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General Experimental

All the reactions were performed in an oven-dried Schlenk flask. Commercial grade solvents
were distilled prior to use. Column chromatography was performed using either 100-200
Mesh or 230-400 Mesh silica gel or neutral alumina. Thin layer chromatography (TLC) was
performed on silica gel GF254 plates and alumina plates.

Proton, carbon, and fluorine nuclear magnetic resonance spectra (*H NMR, **C NMR and *°F
NMR) were recorded based on the resonating frequencies as follows: (*H NMR, 400 MHz;
3C NMR, 101 MHz; *F NMR, 376 MHz) and (*H NMR, 500 MHz; *C NMR, 126 MHz;
YF NMR, 470 MHz) having the solvent resonance as internal standard (*H NMR, CDCl; at
7.26 ppm; *C NMR, CDCl; at 77.0 ppm). Few cases tetramethylsilane (TMS) at 0.00 ppm
was used as reference standard. Data for '"H NMR are reported as follows: chemical shift
(ppm), multiplicity (s = singlet; bs = broad singlet; d = doublet; bd = broad doublet, t =
triplet; bt = broad triplet; g = quartet; m = multiplet), coupling constants, J, in (Hz), and
integration. Data for *C NMR, *°F NMR were reported in terms of chemical shift (ppm). IR
spectra were reported in cm™. High resolution mass spectra were obtained in ESI mode.
Melting points were determined by electro-thermal heating and are uncorrected. X-ray data

was collected at 293 K using graphite monochromated Mo-K« radiation (0.71073 A).

Materials: Unless otherwise noted, all the reagents and intermediates were obtained
commercially and used without purification. Dichloromethane (DCM), Chloroform (CHCIs),
acetonitrile (CH3CN), toluene, 1,1,2,2-tetrachloroethane (TCE), 1,2-dichloroethane (DCE)
and 1,4-dioxane were distilled over CaH,. [RuCl,(p-cymene)],, AgSbFs, AgBF,, NaPFg and
KPFs were purchased and used as received. Analytical and spectral data of all the known

compounds are exactly matching with the reported values.
Following the known procedure, compounds 1a and symmetrical alkynes were prepared.’?

Following a known procedure, compounds 1b, 1c, 1d, 1e, 1f, 1g, 1h, 1i, 1j, 1k, 1I, 1m, 1n,
1o, 1p, 1q, 1r, 1s, 1t, 5a, 5b, 5¢, 5d, 5e, 5f and 5g were prepared for the first time.
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Following the reported method, the alkynes 2e, 2f, 2g, 2h, and 2i were prepared.? 4-octyne
(2a), 5-decyne (2b), 3-hexyne (2c), diphenyl acetylene (2d), and phenyl acetylene (2j) were

purchased and used.

S3



npr— npr nBy— "Bu Et———Et

2a 2b 2c
2 O=CO
A)=Cn = =i
2f, R = OMe 2g
/Ts —

O=s, O=L O~

2h 2i Bn 2j
Following a known procedure, the compounds I, 11, 111, IV, V and VI were prepared.®

H

Ho  R=NHMe, I O 0 Ho ©
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Experimental Procedures:

Preparation of N-Aroyl/heteroaroylated S-Methyl-S-Phenylsulfoximine (1): General
Procedures (GP-1A): EDC-coupling:*

(0} N_._._Me
COOH Me\s”o s
. HN® EDC.HCI, DMAP .
DCM, 0 °C-rt @@
1

12h
1 T

A solution of N'-(3-dimethylaminopropyl)-N-ethylcarbodimide hydrochloride salt (EDC.HCI)
(3.0 equiv), 4-N,N-dimethylaminopyridine (DMAP) (2.2 equiv) and benzoic acids (1%) (1.1
equiv) in CH,CI, (5.0 mL, for 1.0 mmol of sulfoximine) was stirred under an argon
atmosphere. Sulfoximine (1") (1.0 equiv, 0.50 g) was introduced dropwise at 0 °C. The
resulting reaction mixture was stirred for about 30 min at 0 °C, and warmed to ambient
temperature and continued for 12 h. Upon complete consumption of sulfoximine, the reaction
mixture was acidified with hydrochloric acid (HCI, 2N). The organic layer was separated; the
aqueous layer was extracted with CH,Cl, (3 times). The combined extracts were washed with
10% aqueous NaHCO3; and brine. The organic layer was dried over Na,SO,4. Solvent was
filtered and evaporated under the reduced pressure. The crude residue was purified using

column chromatography on silica gel using hexane/ethyl acetate.
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Following this procedure, the compounds 1b, 1c, 1d, 1e, 1f, 1h, 1j, 1k, 1l, 1m, 1n, 1o, 1p,
1q, 1r, and 1s were prepared.*

N-[4-Methyl-1-naphthoyl]-S-methyl-S-phenylsulfoximine (1b):
O —— 1b (0.81 g, 78%) as colorless thick liquid. R; = 0.56 (1:1 hexane/EtOAc); *H
O n=Spn| NMR (500 MHz, CDCls) § 9.09 (dd, J = 7.5 & 1.5 Hz, 1H), 8.28 (d, J = 7.5
Me 1b Hz, 1H), 8.07 (d, J = 8.0 Hz, 2H), 8.02 (dd, J = 7.5 & 1.5 Hz, 1H), 7.65 (t, J =
7.0 Hz, 1H), 7.58 (t, J = 7.75 Hz, 2H), 7.56-7.48 (m, 2H), 7.33 (d, J = 7.0 Hz, 1H), 3.46 (s, 3H), 2.72
(s, 3H); °C NMR (126 MHz, CDCl3) §176.5, 139.0, 133.6, 132.8, 131.3, 131.1, 129.7, 129.6, 129.2,
127.0, 126.9, 126.7, 125.6, 125.4, 124.1, 44.4, 20.0; IR (Neat) wna 2924, 1620, 1511, 1475, 1278,
1213, 1194, 1092, 1019, 974 cm™*; HRMS (ESI) for CyH1sNO,S (M+H)": calcd. 324.1053, found
324.1053.

N-[4-Methoxy-1-naphthoyl]-S-methyl-S-phenylsulfoximine (1c):

O o O we 1c (0.69 g, 64%) as colorless crystalline solid. mp = 110-111 °C; R¢ = 0.42
O N=S<pn| (1:1 hexane/EtOAC); *H NMR (400 MHz, CDCly) & 9.18 (d, J = 8.8 Hz, 1H),
MeO 1c 8.47 (d, J = 8.0 Hz, 1H), 8.30 (dd, J = 8.4 & 0.8 Hz, 1H), 8.09 (d, J = 7.2 Hz,
2H), 7.67 (t, J = 7.2 Hz, 1H), 7.61 (t, J = 7.4 Hz, 2H), 7.59-7.51 (m, 1H), 7.50-7.43 (m, 1H), 6.80 (d,
J=8.4Hz, 1H), 4.04 (s, 3H), 3.48 (s, 3H); *C NMR (101 MHz, CDCls) §175.9, 158.7, 139.3, 133.6,
132.8, 132.3, 129.6, 127.7, 127.1, 126.4, 125.6, 125.1, 124.5, 121.9, 102.3, 55.6, 44.5; IR (Neat) vinax
2998, 2917, 1620, 1606, 1573, 1511, 1462, 1443, 1390, 1209, 1183, 1090, 1022, 984 cm™*; HRMS
(ESI) for C19H1gNO3S (M+H)™: calcd. 340.1002, found 340.1002.

N-[4-Fluoro-1-naphthoyl]-S-methyl-S-phenylsulfoximine (1d):

O o O wme 1d (0.95 g, 93%) as colorless crystalline solid. mp = 121-122 °C; Ry = 0.50 (1:1
O N=S*ph hexane/EtOAc); 'H NMR (500 MHz, CDCl;) §9.12(d, J = 8.5 Hz, 1H),
i 1d 8.40 (dd, J = 8.5 & 6.0 Hz, 1H), 8.13 (d, J = 9.0 Hz, 1H), 8.07 (d, J = 8.0 Hz,
2H), 7.67 (t, J = 7.3 Hz, 1H), 7.64—7.50 (m, 4H), 7.13 (t, J = 9.0 Hz, 1H), 3.47 (s, 3H); *C NMR (126
MHz, CDCls) 5175.4, 160.9 (d, J = 258 Hz), 138.8, 133.7, 133.2 (d, J = 5.0 Hz), 131.0 (d, J = 10 Hz),
129.7,128.6 (d, J=4.0 Hz), 128.1, 127.0, 126.5 (d, J = 2.5 Hz), 126.1, 123.8 (d, J = 15 Hz), 120.5 (d,
J=7.5Hz), 108.1 (d, J = 20 Hz), 44.4; *°F NMR (376 MHz, CDCl3) 5-115.84; IR (Neat) via 2930,
1644, 1613, 1510, 1443, 1278, 1252, 1210, 1159, 1123, 1055, 885, 973 cm*; HRMS (ESI) for
C1gH14FNNaO,S (M+Na)™: calcd. 350.0621, found 350.0626.

