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1. Representative synthetic procedures.
1.1 General Procedure.

Unless otherwise noted, all reactions were carried out under a nitrogen atmosphere in oven-dried
glassware using the standard syringe, cannula and septa apparatus. Tetrahydrofuran was dried
with sodium, benzophenone and distilled before use. Dichloromethane, Toluene, and DCE were
dried over CaH, and distilled. Reagents were purchased from commercial sources and used
without purification unless otherwise stated. "H NMR and **C NMR spectra were recorded on a
Bruker 400 MHz, Varian 500 MHz and Bruker 600 MHz, spectrometers using chloroform-d
(CDCI3) as the internal standard. Chemical shifts are reported in parts per million (ppm).
Multiplicities are indicated by s (singlet), bs (broad singlet), d (doublet), t (triplet), q (quartet), m
(multiplet), dd (doublet of doublet), dt (doublet of triplet), td (triplet of doublet). Coupling
constants J are reported in Hertz (Hz). The Alkynyl Aryl ethers substrates (1a-1j, 7b, 7¢)lY,
benzoisoxazole (2a-2m)*?, and (ethynyloxy)benzene substrates (5a—5h)™! were prepared

according to literature methods.

1.2 Standard procedure for the benzofuro[2,3-b]quinoline (3a):

Z
O 10 mol% —
= LAUCI/AgSbF
@ (D e N
N DCE, 80°C, 3 h o
MS 4 A
1a 2a 3a

A two-neck tube was charged with P(t-Bu),(o-biphenyl)gold(l)-chloride (0.022 g, 0.042
mmol) and AgShbe (0.014 g, 0.042 mmol) and to this mixture was added dry DCE (0.5 mL);
the resulting mixture was stirred at room temperature for 5 min. To this suspension was added a
DCE (1.5 mL) solution of compound 1a (0.05 g, 0.42 mmol) and compound 2a (0.05 g, 0.42
mmol) at room temperature. The resulting mixture was stirred for 3 h at 80 °C before
filtration over a short celite bed. The solvent was evaporated under reduced pressure and eluted
through a silica column with (ethyl acetate/hexane = 1:20) to afford the resulting product, which
was then triturated or recrystallized in pentane to get pure compound 3a as a white solid in
(0.057 g, 0.26 mmol, 61%) yield.



1.3 Standard procedure for the 6H-chromeno[3,4-b]quinoline (6a):

J (1) 10 mol % ‘
o] LAUCI/AgSbFg 35 h 7
©f\o (2) 20 mol% Zn(OTf), 3 h N
+ / o >
=N DCE, 80°C O
5a

MS 4 A O
2a 6a
(1.5 equiv)

A two-neck tube was charged with P(t-Bu),(o-biphenyl)gold(l)-chloride (0.019 g, 0.037
mmol) and AgShbe (0.012 g, 0.037 mmol) and to this mixture was added dry DCE (0.5 mL);
the resulting mixture was stirred at room temperature for 5 min. To this suspension was added a
DCE (1.5 mL) solution of compound 1a (0.05 g, 0.37 mmol) and compound 2a (0.04 g, 0.37
mmol) at room temperature. The resulting mixture was stirred for 35 h at 80 °C then add
Zinc triflate (0.027 g, 0.075 mmol) and again stirred for 3 h at 80 °C before filtration over
a short celite bed. The solvent was evaporated under reduced pressure and eluted through a silica
column with (ethyl acetate/hexane = 1:20) to afford the resulting product, which was then

triturated or recrystallized in pentane to get pure compound 3a as a white solid in (0.056 g, 0.24
mmol, 64%) yield.
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2. Spectral Data of Key Compounds:

Spectral data for benzofuro[2,3-b]quinoline (3a):

White solid; "H NMR (600 MHz, CDCls): § 8.64 (s, 1H), 8.13 (d, J = 8.5 Hz, 1H), 7.99 (td, J =
8.2, 0.6 Hz, 2H), 7.74 (td, J = 8.4, 1.3 Hz, 1H), 7.61 (dd, J = 8.2, 0.6 Hz, 1H), 7.55-7.52 (m, 2H),
7.38 (td, J = 8.4, 0.8 Hz, 1H); °C NMR (150 MHz, CDCls): § 162.5, 155.8, 145.9, 129.6, 129.3,
129.0, 128.4, 128.1, 126.0, 125.0, 123.4, 122.2, 121.6, 117.7, 112.0; HRMS-ESI+ calcd for
C1sHsNO (M+H): 220.0762, found: 220.0757.

Spectral data for 2-methylbenzofuro[2,3-b]quinoline (3b):

White solid; 'H NMR (600 MHz, CDCls): & 8.57 (s, 1H), 8.11 (d, J = 8.4 Hz, 1H), 7.96 (d, J =
8.1 Hz, 1H), 7.77 (s, 1H), 7.72 (td, J= 6.8, 1.3 Hz, 1H), 7.52 (td, J = 7.9, 1.0 Hz, 1H), 7.47 (d, J
= 8.3 Hz, 1H), 7.32 (d, J = 8.3 Hz, 1H), 2.49(s, 3H); *C NMR (150 MHz, CDCl;): & 162.8,
154.1, 145.9, 133.0, 130.2, 129.4, 128.7, 128.4, 128.1, 126.0, 124.9, 122.0, 121.7, 117.8, 111.5,
21.3; HRMS-ESI+ calcd for C16H12NO (M+H): 234.0919, found: 234.0913.

Spectral data for 2-methoxybenzofuro[2,3-b]quinoline (3¢):




White solid; 'H NMR (600 MHz, CDCls): § 8.62 (s, 1H), 8.12 (dt, J = 8.4, 0.4 Hz, 1H), 7.98 (dt,
J=28.2,0.7Hz, 1H), 7.74 (td, J = 8.4, 1.4 Hz, 1H), 7.54 (td, J= 8.1, 1.2 Hz, 1H), 7.51 (d, J= 8.8
Hz, 1H), 7.48 (d, J = 2.6 Hz, 1H), 7.11 (dd, J = 8.8, 2.6 Hz, 1H), 3.91 (s, 3H); "*C NMR (150
MHz, CDCl): & 163.1, 156.2, 150.4, 146.0, 129.6, 128.9, 128.4, 128.1, 125.9, 125.0, 122.6,
118.1, 116.8, 112.6, 105.2, 56.0;, HRMS-ESI+ calcd for C16H12NO, (M+H): 250.0868, found:
250.0870.

Spectral data for 2-chlorobenzofuro|2,3-b]quinoline (3d):

White solid; "H NMR (400 MHz, CDCl,): 6 8.65 (s, 1H), 8.14 (d, J = 8.8 Hz, 1H), 8.01 (d, J =
8.4 Hz, 1H), 7.98 (d, J= 2.0 Hz, 1H), 7.77 (td, J = 8.4, 1.4 Hz, 1H), 7.58-7.54 (m, 2H), 7.50 (dd,
J=8.7,2.0 Hz, 1H); >C NMR (150 MHz, CDCl;):  162.6, 154.1, 146.3, 130.1, 129.7, 129.3,
129.0, 128.5, 128.3, 126.0, 125.3, 123.6, 121.5, 116.8, 113.1; HRMS-ESI+ calcd for C15sHgCINO
(M+H): 254.0373, found: 254.0373.

Spectral data for 2-fluorobenzofuro[2,3-b]quinoline (3e):

White solid; 'H NMR (600 MHz, CDCL): & 8.65 (s, 1H), 8.14 (d, J = 8.5 Hz, 1H), 8.01 (dd, J =
8.1, 0.6 Hz, 1H), 7.77 (td, J= 8.3, 1.4 Hz, 1H), 7.68 (dd, J = 7.6, 2.6 Hz, 1H), 7.58-7.55 (m, 2H),
7.26 (td, J = 8.9, 2.7 Hz, 1H); °C NMR (150 MHz, CDCls): 163.0, 159.9 (Jer = 240.6 Hz),
151.8, 146.2, 130.1(Je.r = 12.1 Hz), 129.6, 128.5, 128.2, 125.9, 125.3, 123.1 (Jor = 10.2 Hz),
117.4, 116.5, (Jer = 25.4 Hz), 112.9 (Je.r = 8.9 Hz), 108.0 (Jo.r = 11.1 Hz); HRMS-ESI+ calcd
for C1sHgFNO (M+H): 238.0668, found: 238.0671.



