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Experimental Section

General: All reactions were conducted under nitrogen atrhesp on a screw-capped
sealed tube. Acetonitrile was dried with Gaghd distilled prior to usk.Aryne
precursors2a-d were synthesized according to the reported proegd@tarting
materials alkyneda-g was synthesized according to the literature proessi Other

reagents were commercially available and used ahased.

General Procedure for the Palladium-Catalyzed Synthesis of |sochromenone
Derivatives (3): A sealed tube containing Pd(dpé mol %), CsF (4 equiv), TI(OAc)
(1.2 equiv) and alkynes (1.00 mmol) was evacuatedl @urged with nitrogen gas
three times. Then, benzyne precursor (1.20 mmoé&toaitrile (2.0 mL) and toluene
(1.0 mL) were sequentially added to the systemthadeaction mixture was allowed
to stir at 85 °C for 8 h. The mixture was filterddough a short Celite pad and the
Celite pad was washed with @El, several times. The filtrate was concentrated and
the residue was purified on a silica gel colummgdiexanes-ethyl acetate as eluent
to afford isochromenone derivativi& Similar procedures were also used for the

preparation of oxepine derivativie
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The spectral data and a copy'bf and**C NMR spectra of all compounds are listed
below.

7-Phenyl-4H ,6H-dibenzo[de,g]isochromen-6-one (3a)

(0]
O

Ph
Yellow solid; m.p. 139-142C; *H NMR (400 MHz, CDC})): 8.74 (d,J= 8.8 Hz 1
H), 8.68 (dJ = 8.8 Hz 1 H), 7.78-7.71 (m3 H), 7.61 (dJ = 7.2 Hz 1 H), 7.59-7.49
(m, 4 H), 7.36 - 7.27 (m, 2 H), 5.74 & H); **C NMR (100 MHz, CDG)): d 163.0,
146.1, 139.7, 132.3, 131.9, 130.0, 129.3, 129.8,8.%2 CH), 128.5, 128.0 (2 CH),

127.8, 127.3 (2 CH), 126.9, 126.5, 122.1, 121.80;6BIRMS calcd for &H140,
310.0994, found 310.0998.

9,10-Dimethyl-7-phenyl-4H ,6H-dibenzo[ de,g]isochromen-6-one (3b)

O
0] Ph
ate
Yellow solid; m.p. 164-166C; 'H NMR (400 MHz, CDCJ): 58.62 (d,J= 8.8 Hz 1
H), 8.47 (s, 1 H), 7.67 (1= 8.0 Hz 1 H), 7.53-7.47 (m3 H), 7.40 (dJ=8.8Hz 1
H), 7.29-7.26 (m, 3 H), 5.69 (&H), 2.52 (s3H), 2.30 (s3H); *C NMR (100 MHz,
CDCls): 6 163.1, 145.9, 139.9, 139.3, 136.9, 130.8, 13(29,8, 128.7 (2 CH), 128.5,

128.0 (2 CH), 127.8, 127.2, 126.6, 126.3, 122.9,9,2121.5, 115.0, 69.0, 20.6, 20.2 ;
HRMS calcd for GsH150, 338.1307, found 338.1311.

9,10,-Dioxolo-7-phenyl-4H,6H-dibenzo [de,g]isochromen-6-one (3c)

Yellow solid; m.p. 221-225C; 'H NMR (400 MHz, CDCJ): 5 8.45 (d,J= 8.0 Hz 1
H), 8.04 (s, 1 H), 7.66 (1= 7.2 Hz 1 H), 7.50-7.46 (m3 H), 7.40 (dJ=6.0Hz 1
H), 7.25 (dJ = 6.0 Hz 2 H), 6.89 (s1 H), 6.09 (s2 H), 5.68 (s2 H); *C NMR (100
MHz, CDCk): 6 163.1, 150.2, 148.2, 145.4, 140.1, 129.5, 1228,8], 128.7(2CH),
128.6, 128.2(2CH), 127.3, 126.5, 126.2, 121.6, 4,2107.0, 101.9, 100.5, 69.0;
HRMS calcd for GsH1404 354.0892, found 354.0896.
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7-Phenyl-9,10,11-tetr ahydr o-6H-benzo[ de]indeno[ 5,6-g]isochr omen-6-one (3d)

Yellow solid; m.p. 196-198C; *H NMR (400 MHz, CDC}): 5 8.63 (d,J= 8.8 Hz 1
H), 8.50 (s, 1 H), 7.67 (1= 8.0 Hz 1 H), 7.54-7.48 (m3 H), 7.41 (dJ=7.2 Hz 1
H), 7.38 (s,1 H), 7.29-7.27 (m2 H), 5.69 (s2 H), 3.16 (tJ= 6.8 Hz 2 H), 2.96 (tJ

= 6.8 Hz 2 H), 2.16-2.11 (m, 2 H}**C NMR (100 MHz, CDGJ): 5 163.2, 147.2,
146.3, 144.7, 140.2, 131.5, 131.1, 129.2, 128.8(2QA8.4, 128.0, 127.7, 127.1,
126.5, 126.3, 124.6, 121.7, 121.5, 117.5, 114.9),688.2, 32.8, 25.8; HRMS calcd
for CysH180, 350.1307, found 350.1310.

4-M ethyl-7-phenyl-4H ,6H-dibenzo[de,g]isochr omen-6-one (3e)

(o]
[e] Ph
)
Yellow solid; m.p. 140-145C; 'H NMR (400 MHz, CDCJ): 58.73 (d,J= 8.8 Hz 1
H), 8.67 (d,J = 8.8 Hz 1 H), 7.77-7.70 (m2 H), 7.59 (dJ = 8.0 Hz 1 H), 7.53-7.41
(m, 4 H), 7.28 (dJ = 8.0 Hz 2 H), 5.89 (qJ = 6.8, 13.6 Hz1 H), 1.77 (dJ = 6.8
Hz, 3 H); **C NMR (100 MHz, CDGJ): 3 162.9, 145.8, 139.7, 133.9, 132.2, 132.0,

129.9, 129.3, 129.1, 128.9, 128.7, 128.2, 128.8.012127.5, 127.2, 126.9, 125.6,
122.5, 122.3, 115.9, 76.0, 24.5; HRMS calcd fesHz60, 324.1150, found 324.1142.

4,9,10-Trimethyl-7-phenyl-4H,6H-dibenzo[ de,g]isochromen-6-one (3f)
O
6] Ph
O ]
Yellow solid; m.p. 232-234C; 'H NMR (400 MHz, CDC}): 5 8.62 (d,J= 8.0 Hz 1
H), 8.47 (s, 1 H), 7.68 (1= 8.0 Hz 1 H), 7.53-7.47 (m3 H), 7.42 (dJ= 8.0 Hz 1
H), 7.30-7.26 (m, 3 H), 5.87 (d,= 6.4, 13.2 Hz1 H), 2.52 (s3 H), 2.30 (s3 H),
1.76 (d,J = 6.4 Hz 3 H); *C NMR (100 MHz, CDGJ): 5 163.2, 145.6, 140.0, 139.2,
136.8, 133.8, 130.7, 130.5, 129.8, 129.0, 128.8,712128.0, 127.1, 126.6, 125.5,

122.9, 121.9, 121.5, 115.1, 75.9, 24.4, 20.6, 2HRMS calcd for GsH»00,
352.1463, found 352.1455.

4,7-Diphenyl-4H ,6H-dibenzo[ de,g]isochr omen-6-one (3g)
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O
(o] Ph
& ]
Yellow solid; m.p. 167-168C; *H NMR (400 MHz, CDC}): 8.74 (d,J= 8.2 Hz 1
H), 8.69 (dJ= 8.2 Hz 1 H), 7.74 (tJ= 6.8 Hz 1 H), 7.69 (tJ = 6.8 Hz 1 H), 7.60
(d,J = 6.8 Hz 1 H), 7.54-7.46 (m, 4 H), 7.33-7.29 (m, 8 H), 6(841 H); **C NMR
(100 MHz, CDC}): & 162.7, 146.2, 140.1, 139.6, 132.2, 132.0, 13129,9, 129.3,
128.9, 128.8, 128.7, 128.7, 128.6, 128.1, 128.70,412127.3 (2CH), 126.8, 126.3,

124.5(2 CH), 122.5, 122.1, 116.2, 81.4; HRMS cdmdCygH1s0, 386.1307, found
386.1312.

9,10-Dimethyl-4,7-diphenyl-4H ,6H-dibenzo[ de,g]isochr omen-6-one (3h)
0]

0 Ph
O ]
Yellow solid; m.p. 215-217C; *H NMR (400 MHz, CDCJ): 5 8.66 (d,J= 8.0 Hz 1
H), 8.50 (s, 1 H), 7.65 (] = 11.2 Hz 1 H), 7.55-7.48 (m4 H), 7.34-7.22 (m, 8 H),
6.73 (s,1 H), 2.56 (s,3 H), 2.54 (s,3 H); *C NMR (100 MHz, CDGJ): 5 163.0,
146.0, 140.2, 139.9, 139.3, 136.9, 131.7, 130.0,5.3129.8, 129.3, 129.1, 128.9,
128.8, 128.6, 128.5, 128.1, 128.0, 127.5, 127.4.22127.1, 126.5, 126.1, 124.0,
122.9, 121.9, 115.4, 81.4, 20.6, 20.1; HRMS calwd G3oH»,0, 414.1620, found
414.1620.
14-Phenyl-9H-benzo[e]phenanthr o[ 1,10-bc]oxepine (4a)

O (0]
&
-
L)

Yellow solid; m.p. 236-238C; *H NMR (500 MHz, CDCJ): 3 8.67 (d,J= 8.0 Hz 1
H), 8.36 (d,J= 8.5 Hz 1 H), 7.68 (dJ= 8.5 Hz 1 H), 7.62 (tJ= 7.0 Hz 1 H), 7.56
(d,J= 7.0 Hz 1 H), 7.51-7.45 (m, 2 H), 7.42 = 7.0 Hz 1 H), 7.27 (d) = 7.5 Hz
1H), 7.22 (tJ= 7.0 Hz 1 H), 7.12 (dJ = 7.0 Hz 1 H), 7.10-7.06 (m, 2 H), 6.88 (d,
J=7.5Hz 1H), 6.84-6.79 (m, 2 H), 5.62 (d= 12.0 Hz 1 H), 4.97 (d,) = 12.0 Hz
1 H); **C NMR (125 MHz, CDGJ): & 158.6, 140.3, 140.0, 137.6, 137.4, 134.9, 133.5,

132.2, 132.0, 128.4, 127.8, 127.5, 127.2, 126.9.812126.7, 123.1, 121.1, 116.2,
115.4, 72.4; HRMS calcd for#H,50 358.1358, found 358.1360.

2,3-Dimethyl-14-phenyl-9H-benzo[ €] phenanthr o[ 1,10-bc]oxepine (4b).

Ph
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)

Pale yellow solid; m.p. 218-22C; *H NMR (400 MHz, CDC}): 5 8.45 (s, 1 H) 8.35
(d,J= 7.6 Hz 1 H), 7.59 (dJ = 7.6 Hz 1 H), 7.49-7.42 (m, 3 H), 7.29-7.22 (m, 2 H),
7.11-7.06 (m, 3 H), 6.89 (d,= 7.2 Hz 1 H), 6.85-6.79 (m, 3 H), 5.63 (d,= 12.0
Hz, 1 H), 4.97 (dJ = 12.0 Hz 1 H), 2.53 (s, 3 H), 2.34 (s, 3 H}C NMR (100 MHz,
CDCl): 6 158.8, 137.6, 136.5, 136.3, 135.2, 133.7, 132,11, 131.2, 130.6, 129.3,
128.6, 128.1, 127.6, 127.3, 127.1, 126.8, 126.3,7,221.3, 115.8, 115.6, 72.7, 20.7,
20.4; HRMS calcd for &H»,0 386.1671, found 386.1673.

14-(4-M ethoxyphenyl)-9H-benzo[e|phenanthr o[ 1,10-bc] oxepine (4c).

