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2.3

Table 1

Table 1 Absorption Spectral Data for 7-Aminocoumarins in Ethanol

Group 4-Methylcoumarins

4-Trifluoromethylcoumarins

Type 1l 1

3
Type 2-1 5
Type 2-2 !

9
Type 2-3 10
Type 2-4 11
Type 3-1 12
Type 3-2 14
Type 3-3 16

28.3 (1.9)
27.2(2.2)
27.0 (2.6)
30.4 (1.9)
31.6 (1.2)
27.0 (2.3)
26.4 (2.4)
27.4(2.2)
28.3 (1.4)
25.8 (2.3)

2

4
6
8

13
15
17

26.2 (1.8)
25.3 (1.9)
25.2 (2.3)
29.2 (1.8)

26.7 (2.0)
26.6 (1.2)
23.7 (2.0)

The lowest energy absorption maxima are given in 10° cm™. The numbers in parentheses are the

molar extinction coefficientsin 10* Mt cm™.

15, 16 17 Figures 11 17

cm?

29.2x 10°cm?

4-

11

1

2,3 4,5

6,7 8,12 13,14

25.8 31.6x 10°
237
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Table 2 Calculated Absorption Spectral Data for 7-Aminocoumarins in Ethanol

Group 4-Methylcoumarins 4-Trifluoromethylcoumarins
Type 1 1 293 H - L(main) 2 26.6 H-L

3 275 H-L 4 24.9 H-L
Type2-1 5 26.0 H-L 6 233 H-L
Type 2-2 7 29.9 -1-L 8 271 -1-L

9 33.1 -2 L(main)
Type 2-3 10 279 H-L
Type 2-4 11 27.2 H-L
Type 3-1 12 28.9 -1- L(main) 13 26.3 -1- L(main)
Type 3-2 14 28.3 H - L(main) 15 25.1 H - L(main)
Type 3-3 16 26.1 HoL 17 236 HoL

The lowest energy absorption maxima are given in 10° cm™. H (HOMO); -1 (HOMO-1); -2
(HOMO-2); L (LUMO).

TD-DFT
10,11 16 HOMO (eV)
10 (-0.2083) 11 (-0.2039) 16 (-0.1966)
10, 11 16 LUMO (eV)
HOMO - LUMO

HOMO

Type 2-2 HOMO - LUMO
7 8 HOMO-1-LUMO 9 HOMO-2 -
LUMO HOMO-1 HOMO-2
HOMO

- (Type 3-1 3-2) (Type 3-1)
HOMO-1- LUMO
(Type 3-2) HOMO- LUMO
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3.3

Table 3 Fluorescence Properties for 7-Aminocoumarins in Ethanol

Group 4-Methylcoumarins

V emi ) T K Ky Av
Type 1 1 234 0.78 4.0 2.0 054 49
Type 2-1 5 215 0004 <01 - - 5.5
Type 2-3 10 22.7 0.71 39 18 075 43
Type 2-4 11 225 0.71 4.0 18 073 39
Type3-1 12 215 014 55 026 16 59
Type 3-2 14 235 0.25 21 1.2 36 48
Type 3-3 16 21.3 065 47 14 075 45
Group 4-Trifluoromethylcoumarins

V em d T K, Ky AV
Type 1 2 20.8 0.53 5.7 092 083 54
Type 2-1 6 20.0 <0.003 - - - 5.2
Type 3-1 13 18.6 <0.003 - - - 8.1
Type 3-2 15 20.0 0.02 0.8 0.30 12 6.6
Type 3-3 17 19.0 028 50 055 14 47

Table

Emission maxima (v «vi) and stokes shift (Ay ) are given in 10° cm™. Fluorescence lifetime (1)

are given in ns. Radiative decay rate constants (k;) and radiationless decay rate constants (Ky)

aregivenin 10°s™.
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Table 4 Crystal and experimental data

