3) δ 3.22, 

3.99, 9.27, 17.80, 22.83, 23.58, 29.86, 32.64, 35.60, 36.09, 43.45, 47.29, 48.72, 52.81, 58.05, 59.48, 

80.83, 97.54, 114.39, 114.60, 116.32, 119.59, 126.64, 127.70, 128.47, 128.98, 132.35, 137.13, 

143.35, 145.45, 160.57; Found [MH]
+
 506.2749, C31H37FNO4 requires 506.2707.  

(1′′′′S, 5αααα, 6R, 7R, 14αααα)-1′′′′-(4,5-Epoxy-7,8-dihydro-3-hydroxy-6-methoxy-17-cyclopropylmethyl-6,14-

ethano-morphinan-7-yl)-1′′′′-(2-thienyl)-ethan-1′′′′-ol (4a) 

Using the same procedures as described for 1d, 4a was prepared.  White Solid;.
 1

H NMR (400 MHz; 

CDCl3) 7.25 (1H, d, J 1.12, 1 x thienyl.CH), 6.91 (1H, t, J 5.00, 1 x thienyl.CH), 6.88 (1H, d, J 3.52, 1 x 

thienyl.CH), 6.68 (1H, d, J 8.00, 2-H), 6.49 (1H, d, J 8.04, 1-H), 5.73 (1H, s, 20-OH), 4.61 (1H, s, 3-OH), 

4.46 (1H, s, 5β-H), 3.58 (3H, s, 6-OCH3), 2.92 (1H, d, J 18.64, 10β-H), 2.88 (1H, d, J 6.48, 9α-H), 2.48-

2.53 (1H, m, 15/16-NCH2,CH2-), 2.12-2.25 (6H, m, includes 7β-H, 8β-H, 10α-H, 15/16-NCH2,CH2-), 

1.80-1.89 (3H, m, includes, 1 x 15/16-NCH2,CH2-, 2 x 18/19-H), 1.83 (3H, s, 20-CH3), 1.59-1.62 (1H, m, 

15/16-NCH2,CH2-), 1.02-1.10 (1H, m, 18/19-H), 0.92-0.97 (1H, m, 8α-H), 0.70-0.77 (1H, m, 18/19-H), 
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0.61-0.67 (1H, m, N-CH2CH(CH2-CH2-)), 0.38-0.42 (2H, m, N-CH2CH(CH2-CH2-)), -0.21-0.00 (2H, m, N-

CH2CH(CH2-CH2-)); δC (100 MHz; CDCl3) 153.03, 145.45, 137.10, 132.40, 128.54, 125.85, 124.58, 

123.08, 119.60, 116.27, 97.51, 80.83, 59.57 (NCH2CH(CH2)2), 58.19, 52.87, 49.68, 47.45, 43.41 (CH2), 

36.13, 35.57 (CH2), 32.64 (CH2), 29.81 (CH2), 24.13, 22.85 (CH2), 17.82 (CH2), 9.35, 3.93 (CH2), 3.37 

(CH2). m/z 494 (M
+
 + 1); Found M

+
 + 1, 494.2344, C29H36NO4S requires 494.2365. 

(1′′′′S, 5αααα, 6R, 7R, 14αααα)-1′′′′-(4,5-Epoxy-7,8-dihydro-3-hydroxy-6-methoxy-17-cyclopropylmethyl-6,14-

ethano-morphinan-7-yl)-1′′′′-(3-methyl-2-thienyl)-ethan-1′′′′-ol (4b) 

Using the same procedures as described for 1d, 4b was prepared.  White Solid;.
 1

H NMR (400 MHz; 

CDCl3) 7.03 (1H, d, J 5.04, 1 x thienyl.CH), 6.76 (1H, d, J 5.12, 1 x thienyl.CH), 6.68 (1H, d, J 8.04, 2-H), 

6.50 (1H, d, J 8.08, 1-H), 5.30 (1H, s, 20-OH), 4.51 (1H, s, 3-OH), 4.46 (1H, s, 5β-H), 3.56 (3H, s, 6-

OCH3), 2.93 (1H, d, J 18.04, 10β-H), 2.90 (1H, d, J 6.36, 9α-H), 2.46-2.51 (2H, m, includes 15/16-

NCH2,CH2-), 2.48 (3H, s, 1 x thienyl.CH3), 2.15-2.31 (5H, m, includes 7β-H, 10α-H, 15/16-NCH2,CH2-), 

1.79-1.89 (3H, m, 15/16-NCH2,CH2-, 2 x 18/19-H), 1.87 (3H, s, 20-CH3), 1.60-1.64 (1H, m, 15/16-

NCH2,CH2-), 1.04-1.10 (1H, m, 8α-H), 0.68-0.78 (1H, m, 18/19-H), 0.62-0.68 (1H, m, N-CH2CH(CH2-

CH2-)), 0.34-0.45 (2H, m, N-CH2CH(CH2-CH2-)), -0.02-0.01 (2H, m, N-CH2CH(CH2-CH2-)); δC (100 MHz; 

CDCl3) 145.49, 144.06, 137.18, 133.14, 132.40, 131.75, 128.47, 121.22, 119.59, 116.35, 97.60, 80.53, 

59.45 (NCH2CH(CH2)2), 57.94, 52.78, 47.35, 43.54 (CH2), 36.09, 35.63 (CH2), 32.20 (CH2), 29.84 (CH2), 

25.61, 22.80 (CH2), 21.03, 18.00 (CH2), 16.02, 14.20, 9.30, 4.10 (CH2), 3.22 (CH2). m/z 508 (M
+
 + 1); 

Found M
+
 + 1, 508.2572, C30H38NO4S requires 508.2522. 

(1′′′′S, 5αααα, 6R, 7R, 14αααα)-1′′′′-(4,5-Epoxy-7,8-dihydro-3-hydroxy-6-methoxy-17-cyclopropylmethyl-6,14-

ethano-morphinan-7-yl)-1′′′′-(5-chloro-2-thienyl)-ethan-1′′′′-ol (4c) 

Using the same procedures as described for 1d, 4c was prepared.  White Solid;.
 1

H NMR (400 MHz; 

CDCl3) 6.72 (1H, d, J 3.80, 1 x thienyl.CH), 6.68 (1H, d, J 8.04, 2-H), 6.61 (1H, d, J 3.84, 1 x thienyl.CH), 

6.50 (1H, d, J 8.08, 1-H), 5.69 (1H, s, 20-OH), 4.56 (1H, s, 3-OH), 4.42 (1H, s, 5-H), 3.57 (3H, s, 6-

OCH3), 2.94 (1H, d, J 18.56, 10β-H), 2.90 (1H, d, J 6.52, 9α-H), 2.52-2.57 (1H, m, 15/16-NCH2,CH2-), 

2.15-2.35 (5H, m, includes 7β-H, 10α-H, 15/16-NCH2,CH2-), 1.77-1.88 (3H, m, 15/16-NCH2,CH2-, 2 x 

18/19-H), 1.76 (3H, s, 20-CH3), 1.59-1.63 (1H, m, 15/16-NCH2,CH2-), 1.00-1.10 (1H, m, 18/19-H), 0.86-

0.95 (1H, m, 8α-H), 0.67-0.77 (2H, m, 18/19-H, N-CH2CH(CH2-CH2-)), 0.36-0.47 (2H, m, N-CH2CH(CH2-

CH2-)), -0.04-0.06 (2H, m, N-CH2CH(CH2-CH2-)); δC (100.56 MHz; CDCl3) 151.81, 146.75, 141.55, 

132.47, 129.06, 128.80, 124.93, 122.13, 119.10, 113.84, 96.91, 80.65, 59.52 (NCH2CH(CH2)2), 57.84, 

56.76, 52.99, 49.40, 47.00, 43.37 (CH2), 35.90, 35.53 (CH2), 32.59 (CH2), 29.81 (CH2), 23.41, 22.55 

(CH2), 17.69 (CH2), 9.27, 4.07 (CH2), 3.25 (CH2).  m/z 550 (M
+
 + Na); Found M

+
 + Na, 550.1774. 

C29H34ClNNaO4S requires 550.1795. 

(1′′′′S, 5αααα, 6R, 7R, 14αααα)-1′′′′-(4,5-Epoxy-7,8-dihydro-3-hydroxy-6-methoxy-17-cyclopropylmethyl-6,14-

ethano-morphinan-7-yl)-1′′′′-(3-thienyl)-ethan-1′′′′-ol (5) 

Using the same procedures as described for 1d, 5 was prepared.  White Solid;.
 1

H NMR (400 MHz; 

CDCl3) 7.26 (1H, d, J 2.96, 1 x thienyl.CH), 7.20 (1H, d, J 5.00, 1 x thienyl.CH), 7.16 (1H, d, J 2.88, 1 x 

thienyl.CH), 6.68 (1H, d, J 8.04, 2-H), 6.50 (1H, d, J 8.00, 1-H), 5.32 (1H, s, 20-OH), 4.59 (1H, s, 3-OH), 

4.46 (1H, s, 5β-H), 3.58 (3H, s, 6-OCH3), 2.93 (1H, d, J 18.40, 10β-H), 2.86 (1H, d, J 6.16, 9α-H), 2.49-

2.53 (1H, m, 15/16-NCH2,CH2-), 2.12-2.28 (6H, m, 7β-H, 8β-H, 10α-H, 15/16-NCH2,CH2-), 1.81-1.92 

(3H, m, 15/16-NCH2,CH2-, 2 x 18/19-H), 1.79 (3H, s, 20-CH3), 1.58-1.63 (1H, m,  15/16-NCH2,CH2-), 

1.04-1.07 (1H, m, 18/19-H), 0.89-0.97 (1H, m, 8α-H), 0.70-0.80 (1H, m, 18/19-H), 0.60-0.70 (1H, m, 
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N-CH2CH(CH2-CH2-)), 0.34-0.45 (2H, m, N-CH2CH(CH2-CH2-)), -0.06-0.03 (2H, m, N-CH2CH(CH2-CH2-)); 

δC (100 MHz; CDCl3) 149.44, 137.04, 126.37, 124.94, 120.41, 119.48, 116.18, 97.52, 80.63, 59.47 

(NCH2CH(CH2)2), 58.22, 52.67, 48.22, 47.29, 43.33 (CH2), 36.05, 35.57 (CH2), 32.47 (CH2), 29.76 (CH2), 

23.90, 22.85 (CH2), 17.79 (CH2), 9.27, 3.79 (CH2), 3.28 (CH2).   m/z 494 (M
+
 + 1); Found M

+
 + 1, 

494.2411, C29H36NO4S requires 494.2365. 

(1′′′′R, 5αααα, 6R, 7R, 14αααα)-1′′′′-(4,5-Epoxy-7,8-dihydro-3-hydroxy-6-methoxy-17-cyclopropylmethyl-6,14-

ethano-morphinan-7-yl)-1′′′′-(2-pyridyl)ethan-1′′′′-ol (6) 

2-Bromopyridine (1.13 mmol) in dry Et2O was cooled to -78 
o
C under a nitrogen atmosphere. n-

Butyllithium (1.13 mmol) was added dropwise and the mixture stirred for 10 min. before adding N-

CPM dihydronorthevinone (8a: 1 mmol) in dry THF. The reaction mixture was allowed to warm to r.t. 

and stirred for 20 h. After completion, the reaction mixture was quenched with saturated NH4Cl 

solution (aqueous) and extracted with EtOAc. Organic layer was washed with brine, dried (Na2SO4) 

and evaporated to yield crude product (10) that was purified by flash chromatography using MeOH: 

CH2Cl2 (0.5:99.5). (35 %).  White Solid; 
1
H NMR (CDCl3) δ 0.08- 0.11 (2H, m), 0.45-0.52 (2H, m), 0.81-

0.86 (2H, m), 1.18-1.22 (2H, m), 1.57-1.73 (4H, m), 2.21-2.41 (8H, m), 2.61-2.70 (2H, m), 2.91 (1H, d, 

J=18.24 Hz), 3.02 (1H, d, J=6.40 Hz), 3.36 (3H, s), 3.82 (3H, s), 4.36 (1H, s), 5.87 (1H, s), 6.47 (1H, d, 

J=8.08 Hz), 6.62 (1H, d, J=8.08 Hz), 7.10-7.12 (1H, m), 7.59-7.63 (2H, m), 8.47 (1H, d, J=4.76 Hz). This 

was 3-O-demethylated using General Procedure A to give 6 as a white Solid; 
1
H NMR (CDCl3) δ 0.08- 

0.11 (2H, m), 0.40-0.51 (2H, m), 0.80-0.88 (2H, m), 1.20-1.27 (2H, m), 1.62 (1H, d, J=2.68 Hz), 1.67 

(3H, s), 2.02-2.41 (8H, m), 2.61 (1H, dd, J=11.72, J=5.12 Hz), 2.78 (1H, dt, J=12.16, J=3.92 Hz), 2.91 

(1H, d, J=18.24 Hz), 3.02 (1H, d, J=6.40 Hz), 3.35 (3H, s), 4.39 (1H, s), 4.55 (1H, bd), 5.83 (1H, s), 6.43 

(1H, d, J=8.0 Hz), 6.61 (1H, d, J=8.0 Hz), 7.10-7.14 (1H, m), 7.62-7.64 (2H, m), 8.48 (1H, d, J=4.76 Hz),: 
13

C NMR, 100 MHz, (CDCl3) δ 3.21, 4.33, 9.35, 16.42, 22.45, 28.39, 28.86, 29.92, 35.24, 35.65, 43.81, 

46.78, 49.36, 52.28, 57.95, 59.89, 80.1, 97.70, 116.01, 119.37, 120.54, 121.55, 128.54, 132.45, 

135.78. 136.93, 145.30, 147.32, 166.46;  Found [MH]
+ 

489.2821, C30H36N2O4 requires 489.2753. 