Spectral data for 1,3-dimethylbenzofuro|2,3-b]quinoline (3f):

White solid; '"H NMR (600 MHz, CDCl5): & 8.45 (s, 1H), 8.07 (dd, J = 8.4, 0.4 Hz, 1H), 7.90 (d,
J=28.1Hz, 1H), 7.68 (td, J= 8.3, 1.4 Hz, 1H), 7.48 (td, J = 8.0, 1.0 Hz, 1H), 7.19 (s, 1H), 6.91
(s, 1H), 2.72 (s, 3H), 2.43 (s, 3H); °C NMR (150 MHz, CDCl;): § 162.5, 156.0, 145.0, 139.9,
134.1, 129.3, 129.0, 128.1, 128.0, 126.0, 125.7, 124.8, 118.3, 118.2, 109.5, 21.9, 19.6; HRMS-
ESI+ calcd for C17H14NO (M+H): 248.1075, found: 248.1078.

Spectral data for 4-methylbenzofuro[2,3-b]quinoline (3g):

White solid; '"H NMR (400 MHz, CDCls): & 8.62 (s, 1H), 8.12 (d, J = 8.0 Hz, 1H), 7.98 (dd, J =
8.2,0.7 Hz, 1H), 7.82 (dd, J= 7.4, 0.4 Hz, 1H), 7.73 (td, J= 8.3, 1.3 Hz, 1H), 7.53 (td, J = 8.1,
1.1 Hz, 1H), 7.35 (dd, J= 6.3, 0.8 Hz, 1H), 7.28 (t, J = 7.7 Hz, 1H), 2.61 (s, 3H); °C NMR (150
MHz, CDCLs): & 162.5, 154.6, 145.9, 130.4, 129.4, 129.0, 128.4, 128.1, 126.0, 124.9, 123.3,
122.4, 121.6, 119.0, 118.2, 15.1; HRMS-ESI+ calcd for CisH:.NO (M+H): 234.0919, found:
234.0909.

Spectral data for 4-chlorobenzofuro[2,3-b]quinoline (3h):




White solid; 'H NMR (400 MHz, CDCls): & 8.68 (s, 1H), 8.14 (d, J = 8.6 Hz, 1H), 8.01 (d, J =
8.2 Hz, 1H), 7.90 (dd, J = 7.5, 0.9 Hz, 1H), 7.78 (td, J= 8.3, 1.3 Hz, 1H), 7.58 (td, /= 8.1, 1.1
Hz, 1H), 7.54 (dd, J= 7.9, 1.0 Hz, 1H), 7.33 (t, J= 7.8 Hz, 1H); *C NMR (150 MHz, CDCL): §
162.1, 151.9, 146.3, 130.0, 129.8, 129.4, 128.7, 128.2, 126.1, 125.4, 124.2, 123.9, 119.8, 117.7,
117.4; HRMS-ESI+ calcd for C1sHgNO (M+H): 254.0373, found: 254.0372.

Spectral data for 1,2-dimethylbenzofuro[2,3-b]quinoline (3i’) (major isomer):

Ss=gbest
. o
3i' 3i"

(3i/3i" = 3:1)

White solid; "H NMR (600 MHz, CDCls): ¢ 8.61 (s, 1H), 8.47 (s, 1H), 8.09 (d, J = 8.4 Hz, 1H),
7.94-791 (m, 2H), 7.70-7.67 (m, 3H), 7.51-7.48 (m, 2H), 7.34 (s, 1H), 7.30 (s, 1H), 7.29-7.25
(m, 2H) 2.69 (s, 6H), 3.35 (s, 3H); °C NMR (150 MHz, CDCl3): § 162.7, 162.5, 154.6, 154.1,
145.5, 145.2, 138.9, 132.9, 131.9, 131.3, 130.7, 130.2, 129.3, 129.1, 128.3, 128.2, 128.1, 128.0,
127.9, 126.0, 125.9, 124.8, 121.9, 120.9, 119.6, 118.6, 118.0, 112.5, 108.7, 20.8, 19.8, 19.2, 16.2,
one carbon is merged with others; HRMS-ESI+ calcd for C;7;H14NO (M+H): 248.1075, found:
248.1078.

Spectral data for naphtho|2',1':4,5]furo[2,3-b]quinoline (3j):

Pale yellow solid; 'H NMR (600 MHz, CDCls): 6 8.64 (s, 1H), 8.46 (d, /= 8.2 Hz, 1H), 8.16 (d,
J=8.4Hz, 1H), 7.99 (t, J= 6.6 Hz, 2H), 7.95 (d, /= 8.2 Hz, 1H), 7.79 (d, J = 8.4 Hz, 1H), 7.74
(td, J=8.2, 1.3 Hz, 1H), 7.65 (td, /= 7.9, 0.9 Hz, 1H), 7.59 (td, /= 8.1, 1.4 Hz, 1H), 7.55 (td, J
= 7.9, 1.0 Hz, 1H); °C NMR (150 MHz, CDCl3): & 162.2, 152.3, 145.4, 134.0, 129.3, 128.5,



128.4, 128.3, 128.0, 127.1, 127.0, 126.2, 125.1, 123.9, 121.5, 120.9, 118.5, 118.4, 116.9; HRMS-
ESI+ calcd for C19H12NO (M+H): 270.1919, found: 270.0917.

Spectral data for 9-methylbenzofuro|2,3-b]quinoline (4a):

White solid; 'H NMR (600 MHz, CDCLs): & 8.56 (s, 1H), 8.03 (d, J = 8.5 Hz, 1H), 8.00 (d, J =
7.7 Hz, 1H), 7.75 (s, 1H), 7.59 (m, 2H), 7.53 (td, J= 7.3, 1.1 Hz, 1H), 7.37 (td, J = 7.2, 0.7 Hz,
1H), 2.56 (s, 3H); °C NMR (150 MHz, CDCLy): & 162.2, 155.8, 144.5, 134.8, 131.9, 129.1,
128.3, 128.1, 127.0, 126.1, 123.3, 122.3, 121.6, 117.6, 112.0, 21.4; HRMS-ESI+ calcd for
C16H12NO (M+H): 234.0919, found: 234.0913.

Spectral data for 9-methoxybenzofuro[2,3-b]quinoline (4b):

White solid; "H NMR (600 MHz, CDCls): 5 8.58 (s, 1H), 8.13 (d, J = 9.1 Hz, 1H), 7.99 (d, J =
7.4 Hz, 1H), 7.80 (d, J = 2.5 Hz, 1H), 7.60 (d, J = 8.1 Hz, 1H), 7.57-7.53 (m, 2H), 7.38 (td, J =
7.6, 0.8 Hz, 1H), 3.95 (s, 3H); '*C NMR (150 MHz, CDCL): § 162.6, 156.0, 154.2, 147.8, 143.9,
129.9, 129.7, 128.5, 126.0, 124.0, 123.5, 121.8, 118.4, 118.2, 112.1, 55.5; HRMS-ESI+ calcd for
C1sH12NO, (M+H): 250.0868, found: 250.08609.