Formula: C1,H11NO,

Formula weight: 201.22

Crystal color, habit: yellow, plates

Crystal size: 0.10 x 0.15 x 0.20 mm

Crystal system: monaclinic

a=7539(2) A

b=19.230(2) A

c=16.9395(9) A

B =10389(1) °

vV =976.7 (3) A®

Spacegroup: P2,/c Z=4

Deac = 1.368 g/cm®

F(000) =424.00

u(CuKa) = 7.66 cmi*

T=295+ 1K

20ma = 149.9° with Cu Ka (1.54178 A)

No. observations = 1981 (All, 26<149.9°9)

No. variables = 181

R, Rw = 0.036, 0.109

Goodness of fit = 1.02

(A/6)max = 0.00

(Ap)mex = 0.18 €7 A3

(Ap)min = -0.12 &/ A3

Diffractometer: Rigaku AFC7R(rotating anode)
Program system: teXsan

Structure determination: direct method (SAPI91)
Refinement: full-matrix |east-squares (SHEL XL-97)
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Table 5 List of Compounds whose Crystral Structures are Solved by X-Ray Analysis

Group Name Compound Name Reference
Typel 7-Ethylamino-4-(trifluoromethyl)coumarin (Coumarin 500) 38

7-Ethylamino-4,6-dimethylcoumarin 39
7-Diethylamino-4-trifluoromethyl coumarin 40
(7-Diethylamino-4-trifluoromethyl-2H -1-benzopyran-2-one)
7-Dimethylaminocycl openta[c Jcoumarin (Coumarin 138) 41
7-Amino-4-trifluoromethyl coumarin 42
7-Ethylamino-6-methyl-4-trifluoromethylcoumarin 43
3-(2-Benzimidazolyl)-7-(diethylamino)coumarin 44
7-Dimethylamino-4-trifluoromethyl coumarin (Coumarin 152) 45,46
3-(5-Chloro-2-benzoxazol yl)-7-(diethylamino)-2H -1-benzopyran-2-one 47
7-Amino-4-methylcoumarin (Coumarin 120) 48
3-(2-Benzothiazolyl)-7-(diethylamino)coumarin (Coumarin 6) 49
7-(Dimethylamino)-4-methyl-2H -1-benzopyran-2-one (Coumarin 311) 50
7-Amino-3-phenylcoumarin 51

Type 2-2 7-(1H -Pyrrol-1-yl)-4-methyl-2H -1-benzopyran-2-one 52
7-(1H -Pyrrol-1-yl)-4-trifluoromethyl-2H -1-benzopyran-2-one 53

Type 2-3 4-Methyl-4’,5’-dihydropyrrolocoumarin

Type 2-4 6,7,8,9-Tetrahydro-4-methyl-2H -pyrano[ 3,2-g ] quinolin-2-one (Coumarin339) 54
6,7,8,9-Tetrahydro-4-trifluoromethyl-2H -pyrano[ 3,2-g Jquinolin-2-one 55
(Coumarin 340)
6,7,8,9-Tetrahydro-9-ethyl-4-trifluoromethyl-2H -pyrano[ 3,2-g Jquinolin-2-one
(Coumarin 355)