(1′′′′R, 5αααα, 6R, 7R, 14αααα)-1′′′′-(4,5-Epoxy-7,8-dihydro-3-hydroxy-6-methoxy-17-cyclopropylmethyl-6,14-

ethano-morphinan-7-yl)-1′′′′-(4-pyridyl)ethan-1′′′′-ol (7)  

White Solid; 
1
H NMR (CDCl3) δ 0.10- 0.12 (2H, m), 0.24-0.55 (5H, m), 0.82-0.84 (1H, m), 1.49 (1H, dd, 

J=12.9, J=9.04 Hz), 1.58 (3H, s), 1.65 (1H, dd, J=12.9, J=5.60 Hz), 2.01-2.40 (7H, m), 2.62-2.68 (2H, m), 

2.92-3.01 (3H, m), 3.41 (3H, s), 4.33 (1H, s), 6.06 (1H, s), 6.43 (1H, d, J=8.0 Hz), 6.63 (1H, d, J=8.0 Hz), 

7.48 (2H, d, J=6.16 Hz), 8.52 (2H, d, J=6.16 Hz); 
13

C NMR, 100 MHz, (CDCl3) δ 3.47, 4.11, 9.38, 15.58, 

22.49, 28.52 29.22, 31.02, 35.33, 35.66, 36.80, 43.60, 46.75, 49.50, 52.61, 58.24, 59.92, 80.35, 97.62, 

116.53, 119.50, 121.97, 127.87, 131.92, 137.41, 145.45, 148.76, 149.21, 155.79;  Found [MH]
+
 

489.2756, C30H36N2O4 requires 489.2753. 
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Microanalysis 

 Analysed compound Carbon  Hydrogen  Nitrogen  

  Expected Found Expected Found Expected Found 

1c C30H43NO4  ·HCl·2.75H2O 63.7 63.90 8.45 8.25 2.48 2.59 

1d C31H37NO4.HCl 71.04 70.73 7.31 7.54 2.67 2.56 

1e C30H35NO4.HCl.H2O 68.23 68.28 7.25 7.58 2.65 2.60 

1f C32H39NO4 ·HCl.1.5H2O 68.3 68.15 7.34 7.39 2.49 2.46 

1g C30H35NO4.HCl.0.5H2O 69.42 69.61 7.18 7.19 2.70 2.83 

2a C30H34ClNO4.H2O 68.49 68.53 6.90 7.24 2.66 2.85 

2b C30H34ClNO4.1.5H2O 67.34 67.64 6.97 6.71 2.62 2.74 

2c C32H37NO4 ·HCl·2.5H2O 66.1 65.9 7.46 6.93 2.41 2.54 

2d C30H41NO4  ·HCl.2.5H2O·0.25CH2Cl2 62.4 62.4 8.22 7.79 2.41 2.45 

3a C32H39NO4·HCl·2H2O·0.5CH2Cl2 63.3 63.27 7.36 7.14 2.27 2.43 

3b C32H39NO4.HCl 71.42 71.10 7.49 7.64 2.60 2.49 

3c C32H39NO4.HCl.H2O 69.11 68.80 7.61 7.16 2.52 2.57 

3d C34H43NO4 ·0.25H2O 76.44 76.50 8.21 8.25 2.62 2.51 

3e C33H41NO4 ·HCl· 1.5H2O 68.44 68.30 7.83 7.74 2.42 2.41 

3f C31H36ClNO4 ·0.75H2O 69.52 69.45 7.06 6.82 2.62 2.57 

3g C31H36ClNO4 ·0.50H2O 70.11 69.90 7.02 7.10 2.64 2.63 

3h C31H36FNO4 ·HCl· 1.25H2O 61.95 62.00 6.79 6.74 2.33 2.34 

3i C31H36FNO4 ·HCl· 1.2H2O 66.05 66.10 7.05 6.76 2.48 2.48 

4a C29H35NO4S.HCl.H2O 63.54 63.30 6.99 6.96 2.56 2.42 

4b C30H37NO4S.HCl.0.5H2O 65.14 65.30 7.11 7.06 2.53 2.55 

4c C29H34NO4S.HCl.2H2O 57.99 58.30 6.55 6.40 2.33 2.28 

5 C29H35NO4S.HCl 65.70 65.90 6.84 6.77 2.64 2.58 

6 C30H34N2O4.2HCl.3H2O 58.7 58.8 6.90 6.62 4.57 4.71 

7 C30H34N2O4..2HCl.1.5H2O 61.4 61.0 6.70 6.67 4.78 4.58 
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X-ray Crystallography 

Compound 6 

 

Table 1.  Crystal data and structure refinement for 6. 
                                                        
 Identification code h11farm1 
 Empirical formula C30 H44.60 Cl2 N2 O7.30 
 Formula weight 620.98 
 Temperature 150(2) K 
 Wavelength 0.71073 Å 
 Crystal system Monoclinic 
 Space group P21 
 Unit cell dimensions a = 7.9280(1)Å α = 90o 
       b = 15.3780(4)Å β = 100.469(2)o 
       c = 12.6580(4)Å γ = 90o 
 Volume 1517.53(6) Å3 
 Z 2 
 Density (calculated) 1.359 Mg/m3 
 Absorption coefficient 0.264 mm-1 
 F(000) 662 
 Crystal size 0.45 x 0.25 x 0.07 mm 
 Theta range for data collection 3.80 to 27.44o 
 Index ranges -10<=h<=10; -19<=k<=19; -16<=l<=16 
 Reflections collected 24076 
 Independent reflections 6808 [R(int) = 0.0546] 
 Reflections observed (>2σ) 5944 
 Data Completeness 0.994 
 Absorption correction Semi-empirical from equivalents 
 Max. and min. transmission 0.989 and 0.846 
 Refinement method Full-matrix least-squares on F2 
 Data / restraints / parameters 6808 / 11 / 424 
 Goodness-of-fit on F2 1.027 
 Final R indices [I>2σ(I)] R1 = 0.0428   wR2 = 0.1040 
 R indices (all data) R1 = 0.0524  wR2 = 0.1100 
 Absolute structure parameter 0.05(5) 
 Largest diff. peak and hole 0.465 and -0.286 eÅ-3 
  
Notes: Asymmetric unit consists of  one cation (N2 protonated),  three full waters (hydrogens 
located and refined subject to a distance restraint of 0.98 Å from the relevant parent atom), one 
chloride (split over 2 proximate site in a 70:30 ratio (Cl1, Cl1a)), one  hydrochloride (Cl2 – 
associated hydrogen could not be reliably located and hence was omitted from the refinement) 
and a fractional occupancy water molecule (O8 – for which the associated hydrogens could not 
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be reliably located and hence were also omitted from the refinement ). The hydrogen attached 
to N2 was located and refined subject to a similar distance restraint from N2 as included for the 
water hydrogens. Lattice structure is dominated by extensive hydrogen bonding. 
 
Hydrogen bonds with  H..A < r(A) + 2.000 Angstroms  and  <DHA > 110 deg. 

 

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

 

 O1-H1A         0.840    1.789   168.83    2.618    O7 [ x, y, z-1 ] 

 O4-H4          0.840    2.328   175.16    3.166    Cl1 [ x+1, y, z ] 

 O5-H5A         0.982    2.021   152.13    2.925    O2  

 O5-H5B         0.980    1.819   179.29    2.798    O6  

 O6-H6B         0.977    1.820   170.81    2.788    O3 [ x-1, y, z ] 

 O6-H6A         0.979    2.219   171.07    3.191    Cl1  

 O7-H7A         0.981    2.237   167.19    3.201    Cl1  

 O7-H7B         0.979    2.200   155.79    3.119    Cl2_a [ -x+1, y-1/2, -

z+2 ] 

 O7-H7B         0.979    2.304   156.53    3.226    Cl2A_b [ -x+1, y-1/2, -

z+2 ] 

 N2-H2          0.978    2.004   151.30    2.901    Cl2A_b  

 N2-H2          0.978    2.409   146.69    3.270    Cl2_a  

 
  
   
 Table 2.  Atomic coordinates ( x 104) and equivalent isotropic 
 displacement parameters (Å2 x 103) for 6.U(eq) is defined 
 as one third of the trace of the orthogonalized Uij tensor. 
                                                             
                                                             
  Atom   x   y   z  U(eq) 
                                  
Cl(1) 7260(1) 7214(1) 9234(1) 38(1) 
Cl(2) 6893(1) 10127(1) 9152(1) 37(1) 
Cl(2A) 7271(7) 10396(3) 8907(3) 69(1) 
O(1) 7735(2) 6472(1) 3305(1) 35(1) 
O(2) 8558(2) 6971(1) 5515(1) 28(1) 
O(3) 11585(2) 6715(1) 7200(1) 29(1) 
O(4) 13948(2) 8347(1) 8412(1) 35(1) 
O(5) 6632(3) 5382(1) 5750(2) 47(1) 
O(6) 5006(2) 6301(1) 7189(2) 48(1) 
O(7) 6583(3) 6131(2) 11276(2) 60(1) 
O(8) 7071(7) 8939(4) 10570(5) 41(1) 
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C(28) 11015(4) 8728(2) 10328(2) 41(1) 
N(1) 13670(3) 9281(2) 10062(2) 53(1) 
N(2) 7331(2) 10207(1) 6634(2) 32(1) 
C(1) 7352(3) 8886(2) 3229(2) 35(1) 
C(2) 7290(3) 8020(2) 2882(2) 36(1) 
C(3) 7639(3) 7323(2) 3591(2) 31(1) 
C(4) 7956(3) 7538(2) 4674(2) 27(1) 
C(5) 8910(3) 7503(1) 6499(2) 25(1) 
C(6) 10821(3) 7558(1) 6993(2) 25(1) 
C(7) 10861(3) 8125(1) 8019(2) 26(1) 
C(8) 10376(3) 9089(2) 7694(2) 30(1) 
C(9) 8791(3) 9992(2) 6047(2) 30(1) 
C(10) 8125(3) 9979(2) 4811(2) 35(1) 
C(11) 7661(3) 9087(2) 4322(2) 32(1) 
C(12) 7826(3) 8377(2) 5010(2) 29(1) 
C(13) 8248(2) 8427(1) 6204(2) 25(1) 
C(14) 9644(3) 9126(1) 6488(2) 26(1) 
C(15) 6685(3) 8636(2) 6725(2) 30(1) 
C(16) 5935(3) 9530(2) 6430(2) 33(1) 
C(17) 6567(3) 11107(2) 6406(2) 40(1) 
C(18) 7907(3) 11810(2) 6563(2) 41(1) 
C(19) 8582(4) 12122(2) 7682(3) 55(1) 
C(20) 7395(4) 12682(2) 6922(4) 72(1) 
C(21) 11180(3) 8927(1) 5925(2) 29(1) 
C(22) 11804(3) 7985(2) 6190(2) 29(1) 
C(23) 12526(3) 8083(2) 8881(2) 30(1) 
C(24) 12343(3) 8727(2) 9768(2) 35(1) 
C(25) 13778(4) 9831(2) 10883(3) 63(1) 
C(26) 12503(4) 9811(2) 11498(3) 61(1) 
C(27) 11091(4) 9267(2) 11203(2) 51(1) 
C(29) 10610(3) 6076(2) 7657(2) 34(1) 
C(30) 12855(3) 7207(2) 9462(2) 31(1) 
                                     
  
   
 Table 3.   Bond lengths [Å] and angles [o] for 6. 
  
O(1)-C(3) 1.364(3) O(1)-H(1A) 0.8400 
O(2)-C(4) 1.391(3) O(2)-C(5) 1.474(3) 
O(3)-C(6) 1.435(3) O(3)-C(29) 1.436(3) 
O(4)-C(23) 1.425(3) O(4)-H(4) 0.8400 
O(5)-H(5A) 0.982(5) O(5)-H(5B) 0.980(5) 
O(6)-H(6B) 0.977(5) O(6)-H(6A) 0.979(5) 
O(7)-H(7A) 0.981(5) O(7)-H(7B) 0.979(5) 
C(28)-C(24) 1.372(4) C(28)-C(27) 1.377(4) 
C(28)-H(28) 0.9500 N(2)-C(16) 1.507(3) 
N(2)-C(17) 1.518(3) N(2)-C(9) 1.521(3) 
N(2)-H(2) 0.978(5) C(1)-C(11) 1.395(4) 
C(1)-C(2) 1.400(4) C(1)-H(1B) 0.9500 
C(2)-C(3) 1.392(4) C(2)-H(2A) 0.9500 
C(3)-C(4) 1.388(3) C(4)-C(12) 1.369(3) 
C(5)-C(6) 1.532(3) C(5)-C(13) 1.537(3) 
C(5)-H(5) 1.0000 C(6)-C(22) 1.537(3) 
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C(6)-C(7) 1.559(3) C(7)-C(23) 1.554(3) 
C(7)-C(8) 1.568(3) C(7)-H(7) 1.0000 
C(8)-C(14) 1.533(3) C(8)-H(8A) 0.9900 
C(8)-H(8B) 0.9900 C(9)-C(14) 1.550(3) 
C(9)-C(10) 1.557(3) C(9)-H(9) 1.0000 
C(10)-C(11) 1.522(3) C(10)-H(10A) 0.9900 
C(10)-H(10B) 0.9900 C(11)-C(12) 1.389(3) 
C(12)-C(13) 1.489(3) C(13)-C(14) 1.539(3) 
C(13)-C(15) 1.540(3) C(14)-C(21) 1.549(3) 
C(15)-C(16) 1.518(3) C(15)-H(15A) 0.9900 
C(15)-H(15B) 0.9900 C(16)-H(16A) 0.9900 
C(16)-H(16B) 0.9900 C(17)-C(18) 1.503(4) 
C(17)-H(17A) 0.9900 C(17)-H(17B) 0.9900 
C(18)-C(20) 1.496(4) C(18)-C(19) 1.499(4) 
C(18)-H(18) 1.0000 C(19)-C(20) 1.491(6) 
C(19)-H(19A) 0.9900 C(19)-H(19B) 0.9900 
C(20)-H(20A) 0.9900 C(20)-H(20B) 0.9900 
C(21)-C(22) 1.548(3) C(21)-H(21A) 0.9900 
C(21)-H(21B) 0.9900 C(22)-H(22A) 0.9900 
C(22)-H(22B) 0.9900 C(23)-C(24) 1.523(3) 
C(23)-C(30) 1.535(3) C(24)-N(1) 1.352(3) 
N(1)-C(25) 1.331(4) C(25)-C(26) 1.384(5) 
C(25)-H(25) 0.9500 C(26)-C(27) 1.393(5) 
C(26)-H(26) 0.9500 C(27)-H(27) 0.9500 
C(29)-H(29A) 0.9800 C(29)-H(29B) 0.9800 
C(29)-H(29C) 0.9800 C(30)-H(30A) 0.9800 
C(30)-H(30B) 0.9800 C(30)-H(30C) 0.9800 
                                           