N-[4-Bromo-1-naphthoyl]-S-methyl-S-phenylsulfoximine (1e):
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O o O me le (0.75 g, 60%) as colorless crystalline solid. mp = 145-146 °C; R = 0.65 (1:1

O N=S%pn|  hexane/EtOAC);*H NMR (500 MHz, CDCls) 59.04-8.98 (m, 1H), 8.32-8.26 (m,
Br Te 1H), 8.16 (d, J = 8.0 Hz, 1H), 8.07 (d, J = 7.5 Hz, 2H), 7.81 (d, J = 8.0 Hz, 1H),
7.73-7.66 (m, 1H), 7.65-7.54 (m, 4H), 3.49 (s, 3H); *C NMR (126 MHz, CDCl3) §175.8, 138.8,
133.9, 132.9, 132.4, 132.1, 129.74, 129.68, 128.8, 127.8, 127.4, 127.3, 127.1, 126.9, 44.4; IR (Neat)
Vinax 2924, 1621, 1561, 1502, 1415, 1274, 1242, 1215, 1160, 1092, 1021, 972 cm™*; HRMS (ESI) for
Ci1gH15BrNO,S (M+H)": calcd. 388.0001, found 388.0015.

N-[Methyl-4-(chlorocarbonyl)-1-naphthoate]-S-methyl-S-phenylsulfoximine (1f):

O o O me 1f (0.82 g, 69%) as colorless crystalline solid. mp = 115-116 °C; R; = 0.50
O N=S<pn| (1:1 hexane/EtOAc); '"H NMR (500 MHz, CDCly) & 8.88-8.79 (m, 2H),
MeO,C 1 8.18 (d, J = 7.5 Hz, 1H), 8.12-8.04 (m, 3H), 7.68 (t, J = 7.5 Hz, 1H),

7.65-7.55 (m, 4H), 4.00 (s, 3H), 3.49 (s, 3H); *C NMR (126 MHz, CDCl;) §176.1, 167.8, 138.7,

138.0, 134.0, 131.6, 131.3, 130.3, 129.8, 128.4, 127.5, 127.12, 127.08, 126.6, 125.8, 52.3, 44.5; IR

(Neat) vimax 3022, 3003, 1707, 1607, 1511, 1477, 1325, 1297, 1213, 1199, 1144, 1120, 1037, 980 cm™;

HRMS (ESI) for CyH;sNO,S (M+H)": calcd. 368.0951, found 368.0952.

N-[4-Phenyl-1-naphthoyl]-S-methyl-S-phenylsulfoximine (1h):
[‘ o O me 1h (1.06 g, 85%) as colorless crystalline solid. mp = 149-150 °C; R; = 0.61
O N=S<ph (1:1 hexane/EtOAc); *H NMR (500 MHz, CDCls) & 9.07 (d, J = 8.5 Hz, 1H),
Ph 1h 8.38 (d, J = 7.5 Hz, 1H), 8.15-8.09 (m, 2H), 7.90 (d, J = 8.0 Hz, 1H),
7.74-7.66 (m, 1H), 7.63 (t, J = 7.5 Hz, 2H), 7.58-7.39 (m, 8H), 3.51 (s, 3H); *C NMR (126 MHz,
CDCl3) 6176.5, 144.2, 140.5, 139.0, 133.8, 132.4, 132.1, 131.6, 129.9, 129.7, 129.0, 128.2, 127.5,
127.1, 126.9, 126.6, 126.4, 125.9, 125.6, 44.5; IR (Neat) vmax 3005, 1620, 1578, 1492, 1420, 1327,
1266, 1210, 1143, 1091, 1043, 984 cm™; HRMS (ESI) for C,sH»,NO,S (M+H)*: calcd. 386.1209,
found 386.12009.

N-[5-Chloro-6-methoxy-1-naphthoyl]-S-methyl-S-phenylsulfoximine (1j):

) 1j (0. 76 g, 63%) as colorless crystalline solid. mp = 175-176 °C; R; = 0.51
ClNS‘SZ'\Fﬂ,s (1:1 hexane/EtOAc); *H NMR (500 MHz, CDCl;) & 8.98 (d, J = 9.5 Hz,
1j 1H), 8.41 (d, J = 8.5 Hz, 1H), 8.26 (dd, J = 7.0 & 1.0 Hz, 1H), 8.09 (d, J =

7.5 Hz, 2H), 7.70 (br t, J = 7.25 Hz, 1H), 7.63 (br t, J = 7.75 Hz, 2H), 7.57 (t, J = 8.0 Hz, 1H), 7.32 (d,
J=9.5Hz, 1H), 4.02 (s, 3H), 3.49 (s, 3H); *C NMR (126 MHz, CDCl3) 5176.3, 152.4, 138.7, 133.9,
133.0, 132.4, 129.8, 128.1, 127.5, 127.3, 127.1, 126.7, 126.1, 116.6, 114.3, 56.8, 44.5; IR (Neat) vinax

3025, 2928, 1600, 1579, 1503, 1444, 1261, 1150, 1089, 1045 cm™*; HRMS (ESI) for C1gH1;CINO;S
(M+H)": calcd. 374.0612, found 374.0612.
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N-[6-Ethoxy-1-naphthoyl]-S-methyl-S-phenylsulfoximine (1k):
s 1k (1.01 g, 88%) as colorless crystalline solid. mp = 130-131 °C; R = 0.60
O i N?S“F",;’ (1:1 hexane/EtOAC); *H NMR (500 MHz, CDCl;) §8.92 (d, J = 9.5 Hz, 1H),
O 1k 8.19 (dd, J=7.5 & 1.0 Hz, 1H), 8.12-8.05 (m, 2H), 7.83 (d, J = 8.0 Hz, 1H),
7.71-7.64 (m, 1H), 7.60 (t, J = 7.5 Hz, 2H), 7.43 (t, J = 7.75 Hz, 1H), 7.19 (dd, J = 9.0 & 2.5 Hz, 1H),
7.13 (d, J = 3.0 Hz, 1H), 4.14 (g, J = 7.0 Hz, 2H), 3.47 (s, 3H), 1.47 (t, J = 7.0 Hz, 3H); *C NMR
(126 MHz, CDCl3) 6176.5, 156.6, 139.1, 135.4, 133.7, 132.8, 131.1, 129.7, 128.0, 127.5, 127.1,
126.7, 125.0, 119.9, 107.0, 63.3, 44.4, 14.7; IR (Neat) vna 2930, 1615, 1585, 1505, 1460, 1445, 1393,
1248, 1197, 1141, 1112, 1032, 962 cm™; HRMS (ESI) for CxHzNO3S (M+H)*: calcd. 354.1148,
found 354.1158.

N-[6-(Benzyloxy)-1-naphthoyl]-S-methyl-S-phenylsulfoximine (1I):
o 11 (0.98 g, 73%) as colorless crystalline solid. mp = 161-162 °C; Ry = 0.50
7 OO R Nf,)“s:'\PAﬁ (1:1 hexane/EtOAc); *H NMR (500 MHz, CDCls) 68.96 (d, J = 9.5 Hz,
1l 1H), 8.22 (d, J = 7.0 Hz, 1H), 8.08 (d, J = 8.0 Hz, 2H), 7.84 (d, J = 8.5 Hz,
1H), 7.68 (br t, J = 6.75 Hz, 1H), 7.60 (t, J = 7.25 Hz, 2H), 7.51-7.37 (m, 5H), 7.34 (t, J = 7.5 Hz,
1H), 7.29 (dd, J = 9.25 & 2.25 Hz, 1H), 7.23 (d, J = 2.5 Hz, 1H), 5.18 (s, 2H), 3.47 (s, 3H); *C NMR
(126 MHz, CDCl3) 6176.5, 156.4, 138.8, 136.7, 135.3, 133.7, 132.7, 131.2, 129.7, 128.5, 128.1,
127.9, 127.7, 127.5, 127.1, 126.9, 125.1, 120.0, 69.8, 44.4; IR (Neat) wna 3060, 2925, 1616, 1590,
1507, 1447, 1374, 1248, 1214, 1196, 1133, 1093, 1012, 972, 906, 832, 730 cm*; HRMS (ESI) for
C25H2:NO3S (M+H)™: caled. 416.1315, found 416.1313.