Spectral data for 9-chlorobenzofuro[2,3-b]quinoline (4c):



White solid; "H NMR (600 MHz, CDCl;): & 8.54 (s, 1H), 8.06 (d, J = 9.0 Hz, 1H), 8.00 (d, J =
7.7 Hz, 1H), 7.90 (d, /= 1.8 Hz, 1H), 7.67 (d, J=9.0 Hz, 1H), 7.61 (d, J= 8.2 Hz, 1H), 7.56 (dd,
J=1td, 8.2, 0.9 Hz, 1H), 7.39 (d, J = 7.2 Hz, 1H); *C NMR (150 MHz, CDCls): § 162.6, 156.0,
144.3, 130.7,130.3, 129.9, 129.8, 127.9, 126.7, 126.6, 123.6, 121.9, 121.8, 118.6, 112.1; HRMS-
ESI+ calcd for C15HgCINO (M+H): 254.0373, found: 254.0361.

Spectral data for 9-bromobenzofuro(2,3-b]quinoline (4d):

Pale yellow solid; 'H NMR (600 MHz, CDCl5): 6 8.52 (s, 1H), 8.12 (d, J=2.0 Hz, 1H), 7.99 (m,
2H), 7.78 (dd, J = 9.0, 2.1 Hz, 1H), 7.60 (d, J = 8.1 Hz, 1H), 7.55 (td, /= 8.2, 0.9 Hz, 1H), 7.39
(t, J = 7.2 Hz, 1H); °C NMR (150 MHz, CDCls): § 162.6, 156.0, 144.5, 132.8, 130.0, 129.9,
129.8,127.8, 127.1, 123.6, 121.9, 121.7, 118.5, 112.1, one carbon is merged with others; HRMS-
ESI+ calcd for C15HgBrNO (M+H): 297.9868, found: 297.9863.

Spectral data for benzofuro[2,3-b]quinolin-9-yl methyl carbonate (4e):
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White solid; 'H NMR (400 MHz, CDCls): & 8.61 (s, 1H), 8.14 (d, J = 9.4 Hz, 1H), 8.01 (d, J =
8.0 Hz, 1H), 7.82 (d, J = 2.7 Hz, 1H), 7.61 (d, J = 8.1 Hz, 1H), 7.58-7.54 (m, 2H), 7.39 (td, J =
7.4, 1.1 Hz, 1H), 3.95 (s, 3H); *C NMR (150 MHz, CDCls): & 162.6, 156.0, 154.3, 147.8, 143.9,
129.9, 129.7, 129.2, 128.6, 126.1, 124.0, 123.6, 121.9, 118.4, 118.2, 112.1, 55.6; HRMS-ESI+
calcd for C17H1,NO4 (M+H): 294.0766, found: 294.0714.

Spectral Data of 8-methylbenzofuro|2,3-b]quinoline (4f):

White solid; '"H NMR (600 MHz, CDCls): & 8.60 (s, 1H), 7.99 (dt, J = 7.6, 0.5 Hz, 1H), 7.91-
7.87 (m, 2H), 7.60 (dd, J = 8.2, 0.6 Hz, 1H), 7.52 (td, J = 8.1, 1.2 Hz, 1H), 7.39-7.36 (m, 2H),
2.59 (s, 3H); '°C NMR (150 MHz, CDCls): § 162.7, 155.7, 146.3, 140.1, 129.0, 128.8, 127.7,
127.5, 127.3, 124.1, 123.3, 122.4, 121.4, 116.8, 112.0, 21.9; HRMS-ESI+ calcd for C1sH1,NO
(M+H): 234.0919, found: 234.0913.

Spectral Data of 8-chlorobenzofuro[2,3-b]quinoline (4g):

White solid; '"H NMR (600 MHz, CDCls): & 8.58 (s, 1H), 8.12 (t, J = 0.4 Hz, 1H), 7.98 (d, J =
7.6 Hz, 1H), 7.89 (d, J = 8.7 Hz, 1H), 7.60 (d, J = 8.2 Hz, 1H), 7.54 (t, J = 7.9 Hz, 1H), 7.48 (dd,
J=28.7,1.0 Hz, 1H), 7.38 (td, J= 7.9, 0.4 Hz, 1H); *C NMR (150 MHz, CDCl5): § 163.2, 156.1,
146.6, 135.6, 129.6, 129.1, 128.6, 127.6, 126.2, 124.5, 123.6, 122.0, 121.7, 118.1, 112.1; HRMS-
ESI+ calcd for C15HgCINO (M+H): 254.0373, found: 254.0374.

Spectral Data of 8-bromobenzofuro(2,3-b]quinoline (4h):

11



Pale yellow solid; 'H NMR (600 MHz, CDCL): & 8.61 (s, 1H), 8.31 (d, J = 1.9 Hz, 1H), 8.0 (dt,
J=17.6,0.6 Hz, 1H), 7.85 (d, J = 8.7 Hz, 1H), 7.62 (m, 2H), 7.56 (td, J= 7.3, 1.2 Hz, 1H), 7.39
(td, J = 7.6, 0.9 Hz, 1H); °C NMR (150 MHz, CDCls): § 163.0, 156.0, 146.6, 132.9, 130.8,
129.6, 129.2, 128.8, 128.7, 124.7, 123.8, 123.7, 121.8, 118.1, 112.1; HRMS-ESI+ calcd for
C1sHeBrNO (M+H): 297.9868, found: 297.9868.

Spectral Data of 11-methylbenzofuro[2,3-b]quinoline (4i):

White solid; '"H NMR (600 MHz, CDCls): & 8.17 (d, J = 0.7 Hz, 1H), 8.12-8.00 (m, 1H), 7.72
(td, J=8.2, 1.3 Hz, 1H), 7.60 (dd, J = 8.1, 0.6 Hz, 1H), 7.55 (td, J = 8.2, 1.2 Hz, 1H), 7.51 (td, J
= 8.5, 1.2 Hz, 1H), 7.38 (td, J = 7.6, 1.0 Hz, 1H), 3.10 (s, 3H); °C NMR (150 MHz, CDCl;): &
162.0, 155.5, 145.8, 140.6, 129.3, 129.0, 128.5, 125.9, 124.7, 123.7, 123.2, 123.1, 115.9, 111.9,
15.1, one carbon is merged with others; HRMS-ESI+ calcd for Ci6H1,NO (M+H): 234.0919,
found: 234.0920.

Spectral Data of 6H-chromeno|3,4-b]quinoline (6a):
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White solid; 'H NMR (600 MHz, CDCl3): & 8.35 (s, 1H), 8.01 (d, J = 8.4 Hz, 1H), 7.85-7.83 (m,
2H), 7.67 (td, J = 8.4, 1.4 Hz, 1H), 7.52 (td, J= 8.1, 1.1 Hz, 1H), 7.30 (td, J = 8.1, 1.5 Hz, 1H),
7.11 (td, J= 8.8, 1.2 Hz, 1H), 7.05 (dd, J = 8.1, 1.0 Hz, 1H), 5.36 (s, 2H); '>*C NMR (150 MHz,
CDCL): & 154.8, 153.3, 147.1, 130.4, 129.5, 128.8, 128.4, 127.9, 127.7, 126.8, 123.8, 123.7,
122.6, 121.0, 117.9, 70.5; HRMS-ESI+ calcd for C1sH1NO (M+H): 234.0919, found: 234.0914.

Spectral Data of 2-((2H-chromen-3-yl)amino)benzaldehyde (6a’):

oy
(@)

6a’

White solid; "H NMR (600 MHz, CDCls): & 10.23 (s, 1H), 10.09 (s, 1H), 7.87 (dd, J=7.8, 0.7
Hz, 1H), 7.63 (dd, J= 7.3, 0.9 Hz, 1H), 7.30-7.28 (m, Hz, 2H), 7.25-7.23 (m, 1H), 7.01-7.00 (m,
2H), 6.61-6.60 (m, 1H), 5.23 (s, 2H); >C NMR (150 MHz, CDCls): § 193.3, 158.2, 135.9, 134.2,
129.5, 129.2, 128.9, 127.9, 121.4, 120.3, 119.6, 114.8, 101.9, 63.3, two carbons is merged with
other; HRMS-ESI+ calcd for C16H14NO, (M+H): 252.1025, found: 252.1024.