C(3)-O(1)-H(1A) 109.5 C(4)-O(2)-C(5) 106.57(16) 
C(6)-O(3)-C(29) 116.79(16) C(23)-O(4)-H(4) 109.5 
H(5A)-O(5)-H(5B) 104.1(11) H(6B)-O(6)-H(6A) 104.8(11) 
H(7A)-O(7)-H(7B) 105.4(11) C(24)-C(28)-C(27) 119.4(3) 
C(24)-C(28)-H(28) 120.3 C(27)-C(28)-H(28) 120.3 
C(16)-N(2)-C(17) 109.98(17) C(16)-N(2)-C(9) 111.52(18) 
C(17)-N(2)-C(9) 114.7(2) C(16)-N(2)-H(2) 105.1(17) 
C(17)-N(2)-H(2) 103.0(18) C(9)-N(2)-H(2) 111.8(16) 
C(11)-C(1)-C(2) 120.8(2) C(11)-C(1)-H(1B) 119.6 
C(2)-C(1)-H(1B) 119.6 C(3)-C(2)-C(1) 122.5(2) 
C(3)-C(2)-H(2A) 118.7 C(1)-C(2)-H(2A) 118.7 
O(1)-C(3)-C(4) 118.8(2) O(1)-C(3)-C(2) 125.5(2) 
C(4)-C(3)-C(2) 115.7(2) C(12)-C(4)-C(3) 121.4(2) 
C(12)-C(4)-O(2) 112.82(19) C(3)-C(4)-O(2) 125.6(2) 
O(2)-C(5)-C(6) 113.40(17) O(2)-C(5)-C(13) 107.64(16) 
C(6)-C(5)-C(13) 108.49(17) O(2)-C(5)-H(5) 109.1 
C(6)-C(5)-H(5) 109.1 C(13)-C(5)-H(5) 109.1 
O(3)-C(6)-C(5) 112.21(17) O(3)-C(6)-C(22) 104.97(16) 
C(5)-C(6)-C(22) 109.65(18) O(3)-C(6)-C(7) 114.17(17) 
C(5)-C(6)-C(7) 103.90(16) C(22)-C(6)-C(7) 112.07(18) 
C(23)-C(7)-C(6) 116.66(17) C(23)-C(7)-C(8) 111.05(18) 
C(6)-C(7)-C(8) 110.11(18) C(23)-C(7)-H(7) 106.1 
C(6)-C(7)-H(7) 106.1 C(8)-C(7)-H(7) 106.1 
C(14)-C(8)-C(7) 109.05(18) C(14)-C(8)-H(8A) 109.9 
C(7)-C(8)-H(8A) 109.9 C(14)-C(8)-H(8B) 109.9 
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C(7)-C(8)-H(8B) 109.9 H(8A)-C(8)-H(8B) 108.3 
N(2)-C(9)-C(14) 109.33(18) N(2)-C(9)-C(10) 110.14(17) 
C(14)-C(9)-C(10) 113.34(19) N(2)-C(9)-H(9) 108.0 
C(14)-C(9)-H(9) 108.0 C(10)-C(9)-H(9) 108.0 
C(11)-C(10)-C(9) 115.7(2) C(11)-C(10)-H(10A) 108.4 
C(9)-C(10)-H(10A) 108.4 C(11)-C(10)-H(10B) 108.4 
C(9)-C(10)-H(10B) 108.4 H(10A)-C(10)-H(10B) 107.4 
C(12)-C(11)-C(1) 115.3(2) C(12)-C(11)-C(10) 117.7(2) 
C(1)-C(11)-C(10) 126.2(2) C(4)-C(12)-C(11) 123.4(2) 
C(4)-C(12)-C(13) 110.3(2) C(11)-C(12)-C(13) 125.1(2) 
C(12)-C(13)-C(5) 101.74(18) C(12)-C(13)-C(14) 106.98(18) 
C(5)-C(13)-C(14) 112.95(16) C(12)-C(13)-C(15) 113.33(17) 
C(5)-C(13)-C(15) 110.77(18) C(14)-C(13)-C(15) 110.76(18) 
C(8)-C(14)-C(13) 109.42(18) C(8)-C(14)-C(21) 105.31(17) 
C(13)-C(14)-C(21) 110.28(18) C(8)-C(14)-C(9) 116.86(18) 
C(13)-C(14)-C(9) 105.57(16) C(21)-C(14)-C(9) 109.39(18) 
C(16)-C(15)-C(13) 113.14(19) C(16)-C(15)-H(15A) 109.0 
C(13)-C(15)-H(15A) 109.0 C(16)-C(15)-H(15B) 109.0 
C(13)-C(15)-H(15B) 109.0 H(15A)-C(15)-H(15B) 107.8 
N(2)-C(16)-C(15) 109.93(17) N(2)-C(16)-H(16A) 109.7 
C(15)-C(16)-H(16A) 109.7 N(2)-C(16)-H(16B) 109.7 
C(15)-C(16)-H(16B) 109.7 H(16A)-C(16)-H(16B) 108.2 
C(18)-C(17)-N(2) 112.49(19) C(18)-C(17)-H(17A) 109.1 
N(2)-C(17)-H(17A) 109.1 C(18)-C(17)-H(17B) 109.1 
N(2)-C(17)-H(17B) 109.1 H(17A)-C(17)-H(17B) 107.8 
C(20)-C(18)-C(19) 59.7(2) C(20)-C(18)-C(17) 117.4(2) 
C(19)-C(18)-C(17) 118.5(3) C(20)-C(18)-H(18) 116.4 
C(19)-C(18)-H(18) 116.4 C(17)-C(18)-H(18) 116.4 
C(20)-C(19)-C(18) 60.0(2) C(20)-C(19)-H(19A) 117.8 
C(18)-C(19)-H(19A) 117.8 C(20)-C(19)-H(19B) 117.8 
C(18)-C(19)-H(19B) 117.8 H(19A)-C(19)-H(19B) 114.9 
C(19)-C(20)-C(18) 60.3(2) C(19)-C(20)-H(20A) 117.7 
C(18)-C(20)-H(20A) 117.7 C(19)-C(20)-H(20B) 117.7 
C(18)-C(20)-H(20B) 117.7 H(20A)-C(20)-H(20B) 114.9 
C(22)-C(21)-C(14) 109.42(18) C(22)-C(21)-H(21A) 109.8 
C(14)-C(21)-H(21A) 109.8 C(22)-C(21)-H(21B) 109.8 
C(14)-C(21)-H(21B) 109.8 H(21A)-C(21)-H(21B) 108.2 
C(6)-C(22)-C(21) 111.27(18) C(6)-C(22)-H(22A) 109.4 
C(21)-C(22)-H(22A) 109.4 C(6)-C(22)-H(22B) 109.4 
C(21)-C(22)-H(22B) 109.4 H(22A)-C(22)-H(22B) 108.0 
O(4)-C(23)-C(24) 108.09(19) O(4)-C(23)-C(30) 111.79(17) 
C(24)-C(23)-C(30) 104.32(19) O(4)-C(23)-C(7) 109.33(19) 
C(24)-C(23)-C(7) 108.02(17) C(30)-C(23)-C(7) 114.91(19) 
N(1)-C(24)-C(28) 119.3(2) N(1)-C(24)-C(23) 116.0(2) 
C(28)-C(24)-C(23) 124.5(2) C(25)-N(1)-C(24) 123.5(3) 
N(1)-C(25)-C(26) 118.4(3) N(1)-C(25)-H(25) 120.8 
C(26)-C(25)-H(25) 120.8 C(25)-C(26)-C(27) 119.7(3) 
C(25)-C(26)-H(26) 120.1 C(27)-C(26)-H(26) 120.1 
C(28)-C(27)-C(26) 119.6(3) C(28)-C(27)-H(27) 120.2 
C(26)-C(27)-H(27) 120.2 O(3)-C(29)-H(29A) 109.5 
O(3)-C(29)-H(29B) 109.5 H(29A)-C(29)-H(29B) 109.5 
O(3)-C(29)-H(29C) 109.5 H(29A)-C(29)-H(29C) 109.5 
H(29B)-C(29)-H(29C) 109.5 C(23)-C(30)-H(30A) 109.5 
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C(23)-C(30)-H(30B) 109.5 H(30A)-C(30)-H(30B) 109.5 
C(23)-C(30)-H(30C) 109.5 H(30A)-C(30)-H(30C) 109.5 
H(30B)-C(30)-H(30C) 109.5   
  
Symmetry transformations used to generate equivalent atoms: 
                                                            
  
   
 Table 4.   Anisotropic displacement parameters (Å2 x 103) for 6. The anisotropic displacement 
   factor exponent takes the form: -2 gpi2 [ h2 a*2 U11 + ... + 2 h k a* b* U 
                                                                                 
  Atom  U11  U22  U33  U23  U13  U12 
                                                
Cl(1) 26(1) 42(1) 47(1) 8(1) 6(1) 3(1) 
Cl(2) 29(1) 38(1) 43(1) -7(1) 8(1) -2(1) 
Cl(2A) 117(3) 51(2) 47(2) 10(2) 36(2) 30(2) 
O(1) 32(1) 37(1) 33(1) -4(1) 0(1) -2(1) 
O(2) 24(1) 28(1) 31(1) -1(1) 0(1) -3(1) 
O(3) 23(1) 25(1) 38(1) 0(1) 7(1) 1(1) 
O(4) 18(1) 34(1) 50(1) 6(1) -2(1) -2(1) 
O(5) 48(1) 46(1) 46(1) -7(1) 7(1) -12(1) 
O(6) 33(1) 56(1) 55(1) -8(1) 5(1) 10(1) 
O(7) 64(1) 71(2) 40(1) 4(1) 0(1) -15(1) 
O(8) 32(3) 59(4) 36(3) -6(3) 17(2) -13(3) 
C(28) 56(2) 32(1) 32(1) -2(1) 3(1) 1(1) 
N(1) 31(1) 43(1) 74(2) -26(1) -14(1) 7(1) 
N(2) 19(1) 30(1) 45(1) -5(1) -1(1) 2(1) 
C(1) 31(1) 38(1) 36(1) 6(1) 1(1) -2(1) 
C(2) 29(1) 43(1) 33(1) 2(1) 0(1) -2(1) 
C(3) 20(1) 34(1) 36(1) -4(1) 0(1) -2(1) 
C(4) 18(1) 33(1) 30(1) 3(1) 2(1) -3(1) 
C(5) 20(1) 27(1) 29(1) -2(1) 3(1) -4(1) 
C(6) 18(1) 27(1) 31(1) -1(1) 4(1) 1(1) 
C(7) 19(1) 27(1) 32(1) -4(1) 2(1) 1(1) 
C(8) 21(1) 29(1) 37(1) -6(1) -1(1) 3(1) 
C(9) 18(1) 29(1) 41(1) -1(1) 3(1) -2(1) 
C(10) 28(1) 31(1) 42(1) 5(1) 1(1) 1(1) 
C(11) 21(1) 34(1) 37(1) 5(1) 2(1) 1(1) 
C(12) 17(1) 35(1) 33(1) 0(1) 3(1) -1(1) 
C(13) 17(1) 27(1) 30(1) 0(1) 2(1) -1(1) 
C(14) 16(1) 27(1) 35(1) -1(1) 1(1) -1(1) 
C(15) 19(1) 33(1) 38(1) 0(1) 3(1) -1(1) 
C(16) 20(1) 35(1) 43(1) -3(1) 3(1) 1(1) 
C(17) 27(1) 32(1) 58(2) -6(1) -2(1) 7(1) 
C(18) 37(1) 33(1) 54(2) -7(1) 6(1) 4(1) 
C(19) 41(2) 60(2) 68(2) -27(2) 17(1) -13(1) 
C(20) 49(2) 42(2) 127(3) -31(2) 24(2) -3(1) 
C(21) 18(1) 30(1) 40(1) 0(1) 6(1) -4(1) 
C(22) 19(1) 31(1) 39(1) 0(1) 8(1) 0(1) 
C(23) 21(1) 30(1) 36(1) -2(1) 0(1) 3(1) 
C(24) 30(1) 30(1) 38(1) -4(1) -12(1) 8(1) 
C(25) 39(2) 58(2) 82(2) -37(2) -14(2) 10(1) 
C(26) 69(2) 52(2) 51(2) -21(2) -19(2) 12(2) 
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C(27) 72(2) 41(2) 40(2) -3(1) 7(1) 12(1) 
C(29) 26(1) 30(1) 44(1) 0(1) 3(1) -1(1) 
C(30) 28(1) 30(1) 34(1) 0(1) 1(1) 2(1) 
  
   
 Table 5.   Hydrogen coordinates ( x 104) and isotropic displacement 
   parameters (Å2 x 103) for 6. 
                                     
  Atom   x   y   z  U(eq) 
                                  
H(1A) 7432 6423 2636 48(9) 
H(4) 14811 8047 8668 70(11) 
H(5A) 7280(50) 5829(14) 5440(30) 89(14) 
H(5B) 6070(40) 5703(16) 6260(20) 53(9) 
H(6B) 3801(15) 6470(30) 7110(30) 105(16) 
H(6A) 5590(40) 6620(20) 7830(20) 73(11) 
H(7A) 6970(50) 6420(30) 10670(20) 105(16) 
H(7B) 5390(30) 5960(40) 11010(40) 170(30) 
H(28) 10051 8360 10113 49 
H(2) 7710(30) 10211(19) 7414(5) 39(7) 
H(1B) 7180 9341 2714 42 
H(2A) 7000 7903 2134 43 
H(5) 8272 7255 7041 31 
H(7) 9921 7900 8374 32 
H(8A) 9513 9305 8106 36 
H(8B) 11406 9463 7862 36 
H(9) 9670 10464 6206 35 
H(10A) 7098 10355 4651 41 
H(10B) 9016 10237 4453 41 
H(15A) 5787 8192 6500 36 
H(15B) 7031 8599 7516 36 
H(16A) 5387 9539 5662 40 
H(16B) 5047 9663 6864 40 
H(17A) 5933 11128 5657 49 
H(17B) 5738 11218 6889 49 
H(18) 8738 11807 6056 50 
H(19A) 8127 11846 8279 66 
H(19B) 9803 12296 7858 66 
H(20A) 7882 13203 6629 86 
H(20B) 6207 12752 7049 86 
H(21A) 10826 8996 5138 35 
H(21B) 12125 9341 6175 35 
H(22A) 11639 7638 5520 35 
H(22B) 13045 7992 6497 35 
H(25) 14708 10228 11043 75 
H(26) 12589 10167 12119 73 
H(27) 10188 9267 11604 62 
H(29A) 10044 6353 8197 50 
H(29B) 11378 5617 7997 50 
H(29C) 9742 5824 7090 50 
H(30A) 13193 6775 8971 47 
H(30B) 11805 7013 9699 47 
H(30C) 13775 7273 10088 47 
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 Table 6.   Dihedral angles [o] for 6. 
                                         