Ly
O

Yellow solid; m.p. 268-276C; *H NMR (500 MHz, CDCJ): 3 8.66 (d,J = 8.0 Hz 1
H), 8.35 (d,J=8.0 Hz 1 H), 7.71 (dJ= 8.5 Hz 1 H), 7.61 (tJ = 7.5 Hz 1 H),
7.49-7.44 (m, 3 H), 7.27 (d,= 8.0 Hz 1 H), 7.10 (tJ = 8.0 Hz 1 H), 6.97 (dJ =
8.0 Hz 1 H), 6.86 (tJ=8.0 Hz 1 H), 6.79 (dJ= 8.0 Hz 2 H), 6.62 (dJ = 8.5 Hz

1 H), 5.60 (dJ = 11.5 Hz 1 H), 4.96 (dJ = 12.0 Hz 1 H), 3.79 (s, 3 H)**C NMR
(125 MHz, CDC}): 6 158.5, 158.3, 140.2, 137.3, 137.2, 134.9, 13433, 132.5,
132.2, 132.1, 131.8, 130.7, 127.8, 127.6, 127.6,8,2123.1, 121.2, 116.1, 115.5,
113.6, 113.0, 72.4, 55.2; HRMS calcd fold,:0, 388.1463, found 388.1464.

4-(4-M ethoxyphenyl)-2,3-dimethyl-9H-benzo[e] phenanthr o[ 1,10-bc]oxepine (4d).

CL iy
)

Pale yellow solid; m.p. 168-1AC; 'H NMR (500 MHz, CDCJ): 5 8.41 (d,J = 8.0

Hz, 1 H), 8.31 (dJ = 85 Hz 1 H), 7.45-7.41 (s, 1 H, m, 1 H merged with same
value), 7.05 (dJ = 7.0 Hz 2 H), 6.96 (tJ = 8.0 Hz 1 H), 6.85 (tJ = 7.5 Hz 1 H),
6.76 (d,J=8.5Hz 2 H), 6.61 (dJ=8.5Hz 1 H), 5,59 (dJ=11.5 Hz 1 H), 4.93
(d,J=12.0 Hz 1 H), 3.78 (s, 3 H), 2.51 (s, 3 H), 2.32 (s, 3 H NMR (125 MHz,
CDCl): 6 158.5, 158.3, 140.5, 137.4, 136.9, 134.9, 1343Q,7, 131.9, 130.8, 130.6,
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129.0, 127.8, 127.5, 126.5, 126.1, 123.5, 121.%,31113.4, 113.1, 72.4, 55.2, 20.4,
20.1; HRMS calcd for ¢H»40, 416.1776, found 416.1779.

2,3,9-Trimethyl-14-phenyl-9H-benzo[e|phenanthr o[ 1,10-bc] oxepine (4e).

Ch
oY

—————————

Brown solid; m.p. 165-167C; 'H NMR (400 MHz, CDC}): & 8.42 (s, 1 H), 8.29 (d,
J=80Hz1H),755(dJ=7.6Hz1H), 7.46-7.38 (s, 1 H, m, 2 H merged with
same value), 7.34 (d,= 7.6 Hz 2 H), 7.23 (tJ = 7.6 Hz 1 H), 7.09-7.03 (m, 3 H),
6.84 (d,J= 7.6 Hz 1 H), 6.81-6.74 (m, 2 H), 6.76 (d= 8 .5 Hz 2 H), 5.84 (qJ =
6.4 Hz 1 H), 2.15 (s, 3 H), 2.31 (s, 3 H), 1.82 (d= 6.8 Hz 3 H); **C NMR (100
MHz, CDCk): 6 158.5, 140.6, 140.4, 136.0, 135.9, 134.9, 12&3,8, 127.1, 127.0,
126.7, 126.6, 126.5, 123.5, 121.0, 115.4, 115.(®,73.4, 20.0, 17.5; HRMS calcd
for CgoH240 400.1827, found 400.1828.

2,3,5-Trimethyl-14-phenyl-9H-benzo[e|phenanthr o[ 1,10-bc] oxepine (4f).

OQ
o

Yellow solid; m.p. 173-178C; *H NMR (400 MHz, CDGJ): 5 8.40 (s, 1 H), 7.53 (d,
J=76Hz 1H), 744 (t,J = 7.2 Hz 1 H), 7.37 (s1 H), 7.31-7.22 (m, 2 H),
7.11-7.06 (m, 2 H), 6.94 (d,= 8.0 Hz 1 H), 6.86-6.80 (m, 2 H), 6.74 (d= 7.6 Hz

1 H), 5.57 (dJ = 11.6 Hz 1 H), 4.92 (dJ = 12.0 Hz 1 H), 3.02 (s, 3 H), 2.48 (s, 3
H), 2.30 (3 H); *C NMR (100 MHz, CDGJ): 5 156.1, 140.6, 137.4, 135.2, 134.5,
134.3, 132.9, 131.9, 131.0, 130.8, 130.1, 128.7,92127.4, 127.3, 127.2, 126.8,
126.5, 126.1, 126.0, 114.1, 71.6, 25.5, 20.5, 20RMS calcd for GeH»,0 400.1827,
found 400.1830.

2,3-Dimethyl-15-phenyl-9H-[1,3]dioxol 0[4,5-h]phenanthr o[ 1,10-cd][ 2] benzoxepin

e (49).
<Z O
o
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Yellow solid; m.p. 228-236C; *H NMR (400 MHz, CDGJ): 5 8.40 (s, 1 H), 8.27 (d,
J=80Hz 1H), 751 (dJ=7.6Hz 1H), 7.42 (tJ= 7.6 Hz 1 H), 7.40 (s1 H),
7.37-7.20 (m, 2 H), 7.15 (,= 7.6 Hz 1 H), 7.02 (dJ = 7.6 Hz 1 H), 6.91(dJ =
7.6 Hz 1 H), 6.72 (s1 H), 6.23 (s1 H), 5.72 (dJ = 14.8 Hz 2 H), 5.50 (d,J = 12.0
Hz, 1 H), 4.80 (dJ = 12.0 Hz 1 H), 2.47 (s, 3 H), 2.28 (8 H); *C NMR (100 MHz,
CDCly): 8 158.4, 146.9, 146.1, 140.4, 136.8, 136.0, 1383,2,, 131.2, 131.3, 130.8,
130.3, 128.9, 128.5, 127.7, 127.2, 126.8, 126.8,5,2120.9, 115.5, 115.3, 114.9,
106.8, 100.8, 71.9, 20.4, 20.1; HRMS calcd fesH3,03 430.1569, found 430.1572.

10-Phenyl-5H-[1,3]dioxolo[6,7]phenanthr o[ 1,10-cd][2] benzoxepine (4h).

OQ
o

(o)

O/
Yellow solid; m.p. 203-208C:; *H NMR (400 MHz, CDGJ): 8.13 (d,J= 8.4 Hz 1
H), 8.02 (s, 1 H), 7.55 (d,= 7.6 Hz 1 H), 7.44 (tJ=8.0Hz 2 H), 7.25 - 7.20 (m, 2
H), 7.19 - 7.03 (s, 1 H, m, 3 H merged with samlee)} 6.85 - 6.76 (m, 3 H), 6.05 (d,
J=15.6 Hz 2 H), 5.59 (dJ = 11.6 Hz 1 H), 4.93 (dJ = 12.0 Hz 1 H); *°C NMR
(100 MHz, CDC}): & 158.6, 148.0, 147.5, 140.6, 140.0, 137.4, 13733,9, 133.3,
132.0, 131.9, 131.8, 130.4, 128.5, 127.3, 127.7,112126.8, 126.7, 126.6, 126.1,
120.9, 115.4, 115.0, 101.4, 101.3, 7ZRMS calcd for GgH1505 402.1256, found
402.1259.

5-Chloro-2,3-dimethyl-14-phenyl-9H-benzo[e] phenanthr o[ 1,10-bc] oxepine (4i).

g

Yellow solid; m.p. 212-21£C; 'H NMR (400 MHz, CDC)): & 9.30 (s, 1 H),
7.55-7.43 (m3 H), 7.41 (s1 H), 7.39-7.25 (M3 H), 7.22-7.04 (m, 2 H), 6.93 (d=
8.0 Hz 1 H), 6.84-6.79 (m, 2 H), 6.71 (d= 7.6 Hz 1 H), 5.52 (dJ = 11.6 Hz 1 H),
4.91 (d,J = 11.6 Hz 1 H), 2.47 (s, 3 H), 2.28 (8 H); **C NMR (100 MHz, CDG)):

5 156.7, 136.9, 136.5, 134.8, 134.4 (2CH), 132.4,2,3131.3, 130.2, 129.9, 129.6,
128.2, 128.1(2CH), 127.5, 127.4 (2CH), 127.3, 12196.7, 126.0, 122.5, 121.7,
114.9, 71.7, 20.4, 20.0; HRMS calcd fo18,:ClO 420.1281, found 420.1279.

6-Chloro-2,3,4-tetrahydro-14-phenyl-9H-indeno[e|phenanthr o[ 1,10-bc] oxepine

(4)).

S8



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

pe
c.
Ph Q

Yellow solid; m.p. 233-235°C; 'H NMR (400 MHz, CDC)): & 9.34 (s, 1 H),
7.56-7.42 (m3 H), 7.41 (s1 H), 7.39-7.24 (m3 H), 7.22-7.06 (m, 2 H), 6.90 (A=
8.4 Hz 1 H), 6.84-6.81 (m, 2 H), 6.73 (d= 7.6 Hz 1 H), 5.53 (dJ= 11.6 Hz 1 H),
491 (d,J=11.6 Hz 1 H), 3.27-3.21 (m, 1 H), 3.19-2.97 (m, 2 H), 2881 (m, 1
H), 2.21-2.04 (m, 2 H)**C NMR (100 MHz, CDGJ): 5 156.6, 144.3, 142.7, 140.4,
139.0, 137.3, 137.0, 134.4, 132.8, 131.9, 131.10,23130.1, 129.8, 128.6, 128.2,
127.5,127.4,127.0, 126.7, 126.0, 122.4, 122.2,112, 114.7, 71.7, 33.1, 32.9, 25.9;
HRMS calcd for GoH»:CIO 432.1281, found 432.1283.

2,3-Dimethyl-14-phenyl-8-tolyl-8,9-dihydr obenzo[e]phenanthr o[ 1,10-bc]azepine
(4k).

L)

Yellow solid; m.p. 173-178C; *H NMR (400 MHz, CDCJ): 5 8.64 (d,J= 8.0 Hz 1
H), 8.44 (s, 1 H), 8.28 (d,= 8.0 Hz 1 H), 7.57 (tJ= 8.0 Hz 1 H), 7.43 (tJ = 8.0
Hz, 1 H), 7.38-7.32 (m3 H), 7.14 (tJ = 7.6 Hz 1 H), 7.01-6.96 (m2 H), 6.63 (d,J

= 8.4 Hz 1 H), 6.58-6.53 (m, 4 H), 6.32 (= 7.6 Hz 1 H), 5.17 (dJ = 14.8 Hz 1
H), 4.95 (d,J = 14.8 Hz 1 H), 2.49 (s, 3 H), 2.28 (8 H), 2.07 (s3 H); °C NMR
(100 MHz, CDC}): & 141.0, 140.1 (2C), 139.5, 139.2, 139.1, 137.8,3,3636.2,
135.9, 133.4, 131.7, 131.5, 131.2, 130.0, 128.8.412128.2, 127.9, 127.3, 126.9,
126.6, 126.3, 126.2(2CH), 125.6, 54.2, 21.1, 2P041; HRMS calcd for §H2dNO,S
539.1919, found 539.1921.

S9



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

References.

1) D. D. Perrin and W. L. F. Armaregim Purification of Laboratory Chemicals, 3rd
ed.; Pergamon Press: New York, 1988.

2) (a) D. Pena, S. Escudero, D. Perez, E. Guitian ardalstedoAngew. Chem. Int.
Ed. 1998,37, 2659;(b) D. Pefa, D. Pérez, E. Guitian and L. Castddém. Chem.
Soc. 1999,121, 5827.

3) H. Yu, R. N. Richey, M. W. Cason and M. J. CaghOrg. Lett. 2006,8, 1685.