Type 3-1 10H -4-Methyl-2H -2-oxopyrano[ 5,6-b Jcarbazole 56

Type 3-2 7H -4-Methyl-2H -2-oxopyrano[5,6-¢ | carbazole 57

Type 3-3 10-(1,3-Benzothiazol-2-yl)-2,3,6, 7-tetrahydro-1H ,5H -11H - 58
[1]benzopyrano[6,7,8-ij ]-quinoliz-11-one (Coumarin 545)
2,3,6,7,10,11-Hexahydro-1H ,5H -cyclopentd 3,4][ 1] benzopyrano[ 6,7,8- 59
ij Jquinolizin-12-(9H )-one (Coumarin 106)
10-Cyano-1,2,5,6-tetrahydro-3H ,7H ,11H -[ 1]benzopyrano[ 6,7,8-ij |- 60
quinolizin-11-one
1,1-Dimethylethyl-2,3,6,7-tetrahydro-11-oxo-1H ,5H ,11H - 61
[1]benzopyrano[6,7,8-ij ]-quinolizine-10-carboxyl ate (Coumarin 338)
2,3,6,7-Tetrahydro-9-methyl-1H ,5H ,11H -pyrano[ 2,3-d | benzo[ 1,2,3- 62
ij Jquinolizin-11-one (2,3,6,7-Tetrahydro-9-methyl-1H ,5H -quinolizino[ 9,1-
ghJcoumarin) (Coumarin 102) (Coumarin 480)
2,3,6,7-Tetrahydro-9-(trifluoromethyl)-1H ,5H ,11H -[ 1] benzopyrano[ 6,7,8-ij |- 63
quinolizin-11-one (Coumarin 153)
Ethyl-2,3,6,7-tetrahydro-11-oxo-1H ,5H ,11H -[1]benzopyrano[ 6,7,8-ij ] - 64,65
quinolizine-10-carboxylate (Coumarin 314)
2,3,6,7-Tetrahydro-11-oxo-1H ,5H ,11H -[ 1]benzopyrano[ 6,7,8-ij ]- 66

quinolizine-10-carboxylic acid (Coumarin 343)
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Table 6 Average Values for Structural Parameters Calculated for 7 Groups of Compounds

Bond length ()

a b c d e f
Typel 1404 (22) 1.366 (22) 1415 (21) 1401 (21) 1372 (21) 1.3%4 (20)
Type2-2 1405 (3) 1.380 (3) 1.408 (3) 1.393 (3) 1.386 (3) 1.402 (3)
Type2-3 1419 (2 1.357 (2 1.404 (2 1.379 (2 1.380 (2 1.399 (2
Type2-4  1.405 (8) 1.369 (8) 1.421 (8) 1.402 (8) 1.371 (8) 1.394 (8)
Type3-1 1401 (4) 1.387 (4) 1.427 (4) 1.386 (4) 1.379 (4) 1.413 (4)
Type3-2 1417 (3) 1.370 (3) 1.406 (3) 1411 (3) 1.385 (3) 1.394 (3)
Type3-3 1405 (10) 1367 (11) 1.430 (11) 1413 (9 1.379 (10)  1.402 (9)
Bond Angles (°)

1 2 3 4 5 6
Typel 116.0 (14) 1219 (16) 1211 (15) 1176 (14) 1197 (150 1236 (15
Type2-2 1169 (1) 121.7 (1) 120.1 (1) 119515 (1) 11921 (1) 1227 (1)
Type2-3 116.6 (1) 120.7 (2) 120.4 (1) 1211 (1) 1175 (1) 1237 (1)
Type2-4 1156 (6) 123.4 (6) 119.0 (6) 1188 (6) 1196 (6) 1235 (6)
Type3-1 1183 (3) 120.0 (3) 1195 (3) 1219 (3) 1168 (3) 1236 (3)
Type3-2 1183 (2 122.3 (2 117.7 (2 1219 (2) 1183 (2) 1214 (2
Type3-3 116.8 (7) 122.4 (7) 119.4 (7) 119.7 (7) 1180 (7) 1237 (7)

Designation of bond length and angles is shown in Fig. 26.

Table 7 The Sum Value (°) of Angles 7,8, and 9

average maximum  minimum

Typel 359.7 361.0 357.1

Type 2-2 359.8 359.9 359.8
Type 2-3 348.3 - -

Type2-4 359.8 360.0 359.7

Type 3-1 357.9 357.9 357.9
Type 3-2 359.1 - -

Type 3-3 359.0 360.1 356.1

Designation of bond anglesis shown in Fig. 26.
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Table 8 Average Geometry of Aromatic Rings in Bicyclic Coumarins (BC) and Tricyclic

Furocoumarins (TF)[1]

Bond Length (A)

a b c d e f
BC 1.403(12) 1.371(11) 1.397(10) 1.386(13) 1.382(9) 1.391(9)
TF 1.405(14)  1.390(13)  1.402(10) 1.378(13) 1.383(11)  1.406(10)
Bond Angles (°)