N-[Phenanthrene-9-carbonyl]-S-methyl-S-phenylsulfoximine (1m):

1m (0.52 g, 45%) as colorless thick liquid. R = 0.59 (1:1 hexane/EtOAc); 'H
(0]

% 2 %™ NMR (500 MHz, CDCls) 5 9.00 (d, J = 8.0 Hz, 1H), 8.71 (d, J = 8.0 Hz, 1H),

N=S~ph
(Y 8.67 (d, J = 8.5 Hz, 1H), 8.62 (s, 1H), 8.12 (d, J = 8.0 Hz, 2H), 7.98 (d, J = 7.5

Hz, 1H), 7.74-7.59 (m, 7H), 3.52 (s, 3H); *C NMR (126 MHz, CDCl;) 5176.5,
138.78, 133.76, 131.85, 131.77, 131.3, 130.6, 130.3, 129.72, 129.68, 129.3, 128.2, 127.13, 127.05,
126.96, 126.7, 126.5, 122.6, 122.5, 44.4; IR (Neat) vimax 3058, 1624, 1493, 1445, 1306, 1288, 1210,
1143, 1032 cm™; HRMS (ESI) for C»H1sNO,S (M+H)": calcd. 360.1053, found 360.1058.

N-[Pyrene-1-carbonyl]-S-methyl-S-phenylsulfoximine (1n):
0 O Me 1n (0.94 g, 76%) as yellow crystalline solid. mp = 134-136 °C; Ry = 0.38 (1:1
O N=5>Ph hexane/EtOAC); H NMR (400 MHz, CDCls) & 9.38 (d, J = 9.6 Hz, 1H),
“ 8.84 (d, J = 8.0 Hz, 1H), 8.24-7.97 (m, 9H), 7.71-7.58 (m, 3H), 3.54 (s, 3H);
O 1n 3C NMR (101 MHz, CDCl3) §176.8, 138.9, 133.7, 133.6, 131.0, 130.5, 130.4,
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129.7, 129.5, 129.0, 128.7, 128.6, 127.2, 127.1, 126.0, 125.8, 125.7, 125.6, 124.8, 124.3, 123.9, 44.5;
IR (Neat) vinx 2927, 1610, 1593, 1578, 1538, 1447, 1403, 1367, 1208, 1094, 845 cm™'; HRMS (ESI)
for CpH1sNO,S (M+H)™: calcd. 384.1053, found 384.1058.

N-[Perylene-3-carbonyl]-S-methyl-S-phenylsulfoximine (10):
O o O we 10 (0.83 g, 60%) as orange crystalline solid. mp = 200-202 °C; Ry = 0.50
O‘O N“SPhl  (1:1 hexane/EtOAC); *H NMR (400 MHz, DMSO-Dg) & 8.71 (d, J = 8.8 Hz,
O 10 1H), 8.46-8.37 (m, 4H), 8.26 (d, J = 8.0 Hz, 1H), 8.13 (d, J = 7.2 Hz, 2H),
7.89-7.71 (m, 5H), 7.64—7.53 (m, 3H), 3.69 (s, 3H); *C NMR (101 MHz, DMSO-Dg) §175.3, 139.2,
134.6,134.2,134.0, 132.9, 132.6, 131.0, 130.8, 130.5, 130.3, 130.1, 129.4, 128.8, 128.6, 128.1, 128.0,
127.6, 127.4, 126.4, 122.5, 121.8, 121.3, 120.1, 43.8; IR (Neat) vimax 2926, 1672, 1605, 1569, 1516,
1475, 1312, 1250, 1205, 1150, 1124, 1090, 972, 918, 808 cm*; HRMS (ESI) for C,sHx,NO,S
(M+H)": calcd. 434.1209, found 434.1212.

N-[Benzo[b]thiophene-3-carbonyl]-S-methyl-S-phenylsulfoximine (1p):

N\ L

=S>pn hexane/EtOAC); *H NMR (500 MHz, CDCls) & 8.74 (d, J = 8.0 Hz, 1H), 8.50 (s,
1H), 8.10-8.05 (M, 2H), 7.84 (d, J = 8.0 Hz, 1H), 7.72-7.65 (M, 1H), 7.64—7.59
(M, 2H), 7.45-7.40 (m, 1H), 7.39-7.34 (m, 1H), 3.48 (s, 3H); *C NMR (101 MHz, CDCl;) 5170.3,
140.2, 138.9, 137.0, 136.2, 133.7, 132.9, 129.6, 127.1, 125.3, 125.0, 124.6, 122.3, 44.5; IR (KBr) Vinax
3388, 2927, 1617, 1498, 1419, 1368,1233, 1098, 972 cm™; HRMS (ESI) for C1gH1NO,S, (M+H)":
calcd. 316.0460, found 316.0467.

5 O Mo 1p (0.97 g, 95%) as colorless crystalline solid. mp = 128-129 °C; Ry = 0.46 (1:1
’ N
s]

1p

N-[1-Methyl-1H-indole-3-carbonyl]-S-methyl-S-phenylsulfoximine (1q):

\

I N"TPh (10006 EtOAC): *H NMR (400 MHz, CDCls) & 8.35-8.30 (m, 1H), 8.05 (d, J =

we ' 7.2 Hz, 2H), 7.83 (s, 1H), 7.64 (t, J = 8.4 Hz, 1H), 7.56 (t, J = 7.6 Hz, 2H),
7.32-7.18 (m, 3H), 3.76 (s, 3H), 3.43 (5, 3H); **C NMR (101 MHz, CDCls) §171.8, 139.5, 137.2,
135.4, 133.4, 129.5, 127.1, 126.8, 122.3, 122.0, 121.4, 113.0, 109.5, 44.7, 33.2; IR (KBI) Vina 2926,
1607, 1528, 1466, 1385, 1269, 1226, 1110, 973 cm™%; HRMS (ESI) for C1;H;2N,0,S (M+H)*: calcd.

313.1005, found 313.1011.

o O wme 10 (0.62 g, 62%) as colorless crystalline solid. mp = 184-185 °C; R; = 0.48
; ] §
N

N-[1-Benzyl-1H-indole-3-carbony]-S-methyl-S-phenylsulfoximine (1r):

\N\ L

-S<
N“S*Ph | (3:7 hexane/EtOAC); *H NMR (500 MHz, CDCly) 58.40 (br d, J = 7.5 Hz,

o O me) 1r(0.91 g, 73%) as colorless crystalline solid. mp = 200-201 °C; R¢ = 0.30
N I
1r
Ph— 1H), 8.11 (d, J=7.5 Hz, 2H), 7.97 (s, 1H), 7.77-7.64 (m, 1H), 7.61 (br t, J =
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7.3 Hz, 2H), 7.39-7.21 (m, 6H), 7.17 (br d, J = 7.5 Hz, 2H), 5.34 (s, 2H), 3.49 (s, 3H); “*C NMR (101
MHz, CDCls) 6171.9, 139.6, 136.8, 136.2, 134.9, 133.4, 129.5, 128.8, 127.8, 127.1, 126.9, 122.5,
122.2,121.6, 113.7, 110.1, 50.5, 44.7; IR (KBr) vina 1659, 1532, 1463, 1360, 1283, 1185, 1019 cm™%;
HRMS (ESI) for CpsHx:N,0,S (M+H)": calcd. 389.1318, found 389.1325.

N-[1-(Methoxymethyl)-1H-indole-3-carbonyl]-S-methyl-S-phenylsulfoximine (1s):

a8 Sy hexane/EtOAC); 'H NMR (500 MHz, CDCls) & 8.37-8.31 (m, 1H), 8.07 (d, J =
o 7.5 Hz, 2H), 7.95 (s, 1H), 7.65 (t, J = 7.5 Hz, 1H), 7.59 (t, J = 7.75 Hz, 2H),
7.48 (dd, J = 6.5 & 2.0 Hz, 1H), 7.30-7.21 (m, 2H), 5.44 (s, 2H), 3.47 (s, 3H), 3.24 (s, 3H); °C NMR
(101 MHz, CDCls) §171.8, 139.6, 136.8, 134.5, 133.5, 129.5, 127.3, 127.1, 122.9, 122.2, 122.1,
114.5, 110.2, 77.9, 56.0, 44.7; IR (Neat) vinax 2920, 1603, 1523, 1443, 1378, 1260, 1208, 1125, 1092,

1029, 975 cm™; HRMS (ESI) for C1gH19N,03S (M+H)™: calcd. 343.1111, found 343.1111.