S10



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

-
s

at 2.733 daf 20/
np 32768 PROCESSING
sw 5985.2 1b 0.10
b 3400 wtfile
bs 4 groc ft
tpwr 53 fn 65536
4.9

d1 1.000 werr
tof wexp

at 100 wbs wit
t 12 wnt
alock n

gatn

FLAGS

1 n

in n

dp vy

DISPLAY

sp -200.3
wp 4204.6

vs 1

sC
we 250

hzam 16.8:

ts 927.32

rfl 960.9

rfp

th 13

ins 100.000

nm no pl

———— T T T T

3 8 7 6 5 4 1 0 ppm

s [ v o
10.48 20.47 9.49

- PNTNNEENS PO D NOD N wow o
s, - PR e T “en ~
13C OBSERVE e mreassaaspestaninaw n%e <
<l CHNNOIDDDODONN O ONNS L d -
© NI NANNNNNNN NN NS Rhn ®
- PR iR B R R R R R
exp2 stdisc | |\|\U)/)/ U) |
SANPLE DEC. & VT |\
date Mar 18 2010 dfrq 400.446
solvent cbC13  dn H1
e exp dpwr 37
ACQUISITION dof [
sfrq 100.703 dm yyy
tn C13 dmm w
at 0.800 dmf 8800
np 38648 PROCESSING o)
:v 2412:3 Hlf“ 1.00 o
b 0 wt’ e
bs 4 proc ft Ph
tpwr 58 fn 65536
pw 4.3
d1 2.000 werr
tof 1539.2 wexp
nt 2000 wbs
ct 764 wnt
alock n
gain not used
11 n
in n
dp
DISPLAY
sp ~50.8
wp 22655.2
vs 100
$C 0
we 250
hzmm 90.62
is 500.00
rfl 8782.8
rfp 7753.3
th 4
ins 100.000
L] ph

T L B S B L BB A B AL LR LA I LA S AL AL IS A I L L LA B B T

220 200 180 160 140 120 100 80 60 48 20 ppm
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'H and™*C NMR spectra of compourgb.
:

AMeseswsv rNTeemEnee w = o -
13c opsERVE e TS LB ATIISTARISERT H a8 H
MBBNANNANNA NN NN NN, NN w &~ o~ -
. e . T
date Feb § 2010 3
solvent cpC13 dn H1 o
e exp dpwr 30
AcQUISTTION * 7 aof [ o )
sfrq 480.445 om nnn o Ph
tn Hl  dem -
o W,
- P + +F
L e e B e B s s S s s s e B e e L e e s e e
9 8 7 6 5 3 2 1 0 ppm
oy L e e e
a.80 5.197.03 10.58 19.11
a.88 15.4%.66 16.26
5
w
a L8R 2 s
13C OBSERVE = nee @ e
o AR ® ss
2 NN - S
JR— : U U
SAMPLE DEC. & VT
date Feb § 2010 dfrq 400.44s
solvent CDC13 dn H1
file exp dpwr 37 e
ACQUISITION dof ° N
sfrq 100.703 dm vy
tn C13 dem w
at 0.800 cmf 2900 O
np 38548 PROCESSING o Ph
w 24154.6 b 1.08
fb 13408 wtfile
bs roc s
B 4R e als
pw 4.3
dl 2.000 werr
tof 1539.2 wexp
nt 1000
ct 448 wnt
alock n
gain not used
11 n
in n
y
DISPLAY
s -50.8
wp 22655.2
ve 70
sc
we 258
hzam 90.62
1s 00. 00
rfl 782.3
rfp 7753.3
th 3
ins 100.008
=
I
UL IR B B AL B LS LN L B LA B BLLE LIS B N B A N B 0 B B e et i
220 200 180 160 140 120 100 80 60 4p 20 ppm
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'H and™*C NMR spec

NN AN NDNO NI DO D an ©
N T TR PR Q-g-F o Frdran EXY ©
13C OBSERVE e a i e A i a . “
L N N N N N N N N AN ©wn T
expl stdlh \‘\\ \\\Lj// /
SAMPLE DEC.
date Jul 18 2010 dfrq .44
solvent CDC13  dn H.
file exp dpwr 30
ACQUISITION dof 0
sfrq 400.446 dm nnn
tn H1 dma
at 2.7 dmf 200
np 32768 PROCESSING
sw 5995.2 b 0.10
fb 3400 wtfile
bs 4 proc ft
tpwr 53 fn 65536
pw a.
d1 1.000 werr
tof wexp
nt 100 wbs wft
ct 60 wnt
alock n
gain 4
FLAGS
i n
in n
y
DISPLAY
sp -200.3
wp 4204.6
vs 100
sc
we
hzem 16.
is 1750.00
rf1 3867.2
rfp 2899.2
th
ins 100.000
nm  no :

e e — M S : . : s
9 8 7 6 5 4 3 2 1 0 ppm
bt e L bt e
5.41 6.568.39  7.84 12.67
© 5.30  18.382.43 12.41
- BY L oonmadnsan N ao P
=g 4 a g
13C 0BSERVE & S§ 42332338837 3 33 EEP
B 2% SEsmesenens N oo e =
2 28 $3388885833 5 == REe i
© 23 S uggysogSsss 3 53
exp2  stdl3c i 1] | \ku) ) 11 U
SAMPLE DEC. & VT
date Jul 24 2010 dfrq 400.446 .
solvent. cCI3  dn H
exp dpwr 37
ACQUISITION dof ]
sfrg 100.703 dm yvy
tn C13 dom w
at 0.80 dmf 8300
np 33648 PROCESSING
sw 24154.6 16 1.00
I 13400 wtfite
bs 4 proc Tt
tpwr 58 fn 65536
pw 43
di 2.000 werr
tof 1539.2 wexp
nt 10000 wbs
ct 2972 wnt
alock n
gain not used
1 n
in n
orsrLay 7
-50.8
wp 226852
vs 100
sc ]
we 250
hzma 90.62
s 500.00
rf1 8780.1
rfp 7753.3 E
th
ins 100.000
m
I | J
Ty ey T L o i oS
220 200 130 1660 140 120 100 80 60 40 20 ppm
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'H and™*C NMR spectra of compourstl.

Sww ~ - momemaw pores @
. SR 5 RESZRS 2asd3y 2
57 2eR@ 2 e
© oo w Cnocas NNaNS -
exps  stdih \ ]\L [) QJ)) |
SAMPLE
date Jul 16 2 .
solvent [0
file exp
ACQUISITION
sfrg 400.446 dm nnn
tn H1 c
at f 00
np 32768 PROCESSING
sw 5995.2 ° o
fb 3400 wtfile
bs 4 proc ft O Ph
tpwr 53 fn 65536
pw
for oxb )
ot 100 wbs wft
t 8 wnt
alock n
gain
FLAGS
Il n
in n
dp y
DISPLAY
sp -200.2
wp 42046
vs H
sc
we 250
hzmm 16.82
is 641.18
rfl 3867.0
rfp 2899.2
th
ins 100.000
nm  no ph
Jg
T T M e e e A S e e e e S S S — T T ——T T
9 8 7 1] 5 4 3 2 1 0 ppm
iy —_ Laimant e
8.98 16.538.01 8.34 11.58
7.1811.72 8.22 14.44
—~—
) COHmMEENATT RN ND T T D New o sw w
. i hlPB=PTNaTNOnT Lo nE® JS® s2 3
13C OBSERVE h LanantNsseRtuasnnne a%% % he =
a TSN R BORNNGBET AN Khe = - as  w
b4 ST NI NNNNN NN N NN~ KRR o am o«
H PR EER R R i hehs]
exp3 stdi3c l I\K\ KQ\J//,/’V k') I LJ J 3
SAMPLE DEC. & VT \ ///x .
date Jul 17 2010 dfrq 400.446
solvent dn H1
e exp dpwr 37
ACQUISITION lof
sfrg 100.703 dm yyy
tn Ci3  dmm
at 0.800 dmf 8300
np 38648 PROCESSING
sw 24154.5 1 1.00
fb 13400 wifile
bs 4 proc ft
tpwr 58 fn 65536
pw 4.3
d1 2.000 werr
tof 1539.2 wexp
nt 50000 wbs
ct 1112 wnt
alock
gatn not used
GS
i n
in n
dp y
DISPLAY
-50.8
wp 22655.2
vs 100
sc
we 250
hzmea 80.62
s 500.00
rfl 8782.3
rfp 77533
ins 100.000
nm ph !
| | ; )
" i o " o
- — - . N
— B e o L B B B S S e e o e B e
220 200 180 160 148 120 100 80 650 40 20 ppm
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s oo~ onoBaNN~RODBNONOT
SauBE NN wNNORoRRD D
nSuk < aRRRchebnTYYECY
omoo
e
te 10
solvent dn
Te dpwr
ACQUISITION i
sfrq 400.446 am
tn H1  dmm
at 2.73. 'f
np
sw 5995.2
fb 3400 wtfile
bs 4 proc
tpwr 59 fn
pw aq.
(33 1.000 werr
tof 0 wexp
nt 100 wbs
ct 80 wnt
alock n
gain
LAGS
il n
tn n
dp y
DISPLAY
=200.3
wp 4204.6
vs 100
sc 0
we 250
hzma 16.82
is 1125.00
i 3868.3
rfp 2899.2
th
ins 100.000
L)

3 da 2
32768 PROCESSING
0.10

ft
65536

5.812
5.895
5.878
5.862

1.784
1.767
1.554

f

"
I e S ma : : —— — —
9 8 7 6 5 2 1 0 ppm
ket L et —_—
5.54 11.689.57 6.45
5.40 8.0314.64 18.69
® coovoNEmTNNGSmNSNmb®G wowe o
. 2 22333 823ss8seNayonge 23R3 B3
13C OBSERVE ] b A e i e el o ases -
N BondNseenoBooNN S SN o Nree <
£ E£83223333III[nanuNNEs e 3
expl stdi3c i w) KU) i
SAMPLE DEC. & ‘\ K////‘ .
date Mar 12 2010 dfrg 400.446
solvent CBC13 dn .
exp  dpwr 57
ACQUISITION dof 0
sfrq 100.703 dm yvy
tn €13 dmm w
at 0.800 daf 8300
np 38648 PROCESSING ,
sw 24154.6 1b
b 13400 wtfile
bs proc ft
tpwr 58 fn 65536
a.
d 2.000 werr
tof 1538.2 wexp
nt 1000 wbs
ct 340 wnt
alock
gain not used
i "
tn n
¥
DISPLAY
sp -50.8
wp 226552
vs 75
sC
we
hzem 30.62
is 50000
rf1 8784.5
rip 7753.3
th 1
ins 106.000
m  ph
A B A L e e B L B i e oL R AR R
220 200 180 160 140 120 100 80 60 40 20 ppm
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S16

2 o newn
Ea RR3
Y] -
tr Ul
dmf 20
PROCESSING
.2 b 0.10
fb 3400 wtfile
bs proc ft
tour R 65535 o
a1 1.000 werr o Ph
tof wexp
nt 100 wbs wit
ct 4 wnt
alock n
; O
LAGS
11 n
in n
DISPLAY M
-200.3
wp 4204.6
vs 250
sC
we [
hzmm 16.82
is 1000.00
rf) 386
rfp 2899.2
th
ins 100.000
L)
—— — _ . |
i l A [ 1
I W A N NV !
T 4 T T T v — —— T T
—r T T —
9 8
4 6 5 4 3 2 1 0 ppm
v iyl Cn
a.a5 5.545.86 4.50 I_r_‘ts -
a. 14.8%5 .41 13.22 16.42
~ NPOECBDANDNNRNNT O NN OO = Nowo R
< BRARNON NSO NI eT NSNS Sowa PR
13C OBSERVE o foNROnKecaneengusan a%ee s
L BNOCPCNCCHBBDBB BN G N ™= Keow Too
@ TTONNOONNNNGNNN NN NN ~NRRR RN
= B R b L i1
exp4 stdi3c | %J)/ |\J)
SAMPLE
date Mar 13 2010 dfrq 400.446
solvent CBCI3  dn H1
e exp dpwr 37
ACQUISITION dof 0
sfrq 100.703 dm yyy
tn €13 dem W
at 0.800 dmf 8300
np 38648 PROCESSING
sW 24154.6 b .00
fb 13400 wtfile
bs proc ft
tpwr S8 fn 65536
pw 4.3
di 2.000 werr
tof 1539.2 wexp
nt 101 whs
ct s wnt
alock n
gain not used
1 n
in n
dp
DISPLAY
sp =-0.
wp 22151.8
vs 150
sc
we
hzam 88.
is 500.00
rf1 8780.1
rfp 7753.3
th 4
ins 100.000
nm ph
T L L L 0 L L N 0 0 e e e e e S S e e R ]
200 180 160 140 120 100 80 60 40 20 ppm
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-
<
i
-
H c
at 2.733 daf 200
np 32768 PROCESSING
W 5995.2 1b 0.10
fb 3400 wtfile
bs 4 proc ft
tpwr 58 ¥n 65536
(3 4.9
d1 1.000 werr
tof 0 wexp
nt 100 wbs wit
ct 52 wnt
alock n
gain
FLAGS
i1 n
in n
dp y
DISPLAY
sp =200.3
wp 4204.6
vs 1
$C
we 250
hzmm 16.82
is 1750.00
rfl 868 .
rfp 2899.2
th 7
ins 100.000
nm no  ph
zlv\_.._ NJ\L S Wi (WU J S
L S S Sy B S S S S S e e sy e s s B S S
9 8 7 6 5 4 3 2 1 0 ppm
— -
11.09 5.95.06 6.76
5.22.8939.99
B PN OTRCONANASTNNAT (No Do anow
@ NCEE NP ONNBORS ST oD E R NG D -+
13C OBSERVE B AN SafnaRnne1evnoNnn na b
N P ANNA N NN DBBBRBB AN BB T NN D aANN®
B CTNONNNNNNNNNINNT AN NN NN D BrN~
EERRR R R R R R R R R R i)
expl stdi3c | ‘\kl%/ LKU
SAMPLE DEC. & VT \ /
date May 15 2010 dfrq 400.446
solvent €bCI3  dn H1 .
file exp dpwr 37 -
" M}QU!SIY{gz . dof o
rq s dm
tn C13  dmm w!l
at 0.800 dmf 8900
np 38641 PROCESSING o
sw 24154.6 1b 1.00 o Ph
fb 13400 wtfile
bs proc ft Ph
tpur 58 fn 65535 O
d 2.000 werr
tof 1539.2  wexp
nt 1000 s
ct 976 wnt
alock n
gain not used
11 n
in n
dp y
DISPLAY
sp -50.
wp 22655.
vs 7
sc
we 25
hzem 90.6
is 500. 0
rf1 8782
rfp 7753.3
th
ins 100.000
nm ph
t J ol "
T EEE e o L L B B B L U B B e e | B o o e R
220 200 180 160 140 120 100 80 60 40 20 ppm