1 2 3 4 5 6
BC 117.7(15)  120.7(11)  119.9(9) 120.9(8)  118.0(10)  122.8(13)
TF 118.8(5) 118.3(12) 125.3(11) 114.6(11) 1235(10) 119.5(8)
4.3.1

Table 8
[1] Table 8
1.39 A [37] 7-
b e 7
Figo10 b
Type 2-3 1,2,3,4-
- Type 2-4 C - Type
31 32 c d - Type 3-3
c d
T
7 N LIS
Fig. 27 a C=02 B
C-N B Table

9
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Fig. 27 Designation of bond length

Table 9 The Observed Results for 7-Aminocoumarins

Group 4-Methylcoumarins
a B B’ Reference
1 1.218(2) 1.369(2) 48
Type l 5 1208(2) 1365(2) 1.445(2) 1.449(2) 50
1.2102) 1.366(2) 1.443(2) 1.437(2)
Type 2-2 7 1.212(2) 1.413(2) 1.388(2) 1.388(2) 52
Type 2-3 10 1.216(2) 1.372(2) 1.452(3)
Type 2-4 11 1.221(2) 1.362(3) 1.450(3) 54
] 1.228(3) 1.377(3) 1.388(3)
Type 3-1 120 1 2013) 1374(3) 1.391(3) %6
Type 3-2 14 1.222(3) 1.372(3) 1.386(3) 57
Type 3-3 16 1.221(7) 1.375(6) 1.452(7) 1.450(7) 62
Group 4-Trifluoromethylcoumarins
a B B’ Reference
2 1.216(2) 1.356(3) 42
Type l ,  1206(3) 1361(3) 1.444(4) 1443(4) 45
1.203(4) 1.362(3) 1.448(4) 1.444(4) 46
Type 2-2 8  1.208(2) 1.410(2) 1.386(2) 1.389(1) 53
1.202(2) 1.368(2) 1.439(3) 1.452(3)
Type 3-3 17 1.199(2) 1.370(2) 1.441(2) 1.445(3) 63

1.202(2) 1.368(2) 1.451(3) 1.451(3)

Bond length are given in A. Designation of bond length is shown in Fig. 27.
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TD-DFT
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o 4 7
B Type 2-2 3, 4, 10,
11, 16 17 Typel, 2-3, 2-4 33 p’
p p’ p-N,N-
4-N,N- -2,3,5,6-
B B’ p-N,N- 1.366(2) A
1.477(2), 1.450(2) A 1.356(5) A  1.459(6), 1.436(5) A [67] 4-N,N-
-2,3,5,6- 1.352(4) A 1.469(4), 1.457(4) A [68]
6 N T
N
Tt
12 14 Type 3-1 3-2 - B
3,4,10,11, 16 17 p’
12 14 p p’
7 8 Type 2-2
B 12
14 7 N
7 8 7
N T
N T
Typel Type3-1 32 Typez2-2
T Type3-1 32 Typel Type2-2
3 Table 3
Typel Type3-1 32 Type2-2
N T
Tt
TD-DFT HOMO
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(Type 2-2) 7 N

Fig. 28

7 12
Fig. 28 7 12 HOMO
4.3.2
[1] 7-
- Type 3-1 3-2 b ¢
4 3 5
4 5 [69-73]
Table 10
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Table 10 The Observed Results (°) of Angles for Carbazoles

Compounds 1 2 3 4 5 6 Reference
Carbazole 120.1 1179 1206 1219 1156 1239 69
N -Vinylcarbazole 1208 1186 1201 1215 1170 1221 69
Bis(1-carbazolyl)butadiyne 121.0 1189 1188 1229 117.0 1214 70
1214 1190 1187 1229 117.0 1210
1-Azacarbazole 121.0 1192 1196 1213 1179 1210 71
Carbazole 121.0 1184 1197 1223 116.7 1220 72
1219 1189 1179 1231 117.6 1207
Ethyl 4-methyl-9H -carbazol e-3-carboxylat 73
vl d-melhyl-9H -cabazole-S-carboxylale 1194 1176 1208 1213 1174 1234
Average 1208 1186 1195 1222 117.0 1219
10 Type 2-3 7 N
3480 3480 SpZ SpS
7-
360° 10 7
N 15° 7,8,12
14 6° - 7
7 TD-DFT
Type2-1 2-2 7
Fig.24 25
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Table 11