Spectral Data of 2-methyl-6H-chromeno[3,4-b]quinoline (6b):

7
oY
(@)

6b

White solid; "H NMR (600 MHz, CDCls): & 8.34 (s, 1H), 8.01 (d, J = 8.4 Hz, 1H), 7.84 (d, J =
8.1 Hz, 1H), 7.67-7.64 (m, 2H), 7.52 (t, J= 7.2 Hz, 1H), 7.11-7.09 (m, 1H), 6.95 (d, /= 8.2 Hz,
1H), 5.36 (s, 2H), 2.38 (s, 3H); °C NMR (150 MHz, CDCls): & 153.5, 152.7, 146.9, 131.9,
131.2, 129.5, 128.7, 128.4, 127.9, 127.6, 126.8, 124.0, 123.8, 120.6, 117.6, 70.5, 20.8; HRMS-
ESI+ calcd for C17H14NO (M+H): 248.1075, found: 248.1080.
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Spectral Data of 2-methoxy-6H-chromeno|3,4-b]quinoline (6¢):

/I

MeO O N
(0]

6¢c

White solid; 'H NMR (600 MHz, CDCls): & 8.23 (s, 1H), 7.98 (d, J = 8.4 Hz, 1H), 7.81 (d, J =
8.1 Hz, 1H), 7.74 (d, J= 8.4 Hz, 1H), 7.63 (td, J= 7.8, 1.2 Hz, 1H), 7.50 (t, J= 7.2 Hz, 1H), 7.69
(d, J = 6.0 Hz, 1H), 6.59 (d, J = 3 Hz, 1H), 5.34 (s, 2H), 3.83 (s, 3H); °C NMR (150 MHz,
CDCls): & 161.7, 156.1, 152.7, 146.6, 129.0, 128.7, 125.6, 127.7, 126.7, 126.3, 124.8, 123 .4,

113.7, 109.8, 102.4, 77.7, 55.5; HRMS-ESI+ calcd for C17H14NO, (M+H): 264.1025, found:
264.1022.

Spectral Data of 2-chloro-6H-chromeno|3,4-b]quinoline (6d):

7
C|\N
(0]

6d

White solid; 'H NMR (600 MHz, CDCls): & 8.31 (s, 1H), 8.01 (d, J = 8.4 Hz, 1H), 7.86 (d, J =
8.1 Hz, 1H), 7.79 (d, J = 2.4 Hz, 1H), 7.69 (td, J = 8.3, 1.3 Hz, 1H), 7.54 (td, J = 7.9, 0.7 Hz,
1H), 7.24-7.22 (m, 1H), 6.99 (d, J = 8.6 Hz, 1H), 5.34 (s, 2H); °C NMR (150 MHz, CDCl): &
153.3, 152.7, 147.3, 130.1, 129.9, 128.8, 128.2, 128.1, 128.0, 127.7, 127.0, 123.5, 122.5, 122.4,
119.3, 70.5; HRMS-ESI+ calcd for C1H11:CINO (M+H): 268.0529, found: 268.0531.

Spectral Data of 2-bromo-6H-chromeno|3,4-b]quinolone (6e):
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/I

Br O N
(0]

6e

White solid; "H NMR (600 MHz, CDCls): § 8.27 (s, 1H), 7.99 (d, J = 8.4 Hz, 1H), 7.90 (d, J =
2.2 Hz, 1H), 7.82 (d, J = 8.1 Hz, 1H), 7.67 (td, J = 8.2, 1.3 Hz, 1H), 7.52 (td, J = 7.0, 1.0 Hz,
1H), 7.35 (dd, J = 8.6, 2.2 Hz, 1H), 6.92 (d, J = 8.7 Hz, 1H), 5.32 (s, 2H); °C NMR (150 MHz,
CDCls): & 153.7, 152.6, 147.2, 132.9, 129.9, 128.7, 128.2, 128.1, 128.0, 127.0, 126.4, 122.9,
122.3, 129.7, 114.9, 70.4; HRMS-ESI+ calcd for CyH11BrNO (M+H): 312.0024, found:
312.0021.

Spectral Data of 3-methoxy-6H-chromeno|3,4-b]quinoline (6f°) (major):

7
‘ x~ _N
MeO (@]

6f'

White solid; 'H NMR (600 MHz, CDCl5): 6 8.22 (s, 1H), 7.98 (d, J = 8.4 Hz, 1H), 7.81 (d, J =
8.1 Hz, 1H), 7.73 (d, J = 8.4 Hz, 1H), 7.63 (td, J = 8.3, 1.3 Hz, 1H), 7.50 (t, /= 7.3 Hz, 1H), 7.69
(dd, J = 8.6, 2.5 Hz, 1H), 6.59 (d, J = 2.5 Hz, 1H), 5.34 (s, 2H), 3.83 (s, 3H); °C NMR (150
MHz, CDCL): 6 161.7, 156.1, 152.7, 146.5, 129.0, 128.7, 125.6, 127.7, 126.7, 126.2, 124.7,
123.8, 113.7, 109.8, 102.4, 77.7, 55.5; HRMS-ESI+ calcd for Ci7H14NO, (M+H): 264.1025,
found: 264.1022.

Spectral Data of 1-methoxy-6H-chromeno[3,4-b]quinoline (6f**) (minor):
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OMe/I

o
O

6fll

White solid; 'H NMR (600 MHz, CDCls): & 9.06 (s, 1H), 7.99 (d, J = 8.3 Hz, 1H), 7.85 (d, J =
8.1 Hz, 1H), 7.65 (t, J= 7.2 Hz, 1H), 7.50 (t, J = 7.3 Hz, 1H), 7.29 (t, J = 8.2 Hz, 1H), 6.73 (d, J
= 8.1 Hz, 1H), 6.69 (d, J= 8.3 Hz, 1H), 5.27 (s, 2H), 4.01 (s, 3H); °C NMR (150 MHz, CDCl5):
§ 158.6, 156.7, 153.5, 146.1, 132.9, 129.9, 129.3, 128.5, 128.4, 12.6.4, 122.3, 110.9, 110.6,
105.6, 105.1, 70.8, 55.7, one carbon is merge with other; HRMS-ESI+ calcd for C17H14NO;
(M+H): 264.1025, found: 264.1021.

Spectral Data of 6-methyl-6H-chromeno[3,4-b]quinoline (6g):

/I

L
¢}

6g

White solid; 'H NMR (400 MHz, CDCls): & 8.36 (s, 1H), 8.03 (d, J = 8.0 Hz, 1H), 7.84 (d, J =
8.0 Hz, 1H), 7.66 (t, J= 8.2, 1.2 Hz, 1H), 7.52 (t, J = 6.8 Hz, 1H), 7.31 (t,J= 7.2 Hz, 1H), 7.12-
7.04 (m, 2H), 5.50 (q, J = 6.8 Hz, 1H), 1.73 (d, J = 6.8 Hz, 3H); '*C NMR (150 MHz, CDCl5): &
156.5, 153.4, 147.2, 130.4, 129.3, 129.0, 128.2, 127.9, 126.7, 123.5,122.8, 122.3,120.8, 118.4,
76.0,19.2; HRMS-ESI+ calcd for C17H14NO (M+H): 248.1075, found: 248.1090.