Qjﬁ 0w 1s(0.90 g, 82%) as colorless crystalline solid. mp = 190-191 °C; Ry = 0.35 (3:2
| N

Preparation of N-[Naphthalene-1,4-dicarbonyl]-S-methyl-S-phenylsulfoximine (1):
General Procedure (GP-1B):

OO . HN28<© EDC.HCI, DMAP @—('S?=N O Nzﬁs?@
DCM1,20;C7rt i ]
1'g COOH 1" 19

A solution of N'-(3-dimethylaminopropyl)-N-ethylcarbodimide, hydrochloride salt
(EDC.HCI) (4.28 g, 27.6 mmol), 4-N,N-dimethylaminopyridine (DMAP) (2.25 g, 18.4 mmol)
and naphthalene-1,4-dicarboxylic acid (1'g) (1.0 g, 4.6 mmol) in CH,Cl, (40 mL) was stirred
under an argon atmosphere. Sulfoximine (1") (1.56 g, 10.1 mmol) was introduced dropwise
at 0 °C. The resulting reaction mixture was stirred for about 1 h at 0°C, and warmed to
ambient temperature and continued for 12 h. Upon complete consumption of carboxylic acid,
the reaction mixture was acidified with 2N hydrochloric acid (40 mL). The organic layer was
separated; the aqueous layer was extracted with CH,Cl, (4 x 30 mL). The combined extracts
were washed with 10% aqueous NaHCOg3 and brine. The organic layer was dried over
Na,SO,. Solvent was filtered and evaporated under the reduced pressure. The crude residue

was purified using column chromatography on silica gel using hexane/ethyl acetate.

N-[Naphthalene-1,4-dicarbonyl]-S-methyl-S-phenylsulfoximine (1g):
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O o O we 1g (1.75 g, 77%) as colorless crystalline solid. mp = 110-111 °C; R¢= 0.45
. O NS pn| (1:4 hexane/EtOAc); *H NMR (500 MHz, CDCls) & 8.87 (dd, J = 6.75 &
0% X 19 3.25 Hz, 2H), 8.21 (s, 2H), 8.05 (d, J = 8.0 Hz, 4H), 7.65 (t, J = 7.0 Hz,

2H), 7.58 (t, J = 7.5 Hz, 4H), 7.50 (dd, J = 6.75 & 3.25 Hz, 2H), 3.46 (s,

6H); *C NMR (126 MHz, CDCl;) §176.2, 138.6, 136.5, 133.8, 131.4, 129.7, 127.5, 127.0, 126.8,

126.3, 44.4; IR (Neat) vinax 3014, 1618, 1575, 1475, 1446, 1242, 1212, 1145, 1010, 971 cm™*; HRMS

(ESI) for CyH23N20,S; (M+H)™: calcd. 491.1094, found 491.1094.

Preparation of N-[4-(Pyren-1-yl)-1-naphthoyl]-S-methyl-S-phenylsulfoximine (1i):
Sonogashira-coupling:

O N_\S,Me
Os _N._ _Me 0*"“Ph

o L 1
OO . ‘O Pd[PPh;], (10 mol%)
K,COj3 (2.0 eq)
Br DMF, 110°C, 20 h “
e Iy

A mixture of pyren-1-ylboronic acid (0.22 g, 1.1 mmol), 1e (0.39 g, 1.0 mmol), Pd(PPhs),
(0.119 g 10 mol%), and K,CO3 (0.28 g, 2.0 mmol) in N,N-dimethylformamide (10.0 mL) was

taken in a screw capeed tube and heated at 110 °C in a heating block for 20 h. The reaction

mixture was cooled to ambient temperature, filtered through a small plug of Celite. The
reaction mixture was extracted with ethylacetate (4 x 15 mL), dried over Na,SO, and
concentrated under vacuum to give a yellow solid. The crude material was purified by silica
gel column chromatograpy eluting with hexane: ethyl acetate (1:1) to give compound 1i as

yellow colour gummy liquid.

N-[4-(Pyren-1-yl)-1-naphthoyl]-S-methyl-S-phenylsulfoximine (1i):

1i (0.35 g, 69%) as yellow colour gummy liquid. Ry = 0.52 (1:1

[‘ R Nos“F",‘; hexane/EtOAC); *H NMR (500 MHz, CDCl3) & 9.13 (dd, J = 8.5 & 5.0
O“ O 1i Hz, 1H), 8.50 (d, J = 7.5 Hz, 1H), 8.29 (d, J = 7.5 Hz, 1H), 8.23 (d, J =
8.0 Hz, 1H), 8.20-8.12 (m, 5H), 8.05-7.96 (m, 2H), 7.89 (dd, J = 9.25
& 5.25 Hz, 1H), 7.73 (t, J = 7.25 Hz, 1H), 7.70-7.58 (m, 4H), 7.55 (t, J = 8.0 Hz, 1H), 7.41 (d, J = 8.5
Hz, 1H), 7.31-7.24 (m, 1H), 3.56 (s, 3H); *C NMR (101 MHz, CDCls) §176.7, 143.1, 139.1, 135.6,
133.9, 133.6, 133.0, 131.5, 131.4, 131.04, 130.97, 129.83, 129.77, 129.03, 129.01, 128.1, 127.7,

127.6, 127.4, 127.2, 127.14, 127.08, 126.6, 126.1, 125.6, 125.3, 125.2, 124.75, 124.72, 124.5, 44.6; IR
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(Neat) vina 3041, 1620, 1576, 1435, 1242, 1215, 1142, 1092, 973 cm™'; HRMS (ESI) for C3H»NO,S
(M+H)": calcd. 510.1522, found 510.1525.

Preparation of N-[4,4'-(1,4-Phenylene)bis(1-naphthoyl)]-S-methyl-S-phenylsulfoximine
(1t): Sonogashira-coupling

O, S Me
0”"“Ph B(OH),

Ph
OO Pd[PPhsl; (15 mol%)  \o_d_N O O o
+ > I
005 50 e 8 ) )<~ O0< 3
o N=S-Me
1t Ph

Br DMF, 110°C, 20 h

1e B(OH),

A mixture of 1,4-phenylenediboronic acid (80 mg, 0.48 mmol), 1e (370 mg, 0.96 mmol),
Pd(PPhs)s (83 mg, 15 mol%), and K,COs3 (333 mg, 2.41 mmol) in N,N-dimethylformamide
(10.0 mL) was taken in a screw capped tube and heated at 110 °C in a heating block for 20 h.
The reaction mixture was cooled to ambient temperature, filtered through a small plug of
Celite. The reaction mixture was extracted with ethylacetate (4 x 15 mL), dried over Na,SO4
and concentrated under vacuum to give a yellow solid. The crude material was purified by
silica gel column chromatograpy eluting with hexane: ethyl acetate (1:1) to give compound 1t

as yellow colour thick liquid.

1t (247 mg, 74%) as yellow colour thick liquid; Ry = 0.65

Me- s N ' . ' (1:4 hexane/EtOAc); 'H NMR (400 MHz, CDCly)
N= S Me| 5 8.76(d, J = 8.4 Hz, 2H), 8.08 (d, J = 7.2 Hz, 2H),

Ph

7.80-7.66 (m, 6H), 7.37-7.10 (m, 16H), 3.16 (s, 6H); °C
NMR (101 MHz, CDCl;) & 176.4, 143.6, 139.7, 138.7, 133.7, 132.0, 131.9, 131.6, 129.8, 129.6,
129.0, 128.5, 128.3, 127.0, 126.9, 126.3, 126.0, 125.7, 44.4; IR (Neat) vy 3056, 1623, 1507, 1421,
1360, 1266, 1220, 1143, 1092, 1018, 976 cm™*; HRMS (ESI) for C,H3N,0.S, (M+H)*: calcd.
693.1876, found 693.1884.

Preparation of Natural products bearing N-Aroyl S-Methyl-S-Phenylsulfoximine (5):
EDC-coupling:!

Os _N.__Me /S\
0> Ph //S\ph Ph
OO LIOH.H,0 (2.0 eq) EDC DMAP
THF/MeOH/H,0 DCM12°:C -1t

1f CO,Me 1f* CO,H X =0, NH

S11



General Procedure for the Hydrolysis of 1f (Step-1):

A mixture of the compound 1f (4.0 g, 10.8 mmol), LiOH.H,O (0.82 g, 19.6 mmol) in THF
(80 mL), water (10 mL), and MeOH (5 mL) was stirred at RT. The crude mixture was stirred
for 20 h; upon completion of the reaction, THF was removed. The reaction mixture was
diluted with water (200 mL) and extracted with EtOAc (3 x 50 mL). The organic layer was
dried over Na,SO,, and concentrated under vacuum to give the unreacted starting materials
1f. The aqueous layer was acidified with 1IN HCI and extracted with EtOAc (5 x 50 mL). The
organic layer was dried over Na,SO4 and concentrated under vacuum to give the

corresponding acid 1f".