/
1 7-amino-4-methylcoumarin Coumarin 120 HPLC labeling
2 7-amino-4-trifluoromethylcoumarin -~ Coumarin 151 Aldrich
Laser grade
Typel . : .
7-N,N -dimethylamino-4- . Aldrich
3 . Coumarin 311
methylcoumarin Laser grade
7-N,N -dimethylamino-4- . Exciton
4 trifluoromethylcoumarin Coumarin 152 Laser grade
5 7-phenylamino-4-methyl-2H -1- o
benzopyran-2-one
Type 2-1 ] ]
7-phenylamino-4-trifluoromethyl-2H -
6 *1
1-benzopyran-2-one
7 7-(1H -pyrrol-1-yl)-4-methyl-2H -1- o
benzopyran-2-one
i 7-(1H -pyrrol-1-yl)-4-trifluoromethyl- N
Type2-2 8 2H -1-benzopyran-2-one 1
9 7-(2,5-dimethyl-1H -pyrrol-1-yl)-4- o
methyl-2H -1-benzopyran-2-one
Type 2-3 10 4-methyl-4’,5’-dihydropyrrolocoumarin *2
6,7,8,9-tetrahydro-4-methyl-2H - . Kodak
Type2-4 1 pyrano[3,2-g |quinolin-2-one Coumarin 339 Laser grade
10H -4-methyl-2H -2-oxopyrano[ 5,6-
12 *1
b]carbazole
Type 3-1 ]
13 10H -4-trifluoromethyl-2H -2- xq
oxopyrano[5,6-b]carbazole
7H -4-methyl-2H -2-oxopyrano[5,6-
14 *1
¢ ]carbazole
Type 3-2 _
7H -4-trifluoromethyl-2H -2-
15 *1
oxopyrano[5,6-c]carbazole
2,3,6,7-tetrahydro-9-methyl- . Exciton
16 1H ,5H,11H -pyrano[2,3- Coumarin 102
A Laser grade
Tvoe 3-3 dJbenzo[1,2,3-ij Jquinalizin-11-one
yp 2,3,6,7-tetrahydro-9-(trifluoromethyl)- Aldrich
17 1H ,5H,11H -[1]benzopyrano[ 6,7,8-ij ]- Coumarin 153
o Laser grade
quinolizin-11-one
1 [31]
2
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4-Methyl-4’,5’-dihydropyrrolocoumarin

4-Methyl-4’,5’-dihydropyrrolocoumarin Quanten 4-methylpyrrolocoumarin
[74]
Quanten Scheme 1

@ HNO3/H2S04 @ CsHsCOCI /@
- — . N
N N OZN \

Hz/Pd @ NaNO2/HCI HCI/HOAC
E— P N HO N
o) o)

_ =
N
HO H-HCI o) e} H

Schemel Quanten

Scheme 2
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[:::[j\> HNO3s/H2S04 /E:::[j\> (CH3CO)20/HOAC /L:::[j\>
g N

N 0 N O,N

H 2N H 2

COCHs

SnCl2/HCI /@ NaNO2/H2504 HCI/HOACc
—> H,N N > e

\ HO N
CHs
@ Pechman m
N
HO H-HCI o e} N
H
Scheme 2
'H-NMR JEOL  GSX 270 MHz spectrometer
EP
6-nitroindoline [75]
5.5mL 0.4mL ( )
ImL 3
10
( Wakogel C-200
=1 1) 6-nitroindoline

Yield 39%: 'H-NMR (CDCls) &
7.58 (5H, dx d), 7.37 (7H, d), 7.16 (4H, d), 3.69 (2 CH,, t, 8.5 Hz), 3.1 (3 CHj, t, 8.5 H2).