S17



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

Q

'H and™*C NMR spectr

h MNP VOAVLVTVNTLOONTODHIDSO® 3 © -
R R PR R I S ] e o =
1 Ban Beannis S aenn S ersisns el e =i 9 5
P I e N A N T ~ -
exp2 stdih ) KL[ U)// | |
SANPLE
date May 13 2010 dfrq 46
solvent cbC13 H1
f exp dpwr 30
ACQUISITION dof
sfrq 400.446  dm nnn
tn H1  dem c
at 2.733 it
np 32768 PROCESSING
W 5985.2 1b
b 3400 wtfile
bs proc ft
tpwr 59 fn 65536
pw 4.9
di 1.000 werr
tor 1l P it
ct 16 wnt i
alock n
gain 4
FLAGS
11 n
in n
dp y
DISPLAY
sp -200.3
wp 4204.6
vs 100
sc 0
we 250
hzme 16.82
is 1500.00
rfl 960.9
rfp []
th
ins 100.000
nm no pl
. —
— —_— —_ -
—————terr— T T T T T T — —r—r——T 7
9 8 6 5 1 0 ppm
e
3.45 3.90 35.53 12.77
3.51 12.35 3.43 14.06
— S
~
o R TR T T Ty
© bl =
. z 3822388325888z EEEN sz
exp4  stdisc R LB RBR BN © O oo roes P
date “Hey 14 2010 arrg 4 U0 Q\J/’ LU 99
solvent €DC13  dn s HY U
file exp  dpwr H
e FOQUISITION dof H
e 2 =
at
np
Sw
fb
bs
tpwr
pw
d1
tof
nt
ct
alock
gain
1
" :
P
DISPLAY y
-50.8
wp 22655.2
ve a1
sC 0
we 250
hzaa 90.62
is 500.00
::; 8783.8
o 77533
ins 100.000
ph
220 280 180
160 149 120 100 80 60
40 20 ppm
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'H and™*C NMR spectra of compourt.

ne o= RONTNOOOTHO N N o= - 3
Be Ko RPoardesannona 23 a5 2
e he bt e bt e 8w bt b
2o on ANANANNAANNN OGSO 0 < -
uu [ U/l))///// u u |
PS-1 =
expl s2pul o
SANPLE DEC. & VT
date Dec 10 2007 dfrq 4%9.825
solvent CDC13  dn H1
file sexport/home/~ dpwr 38
opera/vnmrsys/data~ dof 0
1/GANE /gane1210.00~ dm
1H.fid dem 3
ACQUISITION
:iru 49 ‘6'2. 4
n r =
at 2.18: n N\ /
np 3327 N
W 9000
b not use
bs
tpwr S!
pw
di 1.00
tof 80
nt
ct 3
alock v
sain not used
i1 n
in n
dp y
hs nn
DISPLAY
sp -250
wp 5247
vs
sc
we 25
hzmm 3.0:
is 267.1
rfi 4654
rfp 3618.
th
ins 100. 00
ph
f T T I e e e e e ML S i S e s S e S e e s s e R R H T
9 8 7 6 5 3 2 1 0 ppm
] e e B w
7.22 44.89 21.77 7.11
7.11 18.34 21.77 7.16
® PHNEROANSBNENBSNTO BB~ ® oo
§  §EgggEnEEsssassigssss REEE.
® conncnddounnncesendaw NN
exp3  DEPT K PERERMRREER R R R R b U)J
e Q]
date Dec 10 2007
solvent coC13
fi1le sexport/home/~
opera/vnmrsys/data~
1/GANE /gane1210.00~
10.fid o
ACQUISITION
sw 36529.7
at 50
np 7088
bs 16
ss -4
di 1.000
nt 1024
ct 1024
TRANSMITTER
tn Cc13
tof 3769.1
tpwr 55
12.500
DECOUPLER
H1
dof 0
dpwr 38
dm nny -
dmf 11298
ppIvI
PP 14.000
DEP
Jixh 140.0
SPECIAL
temp not used
gain 54
spin not used
PROCESSING
1b 3.00
fn not used
SPECTRUM
wp 27648.9
sp -0.4
rp -343.5
p 138.5
nm  ph
REFERENCE
rfl 11692.4
g
PLOT
we 250
sc
vs 20
hzmm 110.60
th 40
I o o B R o 0 N e e L L DL | i e
200 180 160 140 120 100 80 60 40 20 ppm
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'H and™*C NMR spectra of compountb.

P TN T YT O NP OO OO R IR N RN OND AT = [ n ® @
PR L e I s s A R SS®Bn 22 2
STANDARD 1H DESEREE. T SN S uSaaaaaaannngoeoaos? bcdec o 3] b ]
BEONNNN N NNNAARNNANAANNANAN ©©®® e o o -
|
oxps stan \\ \\KU%// / !
SAMPLE
date Nov 27 2007 dfrg 6
solvent obeiz dn NN =
file exp dpwr ~ 30 = -
ACQUISITION dof 0 To)
sfrq 400.446  dm nnn
tn H1  dmm
at 2.556 dmf 200
np 32768 PROCESSING
sw 6410.3 1b 0.20
b 3600 wifite
bs 4 proc fit
tpwr 52 fn 65536
pw 6.9
a1 1.000 werr
tof 365.9 wexp
nt 32 whs
ct 8 wnt
alock
gain not used
GS
11 n
in n
dp 1%
DISPLAY
sp -200.3
b 4204.5
vs 75
sc 0
c 250
hzmm 16.82
182.78
ril 802.5
rfp
th
ins 100.000
nm  cd

T
2 1 0 ppm

[ [ S B
3.81 3.79 11.15 15.2% 4.58 14.08
3.75 12.28 13.86 4.36 12.36
© CrRETmomMbEdT AR BT BN O N wano we
2 BR23I2RTc88IITheo8RaR SRRS 22
13C OBSERVE = s ek kb vk bl - de e o 5
© BN ONNSS S BON NN B ®oann oo s
2 R R R R SR R RRER S8
s I«««...«ﬂ,.«a,.ﬂ«ﬂ«ﬂﬂ_.—‘«ﬂ U)J U

solven

file exp dpwr 34
ACQUISITION dof 0

sfrg 100702 om vy

W
0 dmf 8900

np 40404 PROCESSING

sw 25252.5 1b 1.00

fb 1400[4] wtfile

e
Coo°

bs proc ft
tpwr 59 fn 65536
v 6.5

d1 2.000 werr

tof wexp

whbs

n

in n

dp y

DISPLAY
-50.7

wp 22655.4

vs 50

sc [

we

hzmm 90.62

is 500.00

rf1 2053.6

rfp

th

ins 100.000

m

m

T I B A B e o I Bt o T e e R e e A i 7
220 200 180 160 140 120 100 80 60 40 20 ppm
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'H and™*C NMR spectra of compourtt.

DN NN BTN TN NN N AR A N O TONO M B NN~ T N NGO @
~ID BT NOS S - oo -4
STANDARD 1H OBSERVE © ",".9‘3%?;;;?:;;;33:°°g;2::::gz:z: ~ 2
DO B NNNNNNA L N T R 1 - K
expd stdih LJ LJ L /// //
AMP) DEC. & VT
date Dec 7 2007 drrq
solvent DC13
e Xp dpwr i
ACQUISITION ~ dof [ 9
sfr 445 dm nnn
tn H1  dmm c
at 2.556 dmf 200
np 32768 PROCESSING
sw 6410.3 1 0.20
fb 3600 wtfile N
bs proc Tt 9
tpwr 52 fn 65536
pw 6.9
d1 1.000 werr
tof 365.9 wexp
nt 100 whs
ct 28 wnt
alock n
gain not used
FLAGS
i1 n
in n
dp y
DISPLAY
sp 200.3
wp 42046
vs 75
sC 0
we 250
hzmm 16.82
is 186.77
£l 3709.3
rfp 2899, z
th
ins 100.005
/ 5
s il r s _
JL A
T T T T T T T T —— i
— T T T T
9
_ 8 7 6 3 2 1 ¢ ppm
._,_, il it L e - e
5.03 43410772 3 660, 325.05 558
a.30 4.88 6.67 4.98.83 a.97 16.20
e EROMBENT~TNEOYTArOENTOn® ~oan ©
LI EE LR R L EEEEEED §2E8 2
®© P T T R e L ] ~NSa '3
exp3 DEPT £ :22222&2222:2&'§ﬁﬁ2ﬁ:§22 "L'D'J’
J kkl)//
date  Dec 10 2007
solvent
fil. /uxnort/hu-/'
opera/vnarsys /data:
1/mns/gunuzxo uu~ 0
Acnursxnnn O
sw 8.7
at
np 37088
bs 16 N
s5 -4 ¢}
d1 1.000
nt 10000
ct 1
TRANSHITTER
tn c13
tof 3768.1
tpwr
e 12.500
DECOUPLER
dn HL
= K]
r
Hpw . - - » N i 4 kit
b - o afnemaopr P ; '
dmf 11288
pRIvV] 5
13 14.000
1x 0
I oeciaL
temp not used
gain 54
spin sed
PRDCESSINB
1
fn not llS.‘d
SPECTRUM
wp 27648.9
sp -0.4
rp 406.6
1 82.0 -
m  ph
REFERENCE
rfl 9524.0 "
T PLOT
we
sc 0
vs 20
hzmm 110.60
th 5
r T T I o o e O R s R B o e e  REmaanaEae
200 180 160 140 120 100 1] 60 40 20 ppm
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'H and™*C NMR spectra of compourdd!.

a8 BN ESISSREYSRSY S3 28 R 5O& 2
wan STIfgeseResnnRe en " i - - -
Tjj hIllllllij“‘“‘u Tj 1] 7 1 ~ -

PS-2 \ ////

expl s2pul #

SAMPLE DEC. & VT

date Dec 10 2007 dfrq 499.825 lo}

solvent CDC13 dn HL

file /export/home/~ dpwr 38

opera/vnmrsys/data~ dof 0

1/GANE/gane1210.00~ dm nnn

-fid dem c
ACQUISITION dmf 11289 N

sfrg 499.826 dseq o}

tn H1 dres 1.0

at 2.182

np 39276 PROCESSING

sw 9000.3 wifile

b not used proc ft

bs 4 fn 32768

tpwr 55 math f

9 5.5

d1 1.000 werr

tof 980.4 wexp

nt 32 wbs wit

ct 32 wnt wft

alock

gain not used

11 n

;n n

)

hs 4

DISPLAY

sp =250.2

wp 5247.8

vs 123

sc

we 250

hzam 6.56

is 267.18

rf1 4654.6

rfp 3618.7

th

ins 100.000

-

©
-]
~
o
(]
w
N
-

0 ppm
e Lk by o i w Ayt
2.25 7.00 5.28.12.62 7.74 8.71
2.30 2.842.66.19 2.24 2.81 8.41
@ cnomaANdNnEmomY~oRD OB epos ° 2o
PS-2 B3] 25S0SE8NREE88ARS2REGES IBRG S es
- AT L ke il 4 oRasIanIne saso R e ] el
oxp3  DEPT 4 SOBERRRSRRRINLENRIRAAR U35 2 23
sz U W
date Dec 10 2007
solvent ©DC13
file /export/home/~ )
opera/vnmrsys/data~
1/GANE /gane1210. 00~ O
ACQUISITION
w 36529.7
at s \
np 37088 [0}
bs 16
§5 -4
d1 1.000
nt 4038
ct 409
TRANSHITTER
n
tof 3769.1
tpwr 55
o 12.500
DECOUPLER
dn H1
dof 0 2
dpwr 38
dm nny " \J
daf 112;;
w1
1 14.000
Jixh 40.0
SPECIAL
temp not used
gaf 54
spin not_used
PROCESSING
1 3.00
fn not used
SPECYR‘ZJ:EAB 9
] -0.5
rp 327.38
1 238.8
sh o
REFERENCE
rf §521.8 " "
PLOT
we 250 .
sC 0
vs 20
hzem 110.60
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'H and™*C NMR spectra of compountk.
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'H and**C NMR spectra of compourd.