4-(N-(S-Methyl-S-phenylsulfoximine carbamoyl))-1-naphthoic acid (1f'):
o\\S.'V'eO ‘ 1f (1.96 g, 51%) as colorless crystalline solid. mp = 233-235 °C; 'H NMR
pH ’NOH (500 MHz, DMSO-Dg) & 8.81 (br d, J = 8.5 Hz, 1H), 8.63 (br d, J = 8.0 Hz,
w5 1H), 8.16-8.09 (m, 4H), 7.82—7.59 (m, 5H), 3.69 (s, 3H); *C NMR (126 MHz,
DMSO-Dg) 6175.4 (-COOH), 169.0, 138.8, 138.4, 134.3, 131.3, 130.9, 130.1, 128.6, 128.0, 127.8,
127.6, 127.5, 127.1, 126.5, 126.2, 43.7; IR (Neat) vma 2925, 2624, 1681, 1625, 1577, 1513, 1263,
1478, 1244, 1215, 1194, 1150, 1096, 1030, 987, 861, 884 cm™; HRMS (ESI) for CiHisNO,S

(M+Na)": calcd. 376.0614, found 376.0618. No peak for —-COOH group has been observed in *H
NMR.

Step-11

A solution of N'-(3-dimethylaminopropyl)-N-ethylcarbodimide, hydrochloride salt
(EDC.HCI) (3.0 equiv), 4-N,N-dimethylaminopyridine (DMAP) (2.2 equiv) and sulfoximine-
bearing naphthoic acid (1f") (1.2 equiv) in CH,Cl; (5.0 mL, for 1.0 mmol of sulfoximine) was
stirred under an argon atmosphere. The respective natural products (1.0 equiv, 0.50 g) were
introduced dropwise at 0 °C. The resulting reaction mixture was stirred for about 30 mintus at
0 °C, and warmed to ambient temperature and continued for 12 h. The reaction mixture was
acidified with hydrochloric acid (HCI, 2N). The organic layer was separated; the aqueous
layer was extracted with CH,Cl, (3 times). The combined extracts were washed with 10%
aqueous NaHCO3 and brine. The organic layer was dried over Na,SO,. Solvent was filtered
and evaporated under the reduced pressure. The crude residue was purified using column

chromatography on silica gel using hexane/ethyl acetate.
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Synthesis of 5a:

oMo 5a (1.20 g, 77%) as colorless liquid; Ry = 0.65 (1:1
\ ~
_s7

O %, | hexane/BtOAG), 'H  NMR (400 MHz ~ CDCl)

moo O 5 8.90-8.79 (m, 2H), 8.19 (d, J = 7.6 Hz, 1H), 8.08 (d, J =
5a

7.6 Hz, 3H), 7.74-7.66 (m, 1H), 7.65-7.52 (m, 4H),
5.15-5.07 (m, 1H), 4.52-4.41 (m, 2H), 3.50 (s, 3H), 2.09-1.96 (m, 2H), 1.93-1.82 (m, 1H),
1.69-1.63 (m, 5H), 1.62 (s, 3H), 1.50~1.37 (m, 1H), 1.32-1.19 (m, 1H), 1.00 (d, J = 6.4 Hz, 3H); °C
NMR (400 MHz, CDCly) §176.1, 167.5, 138.6, 137.7, 133.9, 131.5, 131.4, 131.3, 130.7, 129.7,
128.1, 127.3, 127.12, 127.09, 126.5, 125.7, 124.5, 63.9, 44.4, 37.0, 35.5, 29.6, 25.7, 25.4, 19.5, 17.6;
IR (Neat) viax 3854, 3631, 2958, 2922, 2852, 2156, 2027, 1702, 1561, 1460, 1259, 1132 cm%; HRMS
(ESI) for CosHaNO,S (M+H)": calcd. 492.2203, found 492.2203.

Me

Synthesis of 5b:
4 9) Y\ 5b (1.13 g, 89%) as colorless crystalline solid. mp = 302-303 °C; Rf=0.39 (1:1
Ph-S-Me

N__O hexane/EtOAC); *H NMR (400 MHz, CDCls) & 9.00-8.90 (m, 1H), 8.28 (dd, J
e =7.6 & 4.0 Hz, 1H), 8.07 (d, J = 7.2 Hz, 2H), 8.05-8.00 (m, 1H), 7.73-7.50 (m,
w

Me 6H), 4.16 (br s, 1H), 3.51-3.37 (m, 5H), 2.18-1.89 (m, 5H), 1.67-1.23 (m, 5H),
N~ 0O

}—} 7 0.99 (s, 3H); *C NMR (101 MHz, CDCl;) §175.83, 175.78, 138.61, 138.58,

| 5b o ] 136.2, 134.2, 133.9, 131.2, 130.7, 129.74, 129.72, 127.4, 127.2, 127.1, 126.7,

125.1, 65.5, 53.2, 48.4, 47.8, 45.0, 44.4, 44.3, 38.5, 33.1, 26.3, 21.2, 19.8; IR (Neat) vinax 2955, 1674,
1624, 1576, 1447, 1291, 1247, 1194, 1165, 1134, 1069, 973, 852 cm™*; HRMS (ESI) for
Ca9H31N,05S, (M+H)™: calcd. 551.1669, found 551.1675.

Svnthesis of 5c:

O orn o 5¢ (1.29 g, 81%) as colorless gummy liquid. Ry = 0.57 (3:2
O N“S:,\,Ie hexane/EtOAc): 'H NMR (400 MHz, CDCls) § 8.91-8.80 (m, 2H),
8.23 (bd, J = 7.6 Hz, 1H), 8.13-8.04 (m, 3H), 7.69 (bt, J = 7.2 Hz,
1H), 7.66-7.52 (m, 4H), 5.27-5.20 (m, 1H), 3.49 (s, 3H), 2.62—2.51
(m, 1H), 2.15-2.04 (m, 1H), 1.87-1.74 (m, 2H), 1.46-1.28 (m, 2H), 1.21 (dd, J = 7.6 & 4.2 Hz, 1H),
1.01 (s, 3H), 0.97 (s, 3H), 0.93 (s, 3H); *C NMR (101 MHz, CDCl;) §176.1, 167.7, 138.6, 137.5,
133.9, 131.5, 131.3, 131.2, 129.7, 127.9, 127.3, 127.2, 127.1, 126.5, 125.8, 81.1, 49.0, 47.9, 44.9,
44.4, 37.0, 28.0, 27.4, 19.7, 18.9, 13.7; IR (Neat) wnax 2951, 2876, 1708, 1577, 1513, 1448, 1285,
1185, 1095, 973 cm™*; HRMS (ESI) for CaoH35,NO,S (M+H)": calcd. 490.2047, found 490.2051.

Me

M e W\ O

Me™ O 5¢
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Synthesis of 5d:

5d (0.76 g, 70%) as colorless gummy liquid. R; = 0.50 (1:1 hexane/EtOAc); 'H NMR (500 MHz,
CDCls) & 8.86 (d, J = 8.5 Hz, 1H), 8.82 (d, J = 8.5 Hz, 1H), 8.19 (d, J = 7.5 Hz, 1H), 8.08 (d, J = 7.5
Hz, 3H), 7.70 (t, J = 7.0 Hz, 1H), 7.67—7.52 (m, 4H), 5.74 (s, 1H), 4.94 (t, J =

(0]

N

Ph-‘ﬁ-M% 8.25 Hz, 1H), 3.50 (s, 3H), 2.46-2.25 (m, 5H), 2.37-1.85 (m, 2H), 1.79-1.58

(m, 5H), 1.50-1.38 (m, 2H), 1.37-1.25 (m, 2H), 1.21-1.10 (m, 4H), 1.07-0.95

OO (m, 4H), 0.90-0.82 (m, 1H); ®*C NMR (126 MHz, CDCls) 5199.4, 176.1,

Me 0750 | 170.8, 167.3, 138.6, 137.7, 133.9, 131.6, 131.3, 130.9, 129.7, 128.1, 127.3,

ve | L 127.1, 126.5, 125.8, 123.9, 83.5, 53.7, 50.2, 44.4, 42.9, 38.6, 36.8, 35.7, 35.4,
< " 33.9, 32.7, 315, 27.7, 23.6, 20.6, 17.4, 12.4; IR (Neat) vmax 2929, 2849, 1709,

J

1665, 1625, 1576, 1446, 1325, 1223, 1184, 1143, 1037, 1008, 972, 865, 779,
741 cm™; HRMS (ESI) for C3sHsNNaOsS (M+Na)': calcd. 646.2598, found 646.2599.