Spectral Data of 6-butyl-6H-chromeno[3,4-b]quinoline (6h):
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White semi-solid; '"H NMR (600 MHz, CDCls): & 8.36 (s, 1H), 8.02 (d, J = 8.4 Hz, 1H), 7.85-
7.83 (m, 2H), 7.66 (td, J = 8.4, 1.4 Hz, 1H), 7.51 (td, J = 8.0, 1.1 Hz, 1H), 7.30 (td, J = 8.1, 1.6
Hz, 1H), 7.09 (td, J = 7.5, 1.1 Hz, 1H), 7.05 (dd, J = 8.1, 1.0 Hz, 1H), 5.50 (q, J = 5.4 Hz, 1H),
1.98-1.88 (m, 2H), 1.63-1.52 (m, 2H), 136-1.27 (m, 2H), 0.88 (t, J = 7.3 Hz, 3H); '*C NMR (150
MHz, CDCly): & 156.3, 152.9, 147.1, 130.4, 129.3, 128.9, 128.1, 127.8, 126.6, 123.4, 122.8,
122.1, 120.8, 118.5, 79.8, 33.2, 29.6, 27.7, 22.4, 14.0; HRMS-ESI+ calcd for CooHxoNO (M+H):
290.1545, found: 290.1550.

Spectral Data of 10-methyl-6H-chromeno[3,4-b]quinoline (6d):

White solid; '"H NMR (600 MHz, CDCls): & 8.25 (s, 1H), 7.89 (d, J = 8.5 Hz, 1H), 7.82 (dd, J =
7.7, 1.5 Hz, 1H), 7.60 (s, 1H), 7.49 (dd, J = 8.5, 1.8 Hz, 1H), 7.29 (td, J = 8.3, 1.5 Hz, 1H), 7.10
(td, J=7.6, 1.1 Hz, 1H), 7.04 (dd, J= 8.1, 1.0 Hz, 1H) 5.33 (s, 2H), 2.52 (s, 3H); °C NMR (150
MHz, CDCls): & 154.7, 152.3, 145.6, 136.6, 131.8, 130.3, 128.4, 128.3, 127.1, 126.8, 123.7,
123.5, 122.5, 121.1,117.9, 70.5, 21.5; HRMS-ESI+ calcd for Ci7HuNO (M+H): 248.1075,
found: 248.1087.

Spectral Data of 10-bromo-6H-chromeno|3,4-b]quinoline (6j):
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White solid; 'H NMR (600 MHz, CDCls): & 8.31 (s, 1H), 8.01 (d, J = 8.4 Hz, 1H), 7.86 (d, J =
8.1 Hz, 1H), 7.79 (d, J = 2.4 Hz, 1H), 7.69 (td, J = 8.3, 1.3 Hz, 1H), 7.54 (td, J = 7.9, 0.7 Hz,
1H), 7.24-7.22 (m, 1H), 6.99 (d, J = 8.6 Hz, 1H), 5.34 (s, 2H); °C NMR (150 MHz, CDCl;): &
153.3, 152.7, 147.3, 130.1, 129.9, 128.8, 128.2, 128.1, 128.0, 127.7, 127.0, 123.5, 122.5, 122.4,
119.3, 70.5; HRMS-ESI+ calcd for C16H1:BrNO (M+H): 312.0024, found: 312.0049.

Spectral Data of 9-methoxy-6H-chromeno|3,4-b]quinoline (6k):

‘ OMe
=

‘ N
O

6k

Pale yellow solid; '"H NMR (600 MHz, CDCls): & 8.26 (s, 1H), 7.78 (dd, J = 7.8, 1.2 Hz, 1H),
7.71 (d, J = 8.9 Hz, 1H), 7.38 (d, J = 2.3 Hz, 1H), 7.26 (td, J = 8.1, 1.5 Hz, 1H), 7.17 (dd, J =
9.0, 2.5 Hz, 1H), 7.09 (t, J = 7.6 Hz, 1H), 7.03 (d, J = 8.1 Hz, 1H), 5.32 (s, 2H), 3.93 (s, 3H); "°C
NMR (150 MHz, CDCl3): & 160.9, 154.4, 153.3, 148.7, 129.8, 129.0, 127.6, 123.5, 123.4, 122.5,

121.6, 121.2, 119.9, 117.8, 106.8, 70.4, 55.5; HRMS-ESI+ calcd for Ci7H14NO, (M+H):
264.1025, found: 264.1034.

Spectral Data of 9-chloro-6H-chromeno|3,4-b]quinoline (61):
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White solid; '"H NMR (600 MHz, CDCls): & 8.21 (s, 1H), 7.95 (d, J = 1.5 Hz, 1H), 7.74 (dd, J =
7.8, 1.3 Hz, 1H), 7.70 (d, J= 8.7 Hz, 1H), 7.42 (dd, J= 8.7, 1.9 Hz, 1H), 7.28 (t,J = 8.2 Hz, 1H),
7.08 (t, J = 7.7 Hz, 1H), 7.02 (t, J= 8.1 Hz, 1H) 5.28 (s, 2H); >*C NMR (150 MHz, CDCls): &
154.6, 154.2, 147.1, 1351, 130.6, 129.0, 127.7, 127.2, 126.6, 123.8, 123.7, 122.6, 120.4, 117.9,

70.2, one carbon is merged with other; HRMS-ESI+ calcd for C14H1;CINO (M+H): 268.0529,
found: 268.0531.

Spectral Data of 12-phenyl-6H-chromeno|3,4-b]quinoline (6m):

6m

White solid; "H NMR (600 MHz, CDCls): § 8.06 (d, J = 8.3 Hz, 1H), 7.66 (td, J = 8.2, 1.3 Hz,
1H), 7.54-7.51 (m, 2H), 7.40 (td, J = 8.2, 1.1 Hz, 1H), 7.31-7.30 (m, 2H), 7.24-7.20 (m, 1H),
7.13-7.10 (m, 1H), 7.03 (dd, J = 8.1, 1.1 Hz, 1H), 7.64 (dd, J = 8.5, 0.9 Hz, 1H), 6.66 (dd, J =
8.1, 1.5 Hz, 1H), 6.60 (t, J = 8.3 Hz, 1H), 5.30 (s, 2H); °C NMR (150 MHz, CDCl3): & 156.5,
155.2, 146.2, 143.2, 137.1, 126.6, 129.4, 129.2, 128.8, 128.5, 128.3, 126.6, 121.9, 121.6, 121.4,
120.4, 117.8, 115.3, 71.5; HRMS-ESI+ calcd for C,,H16NO (M+H): 310.1232, found: 310.1241.

Spectral Data of 9-methoxy-6H-chromeno|3,4-b]quinolin-6-one (9k):
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White solid; 'H NMR (600 MHz, CDCls):  8.80 (s, 1H), 8.11 (d, J= 7.9 Hz, 1H), 7.88 (d, J =
9.0 Hz, 1H), 7.68 (d, J= 2.2 Hz, 1H), 7.48 (td, J = 8.5, 1.3 Hz, 1H), 7.39-7.36 (m, 3H), 3.97 (s,
3H); '°C NMR (150 MHz, CDCLy): & 162.0, 159.1, 150.6, 150.1, 138.5, 130.4, 129.4, 128.6,
125.7, 125.4, 124.8, 124.5, 122.6, 117.9, 117.4, 107.7, 55.8; HRMS-ESI+ calcd for C17H1,NO;
(M+H): 278.0817, found: 278.0812.

Spectral Data of methyl 2-((2-formylphenyl)amino)benzofuran-3-carboxylate (8a):

o 4

N NH CHO
0]

8a

Yellow solid; 'H NMR (600 MHz, CDCl5): 6 12.3 (s, 1H), 9.99 (s, 1H), 8.26 (d, J= 8.5 Hz, 1H),
7.84 (d, J=17.74 Hz, 1H), 7.69 (dd, J = 8.5, 2.3 Hz, 1H), 7.63 (td, J=7.26, 1.4 Hz, 1H), 7.41 (d,
J=28.1 Hz, 1H), 7.27 (t, J= 7.5 Hz, 1H), 7.18-7.15 (m, 2H), 4.01 (s, 3H); °C NMR (150 MHz,
CDCl3): 6 193.8, 165.0, 158.4, 149.6, 140.0, 136.4, 135.7, 125.9, 124.5, 122.4, 121.8, 121.6,
120.3, 117.9, 110.1, 51.3, one carbon is merged with others; HRMS-ESI+ calcd for C17H13NO4
(M+Na): 318.0742, found: 318.0746.