P NP ENNT A NTOENNT TN DT DD O PY w & ®
S SSaolNSEsessalndcsineznnaen 25 55 8 2 3
STMOARD 14 SRSERVE XN R samgRaa eSSt annNe ny == < % 2
© NN NANNNNNRNRNANNN NN AN~ G5 ® oo we ST « P
1 stdih ‘ ‘\Q\ 2y ) to
exp /
SAMPLE / g
date Jan 16 2008
solvent €DCA3 -
e exp
ACQUISITION dof 0 o
sfrg 400.445 dm nnn
tn dmm c
at 2.556  dmf 200
np 32768 PROCESSING
sw 6410.3 1b 0.20
fb 3600 wtfile
bs 4 proc ft
tpwr 52 fn 65536
pw 6.9
d1 1.000 werr
tof 365.9 wexp
nt 32 wbs
ct 8 wnt
alock
gain not used
it n
in n
dp y
DISPLAY
p -200.3
wp 4204.6
vs 100
sc 0
we
hzmm 16.82
is 855.01
Ff1 3709.1
rfp 28992
th '
ins 100.000
om cdc ph
/
Ml |l /
1
— T T T r——— 7 T ——
s 8 7 5 4 3 2 1 0 ppm
— Pl o it L e e e
3.38 4.02.98 3.68.70 a.05 13.72
3.38.858.028.13 3.81 12.09 15.07
"
r PosoHon~mNMCdmoOOLODN Samo n oo
5 RSPRRS2NshoNINaSanRD 2523 832
13C OBSERVE bt B e B e e e e e e e b bk o i
© ENPTTNNOSmENNANGG G New o w oo
P SN nsNmoeaNNNNNNN SN ~RER 8 Q3
G 2833333233883y sn
exp2 stdi3c | [ [

&ii:
X

SAMPLE DEC
date Jan 16 2008 dfrg (o]
solvent cDC13  dn
file exp dpwr 34
ACQUISITION dof o
sfrq 100.702 dm yyy
tn C13  dmm W
at 0.800 dmf 8300
np 40404 PROCESSING
sw 25252.5 b 1.00
fb 14000 wtfile
bs 4 proc ft
tpwr 53 fn 65536
pw 6.5
a1 2.000 werr
tof 1035.7 wexp
nt 1024 wbs “
mex.y (e "
Y y
gain not used
FLAGS
11 n
in n
dp y
DISPLAY
1 175 §
wp 22655.4
vs 25
sc 0
we
hzmm 90.62
s 500,00
rf1 9837.3
rfp 7753.3
th
ins 100.000
nm
W
ey Y Y h "
T e e I o e e e R e LA R o o B M
220 200 180 160 140 120 100 80 60 40 20 ppm

S24



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

©ww P A NNYDONR A NMYLmoNRYNOD
dioxy =88  B2YI3553358392I838%%=52 g8 33 3
0 Qo NAERNNAANRNNNNANNN S ®G®© W0 00 . .
expl stdih 17 %\ U)) M-u-.jjm _Lj “ .\l, S
SAMPLE DEC. & VIS /// //
date Oct 22 2008 dfrg 400445
solvent €DC13  dn HL =
Tile exp dpwr 30
ACQUISITION dof 0
sfrq 400.446 dm nnn
tn Hi  dem c O Q
at 2.502 dmf 200
np 30016 PROCESSING 4
sw 5998.8 1.00 o)
b 3400 wtfile
bs 4 proc 1t
tpwr 52 fn 65536 O
pw 7.8
d1 1.000 werr
tof 0 wexp
nt a0 wbs wit
ct 12 wnt
alock n
gain 4
FLAGS
1 n
in n
dp v
DISPLAY
sp -221.2 .
wp 4204.5
vs 100
sc
we 2!
hzmm 16.82
is 1026.32
rf1 3882.7
rfp 2889.2
th 7
ins 100.000
nm no ph
s —ll i s -
T
i T — — - — . ; ‘ — B
9 8 7 T T
Hﬁ 6 5 4 3 2 1 0 ppm
bttt L [ [ -
sz 4.996.75.09 4.45 8.41 a0 B
12.405.17%5.15 3.52 4.31 1528
HMINNDRONONNMONOCONO RO NN WO NS Ty =2
- SOoIONSRESRERA3ERISITZING3E 5388 33
“ e B e R e R B Eed ey
PR R R R R R R R ~RRER S8
exp2 stdi3c i e i e i i Qe B R R R R R D e e e e i\U‘ U
SAMPLE DEC. & VT ‘ \\ \\KQ\J)// J )
date Oct 22 2008 dfrq 400.445
solvent cocis dn HL
e pwr
ACQUISITION dof 0 o) (o]
rq 100.703 dm yyy <
tn Ci3 dmm
at 0.800 daf 8300 [o}
np 38648 PROCESSING
sw 24154.6 1b 1.00
b 13400 wtfile
bs 4 proc ft
tpwr 53 fn 65536
pw 6.5 .
d1 2.000 werr
tof 1539.2  wexp )
nt 2000 wbs
ct 592 wnt
alock n
gain not used J Il l
J1 L H - ﬂ
e " i oo iy T y .
dp y -
DISPLAY -
sp ~50.8
wp 22655.2
vs 30
sC o
we 250
hzmm 90.62
1is 500.00
rf1 8780.8
rfp 7753.3
th
ins 100.000
nm no
J JMJ Ll "
y " Laa
~
|
—— SR
y " L " " e o 3 y ¥ y
e S Bama T T B e e o o N B ML Lo o R B A A A R
220 200 180 160 140 120 100 80 60 40 20 ppm

S25



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

'H and™*C NMR spectra of compounth.
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ORTEP diagram of compourai.
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Table 1. Crystal data and structure refinemen8for

Identification code 111103It

Empirical formula C25 H20 O2

Formula weight 352.41

Temperature 100(2) K

Wavelength 0.71073 A

Crystal system Orthorhombic

Space group Pna?2l

Unit cell dimensions a=18.289(4) A a=90°.
b=17.374(4) A B=90°.
c =5.6562(12) A y=90°.

\olume 1797.3(7) R

Z 4

Density (calculated) 1.302 Mg#fn

Absorption coefficient 0.081 mmh

F(000) 744

Crystal size 0.25 x 0.07 x 0.06 Mm

Theta range for data collection 1.62 to 26.54°.

Index ranges -22<=h<=22, -21<=k<=21, -6<=I<=7

Reflections collected 14636

Independent reflections 3186 [R(int) = 0.0308]

Completeness to theta = 26.54° 99.4 %

Absorption correction Semi-empirical from equivdken

Max. and min. transmission 0.9486 and 0.8891

Refinement method Full-matrix least-squares én F

Data / restraints / parameters 3186 /1 /247

Goodness-of-fit on 1.041

Final R indices [I>2sigma(l)] R1 = 0.0319, wR2 9155

R indices (all data) R1 =0.0366, wR2 = 0.0781

Absolute structure parameter 2.0(12)

Largest diff. peak and hole 0.229 and -0.1673.A
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Table 2. Atomic coordinates ( x‘i)(hnd equivalent isotropic displacement parameters
(Azx 103) for 111103LT. U(eq) is defined as one third @ghe trace of the orthogonalized

Uil tensor.
X y z U(eq)

o(1) 2206(1) 6898(1) 12855(2) 27(1)
0(2) 2960(1) 6279(1) 10538(2) 31(1)
c(L) 5035(1) 5849(1) 7228(4) 36(1)
c() 4500(1) 6033(1) 5597(4) 34(1)
c@) 4015(1) 6627(1) 6056(3) 28(1)
C(4) 4055(1) 7040(1) 8151(3) 20(1)
c(5) 3546(1) 7700(1) 8630(3) 19(1)
c(6) 2985(1) 7652(1) 10248(3) 19(1)
c(7) 2557(1) 8326(1) 10835(3) 19(1)
c(8) 2644(1) 9018(1) 9552(3) 20(1)
C(9) 2233(1) 9668(1) 10236(3) 24(1)
C(10) 1777(1) 9639(1) 12165(3) 26(1)
c(y) 1310(1) 7426(1) 15380(5) 49(1)
c(12) 2036(1) 7579(1) 14235(3) 28(1)
c(13) 2071(1) 8302(1) 12780(3) 22(1)
C(14) 1696(1) 8953(1) 13438(3) 25(1)
C(15) 3179(1) 9041(1) 7650(3) 20(1)
C(16) 3652(1) 8403(1) 7299(3) 20(1)
c(17) 4202(1) 8465(1) 5552(3) 22(1)
c(18) 4269(1) 9098(1) 4113(3) 23(1)
C(19) 4851(1) 9133(1) 2236(3) 30(1)
C(20) 3771(2) 9720(1) 4396(3) 23(1)
cel) 3250(1) 9683(1) 6160(3) 23(1)
c(22) 3808(1) 10415(1) 2812(4) 30(1)
C(23) 5086(1) 6260(1) 9311(4) 35(1)
C(24) 4600(1) 6859(1) 9773(3) 27(1)
C(25) 2748(1) 6896(1) 11216(3) 21(1)
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Table 3. Bond lengths [A] and angles [°] for 1030T.