Svynthesis of 5e:

r

5e (0.64 g, 69%) as colorless crystalline solid. mp = 204-205
°C: R = 0.45 (3:2 hexane/EtOAc); 'H NMR (500 MHz, CDCl5)
5 8.87 (d, J = 8.0 Hz, 1H), 8.79 (dd, J = 7.5 Hz, 1H), 8.19 (d, J
= 7.5 Hz, 1H), 8.11-8.04 (m, 3H), 7.71 (t, J = 7.25 Hz, 1H),
7.64 (t, J = 7.75 Hz, 2H), 7.62-7.52 (m, 2H), 5.46 (d, J = 5.0
Hz, 1H), 5.04-4.94 (m, 1H), 3.51 (s, 3H), 2.59-2.49 (m, 2H), 2.12—1.74 (m, 6H), 1.63-1.45 (m, 6H),
1.41-0.97 (m, 17H), 0.93 (d, J = 6.5 Hz, 3H), 0.87 (dd, J = 6.75 & 2.25 Hz, 6H), 0.69 (s, 3H); ©*C
NMR (126 MHz, CDCl3) §176.1, 166.9, 139.6, 138.7, 137.5, 133.9, 131.5, 131.33, 131.28, 129.8,
127.9, 127.3,127.2, 127.12, 127.06, 126.5, 125.7, 122.9, 75.1, 56.7, 56.1, 50.1, 44.4, 42.3, 39.7, 39.5,
38.2, 37.1, 36.7, 36.2, 35.8, 31.94, 31.88, 28.2, 28.0, 27.9, 24.3, 23.8, 22.8, 22.5, 21.0, 19.4, 18.7,
11.8; IR (Neat) vmax 2931, 2867, 1710, 1624, 1576, 1446, 1285, 1242, 1220, 1185, 1143, 1093, 973,
830, 777 cm™; HRMS (ESI) for C4HgNO,S (M+H)™: calcd. 722.4238, found 722.4231.

o)

Synthesis of 5f:

0s

5f

5f (0.49 g, 41%) as colorless crystalline solid. mp = 254-255 °C; R; =
0.39 (1:1 hexane/EtOAC); *H NMR (500 MHz, CDCly) & 8.96 (d, J = 8.5
Hz, 1H), 8.88 (d, J = 7.5 Hz, 1H), 8.37 (d, J = 7.5 Hz, 1H), 8.23 (d, J =
7.5 Hz, 1H), 8.10 (d, J = 7.5 Hz, 2H), 7.72 (t, J = 7.5 Hz, 1H), 7.69-7.56
(m, 4H), 7.38 (d, J = 8.5 Hz, 1H), 7.07 (dd, J = 8.5 & 2.5 Hz, 1H), 7.03
” (d, J= 2.5 Hz, 1H), 3.53 (s, 3H), 2.97 (br t, J = 4.5 Hz, 2H), 2.57-2.41 (m,
2H), 2.38-2.29 (m, 1H), 2.20-2.10 (m, 1H), 2.09-1.96 (m, 3H), 1.71-1.45 (m, 6H), 0.93 (s, 3H); *C

LI

0" >o

|\
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NMR (126 MHz, CDCl;) 6176.0, 165.9, 148.8, 138.8, 138.7, 138.2, 137.6, 134.0, 131.9, 131.3,
129.8, 129.3, 129.1, 127.8, 127.2, 127.1, 126.9, 126.6, 126.5, 125.7, 121.7, 118.9, 50.5, 47.9, 44.5,
44.2, 38.0, 35.8, 31.6, 29.7, 29.4, 26.3, 25.8, 21.6, 13.8; IR (Neat) wnx 2923, 2854, 1729, 1617, 1575,
1512, 1447, 1403, 1277, 1240, 1215, 1178, 1137, 1114, 1026, 974 cm™; HRMS (ESI) for
Ca7H3sNOsS (M+H)™: caled. 606.2309, found 606.2309.

Synthesis of 5q:

59 (0.59 g, 64%) as colorless thick liquid; Ry = 0.59 (1:1
hexane/EtOAC); *H NMR (500 MHz, CDCl,) § 8.87 (d, J = 8.0
Hz, 1H), 8.77 (d, J = 8.0 Hz, 1H), 8.19 (d, J = 7.5 Hz, 1H),
8.11-8.03 (m, 3H), 7.74-7.67 (m, 1H), 7.67-7.56 (m, 4H),
5.13-5.07 (m, 1H), 3.65 (s, 3H), 3.51 (s, 3H), 2.42-2.29 (m,
1H), 2.26-2.17 (m, 1H), 2.06-1.73 (m, 8H), 1.64—1.54 (m, 3H),
1.50-1.35 (m, 5H), 1.34-1.24 (m, 4H), 1.21-1.05 (m, 6H), 0.98 (s, 3H), 0.91 (d, J = 6.5 Hz, 3H), 0.65
(s, 3H); *C NMR (126 MHz, CDCl,) 5176.2, 174.8, 167.1, 138.6, 137.4, 133.9, 131.4, 131.3, 129.8,
127.8, 127.3, 127.2, 127.09, 127.06, 126.5, 125.7, 75.5, 56.4, 55.9, 51.4, 44.4, 42.7, 42.0, 40.4, 40.0,
35.8, 35.3, 35.1, 34.6, 32.3, 31.0, 30.9, 28.1, 27.0, 26.8, 26.3, 24.1, 23.3, 20.8, 18.2, 12.0; IR (Neat)
Vmax 2927, 2863, 1709, 1627, 1577, 1512, 1446, 1376, 1284, 1223, 1184, 1143, 1095, 1032, 974 cm™*;
HRMS (ESI) for C44HssNOeS (M+H)™: caled. 726.3823, found 726.3827.

Optimization of Reaction Conditions; General Procedure (GP-2A):[

The annulation reactions were carried out in a 25 mL screw capped tube. The tube was
charged with N-[1-naphthoyl]-S-methyl-S-phenylsulfoximine (1a, 0.3 mmol), 4-octyne (2a,
0.9 mmol), [RuCly(p-cymene)], (5.0 mol %), and additive-2 (0.3 mmol). Subsequently,
additive-1 (20 mol %) was introduced in to the tube in a glove box. Solvent (2.0 mL) was
added to the mixture and the resulting mixture was stirred at 120 °C for 24 h. The reaction
mixture was cooled to ambient temperature, filtered through a small plug of Celite and then
washed with dichloromethane (3 x 10 mL). The solvents were evaporated under reduced
pressure and the crude material was purified using column chromatography on neutral

aluminia (5—10% n-hexane/EtOAc eluent) to give the desired product.
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Table S1: Optimization of Reaction Conditions

OO "Pr  Ru-catalyst (5 mol %) ‘O
additive 1 (20 mol %) 7
H | | ( o)= Pr SN

H + additive 2 (1.0 equiv) P /-"Pr
MPS” Y0 "Pr  solvent, 120°C,24 h "Pr N™ "0\,
1a 2a 3aa Pr
. Additive 1 Additive 2 — Yield of
Y1 (20 mol %) (1.0 equiv) 3aa (%)"
1 AgSbFg NaOAc DCE 08
2 AgSbFg Mn(OAcC), DCE 12
3 AgSbFg AgOAC DCE 15
4 AgSbFg Zn(OAc),-2H,0 DCE 11
5 AgSbFs Cu(OAc),-H,0 DCE 35
6 KPFs Cu(OAc);-H,0 DCE <5
7 NaPFs Cu(OAc);-H,0 DCE 6
8 AgBF, Cu(OAc),-H,0 DCE 30
9 AgSbFg Cu(OAc);-H,0 MeCN <5
10 AgSbFg Cu(OAC),-H,0 toluene 7
11 AgSbF Cu(OAc)2-H,0 TCE 22
12 AgSbFg Cu(OAC),-H,0 1,4-dioxane 41
13! AgSbFs Cu(OAc),-H,0 | 1,4-dioxane 68
14" AgSbFs Cu(OAc),-H,0 | 1,4-dioxane 77
15 AgSbFs Cu(OAc),-H,0 | 1,4-dioxane <5l
16 AgSbFs Cu(OAc),-H,0 | 1,4-dioxane <5l

[ Conditions: 1a (0.3 mmol), 2a (0.9 mmol), [RuCl,(p-cymene)], (5.0 mol %), additive-1 (20 mol %), additive-2 (0.3
mmol), solvent (2.0 mL) at 120 °C. ! Isolated yield. [c] *H NMR conversion. © [RuCl,(p-cymene)], (10 mol %), AgSbF
(40 mol %) was used. [ 2a (1.2 mmol), [RuCl,(p-cymene)], (10 mol %), AgShFs (40 mol %), Cu(OAc),-H,0 (1.5 equiv)
was used. DCE = CICH,CH,CI, TCE =1,1,2,2-Tetrachloroethane.