  Atom1  -  Atom2  -  Atom3  -  Atom4  Dihedral 
                                                  
C(11) - C(1) - C(2) - C(3) -4.2(4) 
C(1) - C(2) - C(3) - O(1) -174.5(2) 
C(1) - C(2) - C(3) - C(4) 3.6(3) 
O(1) - C(3) - C(4) - C(12) -177.94(19) 
C(2) - C(3) - C(4) - C(12) 3.8(3) 
O(1) - C(3) - C(4) - O(2) 7.6(3) 
C(2) - C(3) - C(4) - O(2) -170.7(2) 
C(5) - O(2) - C(4) - C(12) -2.0(2) 
C(5) - O(2) - C(4) - C(3) 172.91(19) 
C(4) - O(2) - C(5) - C(6) -112.80(19) 
C(4) - O(2) - C(5) - C(13) 7.2(2) 
C(29) - O(3) - C(6) - C(5) -42.6(2) 
C(29) - O(3) - C(6) - C(22) -161.62(19) 
C(29) - O(3) - C(6) - C(7) 75.3(2) 
O(2) - C(5) - C(6) - O(3) -54.9(2) 
C(13) - C(5) - C(6) - O(3) -174.43(17) 
O(2) - C(5) - C(6) - C(22) 61.3(2) 
C(13) - C(5) - C(6) - C(22) -58.2(2) 
O(2) - C(5) - C(6) - C(7) -178.71(17) 
C(13) - C(5) - C(6) - C(7) 61.8(2) 
O(3) - C(6) - C(7) - C(23) 39.9(3) 
C(5) - C(6) - C(7) - C(23) 162.46(19) 
C(22) - C(6) - C(7) - C(23) -79.2(2) 
O(3) - C(6) - C(7) - C(8) 167.65(16) 
C(5) - C(6) - C(7) - C(8) -69.8(2) 
C(22) - C(6) - C(7) - C(8) 48.5(2) 
C(23) - C(7) - C(8) - C(14) 142.90(18) 
C(6) - C(7) - C(8) - C(14) 12.1(2) 
C(16) - N(2) - C(9) - C(14) -63.3(2) 
C(17) - N(2) - C(9) - C(14) 170.81(18) 
C(16) - N(2) - C(9) - C(10) 61.8(2) 
C(17) - N(2) - C(9) - C(10) -64.0(2) 
N(2) - C(9) - C(10) - C(11) -96.5(2) 
C(14) - C(9) - C(10) - C(11) 26.3(3) 
C(2) - C(1) - C(11) - C(12) -2.5(3) 
C(2) - C(1) - C(11) - C(10) 166.5(2) 
C(9) - C(10) - C(11) - C(12) 1.6(3) 
C(9) - C(10) - C(11) - C(1) -167.1(2) 
C(3) - C(4) - C(12) - C(11) -11.2(3) 
O(2) - C(4) - C(12) - C(11) 163.95(19) 
C(3) - C(4) - C(12) - C(13) -179.47(18) 
O(2) - C(4) - C(12) - C(13) -4.3(2) 
C(1) - C(11) - C(12) - C(4) 10.1(3) 
C(10) - C(11) - C(12) - C(4) -159.9(2) 
C(1) - C(11) - C(12) - C(13) 176.7(2) 
C(10) - C(11) - C(12) - C(13) 6.7(3) 
C(4) - C(12) - C(13) - C(5) 8.3(2) 
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C(11) - C(12) - C(13) - C(5) -159.8(2) 
C(4) - C(12) - C(13) - C(14) 126.95(19) 
C(11) - C(12) - C(13) - C(14) -41.1(3) 
C(4) - C(12) - C(13) - C(15) -110.7(2) 
C(11) - C(12) - C(13) - C(15) 81.3(3) 
O(2) - C(5) - C(13) - C(12) -9.22(19) 
C(6) - C(5) - C(13) - C(12) 113.86(18) 
O(2) - C(5) - C(13) - C(14) -123.55(18) 
C(6) - C(5) - C(13) - C(14) -0.5(2) 
O(2) - C(5) - C(13) - C(15) 111.54(19) 
C(6) - C(5) - C(13) - C(15) -125.38(19) 
C(7) - C(8) - C(14) - C(13) 49.7(2) 
C(7) - C(8) - C(14) - C(21) -68.9(2) 
C(7) - C(8) - C(14) - C(9) 169.50(17) 
C(12) - C(13) - C(14) - C(8) -169.35(17) 
C(5) - C(13) - C(14) - C(8) -58.2(2) 
C(15) - C(13) - C(14) - C(8) 66.7(2) 
C(12) - C(13) - C(14) - C(21) -54.0(2) 
C(5) - C(13) - C(14) - C(21) 57.2(2) 
C(15) - C(13) - C(14) - C(21) -177.92(19) 
C(12) - C(13) - C(14) - C(9) 64.1(2) 
C(5) - C(13) - C(14) - C(9) 175.22(18) 
C(15) - C(13) - C(14) - C(9) -59.9(2) 
N(2) - C(9) - C(14) - C(8) -58.1(2) 
C(10) - C(9) - C(14) - C(8) 178.61(18) 
N(2) - C(9) - C(14) - C(13) 63.8(2) 
C(10) - C(9) - C(14) - C(13) -59.5(2) 
N(2) - C(9) - C(14) - C(21) -177.59(17) 
C(10) - C(9) - C(14) - C(21) 59.1(2) 
C(12) - C(13) - C(15) - C(16) -64.4(3) 
C(5) - C(13) - C(15) - C(16) -178.01(18) 
C(14) - C(13) - C(15) - C(16) 55.9(2) 
C(17) - N(2) - C(16) - C(15) -176.4(2) 
C(9) - N(2) - C(16) - C(15) 55.2(3) 
C(13) - C(15) - C(16) - N(2) -51.4(3) 
C(16) - N(2) - C(17) - C(18) -178.2(2) 
C(9) - N(2) - C(17) - C(18) -51.6(3) 
N(2) - C(17) - C(18) - C(20) -149.3(3) 
N(2) - C(17) - C(18) - C(19) -80.7(3) 
C(17) - C(18) - C(19) - C(20) -106.8(3) 
C(17) - C(18) - C(20) - C(19) 108.7(3) 
C(8) - C(14) - C(21) - C(22) 64.8(2) 
C(13) - C(14) - C(21) - C(22) -53.1(2) 
C(9) - C(14) - C(21) - C(22) -168.80(18) 
O(3) - C(6) - C(22) - C(21) -177.29(17) 
C(5) - C(6) - C(22) - C(21) 62.0(2) 
C(7) - C(6) - C(22) - C(21) -52.8(2) 
C(14) - C(21) - C(22) - C(6) -4.4(2) 
C(6) - C(7) - C(23) - O(4) 58.7(3) 
C(8) - C(7) - C(23) - O(4) -68.5(2) 
C(6) - C(7) - C(23) - C(24) 176.12(19) 
C(8) - C(7) - C(23) - C(24) 48.9(3) 
C(6) - C(7) - C(23) - C(30) -67.9(3) 
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C(8) - C(7) - C(23) - C(30) 164.82(19) 
C(27) - C(28) - C(24) - N(1) -2.6(4) 
C(27) - C(28) - C(24) - C(23) 171.8(2) 
O(4) - C(23) - C(24) - N(1) -11.9(3) 
C(30) - C(23) - C(24) - N(1) 107.2(2) 
C(7) - C(23) - C(24) - N(1) -130.1(2) 
O(4) - C(23) - C(24) - C(28) 173.5(2) 
C(30) - C(23) - C(24) - C(28) -67.4(3) 
C(7) - C(23) - C(24) - C(28) 55.3(3) 
C(28) - C(24) - N(1) - C(25) 0.7(4) 
C(23) - C(24) - N(1) - C(25) -174.1(3) 
C(24) - N(1) - C(25) - C(26) 2.8(5) 
N(1) - C(25) - C(26) - C(27) -4.5(5) 
C(24) - C(28) - C(27) - C(26) 0.9(4) 
C(25) - C(26) - C(27) - C(28) 2.7(5) 
                                     
                                     
Symmetry transformations used to generate equivalent atoms:  
  
 

 

Compound 7 

 

Table 1.  Crystal data and structure refinement for 7. 
                                                        
 Identification code h11farm3 
 Empirical formula C30 H41 Cl2 N2 O5.50 
 Formula weight 588.55 
 Temperature 150(2) K 
 Wavelength 0.71073 Å 
 Crystal system Triclinic 
 Space group P1 
 Unit cell dimensions a = 9.0110(3)Å α = 92.321(2)o 
       b = 12.3410(4)Å β = 107.749(2)o 
       c = 14.3930(4)Å γ = 106.165(2)o 
 Volume 1450.30(8) Å3 
 Z 2 
 Density (calculated) 1.348 Mg/m3 
 Absorption coefficient 0.268 mm-1 
 F(000) 626 
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 Crystal size 0.25 x 0.10 x 0.08 mm 
 Theta range for data collection 3.59 to 27.49o 
 Index ranges -11<=h<=11; -15<=k<=16; -18<=l<=18 
 Reflections collected 26539 
 Independent reflections 12451 [R(int) = 0.0469] 
 Reflections observed (>2σ) 8637 
 Data Completeness 0.994 
 Absorption correction Semi-empirical from equivalents 
 Max. and min. transmission 0.975 and 0.924 
 Refinement method Full-matrix least-squares on F2 
 Data / restraints / parameters 12451 / 9 / 746 
 Goodness-of-fit on F2 1.010 
 Final R indices [I>2σ(I)] R1 = 0.0523   wR2 = 0.1010 
 R indices (all data) R1 = 0.0925  wR2 = 0.1172 
 Absolute structure parameter 0.00 
 Largest diff. peak and hole 0.310 and -0.323 eÅ-3 
  
Notes: Asymmetric unit contains 2 molecules of the target compound, and 3 molecules of water. 
Each molecule of the targeted material exists as a dication, due to both nitrogens therein being 
protonated by the  hydrochlorides. The hydrogens in 2 of the water molecules were located and 
refined at 0.98Å from the parent oxygens and 1.54Å from each other. The third water molecule 
is disordered over 2 sites in 1 50:50 ration. The hydrogen atoms associated with this latter 
solvent fragment could not be reliably located and hence, were omitted from the final 
refinement. 
 
The gross lattice structure si heavily dominated by hydrogen-bonding. 
 
Hydrogen bonds with  H..A < r(A) + 2.000 Angstroms  and  <DHA > 110 deg. 

 

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

 

 O1-H1A_b       0.840    1.840   168.68    2.669    O1S [ x, y+1, z ] 

 O4-H4_b        0.840    2.281   167.99    3.107    Cl2 [ x-1, y, z ] 

 O1S-H1S1       0.980    2.200   168.14    3.165    Cl1A_b [ x+1, y+1, z+1 

] 

 

 O1S-H1S2       0.980    2.219   166.68    3.181    Cl2  

 O2S-H2S1       0.977    2.246   161.28    3.188    Cl2A_b  

 O2S-H2S2       0.978    2.156   167.90    3.119    Cl1  

 N1-H1C_b       0.880    2.215   149.11    3.004    Cl1  

 N2-H2_b        0.930    2.344   144.06    3.145    Cl2  

 O1A-H1A'_b     0.840    1.805   170.38    2.637    O2S [ x, y+1, z ] 
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 O4A-H4A'_b     0.840    2.271   164.46    3.089    Cl2A_b [ x-1, y, z ] 

 N1A-H1D_b      0.880    2.201   156.04    3.026    Cl1A_b  

 N2A-H2A_b      0.930    2.377   147.00    3.198    Cl2A_b  
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 Table 2.  Atomic coordinates ( x 104) and equivalent isotropic 
 displacement parameters (Å2 x 103) for 7.U(eq) is defined 
 as one third of the trace of the orthogonalized Uij tensor. 
                                                             
                                                             
  Atom   x   y   z  U(eq) 
                                  