6-nitro-N-acetylindoline [76]
6-nitroindoline 2.0g ( ) 4.6mL 2.4mL



145 2.5

6-nitro-N-acetylindoline Yidd
100%; *H-NMR (CDCl3) § 9.0 (7H, d), 7.9 (5H, dx d), 7.27 (4H, d), 4.18 (2 CH,, t, 8.6 Hz), 3.3
(3CHjy, t, 8.6 Hz), 2.27 (1 acetyl, ).

6-amino-N-acetylindoline [76]
6-nitro-N-acetylindoline 2.59 ( CP97%) 20.59 13.3mL
100 1 10

6-amino-N-acetylindoline
Yield 89%; 'H-NMR (CDCls) & 7.67 (7H, d), 6.93 (4H, d), 6.36 (5H, dx d), 4.0 (2
CHy, t, 8.4 Hz), 3.1 (3CH, t, 8.4 HZ), 2.2 (1 acetyl, ).

6-hydroxy-N-acetylindoline [77]
6-amino-N-acetylindoline 1.7g (2.2mL 19.3mL )
0
(
( GR 98.5%) 742.5mg  4.2mL )
1
( 5 ( GR) 1509 16.9mL
)
6-hydroxy-N-acetylindoline Yield 64%; MS

m/z = 177 (M*); *H-NMR (DMSO-de) & 9.2 (6 OH, broad s), 7.6 (7H, d), 6.96 (4H, d), 6.36 (5H,
dx d), 4.05 (2 CHy, t, 8.3 Hz), 3.0 (3 CH, t, 8.3 Hz), 2.12 (1 acetyl, 9).

6-hydroxyindoline hydrochloride [77]
6- hydroxy -N-acetylindoline 1.1g 6.0mL 16.0mL 1.7mL
145 2 23.7mL

6-hydroxyindoline
hydrochloride Yield 82%; MS m/z = 135 (M*); 'H-NMR (D,0) & 7.37
(4H, d), 7.0 (5H, dx d), 6.96 (7H, d), 3.9 (2 CH,, t, 7.81 Hz), 3.24 (3 CH,, t, 7.81 Hz).
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4-methyl-4’,5’-dihydropyrrolocoumarin [74]
6-hydroxyindoline hydrochloride 0.86g ( GR/
( GR) ) 0.71mL
( 99.9%) 1.99 ( /
27mmHg-75 ) ) 1.2mL (
( EP) ) 5.1mL 140 16
10mL
(
Wakogel C-200 =37

4-methyl-4’,5’-dihydropyrrolocoumarin
Yield 29%; MSm/z = 201 (M"); *H-NMR (CD;0D) & 7.35 (5H, s), 6.36 (8H, S), 5.9 (3H, 9),

3.65 (2 CHy, t, 8.4 Hz), 3.07 (3 CHy, t, 8.4 HZ), 2.37 (4 CHj3, 9). Found: C, 71.59; H, 5.52; N,
6.94%. Calcd for C1oH11NO,: C,71.63; H,5.51; N, 6.96%.
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4-Methyl-4’,5’-dihydropyrrolocoumarin =~ X

Table 12
Table 13 ORTEP Fig. 29
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Table 12 Atomic coordinates and equivalent isotropic thermal parameters(Beg)