Spectral Data of methyl 3-phenylpropiolate (7a):
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7a

Yellow liquid; 'H NMR (400 MHz, CDCly): § 7.45-7.43 (m, 2H), 7.38-7.34 (m, 2H), 7.30-7.26
(m, 1H), 3.78 (s, 3H); °C NMR (100 MHz, CDCL3): & 153.2, 129.7, 129.3, 127.9, 127.4, 91.3,
80.4, 52.6.

3. X-Ray crystallographic Data:

X-Ray Data of Compound 3a:
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CCDC 1897138

Table 1. Crystal data and structure refinement for d20681.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.06°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters

Goodness-of-fit on F2

d20681

ClI5HINO

219.23

200(2) K

0.71073 A

Orthorhombic

Pna2l

a=23.736(4) A a=90°,
b =5.9771(6) A B=90°.
¢ =21.9903) A y=90°,
3119.7(7) A3

12

1.400 Mg/m3

0.089 mm-!

1368

0.10 x 0.05 x 0.02 mm3

2.53 to 25.06°.

-28<=h<=22, -5<=k<=7, -26<=I<=25
12552

5380 [R(int) = 0.0949]

99.4 %

multi-scan

0.9982 and 0.9912

Full-matrix least-squares on F2
5380/0 /440

1.013
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Final R indices [I1>2sigma(l)] R1 =0.0820, wR2 = 0.1809

R indices (all data) R1=0.2074, wR2 = 0.2602
Absolute structure parameter 0(4)
Largest diff. peak and hole 0.506 and -0.762 e. A3

Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x 103)

for d20681. U(eq) is defined as one third of the trace of the orthogonalized U'l tensor.

X y z U(eq)
C@1) 3942(4) 3085(14) 5192(4) 47(2)
C(2) 3640(4) 2399(15) 5684(5) 56(3)
C@3) 3605(4) 3942(16) 6155(5) 62(3)
C(4) 3853(4) 6035(15) 6103(5) 59(3)
C(5) 4144(4) 6694(15) 5599(5) 53(2)
C(6) 4193(4) 5184(14) 5134(4) 43(2)
C@) 4435(4) 5157(14) 4511(5) 51(2)
C(8) 4328(4) 2997(13) 4259(5) 46(2)
C(9) 4729(4) 6573(15) 4178(5) 51(2)
C(10) 4890(4) 5843(12) 3583(4) 45(2)
C(11) 5202(4) 7263(14) 3205(5) 50(2)
C(12) 5352(4) 6611(15) 2632(5) 56(2)
C(13) 5189(4) 4467(15) 2413(5) 54(2)
C(14) 4897(4) 3038(13) 2780(4) 49(2)
C(15) 4741(3) 3675(13) 3384(4) 45(2)
C(16) 2735(4) 6303(14) 4885(4) 48(2)
c(17) 3043(4) 7037(14) 4379(5) 54(3)
C(18) 3094(4) 5544(16) 3899(5) 56(3)
C(19) 2840(4) 3506(15) 3907(5) 55(2)
C(20) 2531(4) 2781(14) 4393(5) 51(2)
C(21) 2476(4) 4213(14) 4897(4) 41(2)
C(22) 2203(4) 4195(16) 5494(6) 69(3)
C(23) 2336(4) 6375(12) 5802(5) 43(2)
C(24) 1939(4) 2876(18) 5833(5) 69(3)
C(25) 1750(4) 3558(14) 6447(4) 44(2)
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C(26)
c(27)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(46)
Cc(47)
C(39)
C(40)
Cc(41)
C(42)
C(43)
C(44)
C(45)
N(1)

N(2)

0(1)

0(2)

0(@3)

N(3)

0(3A)
N(3A)

1442(4)
1263(4)
1400(4)
1715(4)
1890(3)
1702(4)
2042(4)
2124(5)
1882(4)
1540(4)
1454(3)
1102(8)
1038(8)
909(7)
1195(6)
1301(4)
729(3)
427(4)
261(4)
379(5)
673(5)
844(4)
4441(3)
2202(3)
4026(2)
2646(2)
1616
1167
1167
1616

2057(14)
2700(15)
4789(17)
6265(14)
5625(13)
6892(17)
7565(18)
6090(20)
4030(20)
3308(14)
4730(14)
3640(30)
4830(30)
3520(30)
4940(30)
7082(14)
4378(13)
2868(14)
3432(17)
5540(20)
7052(17)
6469(15)
2168(10)
7189(10)
1721(9)
7627(9)
8191
7935
7935
8191

6797(5)
7349(5)
7582(5)
7257(4)
6667(4)
3471(6)
2980(7)
2519(6)
2493(5)
2964(4)
3477(4)
3948(9)
4450(9)
4409(8)
4069(8)
4375(5)
5002(4)
5366(5)
5914(5)
6168(5)
5816(6)
5256(5)
3727(4)
6335(4)
4663(3)
5396(3)
3963

4911

4911

3963

54(2)
53(2)
58(3)
49(2)
45(2)
69(3)
86(4)
85(4)
72(3)
51(2)
45(2)
45(5)
37(4)
44(4)
36(3)
58(3)
42(2)
52(2)
59(3)
79(4)
71(3)
55(2)
48(2)
42(2)
54(2)
54(2)
42

40

41

41

Table 3. Bond lengths [A] and angles [°] for d20681.

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

1.362(12)
1.395(11)
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C(1)-0(1)
C(2)-C(3)
C(2)-H(2)
C(3)-C(4)
C(3)-H(3)
C(4)-C(5)
C(4)-H(4)
C(5)-C(6)
C(5)-H(5)
C(6)-C(7)
C(7)-C(9)
C(7)-C(8)
C(8)-N(1)
C(8)-0(1)
C(9)-C(10)
C(9)-H(9)
C(10)-C(11)
C(10)-C(15)
C(11)-C(12)
C(11)-H(11)
C(12)-C(13)
C(12)-H(12)
C(13)-C(14)
C(13)-H(13)
C(14)-C(15)
C(14)-H(14)
C(15)-N(1)
C(16)-0(2)
C(16)-C(21)
C(16)-C(17)
C(17)-C(18)
C(17)-H(17)
C(18)-C(19)
C(18)-H(18)
C(19)-C(20)
C(19)-H(19)

1.435(9)
1.389(12)
0.9500
1.387(12)
0.9500
1.366(12)
0.9500
1.368(11)
0.9500
1.486(12)
1.319(12)
1.427(11)
1.300(11)
1.372(10)
1.431(12)
0.9500
1.400(11)
1.413(11)
1.365(12)
0.9500
1.422(12)
0.9500
1.363(11)
0.9500
1.432(11)
0.9500
1.373(10)
1.391(10)
1.392(12)
1.402(12)
1.388(12)
0.9500
1.359(12)
0.9500
1.367(12)
0.9500
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C(20)-C(21)
C(20)-H(20)
C(21)-C(22)
C(22)-C(24)
C(22)-C(23)
C(23)-N(2)

C(23)-0(2)

C(24)-C(25)
C(24)-H(24)
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)-N(2)

C(31)-0(3)

C(31)-N(3A)
C(31)-C(32)
C(31)-C(36)
C(32)-C(33)
C(32)-H(32)
C(33)-C(34)
C(33)-H(33)
C(34)-C(35)
C(34)-H(34)
C(35)-C(36)
C(35)-H(35)
C(36)-C(47)
C(36)-C(37)
C(37)-C(38)
C(37)-H(37)