Cl(1) 2277(1) -3408(1) 1349(1) 39(1) 
Cl(2) 8611(1) 1450(1) 2874(1) 41(1) 
O(1) 8176(4) 8600(2) 5076(2) 41(1) 
O(2) 7404(3) 6165(2) 4947(2) 29(1) 
O(3) 4447(3) 4239(2) 4903(2) 29(1) 
O(4) 2191(3) 2460(2) 2897(2) 31(1) 
O(1S) 9095(4) 847(2) 5053(2) 43(1) 
O(2S) 4517(3) -3721(2) 146(2) 41(1) 
O(3S1) 5651(6) 93(4) 1245(3) 36(1) 
O(3S2) 5900(7) -967(5) 1151(4) 47(1) 
N(1) 3635(4) -1059(2) 2493(2) 35(1) 
N(2) 8676(3) 3869(2) 2244(2) 22(1) 
C(1) 8850(4) 7747(3) 2763(3) 34(1) 
C(2) 8810(4) 8437(3) 3546(3) 35(1) 
C(3) 8356(4) 7976(3) 4332(3) 31(1) 
C(4) 8028(4) 6811(3) 4315(2) 26(1) 
C(5) 7005(4) 4961(3) 4548(2) 26(1) 
C(6) 5158(4) 4339(3) 4135(2) 24(1) 
C(7) 5080(4) 3087(3) 3778(2) 24(1) 
C(8) 5628(4) 3082(3) 2849(2) 23(1) 
C(9) 7357(4) 4459(3) 1961(2) 23(1) 
C(10) 8126(4) 5730(3) 1854(2) 26(1) 
C(11) 8501(4) 6575(3) 2751(2) 28(1) 
C(12) 8238(4) 6160(3) 3587(2) 25(1) 
C(13) 7739(4) 4940(3) 3717(2) 22(1) 
C(14) 6439(4) 4314(3) 2723(2) 21(1) 
C(15) 9175(4) 4437(3) 4009(2) 25(1) 
C(16) 9960(4) 4425(3) 3212(2) 25(1) 
C(17) 9472(4) 3734(3) 1470(2) 26(1) 
C(18) 8247(4) 3207(3) 484(2) 30(1) 
C(19) 8915(5) 3287(3) -365(3) 37(1) 
C(20) 7810(5) 3965(3) -282(3) 37(1) 
C(21) 5045(4) 4847(3) 2438(2) 25(1) 
C(22) 4359(4) 4915(3) 3289(2) 27(1) 
C(23) 3446(4) 2139(3) 3598(2) 25(1) 
C(24) 3588(4) 1023(3) 3182(2) 25(1) 
C(25) 4813(4) 569(3) 3674(3) 32(1) 
C(26) 4834(5) -471(3) 3310(3) 38(1) 
C(27) 2459(5) -648(3) 1998(3) 35(1) 
C(28) 2424(4) 402(3) 2320(3) 34(1) 
C(29) 4024(4) 5195(3) 5196(3) 32(1) 
C(30) 2994(5) 1869(3) 4524(3) 31(1) 
Cl(1A) -2538(1) -7944(1) -3734(1) 41(1) 
Cl(2A) 3847(1) -3067(1) -2031(1) 34(1) 
O(1A) 3257(3) 4051(2) -12(2) 37(1) 
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O(2A) 2706(3) 1642(2) -43(2) 27(1) 
O(3A) -156(3) -238(2) 31(2) 27(1) 
O(4A) -2550(3) -2019(2) -1910(2) 28(1) 
N(1A) -1363(4) -5592(2) -2572(2) 29(1) 
N(2A) 3777(3) -688(2) -2815(2) 26(1) 
C(1A) 3613(4) 3144(3) -2407(3) 31(1) 
C(2A) 3641(4) 3847(3) -1612(3) 31(1) 
C(3A) 3392(4) 3431(3) -765(2) 28(1) 
C(4A) 3202(4) 2272(3) -730(2) 25(1) 
C(5A) 2303(4) 438(3) -423(2) 25(1) 
C(6A) 459(4) -203(3) -781(2) 22(1) 
C(7A) 346(4) -1453(3) -1120(2) 22(1) 
C(8A) 851(4) -1499(3) -2074(2) 24(1) 
C(9A) 2398(4) -149(3) -3062(2) 24(1) 
C(10A) 3048(4) 1113(3) -3229(2) 28(1) 
C(11A) 3455(4) 1993(3) -2352(2) 24(1) 
C(12A) 3347(4) 1614(3) -1474(2) 23(1) 
C(13A) 2950(4) 404(3) -1302(2) 22(1) 
C(14A) 1589(4) -274(3) -2255(2) 23(1) 
C(15A) 4430(4) -51(3) -1050(2) 26(1) 
C(16A) 5119(4) -80(3) -1878(2) 27(1) 
C(17A) 4497(4) -794(3) -3635(2) 29(1) 
C(18A) 3190(5) -1379(3) -4581(3) 33(1) 
C(19A) 3581(6) -2199(3) -5208(3) 46(1) 
C(20A) 2403(5) -2642(3) -4651(3) 39(1) 
C(21A) 158(4) 224(3) -2524(2) 24(1) 
C(22A) -401(4) 362(3) -1620(2) 24(1) 
C(23A) -1306(4) -2391(3) -1271(2) 23(1) 
C(24A) -1278(4) -3522(3) -1752(2) 24(1) 
C(25A) 46(4) -3942(3) -1413(2) 27(1) 
C(26A) -19(4) -4971(3) -1845(3) 32(1) 
C(27A) -2664(4) -5217(3) -2900(2) 31(1) 
C(28A) -2654(4) -4188(3) -2510(2) 29(1) 
C(29A) -668(5) 695(3) 266(3) 32(1) 
C(30A) -1667(4) -2667(3) -318(2) 29(1) 
                                       
  
   
 Table 3.   Bond lengths [Å] and angles [o] for 7. 
  
O(1)-C(3) 1.370(4) O(1)-H(1A) 0.8400 
O(2)-C(4) 1.378(4) O(2)-C(5) 1.475(4) 
O(3)-C(29) 1.422(4) O(3)-C(6) 1.432(4) 
O(4)-C(23) 1.428(4) O(4)-H(4) 0.8400 
O(1S)-H(1S1) 0.980(5) O(1S)-H(1S2) 0.981(5) 
O(2S)-H(2S1) 0.977(5) O(2S)-H(2S2) 0.978(5) 
N(1)-C(27) 1.325(5) N(1)-C(26) 1.340(5) 
N(1)-H(1C) 0.8800 N(2)-C(16) 1.499(4) 
N(2)-C(9) 1.523(4) N(2)-C(17) 1.524(4) 
N(2)-H(2) 0.9300 C(1)-C(11) 1.391(5) 
C(1)-C(2) 1.400(5) C(1)-H(1) 0.9500 
C(2)-C(3) 1.405(5) C(2)-H(2B) 0.9500 
C(3)-C(4) 1.383(5) C(4)-C(12) 1.385(5) 
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C(5)-C(13) 1.536(4) C(5)-C(6) 1.537(5) 
C(5)-H(5) 1.0000 C(6)-C(22) 1.525(4) 
C(6)-C(7) 1.584(4) C(7)-C(23) 1.546(4) 
C(7)-C(8) 1.560(4) C(7)-H(7) 1.0000 
C(8)-C(14) 1.537(4) C(8)-H(8A) 0.9900 
C(8)-H(8B) 0.9900 C(9)-C(14) 1.552(4) 
C(9)-C(10) 1.563(4) C(9)-H(9) 1.0000 
C(10)-C(11) 1.515(5) C(10)-H(10A) 0.9900 
C(10)-H(10B) 0.9900 C(11)-C(12) 1.385(5) 
C(12)-C(13) 1.484(4) C(13)-C(15) 1.540(4) 
C(13)-C(14) 1.549(4) C(14)-C(21) 1.533(4) 
C(15)-C(16) 1.521(4) C(15)-H(15A) 0.9900 
C(15)-H(15B) 0.9900 C(16)-H(16A) 0.9900 
C(16)-H(16B) 0.9900 C(17)-C(18) 1.492(5) 
C(17)-H(17A) 0.9900 C(17)-H(17B) 0.9900 
C(18)-C(20) 1.506(5) C(18)-C(19) 1.513(5) 
C(18)-H(18) 1.0000 C(19)-C(20) 1.494(5) 
C(19)-H(19A) 0.9900 C(19)-H(19B) 0.9900 
C(20)-H(20A) 0.9900 C(20)-H(20B) 0.9900 
C(21)-C(22) 1.540(4) C(21)-H(21A) 0.9900 
C(21)-H(21B) 0.9900 C(22)-H(22A) 0.9900 
C(22)-H(22B) 0.9900 C(23)-C(30) 1.530(4) 
C(23)-C(24) 1.532(5) C(24)-C(28) 1.382(5) 
C(24)-C(25) 1.391(5) C(25)-C(26) 1.373(5) 
C(25)-H(25) 0.9500 C(26)-H(26) 0.9500 
C(27)-C(28) 1.370(5) C(27)-H(27) 0.9500 
C(28)-H(28) 0.9500 C(29)-H(29A) 0.9800 
C(29)-H(29B) 0.9800 C(29)-H(29C) 0.9800 
C(30)-H(30A) 0.9800 C(30)-H(30B) 0.9800 
C(30)-H(30C) 0.9800 O(1A)-C(3A) 1.356(4) 
O(1A)-H(1A') 0.8400 O(2A)-C(4A) 1.385(4) 
O(2A)-C(5A) 1.467(4) O(3A)-C(29A) 1.419(4) 
O(3A)-C(6A) 1.435(4) O(4A)-C(23A) 1.416(4) 
O(4A)-H(4A') 0.8400 N(1A)-C(27A) 1.339(4) 
N(1A)-C(26A) 1.339(4) N(1A)-H(1D) 0.8800 
N(2A)-C(16A) 1.504(4) N(2A)-C(9A) 1.524(4) 
N(2A)-C(17A) 1.527(4) N(2A)-H(2A) 0.9300 
C(1A)-C(11A) 1.396(5) C(1A)-C(2A) 1.397(5) 
C(1A)-H(1B) 0.9500 C(2A)-C(3A) 1.398(5) 
C(2A)-H(2C) 0.9500 C(3A)-C(4A) 1.397(5) 
C(4A)-C(12A) 1.378(5) C(5A)-C(6A) 1.538(4) 
C(5A)-C(13A) 1.548(4) C(5A)-H(5A) 1.0000 
C(6A)-C(22A) 1.530(4) C(6A)-C(7A) 1.565(4) 
C(7A)-C(23A) 1.557(4) C(7A)-C(8A) 1.576(4) 
C(7A)-H(7A) 1.0000 C(8A)-C(14A) 1.541(4) 
C(8A)-H(8A1) 0.9900 C(8A)-H(8A2) 0.9900 
C(9A)-C(14A) 1.540(4) C(9A)-C(10A) 1.561(5) 
C(9A)-H(9A) 1.0000 C(10A)-C(11A) 1.515(5) 
C(10A)-H(10C) 0.9900 C(10A)-H(10D) 0.9900 
C(11A)-C(12A) 1.386(4) C(12A)-C(13A) 1.486(4) 
C(13A)-C(15A) 1.537(4) C(13A)-C(14A) 1.548(4) 
C(14A)-C(21A) 1.532(4) C(15A)-C(16A) 1.506(4) 
C(15A)-H(15C) 0.9900 C(15A)-H(15D) 0.9900 
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C(16A)-H(16C) 0.9900 C(16A)-H(16D) 0.9900 
C(17A)-C(18A) 1.494(5) C(17A)-H(17C) 0.9900 
C(17A)-H(17D) 0.9900 C(18A)-C(20A) 1.507(5) 
C(18A)-C(19A) 1.510(5) C(18A)-H(18A) 1.0000 
C(19A)-C(20A) 1.516(6) C(19A)-H(19C) 0.9900 
C(19A)-H(19D) 0.9900 C(20A)-H(20C) 0.9900 
C(20A)-H(20D) 0.9900 C(21A)-C(22A) 1.551(4) 
C(21A)-H(21C) 0.9900 C(21A)-H(21D) 0.9900 
C(22A)-H(22C) 0.9900 C(22A)-H(22D) 0.9900 
C(23A)-C(30A) 1.533(4) C(23A)-C(24A) 1.543(5) 
C(24A)-C(28A) 1.393(5) C(24A)-C(25A) 1.393(4) 
C(25A)-C(26A) 1.370(5) C(25A)-H(25A) 0.9500 
C(26A)-H(26A) 0.9500 C(27A)-C(28A) 1.364(5) 
C(27A)-H(27A) 0.9500 C(28A)-H(28A) 0.9500 
C(29A)-H(29D) 0.9800 C(29A)-H(29E) 0.9800 
C(29A)-H(29F) 0.9800 C(30A)-H(30D) 0.9800 
C(30A)-H(30E) 0.9800 C(30A)-H(30F) 0.9800 
                                            