Effect of Directing Groups in the Double-Annulation of 1-Naphthoic Acid Derivative
with 4-Octyne: General Procedure (GP-2B):

The annulation reactions were carried out in a 25 mL screw capped tube. The tube was
charged with various directing group protected 1-naphthoic acid (I-V1, 0.3 mmol), 4-octyne
(2a, 1.2 mmol), [RuCly(p-cymene)], (18 mg, 10 mol %), and Cu(OAc),.H,O (85 mg, 0.45
mmol). Subsequently, AgSbFs (41 mg, 40 mol %) was introduced in to the tube in a glove
box. The solvent 1,4-dioxane (2.0 mL) was added to the mixture and the resulting mixture
was stirred at 120 °C for 24 h. The reaction mixture was cooled to ambient temperature,

filtered through a small plug of Celite and then washed with dichloromethane (3 x 10 mL).
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The solvents were evaporated under reduced pressure and the crude material was purified
using column chromatography on neutral aluminia (5-10% n-hexane/EtOAc eluent) to give

the desired product.

L8 OL S "9
O NHMe O NHTs ONHZ
H H H

1, 0%
o I, 0% I, 22%
H H O
Lo L% ¢
N N NH2 N
: N
H H H
IV, 15% Vv, 7% VI, 26%

Svnthesis of 6,7-Fused Oxepino-lsoquinoline via the Direct Double-Annulation of N-
(Hetero)aroylated-N-Methylphenyl Sulfoximine (MPS) with Unactivated 1.2-Dialkyl
Alkvnes (GP-2C):

The annulation reactions were carried out in a 25 mL screw capped tube. The tube was
charged with N-(hetero)aroylated-MPS (1, 0.3 mmol), alkyne (2, 1.2 mmol), [RuCl,(p-
cymene)], (18 mg, 10 mol %), and Cu(OAc),.H,O (85 mg, 0.45 mmol). Subsequently,
AgSbFg (41 mg, 40 mol %) was introduced in to the tube in a glove box. The solvent 1,4-
dioxane (2.0 mL) was added to the mixture and the resulting mixture was stirred at 120 °C for
24 h. The reaction mixture was cooled to ambient temperature, filtered through a small plug
of Celite and then washed with dichloromethane (3 x 10 mL). The solvents were evaporated
under reduced pressure and the crude material was purified using column chromatography on
neutral aluminia (5—15% n-hexane/EtOAc eluent) to give the desired product. The products 3
were found unstable when kept at the ambient temperature for longer time; thus, these

compounds were stored at —20 °C under the inert atmosphere.

@@ R Ru-catalyst (10 mol %) @@
0,
H . |‘| AgSbFg (40mol %) R\

Cu(OAc),-Hy0 (1.5 equiv) | ~ /R
MPS” S0 R 1,4-dioxane, 120°C,24h R” "N” O

1 2 3

1,2,5,6-Tetrapropyl-4-oxa-3-azacyclohepta[def]phenanthrene (3aa):
3aa (89 mg, 77%); light yellow colour liquid. "H NMR (400 MHz, CDCls) §
Me | O ve| 7.88 (d,J=9.2 Hz, 1H), 7.81 (d, J =9.2 Hz, 1H), 7.75 (t, J = 7.6 Hz, 2H),
/
N™ "O

3aa Me

S17



7.61 (t, J =7.6 Hz, 1H), 3.07-2.97 (m, 2H), 2.93 (br t, J = 7.6 Hz, 2H), 2.69 (t, J = 7.6 Hz, 2H), 2.49
(t, J =7.6 Hz, 2H), 2.08-1.95 (m, 2H), 1.91-1.78 (m, 2H), 1.77-1.63 (m, 2H), 1.17-1.07 (m, 5H),
1.06-0.98 (m, 6H), 0.67 (t, J =7.6 Hz, 3H); *C NMR (101 MHz, CDCl;) & 158.7, 154.5, 154.2,
138.8, 137.4, 131.7, 131.5, 128.2, 126.9, 126.5, 125.9, 123.8, 121.1, 117.1, 36.6, 34.7, 34.2, 30.0,
24.3, 23.0, 22.5, 20.5, 14.4, 14.1, 14.0, 13.9; IR (Neat) vnax 2960, 2930, 2870, 1617, 1573, 1460,
1400, 1378, 1271, 1174, 1087, 830 cm™; HRMS (ESI) for C;;H3,NO (M+H)*: calcd. 388.2635,
found 388.2642.

10-Methyl-1,2,5,6-tetrapropyl-4-oxa-3-azacyclohepta[def]phenanthrene (3ba):
Me 3ba (81 mg, 67%); light yellow colour liquid. *"H NMR (500 MHz, CDCl5)
e O 57.91(d, J=7.5 Hz, 1H), 7.73 (d, J = 7.0 Hz, 1H), 7.63 (s, 1H), 7.60 (t, J
L A 4=~""| =7.25Hz, 1H), 3.00 (t, J = 8.0 Hz, 2H), 2.93 (t, J = 7.75 Hz, 2H), 2.74 (s,
3ba Me J 3H), 2.71(t, J = 7.5 Hz, 2H), 2.48 (t, J = 7.75 Hz, 2H), 2.10-1.99 (m, 2H),
1.93-1.81 (m, 2H), 1.77-1.65 (m, 2H), 1.12 (t, J = 7.5 Hz, 3H), 1.10-1.01 (m, 8H), 0.65 (&, J = 7.25
Hz, 3H); ®*C NMR (126 MHz, CDCl;) §158.6, 154.4, 154.1, 138.6, 137.7, 137.3, 131.7, 128.4, 126.6,
125.7,125.2, 123.8, 122.3, 121.3, 116.3, 36.6, 34.6, 34.3, 29.8, 24.2, 23.0, 22.5, 20.9, 20.5, 14.5, 14.2,
14.0, 13.8; IR (Neat) vinsx 3396, 2957, 2929, 2869, 1661, 1619, 1571, 1457, 1396, 1374, 1272, 1200,
1146, 1024, 998 cm™ - HRMS (ESI) for CpsH3sNO (M+H)™: calcd. 402.2791, found 402.2794.

10-Methoxy-1,2,5,6-tetrapropyl-4-oxa-3-azacyclohepta[def]phenanthrene (3ca):
OMe 3ca (74 mg, 60%); light yellow colour liquid. *H NMR (400 MHz, CDCls)
e O ) 58.24 (dd, J=8.0 & 1.2 Hz, 1H), 7.74 (dd, J = 7.6 & 1.2 Hz, 1H), 7.60 (t, J
Lot | =7.8Hz 1H), 6.99 (s, 1H), 4.09 (s, 3H), 2.99-2.94 (m, 2H), 2.93-2.86 (m,
3ca Me J 2H), 2.67 (t, J = 7.6 Hz, 2H), 2.47 (t, J = 7.8 Hz, 2H), 2.07-1.94 (m, 2H),
1.89-1.77 (m, 2H), 1.76-1.67 (m, 2H), 1.15-1.00 (m, 11H), 0.65 (t, J = 7.2 Hz, 3H); *C NMR (126
MHz, CDCl;) ¢ 158.7, 157.0, 154.5, 154.3, 140.1, 137.4, 129.5, 127.6, 126.5, 125.7, 124.9, 123.7,
120.4, 113.3, 96.9, 55.5, 36.9, 34.7, 34.3, 30.2, 23.7, 23.1, 22.6, 20.6, 14.6, 14.3, 14.1, 13.9; IR (Neat)
Vmax 2957, 2929, 2869, 1617, 1586, 1502, 1459, 1376, 1355, 1272, 1240, 1159, 1107, 1005 cm™;
HRMS (ESI) for C,sH3sNO, (M+H)™: calcd. 418.2741, found 418.2744.

10-Fluoro-1,2,5,6-tetrapropyl-4-oxa-3-azacyclohepta[def]phenanthrene (3da):

3da (105 mg, 87%); light yellow colour liquid. *H NMR (400 MHz, CDCls) §8.06
(d, J =8.0 Hz, 1H), 7.79 (d, J = 7.6 Hz, 1H), 7.65 (t, J = 7.8 Hz, 1H), 7.43 (d, J
=12.4 Hz, 1H), 2.98-2.88 (m, 4H), 2.69 (t, J = 7.6 Hz, 2H), 2.48 (t, J = 7.6 Hz,
2H), 2.09-1.96 (m, 2H), 1.91-1.78 (m, 2H), 1.74-1.60 (m, 2H), 1.17-0.99 (m,
11H), 0.66 (t, J = 7.2 Hz, 3H); *C NMR (101 MHz, CDCls) 5160.0 (d, J = 257 Hz), 158.4, 154.8 (d,
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J=4.0Hz), 139.1 (d, J =10 Hz), 137.6 (d, J = 2.0 Hz), 129.8 (d, J = 6.0 Hz), 128.0, 126.2, 125.8 (d, J
=6.0 Hz), 124.0, 123.8, 123.4, 119.1 (d, J = 8.0 Hz), 114.7, 103.3 (d, J =21 Hz), 36.6, 34.6, 34.1,
30.1, 24.0, 23.0, 22.5, 20.5, 14.4, 14.1, 14.0, 13.8; F NMR (470 MHz, CDCl3) 6-117.40; IR (Neat)
Viax 2960, 2930, 2871, 1636, 1576, 1457, 1291, 1197, 1086 cm*; HRMS (ESI) for Cx;HsFNO
(M+H)": calcd. 406.2541, found 406.2543.