O(1)-C(25) 1.3561(19)
0(1)-C(12) 1.451(2)
0(2)-C(25) 1.2027(19)
C(1)-C(23) 1.382(3)
C(1)-C(2) 1.383(3)
C(1)-H(1) 0.9500
C(2)-C(3) 1.385(2)
C(2)-H(2) 0.9500
C(3)-C(4) 1.387(2)
C(3)-H(3) 0.9500
C(4)-C(24) 1.390(2)
C(4)-C(5) 1.502(2)
C(5)-C(6) 1.377(2)
C(5)-C(16) 1.448(2)
C(6)-C(7) 1.447(2)
C(6)-C(25) 1.489(2)
C(7)-C(8) 1.413(2)
C(7)-C(13) 1.415(2)
C(8)-C(9) 1.412(2)
C(8)-C(15) 1.455(2)
C(9)-C(10) 1.375(2)
C(9)-H(9) 0.9500
C(10)-C(14) 1.400(2)
C(10)-H(10) 0.9500
C(11)-C(12) 1.499(2)
C(11)-H(11A) 0.9800
C(11)-H(11B) 0.9800
C(11)-H(11C) 0.9800
C(12)-C(13) 1.504(2)
C(12)-H(12) 1.0000
C(13)-C(14) 1.374(2)
C(14)-H(14) 0.9500
C(15)-C(21) 1.404(2)
C(15)-C(16) 1.419(2)
C(16)-C(17) 1.415(2)
C(17)-C(18) 1.374(2)
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C(17)-H(17)
C(18)-C(20)
C(18)-C(19)
C(19)-H(19A)
C(19)-H(19B)
C(19)-H(19C)
C(20)-C(21)
C(20)-C(22)
C(21)-H(21)
C(22)-H(22A)
C(22)-H(22B)
C(22)-H(22C)
C(23)-C(24)
C(23)-H(23)
C(24)-H(24)

C(25)-0(1)-C(12)

C(23)-C(1)-C(2)
C(23)-C(1)-H(1)
C(2)-C(1)-H(1)
C(1)-C(2)-C(3)
C(1)-C(2)-H(2)
C(3)-C(2)-H(2)
C(2)-C(3)-C(4)
C(2)-C(3)-H(3)
C(4)-C(3)-H(3)
C(3)-C(4)-C(24)
C(3)-C(4)-C(5)
C(24)-C(4)-C(5)
C(6)-C(5)-C(16)
C(6)-C(5)-C(4)
C(16)-C(5)-C(4)
C(5)-C(6)-C(7)
C(5)-C(6)-C(25)
C(7)-C(6)-C(25)
C(8)-C(7)-C(13)
C(8)-C(7)-C(6)
C(13)-C(7)-C(6)
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0.9500
1.421(2)
1.504(2)
0.9800
0.9800
0.9800
1.381(2)
1.505(2)
0.9500
0.9800
0.9800
0.9800
1.393(2)
0.9500
0.9500

121.88(12)
119.84(16)
120.1
120.1
120.0(2)
120.0
120.0
120.76(17)
119.6
119.6
119.00(15)
121.06(14)
119.88(15)
119.71(13)
122.44(13)
117.85(13)
120.47(14)
120.98(13)
118.15(13)
119.66(14)
120.59(14)
119.68(14)
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C(9)-C(8)-C(7) 118.71(14)
C(9)-C(8)-C(15) 122.54(14)
C(7)-C(8)-C(15) 118.69(13)
C(10)-C(9)-C(8) 120.75(15)
C(10)-C(9)-H(9) 119.6
C(8)-C(9)-H(9) 119.6
C(9)-C(10)-C(14) 120.24(15)
C(9)-C(10)-H(10) 119.9
C(14)-C(10)-H(10) 119.9
C(12)-C(11)-H(11A) 109.5
C(12)-C(11)-H(11B) 109.5
H(11A)-C(11)-H(11B) 109.5
C(12)-C(11)-H(11C) 109.5
H(11A)-C(11)-H(11C) 109.5
H(11B)-C(11)-H(11C) 109.5
O(1)-C(12)-C(11) 106.19(14)
O(1)-C(12)-C(13) 112.19(14)
C(11)-C(12)-C(13) 114.95(14)
O(1)-C(12)-H(12) 107.7
C(11)-C(12)-H(12) 107.7
C(13)-C(12)-H(12) 107.7
C(14)-C(13)-C(7) 120.03(15)
C(14)-C(13)-C(12) 121.23(15)
C(7)-C(13)-C(12) 118.45(13)
C(13)-C(14)-C(10) 120.57(16)
C(13)-C(14)-H(14) 119.7
C(10)-C(14)-H(14) 119.7
C(21)-C(15)-C(16) 118.67(14)
C(21)-C(15)-C(8) 121.94(14)
C(16)-C(15)-C(8) 119.39(14)
C(17)-C(16)-C(15) 118.14(14)
C(17)-C(16)-C(5) 121.48(14)
C(15)-C(16)-C(5) 120.32(14)
C(18)-C(17)-C(16) 122.54(14)
C(18)-C(17)-H(17) 118.7
C(16)-C(17)-H(17) 118.7
C(17)-C(18)-C(20) 119.01(15)
C(17)-C(18)-C(19) 120.87(15)
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C(20)-C(18)-C(19)
C(18)-C(19)-H(19A)
C(18)-C(19)-H(19B)
H(19A)-C(19)-H(19B)
C(18)-C(19)-H(19C)
H(19A)-C(19)-H(19C)
H(19B)-C(19)-H(19C)
C(21)-C(20)-C(18)
C(21)-C(20)-C(22)
C(18)-C(20)-C(22)
C(20)-C(21)-C(15)
C(20)-C(21)-H(21)
C(15)-C(21)-H(21)
C(20)-C(22)-H(22A)
C(20)-C(22)-H(22B)
H(22A)-C(22)-H(22B)
C(20)-C(22)-H(22C)
H(22A)-C(22)-H(22C)
H(22B)-C(22)-H(22C)
C(1)-C(23)-C(24)
C(1)-C(23)-H(23)
C(24)-C(23)-H(23)
C(4)-C(24)-C(23)
C(4)-C(24)-H(24)
C(23)-C(24)-H(24)
0(2)-C(25)-0(1)
0(2)-C(25)-C(6)
O(1)-C(25)-C(6)
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120.12(15)
109.5
109.5
109.5
109.5
109.5
109.5
119.20(15)
119.83(14)
120.96(15)
122.31(14)
118.8
118.8
109.5
109.5
109.5
109.5
109.5
109.5
120.20(18)
119.9
119.9
120.16(18)
119.9
119.9
117.20(14)
125.11(15)
117.47(13)

Symmetry transformations used to generate equivatems:
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Table 4. Anisotropic displacement parameters 2x(ﬁ(ﬁ) for 111103LT. The anisotropic
displacement factor exponent takes the form: 2f28 a*2U11+ .. + 2 hk a* b* U2]

yll u22 u33 u23 ul3 ul2
0o(1) 31(1) 19(2) 30(1) 3(1) 6(1) -3(1)
0(2) 40(1) 18(1) 36(1) 1(2) 9(1) -1(2)
C(1) 36(1) 22(1) 50(1) 12(1) 21(2) 9(1)
C(2) 49(1) 20(1) 33(1) 3(1) 15(2) 1(2)
C(3) 36(1) 24(1) 24(1) 2(2) 0(1) 1(1)
C4) 22(1) 18(1) 22(1) 4(1) 2(2) -1(1)
C(5) 20(1) 17(1) 18(1) 0(1) -5(1) -1(1)
C(6) 21(1) 17(1) 20(2) 1(1) -5(1) 0(2)
C(7) 18(1) 19(1) 21(2) 0(1) -6(1) -1(1)
C(8) 19(1) 19(1) 23(1) 1(1) -6(1) -2(1)
C(9) 23(1) 17(2) 30(1) 2(1) -4(1) 0(1)
C(10) 23(1) 21(1) 35(1) -2(1) -3(1) 4(1)
C(11) 53(1) 28(1) 65(2) 13(2) 31(1) 5(1)
C(12) 31(2) 26(1) 27(1) 2(2) 3(2) 4(1)
C(13) 20(1) 22(1) 24(1) 2(1) -4(1) -2(1)
C(14) 20(2) 29(1) 25(1) -1(1) 0(2) 0(1)
C(15) 20(1) 18(2) 22(1) 1(2) -6(1) -3(1)
C(16) 21(1) 19(2) 18(2) 1(2) -6(1) -3(1)
c@an 23(1) 20(1) 24(1) 0(1) -3(1) 0(1)
C(18) 24(1) 24(1) 21(1) 1(2) -4(1) -7(1)
C(19) 32(1) 29(1) 28(1) 4(1) 2(1) -5(1)
C(20) 25(2) 21(1) 22(1) 3(2) -7(1) -7(1)
C(21) 23(1) 18(2) 27(1) 1(2) -7(1) -2(1)
C(22) 32(2) 24(1) 32(1) 9(2) -4(1) -6(1)
C(23) 27(1) 35(1) 44(1) 14(2) 2(2) 8(1)
C(24) 27(2) 29(1) 25(1) 4(1) -2(1) 2(2)
C(25) 21(2) 21(1) 22(1) 2(2) -2(1) -2(1)
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Table 5. Hydrogen coordinates ( x‘*,l@md isotropic  displacement parameter%x(ilo 3)

for 111103LT.
X y z U(eq)

H(1) 5366 5440 6917 43
H(2) 4465 5752 4160 40
H(3) 3650 6753 4924 34
H(9) 2273 10132 9353 28
H(10) 1515 10086 12636 31
H(11A) 925 7439 14177 73
H(11B) 1214 7822 16574 73
H(11C) 1319 6919 16135 73
H(12) 2409 7622 15519 33
H(14) 1379 8938 14767 30
H(17) 4538 8053 5366 26
H(19A) 5143 8661 2284 44
H(19B) 5167 9578 2522 44
H(19C) 4620 9182 679 44
H(21) 2929 10107 6372 27
H(22A) 3420 10777 3250 44
H(22B) 3742 10255 1165 44
H(22C) 4285 10665 2991 44
H(23) 5454 6135 10432 42
H(24) 4641 7145 11199 32
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Table 1. Crystal data and structure refinemen#or

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

77.710(2)°.

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 28.31°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

07dc31m
C28 H20 02
388.44
295(2) K
0.71073 A
Triclinic
P-1
a=9.8053(15) A
b =10.1884(16) A
c=11.1732(17) A 0=

990.3(3) &
2
1.303 Mg#n
0.081 mmh
408
0.25 x 0.20 x 0.20 Mm
2.01 to 28.31°.
-1Zh=13, -133k =13, -149 =14
11736
4907 [R(int) = 0.0605]
99.6 %
Empirical
0.95104 and 0.76198
Full-matrix least-squares én F
4907/ 0/ 272
0.909
R1 = 0.0437, wR2 4073
R1 = 0.0675, wR2 = 0.1180
0.199 and -0.1872.A
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Table 2. Atomic coordinates ( xéipand equivalent isotropic displacement parameélie?x
103) for 07dc31m. U(eq) is defined as one third eftitace of the orthogonalizede

tensor.

_ X y z U(eq)
C(1) 2474(1) 464(1) 4854(1) 43(1)
C(2) 2801(1) 154(1) 3524(1) 46(1)
C(3) 3371(2) -1170(1) 3092(1) 59(1)
C(4) 3626(2) -1461(2) 1846(1) 69(1)
C(5) 3314(2) -450(2) 992(1) 70(1)
C(6) 2792(2) 848(2) 1368(1) 64(1)
C(7) 2543(1) 1194(1) 2632(1) 49(1)
C(8) 2152(1) 2590(1) 2992(1) 49(1)
C(9) 1838(2) 3654(2) 2150(1) 62(1)
C(10) 1597(2) 4967(2) 2453(2) 69(1)
C(11) 1784(2) 5262(2) 3537(1) 66(1)
C(12) 2109(2) 4243(1) 4374(1) 55(1)
C(13) 3259(2) 3739(1) 5954(1) 61(1)
C(14) 2203(2) 2946(1) 7004(1) 52(1)
C(15) 1725(2) 3159(2) 8335(1) 62(1)
C(16) 621(2) 2510(2) 9276(1) 65(1)
C(17) -41(2) 1664(1) 8903(1) 58(1)
C(18) 426(1) 1444(1) 7585(1) 50(1)
C(19) 1578(1) 2065(1) 6619(1) 47(1)
C(20) 2121(1) 1776(1) 5197(1) 44(1)
C(21) 2143(1) 2880(1) 4210(1) 47(1)
C(22) 2592(1) -675(1) 5822(1) 43(1)
C(23) 3583(1) -749(1) 6435(1) 45(1)
C(24) 3744(1) -1805(1) 7317(1) 47(1)
C(25) 2896(1) -2817(1) 7598(1) 47(1)
C(26) 1883(1) -2754(1) 7011(1) 51(1)
C(27) 1738(1) -1704(1) 6140(1) 49(1)
C(28) 4071(2) -4093(2) 8983(2) 76(1)
0(1) 2420(1) 4686(1) 5328(1) 72(1)
o(2) 2976(1) -3924(1) 8435(1) 64(1)
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Table 3.  Bond lengths [A] and angles [°] for 0Z .