C(3)-O(1)-H(1A) 109.5 C(4)-O(2)-C(5) 106.8(2) 
C(29)-O(3)-C(6) 117.0(2) C(23)-O(4)-H(4) 109.5 
H(1S1)-O(1S)-H(1S2) 99.7(7) H(2S1)-O(2S)-H(2S2) 100.4(7) 
C(27)-N(1)-C(26) 122.0(3) C(27)-N(1)-H(1C) 119.0 
C(26)-N(1)-H(1C) 119.0 C(16)-N(2)-C(9) 111.4(2) 
C(16)-N(2)-C(17) 110.2(2) C(9)-N(2)-C(17) 115.6(2) 
C(16)-N(2)-H(2) 106.3 C(9)-N(2)-H(2) 106.3 
C(17)-N(2)-H(2) 106.3 C(11)-C(1)-C(2) 121.1(3) 
C(11)-C(1)-H(1) 119.5 C(2)-C(1)-H(1) 119.5 
C(1)-C(2)-C(3) 121.8(3) C(1)-C(2)-H(2B) 119.1 
C(3)-C(2)-H(2B) 119.1 O(1)-C(3)-C(4) 119.3(3) 
O(1)-C(3)-C(2) 124.2(3) C(4)-C(3)-C(2) 116.4(3) 
O(2)-C(4)-C(3) 126.4(3) O(2)-C(4)-C(12) 112.8(3) 
C(3)-C(4)-C(12) 120.7(3) O(2)-C(5)-C(13) 107.3(2) 
O(2)-C(5)-C(6) 113.5(3) C(13)-C(5)-C(6) 108.9(2) 
O(2)-C(5)-H(5) 109.0 C(13)-C(5)-H(5) 109.0 
C(6)-C(5)-H(5) 109.0 O(3)-C(6)-C(22) 114.4(3) 
O(3)-C(6)-C(5) 110.9(2) C(22)-C(6)-C(5) 109.5(3) 
O(3)-C(6)-C(7) 105.9(2) C(22)-C(6)-C(7) 112.4(3) 
C(5)-C(6)-C(7) 103.1(2) C(23)-C(7)-C(8) 110.4(3) 
C(23)-C(7)-C(6) 117.0(3) C(8)-C(7)-C(6) 109.8(2) 
C(23)-C(7)-H(7) 106.3 C(8)-C(7)-H(7) 106.3 
C(6)-C(7)-H(7) 106.3 C(14)-C(8)-C(7) 109.4(3) 
C(14)-C(8)-H(8A) 109.8 C(7)-C(8)-H(8A) 109.8 
C(14)-C(8)-H(8B) 109.8 C(7)-C(8)-H(8B) 109.8 
H(8A)-C(8)-H(8B) 108.3 N(2)-C(9)-C(14) 109.1(2) 
N(2)-C(9)-C(10) 110.2(2) C(14)-C(9)-C(10) 113.5(3) 
N(2)-C(9)-H(9) 108.0 C(14)-C(9)-H(9) 108.0 
C(10)-C(9)-H(9) 108.0 C(11)-C(10)-C(9) 114.7(3) 
C(11)-C(10)-H(10A) 108.6 C(9)-C(10)-H(10A) 108.6 
C(11)-C(10)-H(10B) 108.6 C(9)-C(10)-H(10B) 108.6 
H(10A)-C(10)-H(10B) 107.6 C(12)-C(11)-C(1) 115.8(3) 
C(12)-C(11)-C(10) 118.5(3) C(1)-C(11)-C(10) 124.9(3) 
C(4)-C(12)-C(11) 123.2(3) C(4)-C(12)-C(13) 109.8(3) 
C(11)-C(12)-C(13) 125.5(3) C(12)-C(13)-C(5) 102.2(3) 
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C(12)-C(13)-C(15) 113.5(3) C(5)-C(13)-C(15) 111.0(3) 
C(12)-C(13)-C(14) 105.8(2) C(5)-C(13)-C(14) 112.5(3) 
C(15)-C(13)-C(14) 111.4(3) C(21)-C(14)-C(8) 104.9(3) 
C(21)-C(14)-C(13) 110.4(3) C(8)-C(14)-C(13) 109.2(2) 
C(21)-C(14)-C(9) 110.8(2) C(8)-C(14)-C(9) 116.1(3) 
C(13)-C(14)-C(9) 105.5(2) C(16)-C(15)-C(13) 112.7(3) 
C(16)-C(15)-H(15A) 109.1 C(13)-C(15)-H(15A) 109.1 
C(16)-C(15)-H(15B) 109.1 C(13)-C(15)-H(15B) 109.1 
H(15A)-C(15)-H(15B) 107.8 N(2)-C(16)-C(15) 110.1(3) 
N(2)-C(16)-H(16A) 109.6 C(15)-C(16)-H(16A) 109.6 
N(2)-C(16)-H(16B) 109.6 C(15)-C(16)-H(16B) 109.6 
H(16A)-C(16)-H(16B) 108.2 C(18)-C(17)-N(2) 112.6(3) 
C(18)-C(17)-H(17A) 109.1 N(2)-C(17)-H(17A) 109.1 
C(18)-C(17)-H(17B) 109.1 N(2)-C(17)-H(17B) 109.1 
H(17A)-C(17)-H(17B) 107.8 C(17)-C(18)-C(20) 119.1(3) 
C(17)-C(18)-C(19) 115.4(3) C(20)-C(18)-C(19) 59.3(2) 
C(17)-C(18)-H(18) 116.8 C(20)-C(18)-H(18) 116.8 
C(19)-C(18)-H(18) 116.8 C(20)-C(19)-C(18) 60.1(2) 
C(20)-C(19)-H(19A) 117.8 C(18)-C(19)-H(19A) 117.8 
C(20)-C(19)-H(19B) 117.8 C(18)-C(19)-H(19B) 117.8 
H(19A)-C(19)-H(19B) 114.9 C(19)-C(20)-C(18) 60.6(2) 
C(19)-C(20)-H(20A) 117.7 C(18)-C(20)-H(20A) 117.7 
C(19)-C(20)-H(20B) 117.7 C(18)-C(20)-H(20B) 117.7 
H(20A)-C(20)-H(20B) 114.8 C(14)-C(21)-C(22) 110.6(3) 
C(14)-C(21)-H(21A) 109.5 C(22)-C(21)-H(21A) 109.5 
C(14)-C(21)-H(21B) 109.5 C(22)-C(21)-H(21B) 109.5 
H(21A)-C(21)-H(21B) 108.1 C(6)-C(22)-C(21) 110.9(3) 
C(6)-C(22)-H(22A) 109.5 C(21)-C(22)-H(22A) 109.5 
C(6)-C(22)-H(22B) 109.5 C(21)-C(22)-H(22B) 109.5 
H(22A)-C(22)-H(22B) 108.0 O(4)-C(23)-C(30) 110.9(3) 
O(4)-C(23)-C(24) 110.0(3) C(30)-C(23)-C(24) 104.7(3) 
O(4)-C(23)-C(7) 107.7(2) C(30)-C(23)-C(7) 115.0(3) 
C(24)-C(23)-C(7) 108.5(3) C(28)-C(24)-C(25) 117.8(3) 
C(28)-C(24)-C(23) 120.0(3) C(25)-C(24)-C(23) 122.1(3) 
C(26)-C(25)-C(24) 120.3(3) C(26)-C(25)-H(25) 119.8 
C(24)-C(25)-H(25) 119.8 N(1)-C(26)-C(25) 119.3(3) 
N(1)-C(26)-H(26) 120.3 C(25)-C(26)-H(26) 120.3 
N(1)-C(27)-C(28) 120.4(3) N(1)-C(27)-H(27) 119.8 
C(28)-C(27)-H(27) 119.8 C(27)-C(28)-C(24) 120.0(3) 
C(27)-C(28)-H(28) 120.0 C(24)-C(28)-H(28) 120.0 
O(3)-C(29)-H(29A) 109.5 O(3)-C(29)-H(29B) 109.5 
H(29A)-C(29)-H(29B) 109.5 O(3)-C(29)-H(29C) 109.5 
H(29A)-C(29)-H(29C) 109.5 H(29B)-C(29)-H(29C) 109.5 
C(23)-C(30)-H(30A) 109.5 C(23)-C(30)-H(30B) 109.5 
H(30A)-C(30)-H(30B) 109.5 C(23)-C(30)-H(30C) 109.5 
H(30A)-C(30)-H(30C) 109.5 H(30B)-C(30)-H(30C) 109.5 
C(3A)-O(1A)-H(1A') 109.5 C(4A)-O(2A)-C(5A) 106.9(2) 
C(29A)-O(3A)-C(6A) 117.5(2) C(23A)-O(4A)-H(4A') 109.5 
C(27A)-N(1A)-C(26A) 120.9(3) C(27A)-N(1A)-H(1D) 119.5 
C(26A)-N(1A)-H(1D) 119.5 C(16A)-N(2A)-C(9A) 111.3(3) 
C(16A)-N(2A)-C(17A) 110.0(2) C(9A)-N(2A)-C(17A) 115.1(3) 
C(16A)-N(2A)-H(2A) 106.7 C(9A)-N(2A)-H(2A) 106.7 
C(17A)-N(2A)-H(2A) 106.7 C(11A)-C(1A)-C(2A) 120.5(3) 
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C(11A)-C(1A)-H(1B) 119.8 C(2A)-C(1A)-H(1B) 119.8 
C(1A)-C(2A)-C(3A) 122.5(3) C(1A)-C(2A)-H(2C) 118.7 
C(3A)-C(2A)-H(2C) 118.7 O(1A)-C(3A)-C(4A) 118.7(3) 
O(1A)-C(3A)-C(2A) 125.1(3) C(4A)-C(3A)-C(2A) 116.1(3) 
C(12A)-C(4A)-O(2A) 113.0(3) C(12A)-C(4A)-C(3A) 120.6(3) 
O(2A)-C(4A)-C(3A) 126.2(3) O(2A)-C(5A)-C(6A) 113.8(3) 
O(2A)-C(5A)-C(13A) 106.9(2) C(6A)-C(5A)-C(13A) 108.7(2) 
O(2A)-C(5A)-H(5A) 109.1 C(6A)-C(5A)-H(5A) 109.1 
C(13A)-C(5A)-H(5A) 109.1 O(3A)-C(6A)-C(22A) 113.5(2) 
O(3A)-C(6A)-C(5A) 109.9(2) C(22A)-C(6A)-C(5A) 108.7(2) 
O(3A)-C(6A)-C(7A) 107.1(2) C(22A)-C(6A)-C(7A) 113.0(2) 
C(5A)-C(6A)-C(7A) 104.3(2) C(23A)-C(7A)-C(6A) 117.0(3) 
C(23A)-C(7A)-C(8A) 110.3(2) C(6A)-C(7A)-C(8A) 110.0(2) 
C(23A)-C(7A)-H(7A) 106.3 C(6A)-C(7A)-H(7A) 106.3 
C(8A)-C(7A)-H(7A) 106.3 C(14A)-C(8A)-C(7A) 109.0(2) 
C(14A)-C(8A)-H(8A1) 109.9 C(7A)-C(8A)-H(8A1) 109.9 
C(14A)-C(8A)-H(8A2) 109.9 C(7A)-C(8A)-H(8A2) 109.9 
H(8A1)-C(8A)-H(8A2) 108.3 N(2A)-C(9A)-C(14A) 109.9(2) 
N(2A)-C(9A)-C(10A) 110.3(3) C(14A)-C(9A)-C(10A) 113.1(3) 
N(2A)-C(9A)-H(9A) 107.8 C(14A)-C(9A)-H(9A) 107.8 
C(10A)-C(9A)-H(9A) 107.8 C(11A)-C(10A)-C(9A) 114.9(3) 
C(11A)-C(10A)-
H(10C) 

108.5 C(9A)-C(10A)-H(10C) 108.5 

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

108.5 C(9A)-C(10A)-H(10D) 108.5 

H(10C)-C(10A)-
H(10D) 

107.5 C(12A)-C(11A)-C(1A) 116.1(3) 

C(12A)-C(11A)-
C(10A) 

118.3(3) C(1A)-C(11A)-C(10A) 124.3(3) 

C(4A)-C(12A)-C(11A) 123.5(3) C(4A)-C(12A)-C(13A) 109.7(3) 
C(11A)-C(12A)-
C(13A) 

125.1(3) C(12A)-C(13A)-
C(15A) 

113.7(3) 

C(12A)-C(13A)-
C(14A) 

105.7(2) C(15A)-C(13A)-
C(14A) 

111.5(3) 

C(12A)-C(13A)-C(5A) 102.0(2) C(15A)-C(13A)-C(5A) 111.4(3) 
C(14A)-C(13A)-C(5A) 112.1(3) C(21A)-C(14A)-C(9A) 110.0(3) 
C(21A)-C(14A)-C(8A) 104.9(3) C(9A)-C(14A)-C(8A) 116.3(3) 
C(21A)-C(14A)-
C(13A) 

110.9(3) C(9A)-C(14A)-C(13A) 105.4(2) 

C(8A)-C(14A)-C(13A) 109.5(2) C(16A)-C(15A)-
C(13A) 

113.3(3) 

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

108.9 C(13A)-C(15A)-
H(15C) 

108.9 

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

108.9 C(13A)-C(15A)-
H(15D) 

108.9 

H(15C)-C(15A)-
H(15D) 

107.7 N(2A)-C(16A)-C(15A) 110.1(3) 

N(2A)-C(16A)-H(16C) 109.6 C(15A)-C(16A)-
H(16C) 

109.6 

N(2A)-C(16A)-H(16D) 109.6 C(15A)-C(16A)-
H(16D) 

109.6 

H(16C)-C(16A)-
H(16D) 

108.2 C(18A)-C(17A)-N(2A) 111.3(3) 
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C(18A)-C(17A)-
H(17C) 

109.4 N(2A)-C(17A)-H(17C) 109.4 

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

109.4 N(2A)-C(17A)-H(17D) 109.4 

H(17C)-C(17A)-
H(17D) 

108.0 C(17A)-C(18A)-
C(20A) 

117.1(3) 

C(17A)-C(18A)-
C(19A) 

117.0(3) C(20A)-C(18A)-
C(19A) 

60.3(2) 

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

116.8 C(20A)-C(18A)-
H(18A) 

116.8 

C(19A)-C(18A)-
H(18A) 

116.8 C(18A)-C(19A)-
C(20A) 

59.7(2) 

C(18A)-C(19A)-
H(19C) 

117.8 C(20A)-C(19A)-
H(19C) 

117.8 

C(18A)-C(19A)-
H(19D) 

117.8 C(20A)-C(19A)-
H(19D) 

117.8 

H(19C)-C(19A)-
H(19D) 

114.9 C(18A)-C(20A)-
C(19A) 

59.9(2) 

C(18A)-C(20A)-
H(20C) 

117.8 C(19A)-C(20A)-
H(20C) 

117.8 

C(18A)-C(20A)-
H(20D) 

117.8 C(19A)-C(20A)-
H(20D) 

117.8 

H(20C)-C(20A)-
H(20D) 

114.9 C(14A)-C(21A)-
C(22A) 

110.2(3) 

C(14A)-C(21A)-
H(21C) 

109.6 C(22A)-C(21A)-
H(21C) 

109.6 

C(14A)-C(21A)-
H(21D) 

109.6 C(22A)-C(21A)-
H(21D) 

109.6 

H(21C)-C(21A)-
H(21D) 

108.1 C(6A)-C(22A)-C(21A) 110.5(3) 

C(6A)-C(22A)-H(22C) 109.5 C(21A)-C(22A)-
H(22C) 

109.5 

C(6A)-C(22A)-H(22D) 109.5 C(21A)-C(22A)-
H(22D) 

109.5 

H(22C)-C(22A)-
H(22D) 

108.1 O(4A)-C(23A)-C(30A) 111.0(3) 

O(4A)-C(23A)-C(24A) 109.8(3) C(30A)-C(23A)-
C(24A) 

105.2(2) 

O(4A)-C(23A)-C(7A) 106.7(2) C(30A)-C(23A)-C(7A) 114.7(3) 
C(24A)-C(23A)-C(7A) 109.4(3) C(28A)-C(24A)-

C(25A) 
118.2(3) 

C(28A)-C(24A)-
C(23A) 

119.5(3) C(25A)-C(24A)-
C(23A) 

122.2(3) 

C(26A)-C(25A)-
C(24A) 

119.7(3) C(26A)-C(25A)-
H(25A) 

120.2 

C(24A)-C(25A)-
H(25A) 

120.2 N(1A)-C(26A)-C(25A) 120.6(3) 

N(1A)-C(26A)-H(26A) 119.7 C(25A)-C(26A)-
H(26A) 

119.7 

N(1A)-C(27A)-C(28A) 121.0(3) N(1A)-C(27A)-H(27A) 119.5 
C(28A)-C(27A)-
H(27A) 

119.5 C(27A)-C(28A)-
C(24A) 

119.6(3) 

C(27A)-C(28A)-
H(28A) 

120.2 C(24A)-C(28A)-
H(28A) 

120.2 
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O(3A)-C(29A)-H(29D) 109.5 O(3A)-C(29A)-H(29E) 109.5 
H(29D)-C(29A)-
H(29E) 

109.5 O(3A)-C(29A)-H(29F) 109.5 

H(29D)-C(29A)-
H(29F) 

109.5 H(29E)-C(29A)-
H(29F) 

109.5 

C(23A)-C(30A)-
H(30D) 

109.5 C(23A)-C(30A)-
H(30E) 

109.5 

H(30D)-C(30A)-
H(30E) 

109.5 C(23A)-C(30A)-
H(30F) 

109.5 

H(30D)-C(30A)-
H(30F) 