Atom X y z Bey(A?)
o(1) 0.0722(1) 0.08188(5) 0.1988(1) 4.21(2)
0(2) -0.0471(2) 0.18565(6) 0.1305(2) 6.23(3)
N(1) 0.3030(2) -0.15052(7) 0.3223(3) 5.90(4)
c() 0.0380(2) 0.14741(8) 0.2596(2) 4.45(3)
cE) 0.1064(2) 0.16294(8) 0.4646(3) 4.69(3)
c@) 0.1959(2) 0.11562(8) 0.5967(2) 4.27(3)
c@) 0.2261(2) 0.04686(7) 0.5306(2) 3.58(3)
c() 0.3148(2) -0.00815(8) 0.6530(2) 4.11(3)
c(6) 0.3342(2) -0.07152(8) 0.5746(2) 4.22(3)
c() 0.4214(3) -0.1383(1) 0.6679(3) 5.71(4)
c@) 0.3693(3) -0.1914(1) 0.5011(4) 7.28(6)
c(9) 0.2676(2) -0.08362(7) 0.3705(2) 4.22(3)
C(10) 0.1821(2) -0.03170(8) 0.2451(2) 4.14(3)
c(11) 0.1621(2) 0.03211(7) 0.3284(2) 3.45(2)
c(12) 0.2655(4) 0.1343(1) 0.8119(3) 6.19(5)
H() 0.079(2) 0.2097(10) 0.503(3) 5.699(5)
HE) 0.358(2) 0.0018(9) 0.792(3) 5.183(5)
HE) 0.378(3) -0.150(1) 0.786(3) 7.452(7)
H(4) 0.556(3) -0.1324(9) 0.712(3) 6.348(5)
H(5) 0.275(4) -0.222(1) 0.520(3) 9.263(8)
H(6) 0.475(3) -0.221(2) 0.489(3) 7.717(7)
H() 0.226(3) -0.168(1) 0.210(3) 7.962(8)
H(®) 0.133(2) -0.0399(9) 0.107(3) 4.940(4)
H(9) 0.231(3) 0.181(1) 0.836(4) 8.979(8)
H(10) 0.403(3) 0.130(1) 0.853(3) 7.432(7)
H(11) 0.215(3) 0.103(1) 0.893(4) 8.861(8)

Beg = (8/3)n°(U1a(a@’)” + Ux(bb')? + Uss(cc ) + 2Us,8a bb cosy + 2U3aa oc cosp +

2U,3bb"cc coso).
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Table 13 Sdected bond lengths (A), bond angles (°) and torsion angles (°)

o(1) C(1) 1.373(2) o) C(1) 1.216(2)
C(1) C(2) 1.424(2) C(2) c@) 1.351(2)
c@) C(4) 1.436(2) C(4) C(5) 1.419(2)
C(5) C(6) 1.357(2) C(6) C(9) 1.404(2)
C(9) C(10) 1.379(2) C(10) C(11) 1.380(2)
o(1) C(11) 1.375(2) C(4) C(11) 1.399(2)
C(6) C(7) 1.515(2) C(7) C(8) 1.523(3)
N(1) C(8) 1.452(3) N(1) C(9) 1.372(2)
C(4) C(5) C(6) 120.7(1) C(5) C(6) C(9) 120.4(1)
C(6) C(9) C(10) 121.1(2) C(9) C(10)  Cc(11)  117.5(1)
C(5) C(6) C(7) 131.9(1) C(7) C(6) C(9) 107.7(2)
C(6) C(7) C(8) 103.7(2) N(1) C(8) C(7) 105.02)
C(8) N(1) C(9) 110.3(2) N(1) C(9) C(6) 111.0(1)
N(1) C(9) C(10) 127.92) C(8) N(1) H(7) 123(1)
C(9) N(1) H(7) 115(1)
C(4 C(B C6) ) 179920 C(4) C(B) C(6) C(9) 0.4(2)
C(5 C6) C7)  C(@8) 17170 N(1) C©O C(6) C(5) 179.3(1)
N(1) C® C7  C®) 1402 C(7) C® N1  C(9) -15.1(2)
Cc(8 N1 C©O C10) -171.1(2) C(6) C©O N@I) C(® 2.9(2)
N() CO C@E0) C(11) -17992 N@1) C@O) C6) C(7) -0.3(2)
c(6) C(O C(10) C(11) 1020 C(8 C(7) C(6)  C(9 -8.8(2)
C(7) C() CO C10) -179.3(2)

Estimated standard deviations in the least significant figure are given in parentheses.
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Thermal dlipsoids of non-H atoms are drawn at the 50% probability level.

Fig. 29 4-methyl-4’,5’-dihydropyrrolocoumarin - ORTEP
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