1.406(11)
0.9500
1.465(14)
1.252(13)
1.501(12)
1.310(10)
1.377(10)
1.480(13)
0.9500
1.368(11)
1.390(12)
1.343(12)
0.9500
1.389(12)
0.9500
1.359(12)
0.9500
1.415(11)
0.9500
1.398(10)
1.349(11)
1.349(11)
1.406(15)
1.420(12)
1.355(16)
0.9500
1.362(16)
0.9500
1.384(13)
0.9500
1.427(11)
0.9500
1.446(18)
1.48(2)
1.32(3)
0.9500
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C(38)-C(40)
C(38)-C(39)
C(46)-C(47)
C(46)-C(40)
C(46)-H(46)
C(47)-C(39)
C(39)-N(3)

C(39)-0(3A)
C(39)-N(3A)
C(39)-0(3)

C(40)-C(45)
C(40)-C(41)
C(41)-C(42)
C(41)-H(41)
C(42)-C(43)
C(42)-H(42)
C(43)-C(44)
C(43)-H(43)
C(44)-C(45)
C(44)-H(44)
C(45)-0(3A)
C(45)-N(3)

C(2)-C(1)-C(6)
C(2)-C(1)-0(1)
C(6)-C(1)-0(1)
C(1)-C(2)-C(3)
C(1)-C(2)-H(Q)
C(3)-C(2)-H(2)
C(4)-C(3)-C(2)
C(4)-C(3)-H@B)
C(2)-C(3)-H@B)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4)
C(3)-C(4)-H(4)
C(4)-C(5)-C(6)

1.44(2)
1.49(2)
1.32(2)
1.465(18)
0.9500
1.470(18)
1.322(10)
1.322(10)
1.348(10)
1.348(10)
1.396(12)
1.403(11)
1.313(11)
0.9500
1.406(14)
0.9500
1.379(14)
0.9500
1.344(13)
0.9500
1.390(9)
1.390(9)

124.6(8)
123.1(8)
112.2(7)
115.1(8)
1225
1225
120.8(9)
119.6
119.6
122.8(9)
118.6
118.6
117.3(8)
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C(4)-C(5)-H(5)
C(6)-C(5)-H(5)
C(5)-C(6)-C(2)
C(5)-C(6)-C(7)
C(1)-C(6)-C(7)
C(9)-C(7)-C(8)
C(9)-C(7)-C(6)
C(8)-C(7)-C(6)
N(1)-C(8)-O(1)
N(1)-C(8)-C(7)
0(1)-C(8)-C(7)
C(7)-C(9)-C(10)
C(7)-C(9)-H(9)
C(10)-C(9)-H(9)
C(11)-C(10)-C(15)
C(11)-C(10)-C(9)
C(15)-C(10)-C(9)
C(12)-C(11)-C(10)
C(12)-C(11)-H(11)
C(10)-C(11)-H(11)
C(11)-C(12)-C(13)
C(11)-C(12)-H(12)
C(13)-C(12)-H(12)
C(14)-C(13)-C(12)
C(14)-C(13)-H(13)
C(12)-C(13)-H(13)
C(13)-C(14)-C(15)
C(13)-C(14)-H(14)
C(15)-C(14)-H(14)
N(1)-C(15)-C(10)
N(1)-C(15)-C(14)
C(10)-C(15)-C(14)
0(2)-C(16)-C(21)
0(2)-C(16)-C(17)
C(21)-C(16)-C(17)
C(18)-C(17)-C(16)

121.3
121.3
119.3(8)
136.8(8)
103.8(7)
117.4(9)
135.2(9)
107.3(8)
118.6(7)
131.1(9)
110.2(8)
116.9(8)
1215
1215
120.3(8)
120.0(8)
119.7(8)
120.9(8)
119.6
119.6
119.9(8)
120.0
120.0
120.2(9)
119.9
119.9
120.9(8)
119.6
119.6
124.2(8)
118.0(7)
117.8(8)
115.3(8)
122.9(8)
121.7(8)
116.6(8)
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C(18)-C(17)-H(17)
C(16)-C(17)-H(17)
C(19)-C(18)-C(17)
C(19)-C(18)-H(18)
C(17)-C(18)-H(18)
C(18)-C(19)-C(20)
C(18)-C(19)-H(19)
C(20)-C(19)-H(19)
C(19)-C(20)-C(21)
C(19)-C(20)-H(20)
C(21)-C(20)-H(20)
C(16)-C(21)-C(20)
C(16)-C(21)-C(22)
C(20)-C(21)-C(22)
C(24)-C(22)-C(21)
C(24)-C(22)-C(23)
C(21)-C(22)-C(23)
N(2)-C(23)-0(2)
N(2)-C(23)-C(22)
0(2)-C(23)-C(22)
C(22)-C(24)-C(25)
C(22)-C(24)-H(24)
C(25)-C(24)-H(24)
C(30)-C(25)-C(26)
C(30)-C(25)-C(24)
C(26)-C(25)-C(24)
C(27)-C(26)-C(25)
C(27)-C(26)-H(26)
C(25)-C(26)-H(26)
C(26)-C(27)-C(28)
C(26)-C(27)-H(27)
C(28)-C(27)-H(27)
C(29)-C(28)-C(27)
C(29)-C(28)-H(28)
C(27)-C(28)-H(28)
C(28)-C(29)-C(30)

121.7
121.7
121.9(9)
119.0
119.0
122.1(9)
118.9
118.9
118.2(8)
120.9
120.9
119.4(8)
102.7(8)
138.0(8)
139.4(11)
112.5(11)
107.7(8)
120.5(6)
132.4(9)
107.0(8)
121.4(11)
119.3
119.3
121.0(8)
119.8(8)
119.1(9)
118.8(8)
120.6
120.6
121.1(9)
119.4
119.4
121.2(9)
119.4
119.4
118.0(8)
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C(28)-C(29)-H(29)
C(30)-C(29)-H(29)
C(25)-C(30)-N(2)

C(25)-C(30)-C(29)
N(2)-C(30)-C(29)

0(3)-C(31)-N(3A)

0(3)-C(31)-C(32)

N(3A)-C(31)-C(32)
0(3)-C(31)-C(36)

N(3A)-C(31)-C(36)
C(32)-C(31)-C(36)
C(33)-C(32)-C(31)
C(33)-C(32)-H(32)
C(31)-C(32)-H(32)
C(32)-C(33)-C(34)
C(32)-C(33)-H(33)
C(34)-C(33)-H(33)
C(33)-C(34)-C(35)
C(33)-C(34)-H(34)
C(35)-C(34)-H(34)
C(34)-C(35)-C(36)
C(34)-C(35)-H(35)
C(36)-C(35)-H(35)
C(31)-C(36)-C(35)
C(31)-C(36)-C(47)
C(35)-C(36)-C(47)
C(31)-C(36)-C(37)
C(35)-C(36)-C(37)
C(47)-C(36)-C(37)
C(38)-C(37)-C(36)
C(38)-C(37)-H(37)
C(36)-C(37)-H(37)
C(37)-C(38)-C(40)
C(37)-C(38)-C(39)
C(40)-C(38)-C(39)
C(47)-C(46)-C(40)

121.0
121.0
123.2(8)
119.8(8)
117.0(7)
0.0
122.6(11)
122.6(11)
116.9(10)
116.9(10)
120.3(10)
118.1(11)
120.9
120.9
123.9(12)
118.1
118.1
119.9(11)
120.0
120.0
119.3(9)
120.4
120.4
118.4(8)
96.2(10)
145.4(10)
129.8(11)
111.8(11)
33.7(8)
114.3(19)
122.8
122.8
131.3(19)
110.1(19)
118.4(13)
115.4(16)
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C(47)-C(46)-H(46)
C(40)-C(46)-H(46)
C(46)-C(47)-C(36)
C(46)-C(47)-C(39)
C(36)-C(47)-C(39)
N(3)-C(39)-O(3A)
N(3)-C(39)-N(3A)
0(3A)-C(39)-N(3A)
N(3)-C(39)-0(3)
0(3A)-C(39)-0(3)
N(3A)-C(39)-0(3)
N(3)-C(39)-C(47)
0(3A)-C(39)-C(47)
N(3A)-C(39)-C(47)
0(3)-C(39)-C(47)
N(3)-C(39)-C(38)
O(3A)-C(39)-C(38)
N(3A)-C(39)-C(38)
0(3)-C(39)-C(38)
C(47)-C(39)-C(38)
C(45)-C(40)-C(41)
C(45)-C(40)-C(38)
C(41)-C(40)-C(38)
C(45)-C(40)-C(46)
C(41)-C(40)-C(46)
C(38)-C(40)-C(46)
C(42)-C(41)-C(40)
C(42)-C(41)-H(41)
C(40)-C(41)-H(41)
C(41)-C(42)-C(43)
C(41)-C(42)-H(42)
C(43)-C(42)-H(42)
C(44)-C(43)-C(42)
C(44)-C(43)-H(43)
C(42)-C(43)-H(43)
C(45)-C(44)-C(43)