109.5 H(30E)-C(30A)-
H(30F) 

109.5 

                                                      
Symmetry transformations used to generate equivalent atoms: 
                                                            
  
   
 Table 4.   Anisotropic displacement parameters (Å2 x 103) for 7. The anisotropic displacement 
   factor exponent takes the form: -2 gpi2 [ h2 a*2 U11 + ... + 2 h k a* b* U 
                                                                                 
  Atom  U11  U22  U33  U23  U13  U12 
                                                
Cl(1) 37(1) 31(1) 49(1) -1(1) 18(1) 8(1) 
Cl(2) 38(1) 33(1) 65(1) 22(1) 30(1) 17(1) 
O(1) 57(2) 26(1) 39(1) -3(1) 20(1) 10(1) 
O(2) 33(1) 26(1) 28(1) -1(1) 10(1) 6(1) 
O(3) 37(1) 32(1) 29(1) 5(1) 19(1) 17(1) 
O(4) 22(1) 34(1) 39(1) 12(1) 12(1) 9(1) 
O(1S) 54(2) 37(2) 46(2) 7(1) 22(1) 22(1) 
O(2S) 49(2) 37(2) 43(2) 8(1) 22(1) 16(1) 
O(3S1) 37(3) 35(3) 31(3) 7(2) 5(2) 10(2) 
O(3S2) 51(3) 43(3) 45(3) 7(2) 17(3) 9(3) 
N(1) 41(2) 24(2) 41(2) 3(1) 16(2) 10(1) 
N(2) 21(1) 20(2) 29(1) 7(1) 12(1) 8(1) 
C(1) 37(2) 27(2) 45(2) 10(2) 24(2) 10(2) 
C(2) 37(2) 19(2) 51(2) 5(2) 18(2) 8(2) 
C(3) 31(2) 26(2) 35(2) -2(2) 11(2) 6(2) 
C(4) 22(2) 27(2) 30(2) 5(2) 8(2) 9(1) 
C(5) 31(2) 23(2) 26(2) 4(1) 10(2) 12(2) 
C(6) 24(2) 28(2) 24(2) 4(1) 12(1) 10(1) 
C(7) 24(2) 26(2) 27(2) 5(1) 14(1) 10(1) 
C(8) 21(2) 26(2) 23(2) 4(1) 11(1) 6(1) 
C(9) 23(2) 27(2) 24(2) 6(1) 12(1) 11(1) 
C(10) 28(2) 25(2) 30(2) 7(1) 16(2) 9(2) 
C(11) 24(2) 22(2) 39(2) 4(1) 15(2) 7(1) 
C(12) 20(2) 22(2) 31(2) 0(1) 6(1) 6(1) 
C(13) 20(2) 20(2) 26(2) 3(1) 7(1) 5(1) 
C(14) 21(2) 23(2) 21(2) 3(1) 8(1) 7(1) 
C(15) 23(2) 23(2) 26(2) 2(1) 5(1) 7(1) 
C(16) 19(2) 29(2) 30(2) 6(1) 8(1) 9(1) 
C(17) 28(2) 28(2) 32(2) 9(1) 18(2) 12(2) 
C(18) 32(2) 31(2) 33(2) 7(2) 17(2) 12(2) 
C(19) 43(2) 40(2) 36(2) 9(2) 22(2) 16(2) 
C(20) 41(2) 44(2) 34(2) 10(2) 17(2) 19(2) 
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C(21) 25(2) 29(2) 22(2) 6(1) 10(1) 10(1) 
C(22) 27(2) 26(2) 33(2) 5(1) 15(2) 11(2) 
C(23) 22(2) 31(2) 23(2) 8(1) 9(1) 7(1) 
C(24) 23(2) 26(2) 30(2) 8(1) 14(1) 6(1) 
C(25) 28(2) 28(2) 36(2) 4(2) 7(2) 7(2) 
C(26) 29(2) 34(2) 45(2) 2(2) 5(2) 11(2) 
C(27) 41(2) 32(2) 30(2) 7(2) 11(2) 7(2) 
C(28) 31(2) 34(2) 33(2) 9(2) 7(2) 9(2) 
C(29) 35(2) 38(2) 32(2) 6(2) 19(2) 16(2) 
C(30) 34(2) 32(2) 32(2) 9(2) 20(2) 6(2) 
Cl(1A) 40(1) 32(1) 46(1) -7(1) 9(1) 12(1) 
Cl(2A) 27(1) 32(1) 48(1) 15(1) 16(1) 11(1) 
O(1A) 51(2) 25(1) 39(1) 1(1) 23(1) 10(1) 
O(2A) 33(1) 22(1) 25(1) 1(1) 12(1) 5(1) 
O(3A) 34(1) 27(1) 28(1) 6(1) 20(1) 12(1) 
O(4A) 18(1) 30(1) 41(1) 15(1) 13(1) 10(1) 
N(1A) 35(2) 24(2) 31(2) 3(1) 15(1) 8(1) 
N(2A) 20(1) 25(2) 33(2) 2(1) 12(1) 4(1) 
C(1A) 34(2) 30(2) 34(2) 10(2) 18(2) 10(2) 
C(2A) 29(2) 22(2) 41(2) 7(2) 13(2) 7(2) 
C(3A) 26(2) 24(2) 34(2) 0(2) 11(2) 6(2) 
C(4A) 20(2) 29(2) 25(2) 4(1) 10(1) 4(1) 
C(5A) 28(2) 23(2) 25(2) 6(1) 10(1) 7(2) 
C(6A) 26(2) 22(2) 24(2) 6(1) 14(1) 9(1) 
C(7A) 20(2) 24(2) 26(2) 9(1) 10(1) 7(1) 
C(8A) 23(2) 25(2) 27(2) 2(1) 14(1) 6(1) 
C(9A) 22(2) 27(2) 24(2) 3(1) 7(1) 8(1) 
C(10A) 31(2) 31(2) 27(2) 7(1) 14(2) 9(2) 
C(11A) 23(2) 23(2) 28(2) 3(1) 12(1) 6(1) 
C(12A) 19(2) 22(2) 28(2) 4(1) 8(1) 5(1) 
C(13A) 20(2) 24(2) 21(2) 1(1) 9(1) 5(1) 
C(14A) 21(2) 24(2) 23(2) 3(1) 9(1) 5(1) 
C(15A) 24(2) 25(2) 28(2) 3(1) 7(1) 7(1) 
C(16A) 19(2) 26(2) 34(2) 0(1) 8(1) 5(1) 
C(17A) 33(2) 26(2) 35(2) 4(2) 21(2) 8(2) 
C(18A) 39(2) 33(2) 36(2) 6(2) 17(2) 18(2) 
C(19A) 62(3) 44(3) 39(2) 4(2) 21(2) 25(2) 
C(20A) 38(2) 37(2) 41(2) 0(2) 14(2) 9(2) 
C(21A) 22(2) 28(2) 24(2) 4(1) 10(1) 7(1) 
C(22A) 21(2) 24(2) 30(2) 6(1) 12(1) 7(1) 
C(23A) 22(2) 25(2) 26(2) 9(1) 10(1) 8(1) 
C(24A) 25(2) 24(2) 26(2) 11(1) 15(1) 6(1) 
C(25A) 21(2) 23(2) 33(2) 4(1) 6(1) 3(1) 
C(26A) 30(2) 29(2) 38(2) 7(2) 14(2) 8(2) 
C(27A) 29(2) 35(2) 25(2) 4(2) 8(2) 5(2) 
C(28A) 24(2) 33(2) 28(2) 2(2) 6(2) 8(2) 
C(29A) 35(2) 36(2) 33(2) 4(2) 15(2) 18(2) 
C(30A) 32(2) 25(2) 36(2) 7(2) 18(2) 7(2) 
  
   
 Table 5.   Hydrogen coordinates ( x 104) and isotropic displacement 
   parameters (Å2 x 103) for 7. 
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  Atom   x   y   z  U(eq) 
                                  
H(1A) 8385 9288 4988 49 
H(4) 1280 2124 2952 37 
H(1S1) 8650(50) 1320(30) 5390(20) 55(13) 
H(1S2) 8870(50) 1120(30) 4410(14) 70(15) 
H(2S1) 4080(50) -3500(50) -504(15) 100(20) 
H(2S2) 3800(40) -3530(40) 470(20) 64(14) 
H(1C) 3629 -1739 2279 42 
H(2) 8163 3136 2338 27 
H(1) 9120 8086 2231 40 
H(2B) 9098 9238 3546 42 
H(5) 7528 4555 5080 31 
H(7) 5921 2880 4313 28 
H(8A) 6412 2641 2925 27 
H(8B) 4666 2717 2258 27 
H(9) 6553 4068 1305 28 
H(10A) 9153 5803 1709 31 
H(10B) 7364 5935 1283 31 
H(15A) 10013 4890 4622 30 
H(15B) 8774 3648 4147 30 
H(16A) 10540 5215 3155 31 
H(16B) 10770 4002 3394 31 
H(17A) 10160 4492 1413 32 
H(17B) 10196 3254 1689 32 
H(18) 7372 2490 462 36 
H(19A) 10089 3702 -220 44 
H(19B) 8467 2625 -889 44 
H(20A) 6681 3722 -756 45 
H(20B) 8302 4798 -87 45 
H(21A) 4160 4383 1847 30 
H(21B) 5454 5622 2275 30 
H(22A) 4562 5723 3530 32 
H(22B) 3161 4539 3047 32 
H(25) 5639 979 4264 38 
H(26) 5689 -771 3635 45 
H(27) 1636 -1084 1417 42 
H(28) 1599 703 1950 40 
H(29A) 5002 5863 5418 48 
H(29B) 3580 5035 5736 48 
H(29C) 3199 5347 4636 48 
H(30A) 2640 2483 4749 47 
H(30B) 3951 1800 5042 47 
H(30C) 2103 1149 4372 47 
H(1A') 3685 4747 -20 44 
H(4A') -3450 -2344 -1835 34 
H(1D) -1392 -6256 -2836 35 
H(2A) 3335 -1424 -2698 31 
H(1B) 3703 3451 -2989 37 
H(2C) 3836 4639 -1649 37 
H(5A) 2881 50 102 30 
H(7A) 1194 -1658 -589 26 
H(8A1) 1665 -1917 -1987 28 
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H(8A2) -121 -1904 -2647 28 
H(9A) 1552 -578 -3693 29 
H(10C) 4044 1206 -3414 34 
H(10D) 2214 1269 -3792 34 
H(15C) 5298 436 -463 31 
H(15D) 4098 -830 -878 31 
H(16C) 5645 708 -1972 32 
H(16D) 5962 -476 -1711 32 
H(17C) 5095 -26 -3730 35 
H(17D) 5287 -1231 -3440 35 
H(18A) 2474 -933 -4936 40 
H(19C) 4678 -2304 -4964 55 
H(19D) 3120 -2248 -5932 55 
H(20C) 1225 -2962 -5037 47 
H(20D) 2783 -3018 -4068 47 
H(21C) -766 -287 -3072 29 
H(21D) 499 975 -2746 29 
H(22C) -143 1181 -1393 29 
H(22D) -1601 10 -1811 29 
H(25A) 990 -3517 -884 32 
H(26A) 897 -5246 -1628 38 
H(27A) -3608 -5675 -3413 37 
H(28A) -3580 -3928 -2754 35 
H(29D) 232 1404 386 48 
H(29E) -983 594 859 48 
H(29F) -1608 731 -284 48 
H(30D) -1853 -2011 -19 44 
H(30E) -733 -2837 142 44 
H(30F) -2646 -3329 -468 44 
  
   
   
 Table 6.   Dihedral angles [o] for 7. 
                                         