C(1)-C(20) 1.3735(17)
C(1)-C(2) 1.4495(15)
C(1)-C(22) 1.4946(16)
C(2)-C(7) 1.4088(17)
C(2)-C(3) 1.4138(18)
C(3)-C(4) 1.3711(18)
C(3)-H(3) 0.9300
C(4)-C(5) 1.380(2)
C(4)-H(4) 0.9300
C(5)-C(6) 1.368(2)
C(5)-H(5) 0.9300
C(6)-C(7) 1.4111(17)
C(6)-H(6) 0.9300
C(7)-C(8) 1.4588(19)
C(8)-C(9) 1.4057(17)
C(8)-C(21) 1.4274(17)
C(9)-C(10) 1.371(2)
C(9)-H(9) 0.9300
C(10)-C(11) 1.378(2)
C(10)-H(10) 0.9300
C(11)-C(12) 1.3770(18)
C(11)-H(11) 0.9300
C(12)-0(1) 1.3753(16)
C(12)-C(21) 1.4177(18)
C(13)-0(1) 1.4336(17)
C(13)-C(14) 1.4784(18)
C(13)-H(13A) 0.9700
C(13)-H(13B) 0.9700
C(14)-C(19) 1.3880(18)
C(14)-C(15) 1.3943(18)
C(15)-C(16) 1.371(2)
C(15)-H(15) 0.9300
C(16)-C(17) 1.378(2)
C(16)-H(16) 0.9300
C(17)-C(18) 1.3835(17)
C(17)-H(17) 0.9300
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C(18)-C(19) 1.3944(16)
C(18)-H(18) 0.9300
C(19)-C(20) 1.5004(16)
C(20)-C(21) 1.4604(16)
C(22)-C(23) 1.3869(16)
C(22)-C(27) 1.3973(17)
C(23)-C(24) 1.3861(16)
C(23)-H(23) 0.9300
C(24)-C(25) 1.3828(17)
C(24)-H(24) 0.9300
C(25)-0(2) 1.3735(13)
C(25)-C(26) 1.3877(17)
C(26)-C(27) 1.3702(16)
C(26)-H(26) 0.9300
C(27)-H(27) 0.9300
C(28)-0(2) 1.4135(17)
C(28)-H(28A) 0.9600
C(28)-H(28B) 0.9600
C(28)-H(28C) 0.9600
C(20)-C(1)-C(2) 120.54(10)
C(20)-C(1)-C(22) 121.02(10)
C(2)-C(1)-C(22) 118.40(10)
C(7)-C(2)-C(3) 118.76(11)
C(7)-C(2)-C(1) 119.51(11)
C(3)-C(2)-C(1) 121.73(11)
C(4)-C(3)-C(2) 121.28(13)
C(4)-C(3)-H(3) 119.4
C(2)-C(3)-H(3) 119.4
C(3)-C(4)-C(5) 119.83(14)
C(3)-C(4)-H(4) 120.1
C(5)-C(4)-H(4) 120.1
C(6)-C(5)-C(4) 120.40(13)
C(6)-C(5)-H(5) 119.8
C(4)-C(5)-H(5) 119.8
C(5)-C(6)-C(7) 121.54(13)
C(5)-C(6)-H(6) 119.2
C(7)-C(6)-H(6) 119.2
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C(2)-C(7)-C(6)
C(2)-C(7)-C(8)
C(6)-C(7)-C(8)
C(9)-C(8)-C(21)
C(9)-C(8)-C(7)
C(21)-C(8)-C(7)
C(10)-C(9)-C(8)
C(10)-C(9)-H(9)
C(8)-C(9)-H(9)
C(9)-C(10)-C(11)
C(9)-C(10)-H(10)
C(11)-C(10)-H(10)
C(12)-C(11)-C(10)
C(12)-C(11)-H(11)
C(10)-C(11)-H(11)
O(1)-C(12)-C(11)
O(1)-C(12)-C(21)
C(11)-C(12)-C(21)
O(1)-C(13)-C(14)
O(1)-C(13)-H(13A)

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

O(1)-C(13)-H(13B)

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

C(19)-C(14)-C(15)
C(19)-C(14)-C(13)
C(15)-C(14)-C(13)
C(16)-C(15)-C(14)
C(16)-C(15)-H(15)
C(14)-C(15)-H(15)
C(15)-C(16)-C(17)
C(15)-C(16)-H(16)
C(17)-C(16)-H(16)
C(16)-C(17)-C(18)
C(16)-C(17)-H(17)
C(18)-C(17)-H(17)
C(17)-C(18)-C(19)
C(17)-C(18)-H(18)
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118.11(12)
119.77(11)
121.93(12)
119.39(13)
121.64(12)
118.93(10)
120.91(13)
119.5
119.5
120.10(13)
120.0
120.0
120.34(14)
119.8
119.8
113.51(12)
125.14(11)
121.33(13)
108.96(12)
109.9
109.9
109.9
109.9
108.3
120.32(12)
117.50(11)
121.89(13)
120.30(14)
119.8
119.8
119.90(12)
120.0
120.0
120.29(13)
119.9
119.9
120.54(13)
119.7
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C(19)-C(18)-H(18)
C(14)-C(19)-C(18)
C(14)-C(19)-C(20)
C(18)-C(19)-C(20)
C(1)-C(20)-C(21)

C(1)-C(20)-C(19)

C(21)-C(20)-C(19)
C(12)-C(21)-C(8)

C(12)-C(21)-C(20)
C(8)-C(21)-C(20)

C(23)-C(22)-C(27)
C(23)-C(22)-C(1)

C(27)-C(22)-C(1)

C(24)-C(23)-C(22)
C(24)-C(23)-H(23)
C(22)-C(23)-H(23)
C(25)-C(24)-C(23)
C(25)-C(24)-H(24)
C(23)-C(24)-H(24)
0(2)-C(25)-C(24)

0(2)-C(25)-C(26)

C(24)-C(25)-C(26)
C(27)-C(26)-C(25)
C(27)-C(26)-H(26)
C(25)-C(26)-H(26)
C(26)-C(27)-C(22)
C(26)-C(27)-H(27)
C(22)-C(27)-H(27)
0(2)-C(28)-H(28A)
0(2)-C(28)-H(28B)

H(28A)-C(28)-H(28B)

0(2)-C(28)-H(28C)

H(28A)-C(28)-H(28C)
H(28B)-C(28)-H(28C)

C(12)-0(1)-C(13)
C(25)-0(2)-C(28)
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119.7
118.58(11)
121.26(11)
120.16(11)
120.42(10)
119.20(10)
120.16(10)
116.51(11)
125.17(11)
118.29(11)
117.38(11)
120.42(11)
122.20(11)
121.93(11)
119.0
119.0
119.29(11)
120.4
120.4
124.68(11)
115.54(11)
119.78(11)
120.18(11)
119.9
119.9
121.43(11)
119.3
119.3
109.5
109.5
109.5
109.5
109.5
109.5
118.22(10)
117.96(10)

Symmetry transformations used to generate equivatems:
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Table 4. Anisotropic displacement parameter%x(AOg)for 07dc31m. The anisotropic
displacement factor exponent takes the form: 22hZ2a*2U11+ . + 2 h k a* b* U2]

ull u22 u33 u23 ul3 ul2
C() 39(2) 47(1) 44(1) -2(1) -18(1) -8(1)
C(2) 41(1) 55(1) 45(1) -4(1) -18(1) -10(1)
C(3) 62(1) 60(1) 55(1) -10(1) -22(1) -11(1)
C4) 73(1) 75(2) 59(1) -22(1) -19(1) -15(1)
C(5) 72(1) 97(2) 49(1) -15(1) -22(1) -27(1)
C(6) 62(1) 86(1) 49(1) 1(2) -27(1) -20(1)
C(7) 40(1) 66(1) 44(1) -1(1) -19(1) -13(1)
C(8) 39(2) 60(1) 48(1) 7(2) -18(1) -10(1)
C(9) 54(1) 77(1) 57(1) 14(1) -29(1) -13(1)
C(10) 59(1) 67(1) 71(1) 23(1) -26(1) -6(1)
C(11) 65(1) 51(2) 67(1) 7(2) -17(1) -5(1)
C(12) 54(1) 51(1) 50(1) 0(1) -13(1) -6(1)
C(13) 68(1) 60(1) 60(1) -9(1) -26(1) -17(1)
C(14) 55(1) 49(1) 51(2) -6(1) -22(1) -4(1)
C(15) 69(1) 67(1) 58(1) -13(1) -33(1) -5(1)
C(16) 69(1) 81(1) 45(1) -7(1) -26(1) -2(1)
c@an 53(1) 67(1) 47(1) 4(1) -17(1) -4(1)
C(18) 51(1) 49(1) 48(1) -1(1) -20(1) -3(2)
C(19) 48(1) 44(1) 44(1) -2(1) -19(1) -1(1)
C(20) 41(1) 47(1) 42(1) -1(1) -17(1) -7(1)
C(21) 41(1) 48(1) 46(1) 2(1) -14(1) -5(2)
C(22) 42(1) 43(1) 43(1) -5(1) -18(1) -5(2)
C(23) 41(1) 47(1) 47(1) -4(1) -17(1) -10(1)
C(24) 43(1) 52(1) 48(1) -4(1) -22(1) -6(1)
C(25) 48(1) 45(1) 44(1) -1(1) -17(1) -5(1)
C(26) 52(1) 47(1) 58(1) -1(1) -22(1) -15(1)
C(27) 49(1) 52(1) 55(1) -5(1) -26(1) -10(1)
C(28) 80(1) 80(1) 76(1) 21(1) -46(1) -14(1)
0o(1) 100(1) 51(1) 65(1) -3(1) -33(1) -13(1)
0(2) 70(1) 55(1) 71(2) 15(1) -36(1) -15(1)
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Table 5. Hydrogen coordinates ( x4;l(and isotropic displacement parameter§>(A03)

for 07dc31m.

_ X y z U(eq)
H(3) 3577 -1858 3664 70
H(4) 4007 -2337 1577 83
H(5) 3461 -652 155 85
H(6) 2597 1517 777 76
H(9) 1793 3466 1377 74
H(10) 1307 5658 1926 83
H(11) 1690 6153 3704 79
H(13A) 3736 4211 6330 73
H(13B) 4052 3145 5311 73
H(15) 2157 3743 8587 75
H(16) 319 2642 10164 78
H(17) -805 1240 9540 70
H(18) -32 877 7341 60
H(23) 4156 -71 6248 54
H(24) 4416 -1833 7715 56
H(26) 1301 -3427 7208 61
H(27) 1056 -1675 5752 59
H(28A) 5060 -4073 8288 114
H(28B) 4074 -4942 9476 114
H(28C) 3824 -3379 9556 114
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Table 1. Crystal data and structure refinemen#jor

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions
87.4450(10)°.

80.6820(10)°.

81.2890(10)°.

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 28.35°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

090839m
C30H21CIO
432.92
295(2) K
0.71073 A
Triclinic
P-1
a=8.1591(4) A 0=

b = 10.8269(6) A 0=
c=12.5067(7) A 0=

1077.43(10) A
2
1.334 Mghn
0.198 mmh
452
0.25 x 0.20 x 0.15 rdm
1.65 to 28.35°.
-Kh<10, -14k<14, -161<15
12771
5353 [R(int) = 0.0197]
99.3 %
Empirical
0.7457 and 0.6604
Full-matrix least-squares én F
5353 /0 /289
1.051
R1 = 0.0462, wR2 4963
R1 =0.0580, wR2 = 0.1375
0.283 and -0.216@.A
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Table 2. Atomic coordinates ( x‘i)Oand equivalent isotropic displacement parameters
(Azx 103) for 090839m. U(eq) is defined as one third dfie trace of the orthogonalized

Uil tensor.
X y z U(eq)

c) 7859(2) 4939(1) 9482(1) 43(1)
c() 8692(2) 3803(2) 9766(1) 49(1)
c@) 9512(2) 2978(2) 8980(1) 47(1)
C(4) 9369(2) 3236(1) 7906(1) 41(1)
c(5) 8492(2) 4380(1) 7564(1) 35(1)
C(6) 8111(2) 4672(1) 6468(1) 35(1)
c(7) 8115(2) 3738(1) 5709(1) 42(1)
c(8) 7653(2) 4048(1) 4711(2) 42(1)
c(9) 7531(2) 3189(2) 3814(1) 55(1)
C(10) 7348(3) 4077(2) 2848(1) 62(1)
c(1) 6657(2) 5374(2) 3302(1) 50(1)
c(12) 7141(2) 5289(1) 4421(1) 40(1)
C(13) 7068(2) 6213(1) 5146(1) 40(1)
C(14) 7536(2) 5931(1) 6180(1) 36(1)
C(15) 7373(2) 6907(1) 6958(1) 36(1)
C(16) 7548(2) 6619(1) 8018(1) 37(1)
c@7) 7540(2) 7656(1) 8773(1) 40(1)
c(18) 8548(2) 8583(1) 8472(1) 48(1)
C(19) 8467(3) 9592(2) 9138(2) 60(1)
C(20) 7386(3) 9683(2) 10113(2) 66(1)
c(2) 6434(2) 8748(2) 10440(2) 59(1)
c(22) 6517(2) 7728(2) 9786(1) 47(1)
C(23) 5698(2) 6619(2) 10156(1) 56(1)
C(24) 7920(2) 5320(1) 8373(1) 36(1)
C(25) 6900(2) 8235(1) 6598(1) 40(1)
C(26) 7960(2) 8815(2) 5811(1) 50(1)
c@7) 7530(3) 10053(2) 5506(2) 64(1)
C(28) 6034(3) 10723(2) 5963(2) 69(1)
C(29) 4952(3) 10153(2) 6720(2) 63(1)
C(30) 5380(2) 8912(2) 7037(1) 49(1)
Ci() 10498(1) 2088(1) 7020(1) 57(1)
o(1) 6982(2) 5608(1) 10347(1) 56(1)
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Table 3.  Bond lengths [A] and angles [°] for 0839m.