1223
1223
132.5(16)
112.9(16)
114.5(12)
0.0
122.8(6)
122.8(6)
122.8(6)
122.8(6)
0.0
134.7(10)
134.7(10)
102.5(9)
102.5(9)
98.5(10)
98.5(10)
138.6(10)
138.6(10)
36.2(8)
116.6(8)
93.9(10)
149.3(10)
127.8(10)
115.5(9)
33.9(8)
120.8(9)
119.6
119.6
122.3(10)
118.8
118.8
117.7(10)
121.1
121.1
119.8(9)
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C(45)-C(44)-H(44) 120.1

C(43)-C(44)-H(44) 120.1
C(44)-C(45)-O(3A) 120.3(9)
C(44)-C(45)-N(3) 120.3(9)
O(3A)-C(45)-N(3) 0.0

C(44)-C(45)-C(40) 122.6(9)
O(3A)-C(45)-C(40) 117.0(8)
N(3)-C(45)-C(40) 117.0(8)
C(8)-N(1)-C(15) 110.6(7)
C(23)-N(2)-C(30) 110.4(7)
C(8)-O(1)-C(1) 106.3(6)
C(23)-0(2)-C(16) 107.2(6)
C(31)-0(3)-C(39) 109.9(6)
C(39)-N(3)-C(45) 112.1(6)
C(39)-0(3A)-C(45) 112.1(6)
C(31)-N(3A)-C(39) 109.9(6)

Symmetry transformations used to generate equivalent atoms:

Table 4. Anisotropic displacement parameters (A2x 103)for d20681. The anisotropic

displacement factor exponent takes the form: -2n2[ hZa*2U1l + .. + 2 h k a* b* U12]

yr U2 ys3s3 uz ys y12
() 49(6) 52(5) 40(5) 3(4) 6(4) 9(5)
Cc2) 57(7) 57(6) 54(6) 19(5) 3(5) 1(5)
c(@3) 55(6) 76(7) 56(7) 9(6) 6(5) 23(5)
C(4) 58(7) 54(6) 65(7) 4(5) 5(6) 9(5)
C(5) 45(6) 58(6) 55(6) 2(5) -15(5) 6(4)
C(6) 40(5) 54(6) 36(5) 5(4) -4(4) 7(4)
() 42(5) 48(5) 64(7) 10(5) -17(5) 4(4)
C(@8) 39(5) 33(4) 65(7) 9(5) -11(5) -2(4)
C(9) 41(5) 55(5) 58(6) 3(5) 6(5) 5(4)
C(10)  43(5) 39(5) 52(6) 1(4) -10(4) 5(4)
C(ll)  47(6) 43(5) 58(6) 2(4) 4(5) -1(4)
C(12)  50(6) 56(6) 62(7) 19(5) 2(5) 4(5)
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C(13)
C(14)
C(15)
C(16)
Cc(17)
C(18)
C(19)
C(20)
c(21)
C(22)
C(23)
C(24)
C(25)
C(26)
c(27)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(39)
C(40)
Cc(41)
C(42)
C(43)
C(44)
C(45)
N(1)

N(2)

0(1)

0(2)

52(6)
60(6)
38(5)
49(6)
49(6)
56(6)
57(6)
46(6)
36(5)
43(6)
35(5)
52(7)
46(5)
43(6)
45(6)
43(6)
56(6)
35(5)
46(6)
44(7)
67(8)
50(7)
53(6)
33(5)
46(6)
37(5)
55(6)
42(6)
85(9)
78(8)
46(6)
59(5)
44(4)
61(4)
56(4)

65(6)
36(5)
40(5)
49(5)
45(5)
70(6)
64(6)
49(5)
57(5)
60(6)
36(5)
63(6)
41(5)
42(5)
58(6)
85(7)
44(5)
44(5)
68(7)
56(7)
108(10)
117(9)
55(5)
49(5)
35(5)
41(5)
48(5)
90(7)
107(9)
52(6)
62(6)
39(4)
39(4)
43(3)
46(3)

44(6)
51(6)
55(6)
47(6)
68(7)
42(6)
44(6)
58(6)
31(5)
103(9)
58(6)
93(9)
44(5)
79(7)
55(6)
46(6)
45(6)
57(6)
93(8)
158(13)
82(9)
50(7)
46(5)
53(6)
92(8)
49(6)
53(6)
43(6)
44(7)
84(9)
56(7)
44(5)
42(4)
59(4)
60(4)

5(5)
-4(4)
-2(4)
-9(5)
13(5)
18(5)
3(5)
-1(5)
7(4)
29(6)
-2(4)
14(6)
-5(4)
3(5)
5(5)
-2(5)
-8(4)
12(5)
3(6)
40(8)
56(8)
0(7)
7(5)
5(4)
-8(5)
-1(4)
-3(4)
19(5)

-19(7)
-18(6)

7(5)
-3(3)
6(3)
-1(3)
-4(3)

-3(5)
-8(5)

-15(4)
-17(5)

5(5)
-3(5)
-1(5)

-13(5)

1(4)

-28(6)
-13(4)
-20(6)

1(4)

-12(5)

4(5)
5(5)
-7(5)

-12(4)
-14(6)
-12(8)

1(7)

-13(5)

0(5)
-7(4)

-28(5)

-4(4)
7(5)
10(4)

-26(6)
-45(7)
-17(5)

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

-11(3)

3(5)
5(4)
3(4)
10(4)
3(4)
14(5)
13(5)
7(4)
2(4)
5(5)
-3(4)
14(5)
13(4)
4(4)
9(5)
17(5)
9(4)
9(4)
18(5)
11(5)
15(8)

29(6)
5(4)
8(4)

10(4)
1(4)
0(4)

16(5)

59(8)

12(6)
6(5)

-10(3)

2(3)
2(3)
3(3)
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Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A2x 103)

for d20681.
X y z U(eq)

H(2) 3465 971 5704 67
H(3) 3409 3559 6517 75
H(4) 3818 7054 6433 71
H(5) 4307 8143 5572 63
H(9) 4830 8011 4327 61
H(11) 5310 8698 3348 59
H(12) 5564 7587 2381 67
H(13) 5284 4030 2011 64
H(14) 4796 1600 2631 59
H(17) 3210 8482 4366 65
H(18) 3311 5958 3555 67
H(19) 2878 2554 3563 66
H(20) 2359 1347 4391 62
H(24) 1859 1407 5693 83
H(26) 1359 601 6647 65
H(27) 1038 1708 7584 63
H(28) 1272 5194 7977 70
H(29) 1814 7683 7420 58
H(32) 2209 9009 2971 103
H(33) 2366 6528 2195 102
H(34) 1946 3091 2152 87
H(35) 1365 1880 2946 61
H(37) 936 2208 3893 54
H(46) 826 2037 4279 53
H(41) 342 1419 5214 62
H(42) 53 2379 6148 70
H(43) 261 5907 6569 94
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H(44) 753 8504 5970

86

4.'H & °C Spectra of Key Compounds:
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