  Atom1  -  Atom2  -  Atom3  -  Atom4  Dihedral 
                                                  
C(11) - C(1) - C(2) - C(3) -2.6(6) 
C(1) - C(2) - C(3) - O(1) -174.8(3) 
C(1) - C(2) - C(3) - C(4) 3.1(5) 
C(5) - O(2) - C(4) - C(3) 170.7(3) 
C(5) - O(2) - C(4) - C(12) -6.0(4) 
O(1) - C(3) - C(4) - O(2) 5.2(5) 
C(2) - C(3) - C(4) - O(2) -172.8(3) 
O(1) - C(3) - C(4) - C(12) -178.4(3) 
C(2) - C(3) - C(4) - C(12) 3.6(5) 
C(4) - O(2) - C(5) - C(13) 10.1(3) 
C(4) - O(2) - C(5) - C(6) -110.2(3) 
C(29) - O(3) - C(6) - C(22) -41.6(4) 
C(29) - O(3) - C(6) - C(5) 82.9(3) 
C(29) - O(3) - C(6) - C(7) -166.0(3) 
O(2) - C(5) - C(6) - O(3) -66.2(3) 
C(13) - C(5) - C(6) - O(3) 174.3(2) 
O(2) - C(5) - C(6) - C(22) 61.0(3) 
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C(13) - C(5) - C(6) - C(22) -58.4(3) 
O(2) - C(5) - C(6) - C(7) -179.2(2) 
C(13) - C(5) - C(6) - C(7) 61.4(3) 
O(3) - C(6) - C(7) - C(23) 46.1(3) 
C(22) - C(6) - C(7) - C(23) -79.4(3) 
C(5) - C(6) - C(7) - C(23) 162.7(3) 
O(3) - C(6) - C(7) - C(8) 172.9(2) 
C(22) - C(6) - C(7) - C(8) 47.3(3) 
C(5) - C(6) - C(7) - C(8) -70.5(3) 
C(23) - C(7) - C(8) - C(14) 143.5(3) 
C(6) - C(7) - C(8) - C(14) 13.1(3) 
C(16) - N(2) - C(9) - C(14) -64.4(3) 
C(17) - N(2) - C(9) - C(14) 168.8(2) 
C(16) - N(2) - C(9) - C(10) 60.9(3) 
C(17) - N(2) - C(9) - C(10) -66.0(3) 
N(2) - C(9) - C(10) - C(11) -97.7(3) 
C(14) - C(9) - C(10) - C(11) 25.0(4) 
C(2) - C(1) - C(11) - C(12) -4.6(5) 
C(2) - C(1) - C(11) - C(10) 165.1(3) 
C(9) - C(10) - C(11) - C(12) 3.9(4) 
C(9) - C(10) - C(11) - C(1) -165.5(3) 
O(2) - C(4) - C(12) - C(11) 165.4(3) 
C(3) - C(4) - C(12) - C(11) -11.5(5) 
O(2) - C(4) - C(12) - C(13) -0.9(4) 
C(3) - C(4) - C(12) - C(13) -177.7(3) 
C(1) - C(11) - C(12) - C(4) 11.6(5) 
C(10) - C(11) - C(12) - C(4) -158.8(3) 
C(1) - C(11) - C(12) - C(13) 175.6(3) 
C(10) - C(11) - C(12) - C(13) 5.3(5) 
C(4) - C(12) - C(13) - C(5) 6.9(3) 
C(11) - C(12) - C(13) - C(5) -159.0(3) 
C(4) - C(12) - C(13) - C(15) -112.8(3) 
C(11) - C(12) - C(13) - C(15) 81.4(4) 
C(4) - C(12) - C(13) - C(14) 124.8(3) 
C(11) - C(12) - C(13) - C(14) -41.1(4) 
O(2) - C(5) - C(13) - C(12) -10.2(3) 
C(6) - C(5) - C(13) - C(12) 113.1(3) 
O(2) - C(5) - C(13) - C(15) 111.2(3) 
C(6) - C(5) - C(13) - C(15) -125.6(3) 
O(2) - C(5) - C(13) - C(14) -123.2(3) 
C(6) - C(5) - C(13) - C(14) 0.1(3) 
C(7) - C(8) - C(14) - C(21) -68.9(3) 
C(7) - C(8) - C(14) - C(13) 49.4(3) 
C(7) - C(8) - C(14) - C(9) 168.5(3) 
C(12) - C(13) - C(14) - C(21) -55.0(3) 
C(5) - C(13) - C(14) - C(21) 55.8(3) 
C(15) - C(13) - C(14) - C(21) -178.7(3) 
C(12) - C(13) - C(14) - C(8) -169.8(3) 
C(5) - C(13) - C(14) - C(8) -59.0(3) 
C(15) - C(13) - C(14) - C(8) 66.4(3) 
C(12) - C(13) - C(14) - C(9) 64.8(3) 
C(5) - C(13) - C(14) - C(9) 175.5(3) 
C(15) - C(13) - C(14) - C(9) -59.0(3) 
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N(2) - C(9) - C(14) - C(21) -177.3(2) 
C(10) - C(9) - C(14) - C(21) 59.4(3) 
N(2) - C(9) - C(14) - C(8) -57.8(3) 
C(10) - C(9) - C(14) - C(8) 178.9(3) 
N(2) - C(9) - C(14) - C(13) 63.3(3) 
C(10) - C(9) - C(14) - C(13) -60.0(3) 
C(12) - C(13) - C(15) - C(16) -64.3(4) 
C(5) - C(13) - C(15) - C(16) -178.8(3) 
C(14) - C(13) - C(15) - C(16) 55.0(3) 
C(9) - N(2) - C(16) - C(15) 56.6(3) 
C(17) - N(2) - C(16) - C(15) -173.6(3) 
C(13) - C(15) - C(16) - N(2) -51.7(3) 
C(16) - N(2) - C(17) - C(18) -178.7(3) 
C(9) - N(2) - C(17) - C(18) -51.3(4) 
N(2) - C(17) - C(18) - C(20) 99.3(3) 
N(2) - C(17) - C(18) - C(19) 166.8(3) 
C(17) - C(18) - C(19) - C(20) -110.1(4) 
C(17) - C(18) - C(20) - C(19) 103.9(4) 
C(8) - C(14) - C(21) - C(22) 65.2(3) 
C(13) - C(14) - C(21) - C(22) -52.3(3) 
C(9) - C(14) - C(21) - C(22) -168.8(3) 
O(3) - C(6) - C(22) - C(21) -172.6(3) 
C(5) - C(6) - C(22) - C(21) 62.1(3) 
C(7) - C(6) - C(22) - C(21) -51.8(4) 
C(14) - C(21) - C(22) - C(6) -5.0(4) 
C(8) - C(7) - C(23) - O(4) -69.9(3) 
C(6) - C(7) - C(23) - O(4) 56.5(3) 
C(8) - C(7) - C(23) - C(30) 165.9(3) 
C(6) - C(7) - C(23) - C(30) -67.6(4) 
C(8) - C(7) - C(23) - C(24) 49.0(3) 
C(6) - C(7) - C(23) - C(24) 175.5(2) 
O(4) - C(23) - C(24) - C(28) -9.7(4) 
C(30) - C(23) - C(24) - C(28) 109.4(3) 
C(7) - C(23) - C(24) - C(28) -127.3(3) 
O(4) - C(23) - C(24) - C(25) 174.1(3) 
C(30) - C(23) - C(24) - C(25) -66.8(4) 
C(7) - C(23) - C(24) - C(25) 56.5(4) 
C(28) - C(24) - C(25) - C(26) -0.8(5) 
C(23) - C(24) - C(25) - C(26) 175.5(3) 
C(27) - N(1) - C(26) - C(25) 2.8(6) 
C(24) - C(25) - C(26) - N(1) -2.0(6) 
C(26) - N(1) - C(27) - C(28) -0.8(5) 
N(1) - C(27) - C(28) - C(24) -2.1(5) 
C(25) - C(24) - C(28) - C(27) 2.8(5) 
C(23) - C(24) - C(28) - C(27) -173.6(3) 
C(11A) - C(1A) - C(2A) - C(3A) -4.9(5) 
C(1A) - C(2A) - C(3A) - O(1A) -173.6(3) 
C(1A) - C(2A) - C(3A) - C(4A) 3.4(5) 
C(5A) - O(2A) - C(4A) - C(12A) -6.9(3) 
C(5A) - O(2A) - C(4A) - C(3A) 166.7(3) 
O(1A) - C(3A) - C(4A) - C(12A) -179.3(3) 
C(2A) - C(3A) - C(4A) - C(12A) 3.4(5) 
O(1A) - C(3A) - C(4A) - O(2A) 7.5(5) 
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C(2A) - C(3A) - C(4A) - O(2A) -169.8(3) 
C(4A) - O(2A) - C(5A) - C(6A) -108.3(3) 
C(4A) - O(2A) - C(5A) - C(13A) 11.7(3) 
C(29A) - O(3A) - C(6A) - C(22A) -34.9(4) 
C(29A) - O(3A) - C(6A) - C(5A) 87.0(3) 
C(29A) - O(3A) - C(6A) - C(7A) -160.3(3) 
O(2A) - C(5A) - C(6A) - O(3A) -64.1(3) 
C(13A) - C(5A) - C(6A) - O(3A) 176.9(2) 
O(2A) - C(5A) - C(6A) - C(22A) 60.6(3) 
C(13A) - C(5A) - C(6A) - C(22A) -58.3(3) 
O(2A) - C(5A) - C(6A) - C(7A) -178.6(2) 
C(13A) - C(5A) - C(6A) - C(7A) 62.4(3) 
O(3A) - C(6A) - C(7A) - C(23A) 48.1(3) 
C(22A) - C(6A) - C(7A) - C(23A) -77.6(3) 
C(5A) - C(6A) - C(7A) - C(23A) 164.6(2) 
O(3A) - C(6A) - C(7A) - C(8A) 174.9(2) 
C(22A) - C(6A) - C(7A) - C(8A) 49.2(3) 
C(5A) - C(6A) - C(7A) - C(8A) -68.6(3) 
C(23A) - C(7A) - C(8A) - C(14A) 140.6(3) 
C(6A) - C(7A) - C(8A) - C(14A) 10.2(3) 
C(16A) - N(2A) - C(9A) - C(14A) -63.5(3) 
C(17A) - N(2A) - C(9A) - C(14A) 170.5(2) 
C(16A) - N(2A) - C(9A) - C(10A) 61.7(3) 
C(17A) - N(2A) - C(9A) - C(10A) -64.2(3) 
N(2A) - C(9A) - C(10A) - C(11A) -98.4(3) 
C(14A) - C(9A) - C(10A) - C(11A) 25.1(4) 
C(2A) - C(1A) - C(11A) - C(12A) -0.6(5) 
C(2A) - C(1A) - C(11A) - C(10A) 166.2(3) 
C(9A) - C(10A) - C(11A) - C(12A) 5.0(4) 
C(9A) - C(10A) - C(11A) - C(1A) -161.5(3) 
O(2A) - C(4A) - C(12A) - C(11A) 164.7(3) 
C(3A) - C(4A) - C(12A) - C(11A) -9.3(5) 
O(2A) - C(4A) - C(12A) - C(13A) -1.1(4) 
C(3A) - C(4A) - C(12A) - C(13A) -175.1(3) 
C(1A) - C(11A) - C(12A) - C(4A) 7.7(5) 
C(10A) - C(11A) - C(12A) - C(4A) -160.0(3) 
C(1A) - C(11A) - C(12A) - C(13A) 171.3(3) 
C(10A) - C(11A) - C(12A) - C(13A) 3.6(5) 
C(4A) - C(12A) - C(13A) - C(15A) -112.0(3) 
C(11A) - C(12A) - C(13A) - C(15A) 82.4(4) 
C(4A) - C(12A) - C(13A) - C(14A) 125.4(3) 
C(11A) - C(12A) - C(13A) - C(14A) -40.1(4) 
C(4A) - C(12A) - C(13A) - C(5A) 8.0(3) 
C(11A) - C(12A) - C(13A) - C(5A) -157.5(3) 
O(2A) - C(5A) - C(13A) - C(12A) -11.8(3) 
C(6A) - C(5A) - C(13A) - C(12A) 111.4(3) 
O(2A) - C(5A) - C(13A) - C(15A) 109.8(3) 
C(6A) - C(5A) - C(13A) - C(15A) -127.0(3) 
O(2A) - C(5A) - C(13A) - C(14A) -124.5(3) 
C(6A) - C(5A) - C(13A) - C(14A) -1.3(4) 
N(2A) - C(9A) - C(14A) - C(21A) -177.7(2) 
C(10A) - C(9A) - C(14A) - C(21A) 58.6(3) 
N(2A) - C(9A) - C(14A) - C(8A) -58.7(3) 
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C(10A) - C(9A) - C(14A) - C(8A) 177.6(3) 
N(2A) - C(9A) - C(14A) - C(13A) 62.7(3) 
C(10A) - C(9A) - C(14A) - C(13A) -60.9(3) 
C(7A) - C(8A) - C(14A) - C(21A) -67.5(3) 
C(7A) - C(8A) - C(14A) - C(9A) 170.8(3) 
C(7A) - C(8A) - C(14A) - C(13A) 51.5(3) 
C(12A) - C(13A) - C(14A) - C(21A) -53.4(3) 
C(15A) - C(13A) - C(14A) - C(21A) -177.3(3) 
C(5A) - C(13A) - C(14A) - C(21A) 57.0(3) 
C(12A) - C(13A) - C(14A) - C(9A) 65.6(3) 
C(15A) - C(13A) - C(14A) - C(9A) -58.4(3) 
C(5A) - C(13A) - C(14A) - C(9A) 175.9(3) 
C(12A) - C(13A) - C(14A) - C(8A) -168.6(3) 
C(15A) - C(13A) - C(14A) - C(8A) 67.4(3) 
C(5A) - C(13A) - C(14A) - C(8A) -58.3(3) 
C(12A) - C(13A) - C(15A) - C(16A) -64.4(4) 
C(14A) - C(13A) - C(15A) - C(16A) 54.9(4) 
C(5A) - C(13A) - C(15A) - C(16A) -179.0(3) 
C(9A) - N(2A) - C(16A) - C(15A) 55.5(3) 
C(17A) - N(2A) - C(16A) - C(15A) -175.8(3) 
C(13A) - C(15A) - C(16A) - N(2A) -51.5(4) 
C(16A) - N(2A) - C(17A) - C(18A) -179.1(3) 
C(9A) - N(2A) - C(17A) - C(18A) -52.5(4) 
N(2A) - C(17A) - C(18A) - C(20A) -72.6(4) 
N(2A) - C(17A) - C(18A) - C(19A) -141.3(3) 
C(17A) - C(18A) - C(19A) - C(20A) 107.3(4) 
C(17A) - C(18A) - C(20A) - C(19A) -107.2(4) 
C(9A) - C(14A) - C(21A) - C(22A) -166.8(3) 
C(8A) - C(14A) - C(21A) - C(22A) 67.5(3) 
C(13A) - C(14A) - C(21A) - C(22A) -50.6(3) 
O(3A) - C(6A) - C(22A) - C(21A) -172.4(2) 
C(5A) - C(6A) - C(22A) - C(21A) 65.0(3) 
C(7A) - C(6A) - C(22A) - C(21A) -50.2(3) 
C(14A) - C(21A) - C(22A) - C(6A) -8.6(4) 
C(6A) - C(7A) - C(23A) - O(4A) 52.7(3) 
C(8A) - C(7A) - C(23A) - O(4A) -73.9(3) 
C(6A) - C(7A) - C(23A) - C(30A) -70.7(3) 
C(8A) - C(7A) - C(23A) - C(30A) 162.7(3) 
C(6A) - C(7A) - C(23A) - C(24A) 171.4(2) 
C(8A) - C(7A) - C(23A) - C(24A) 44.8(3) 
O(4A) - C(23A) - C(24A) - C(28A) -20.2(4) 
C(30A) - C(23A) - C(24A) - C(28A) 99.3(3) 
C(7A) - C(23A) - C(24A) - C(28A) -137.0(3) 
O(4A) - C(23A) - C(24A) - C(25A) 164.0(3) 
C(30A) - C(23A) - C(24A) - C(25A) -76.5(4) 
C(7A) - C(23A) - C(24A) - C(25A) 47.2(4) 
C(28A) - C(24A) - C(25A) - C(26A) 1.8(5) 
C(23A) - C(24A) - C(25A) - C(26A) 177.7(3) 
C(27A) - N(1A) - C(26A) - C(25A) 0.9(5) 
C(24A) - C(25A) - C(26A) - N(1A) -2.0(5) 
C(26A) - N(1A) - C(27A) - C(28A) 0.5(5) 
N(1A) - C(27A) - C(28A) - C(24A) -0.7(5) 
C(25A) - C(24A) - C(28A) - C(27A) -0.5(5) 
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C(23A) - C(24A) - C(28A) - C(27A) -176.4(3) 
                                            
                                            
Symmetry transformations used to generate equivalent atoms:  
  
 