C(1)-0(1)
C(1)-C(2)
C(1)-C(24)
C(2)-C(3)
C(2)-H(2)
C(3)-C(4)
C(3)-H(3)
C(4)-C(5)
C(4)-CI(1)
C(5)-C(24)
C(5)-C(6)
C(6)-C(7)
C(6)-C(14)
C(7)-C(8)
C(7)-H(7)
C(8)-C(12)
C(8)-C(9)
C(9)-C(10)
C(9)-H(9A)
C(9)-H(9B)
C(10)-C(11)
C(10)-H(10A)
C(10)-H(10B)
C(11)-C(12)
C(11)-H(11A)
C(11)-H(11B)
C(12)-C(13)
C(13)-C(14)
C(13)-H(13)
C(14)-C(15)
C(15)-C(16)
C(15)-C(25)
C(16)-C(24)
C(16)-C(17)
C(17)-C(18)
C(17)-C(22)

1.3669(18)
1.373(2)
1.4248(19)
1.376(2)
0.9300
1.379(2)
0.9300
1.4191(19)
1.7512(15)
1.4388(19)
1.4657(18)
1.4164(19)
1.4223(18)
1.375(2)
0.9300
1.395(2)
1.513(2)
1.522(3)
0.9700
0.9700
1.530(2)
0.9700
0.9700
1.509(2)
0.9700
0.9700
1.368(2)
1.4150(19)
0.9300
1.4452(18)
1.3722(19)
1.5003(19)
1.4583(19)
1.4976(18)
1.393(2)
1.399(2)
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C(18)-C(19)
C(18)-H(18)
C(19)-C(20)
C(19)-H(19)
C(20)-C(21)
C(20)-H(20)
C(21)-C(22)
C(21)-H(21)
C(22)-C(23)
C(23)-0(1)
C(23)-H(23A)
C(23)-H(23B)
C(25)-C(30)
C(25)-C(26)
C(26)-C(27)
C(26)-H(26)
C(27)-C(28)
C(27)-H(27)
C(28)-C(29)
C(28)-H(28)
C(29)-C(30)
C(29)-H(29)
C(30)-H(30)

O(1)-C(1)-C(2)
O(1)-C(1)-C(24)
C(2)-C(1)-C(24)
C(1)-C(2)-C(3)
C(1)-C(2)-H(2)
C(3)-C(2)-H(2)
C(2)-C(3)-C(4)
C(2)-C(3)-H(3)
C(4)-C(3)-H(3)
C(3)-C(4)-C(5)
C(3)-C(4)-CI(1)
C(5)-C(4)-CI(1)
C(4)-C(5)-C(24)
C(4)-C(5)-C(6)

1.390(2)
0.9300
1.382(3)
0.9300
1.376(3)
0.9300
1.390(2)
0.9300
1.482(3)
1.436(2)
0.9700
0.9700
1.385(2)
1.395(2)
1.385(2)
0.9300
1.373(3)
0.9300
1.377(3)
0.9300
1.393(2)
0.9300
0.9300

113.75(13)
125.51(13)
120.73(14)
120.44(14)
119.8

119.8

120.07(14)
120.0

120.0

121.94(14)
113.85(11)
124.03(11)
116.66(12)
125.49(12)
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C(24)-C(5)-C(6)
C(7)-C(6)-C(14)
C(7)-C(6)-C(5)
C(14)-C(6)-C(5)
C(8)-C(7)-C(6)
C(8)-C(7)-H(7)
C(6)-C(7)-H(7)
C(7)-C(8)-C(12)
C(7)-C(8)-C(9)
C(12)-C(8)-C(9)
C(8)-C(9)-C(10)
C(8)-C(9)-H(9A)
C(10)-C(9)-H(9A)
C(8)-C(9)-H(9B)
C(10)-C(9)-H(9B)
H(9A)-C(9)-H(9B)
C(9)-C(10)-C(11)
C(9)-C(10)-H(10A)
C(11)-C(10)-H(10A)
C(9)-C(10)-H(10B)
C(11)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
C(12)-C(11)-C(10)
C(12)-C(11)-H(11A)
C(10)-C(11)-H(11A)
C(12)-C(11)-H(11B)
C(10)-C(11)-H(11B)
H(11A)-C(11)-H(11B)
C(13)-C(12)-C(8)
C(13)-C(12)-C(11)
C(8)-C(12)-C(11)
C(12)-C(13)-C(14)
C(12)-C(13)-H(13)
C(14)-C(13)-H(13)
C(13)-C(14)-C(6)
C(13)-C(14)-C(15)
C(6)-C(14)-C(15)
C(16)-C(15)-C(14)

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

117.85(12)
117.67(12)
122.78(12)
119.21(12)
120.95(13)
119.5
119.5
121.03(13)
128.59(14)
110.33(13)
103.32(14)
111.1
111.1
111.1
111.1
109.1
106.96(14)
110.3
110.3
110.3
110.3
108.6
103.23(13)
111.1
111.1
111.1
111.1
109.1
119.71(13)
129.57(14)
110.65(13)
120.87(13)
119.6
119.6
119.69(12)
120.33(12)
119.94(12)
120.70(12)
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C(16)-C(15)-C(25)
C(14)-C(15)-C(25)
C(15)-C(16)-C(24)
C(15)-C(16)-C(17)
C(24)-C(16)-C(17)
C(18)-C(17)-C(22)
C(18)-C(17)-C(16)
C(22)-C(17)-C(16)
C(19)-C(18)-C(17)
C(19)-C(18)-H(18)
C(17)-C(18)-H(18)
C(20)-C(19)-C(18)
C(20)-C(19)-H(19)
C(18)-C(19)-H(19)
C(21)-C(20)-C(19)
C(21)-C(20)-H(20)
C(19)-C(20)-H(20)
C(20)-C(21)-C(22)
C(20)-C(21)-H(21)
C(22)-C(21)-H(21)
C(21)-C(22)-C(17)
C(21)-C(22)-C(23)
C(17)-C(22)-C(23)
O(1)-C(23)-C(22)
O(1)-C(23)-H(23A)
C(22)-C(23)-H(23A)
O(1)-C(23)-H(23B)
C(22)-C(23)-H(23B)

H(23A)-C(23)-H(23B)

C(1)-C(24)-C(5)
C(1)-C(24)-C(16)
C(5)-C(24)-C(16)
C(30)-C(25)-C(26)
C(30)-C(25)-C(15)
C(26)-C(25)-C(15)
C(27)-C(26)-C(25)
C(27)-C(26)-H(26)
C(25)-C(26)-H(26)
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120.76(12)
118.42(11)
120.37(12)
119.08(12)
120.21(12)
118.37(14)
120.38(13)
121.24(14)
120.69(17)
119.7
119.7
120.20(18)
119.9
119.9
119.69(16)
120.2
120.2
120.61(17)
119.7
119.7
120.27(17)
122.81(16)
116.61(14)
108.13(14)
110.1
110.1
110.1
110.1
108.4
117.87(12)
123.38(12)
118.60(12)
118.38(14)
120.30(14)
121.31(13)
120.76(17)
119.6
119.6
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C(28)-C(27)-C(26)
C(28)-C(27)-H(27)
C(26)-C(27)-H(27)
C(27)-C(28)-C(29)
C(27)-C(28)-H(28)
C(29)-C(28)-H(28)
C(28)-C(29)-C(30)
C(28)-C(29)-H(29)
C(30)-C(29)-H(29)
C(25)-C(30)-C(29)
C(25)-C(30)-H(30)
C(29)-C(30)-H(30)
C(1)-O(1)-C(23)
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120.32(19)
119.8
119.8
119.61(17)
120.2
120.2
120.47(17)
119.8
119.8
120.41(17)
119.8
119.8
118.66(12)

Symmetry transformations used to generate equivatems:
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Table 4. Anisotropic displacement parameters 2x(ﬁog) for 090839m. The anisotropic
displacement factor exponent takes the form:04h2 a*2Ull+ . + 2 hka* b* 2]

ull u22 u33 u23 ul3 ul2
C(2) 51(1) 46(1) 33(1) 0(1) -9(2) -12(1)
C(2) 63(1) 53(1) 35(1) 7(1) -15(1) -11(1)
C(3) 55(1) 42(1) 47(1) 7(2) -19(1) -6(1)
C@“) 45(1) 37(1) 42(1) 0(1) -11(1) -4(1)
C(5) 38(1) 35(1) 34(1) 1(2) -9(2) -8(1)
C(6) 36(1) 37(1) 32(1) -2(1) -6(1) -5(1)
C(7) 49(1) 38(1) 40(1) -6(1) -11(1) 0(1)
C(8) 43(1) 48(1) 36(1) -9(1) -7(2) -4(1)
C(9) 67(1) 56(1) 43(1) -14(1) -15(1) -1(1)
C(10) 79(1) 73(1) 37(1) -11(1) -11(1) -17(2)
C(11) 56(1) 62(1) 35(1) 0(1) -14(1) -13(1)
C(12) 41(1) 50(1) 31(2) -1(1) -7(1) -8(1)
C(13) 47(1) 40(1) 34(1) 2(1) -10(1) -4(1)
C(14) 38(1) 36(1) 32(1) -1(1) -7(1) -5(1)
C(15) 39(2) 35(1) 35(2) -2(1) -6(1) -4(1)
C(16) 39(2) 37(2) 35(2) -2(1) -6(1) -6(1)
c@an) 44(1) 39(1) 38(1) -5(1) -14(1) 0(1)
C(18) 56(1) 42(1) 50(1) -3(1) -19(1) -6(1)
C(19) 76(1) 41(1) 72(1) -6(1) -34(1) -8(2)
C(20) 85(1) 49(1) 68(1) -24(1) -34(1) 8(1)
C(21) 65(1) 62(1) 48(1) -20(1) -17(1) 12(2)
C(22) 48(1) 52(1) 39(1) -10(1) -12(1) 3(1)
C(23) 55(1) 67(1) 42(1) -9(1) 2(2) -5(1)
C(24) 41(1) 38(1) 32(1) 0(1) -8(1) -7(1)
C(25) 49(1) 35(1) 38(1) -3(1) -14(1) -2(1)
C(26) 56(1) 44(1) 50(2) 6(1) -12(1) -5(1)
C(27) 82(1) 48(1) 68(1) 16(1) -24(1) -15(1)
C(28) 94(2) 41(1) 74(1) 3(1) -37(1) 4(1)
C(29) 73(1) 53(1) 61(1) -16(1) -28(1) 19(1)
C(30) 54(1) 50(1) 43(1) -8(1) -14(1) 3(1)
Cl(1) 67(1) 47(1) 53(1) -4(1) -14(1) 13(2)
0o(1) 76(1) 56(1) 31(1) -1(1) -3(2) -4(1)
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Table 5. Hydrogen coordinates ( x4;l(and isotropic  displacement parameter%x(A03)

for 090839m.
X y z U(eq)

H(2) 8702 3589 10493 59
H(3) 10162 2247 9173 57
H(7) 8435 2904 5889 51
H(9A) 6563 2756 3998 66
H(9B) 8536 2578 3667 66
H(10A) 6582 3812 2416 74
H(10B) 8428 4090 2393 74
H(11A) 7167 6019 2864 60
H(11B) 5448 5549 3339 60
H(13) 6705 7038 4956 49
H(18) 9284 8526 7820 58
H(19) 9141 10207 8927 73
H(20) 7303 10373 10546 80
H(21) 5728 8799 11105 71
H(23A) 4910 6802 10818 67
H(23B) 5087 6394 9608 67
H(26) 8967 8366 5487 60
H(27) 8257 10432 4989 77
H(28) 5752 11556 5763 82
H(29) 3930 10601 7021 76
H(30) 4639 8535 7547 59
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