10-Bromo-1,2,5,6-tetrapropyl-4-oxa-3-azacyclohepta[def]phenanthrene (3ea):
Br 3ea (71 mg, 51%); light yellow colour liquid. *"H NMR (400 MHz, DCl3) §
e O 8.27 (dd, J =8.0 & 1.2 Hz, 1H), 8.17 (s, 1H), 7.79 (dd, J = 7.6 & 1.2 Hz,
Ve 'N/ o4 " 1H), 7.68 (t, J = 8.0 Hz, 1H), 3.10-2.87 (m, 4H), 2.67 (t, J = 7.6 Hz, 2H),
3ea Me ) 2.48 (t, J =7.8 Hz, 2H), 2.07-1.93 (m, 2H), 1.89-1.79 (m, 2H), 1.75-1.65
(m, 2H), 1.12 (t, J = 7.2 Hz, 3H), 1.07-0.99 (m, 8H), 0.63 (t, J = 7.2 Hz, 3H); *C NMR (126 MHz,
CDCl;) §158.5, 155.2, 154.9, 138.6, 137.7, 130.2, 129.2, 128.0, 127.5, 126.7, 126.2, 125.6, 125.2,
123.6, 116.6, 36.7, 34.5, 34.3, 29.9, 24.4, 23.0, 22.4, 20.5, 14.5, 14.2, 14.0, 13.8; IR (Neat) vy 2957,
2928, 2869, 1714, 1600, 1585, 1492, 1397, 1271, 1196, 1169, 1130, 1086 cm*; HRMS (ESI) for

C27H33BrNO (M+H)™: calcd. 466.1740, found 466.1740.

Methyl 1,2,5,6-tetrapropyl-4-oxa-3-azacyclohepta[def]phenanthrene-10-carboxylate (3fa):
omre 3fa (79 mg, 60%); light yellow colour liquid. *H NMR (500 MHz, CDCl;) &
. ‘O 8.58 (dd, J =8.5 & 1.0 Hz, 1H), 8.40 (s, 1H), 7.77 (dd, J = 7.5 & 0.5 Hz,
| ] J—/"Me| 1H), 7.66 (t, J =7.75 Hz, 1H), 4.05 (s, 3H), 3.05 (t, J = 8.25 Hz, 2H), 2.94
" stao Me (t, J =7.75 Hz, 2H), 2.69 (t, J =7.75 Hz, 2H), 2.47 (t, J =7.75 Hz, 2H),
2.07-1.96 (m, 2H), 1.92-1.81 (m, 2H), 1.77-1.66 (m, 2H), 1.11 (t, J = 7.5 Hz, 3H), 1.07-1.00 (m,
8H), 0.61 (t, J = 7.5 Hz, 3H); *C NMR (126 MHz, CDCls) 5168.1, 158.4, 155.0, 154.8, 137.6, 136.8,
131.3, 128.7, 128.6, 127.3, 126.8, 126.5, 125.3, 124.2, 123.8, 118.3, 52.5, 36.6, 34.4, 34.2, 29.7, 24.5,
22.9, 22.3, 20.4, 14.3, 14.1, 14.0, 13.7; IR (Neat) vimax 2958, 2929, 2870, 1723, 1609, 1565, 1459,
1434, 1409, 1257, 1196, 1131, 1087 cm™*; HRMS (ESI) for C,H3sNO; (M+H)*: calcd. 446.2690,

found 446.2694.

N-[1,2,5,6-Tetrapropyl-4-oxa-3-azacyclohepta[def]phenanthrene-10-carbonyl]-S-methyl-S-
phenylsulfoximine (3ga):
p = . 30a (90 mg, 52%); light yellow colour liquid. "H NMR (500 MHz, CDCls)
@‘EM% 08.66 (dd, J =8.0 & 1.0 Hz, 1H), 8.50 (s, 1H), 8.08 (d, J = 7.5 Hz, 2H),
7.72 (dd, J =75 & 1.5 Hz, 1H), 7.67 (t, J = 7.5 Hz, 1H), 7.64-7.56 (m,
N™ "O

Me 3H), 3.52 (s, 3H), 3.05 (br t, J = 8.0 Hz, 2H), 2.92 (t, J = 7.75 Hz, 2H), 2.67

(t, J =75 Hz, 2H), 2.46 (br t, J =7.75 Hz, 2H), 2.04-1.94 (m, 2H),

Me'

L 3ga Me )
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1.90-1.81 (m, 2H), 1.77-1.69 (m, 2H), 1.09 (t, J = 7.5 Hz, 3H), 1.06-1.00 (m, 8H), 0.59 (t, J = 7.5
Hz, 3H); °C NMR (500 MHz, CDCls) §176.5, 158.4, 154.5, 138.6, 137.3, 137.0, 133.9, 129.7, 129.0,
128.7, 128.2, 128.1, 127.01, 126.96, 126.6, 126.2, 124.7, 124.1, 123.9, 117.9, 44.4, 36.6, 34.4, 34.1,
29.9,24.5,22.9, 22.3, 20.4, 14.4, 14.1, 13.9, 13.7; IR (Neat) vimax 2958, 2923, 2869, 1623, 1563, 1445,
1411, 1378, 1270, 1209, 1145, 1088, 978 cm™:; HRMS (ESI) for CasHuN,0sS (M+H)*: calcd.
569.2832, found 569.2831.

10-Phenyl-1,2,5,6-tetrapropyl-4-oxa-3-azacyclohepta[def]phenanthrene (3ha):
oh 3ha (81 mg, 61%); light yellow colour solid. mp = 137-138 °C; 'H NMR
e O (500 MHz, CDCls) §7.78-7.71 (m, 3H), 7.56—7.47 (m, 6H), 3.02 (t, J = 8.0
e~ Arho 4| Hz, 2H), 2.95 (t, 3= 7.75 Hz, 2H), 2.73 (t, I = 7.5 Hz, 2H), 251 (t, I = 7.75
3ha Me J Hz, 2H), 2.11-2.00 (m, 2H), 1.92-1.82 (m, 2H), 1.73-1.66 (m, 2H), 1.14
(9, J =7.5 Hz, 2H), 1.11-1.01 (m, 9H), 0.70 (t, J =7.25 Hz, 3H); *C NMR (126 MHz, CDCl;) §
158.6, 154.8, 154.5, 143.3, 140.8, 138.2, 137.7, 131.1, 129.9, 128.7, 128.3, 127.7, 126.9, 126.0, 125.7,
125.1, 123.9, 122.1, 116.7, 36.7, 34.7, 34.5, 29.9, 24.3, 23.0, 22.7, 20.5, 14.4, 14.2, 14.03, 13.96; IR
(Neat) vimax 3059, 2957, 2928, 2869, 1665, 1568, 1458, 1411, 1392, 1325, 1272, 1198, 1127, 1086,
1028, 883 cm™*; HRMS (ESI) for C33H3sNO (M+H)™: calcd. 464.2948, found 464.2948.

1,2,5,6-Tetrapropyl-10-(pyren-1-yl)-4-oxa-3-azacyclohepta[def]phenanthrene (3ia):
. . 3ia (79 mg, 45%); light yellow colour liquid. *H NMR (400 MHz, CDCl,)
O 68.33 (d, J =8.0 Hz, 1H), 8.25 (d, J = 7.6 Hz, 1H), 8.23-8.12 (m, 3H),
O‘ 8.08 (d, J = 7.6 Hz, 1H), 8.03 (t, J = 7.6 Hz, 1H), 7.96 (s, 1H), 7.91 (d, J
" O =9.2 Hz, 1H), 7.75 (dd, J = 7.2 & 1.2 Hz, 1H), 7.67 (d, J = 9.2 Hz, 1H),
oA 4 M| 7.37 (t, 3 =7.8 Hz, 1H), 7.31 (dd, J = 8.0 & 0.8 Hz, 1H), 3.04-2.95 (m,
L 3ia Me | 4H), 2.79 (bt, J =7.6 Hz, 2H), 2.60-2.50 (m, 2H), 2.18-2.05 (m, 2H),
1.97-1.85 (m, 2H), 1.75-1.65 (m, 2H), 1.30-1.18 (m, 2H), 1.14-1.04 (m, 6H), 0.99 (bt, J = 7.4 Hz,
3H), 0.77 (t, J = 7.2 Hz, 3H); *C NMR (101 MHz, CDCl;) §158.7, 154.8, 154.7, 142.1, 138.2, 137.7,
135.5,132.2,131.4, 131.1, 130.9, 129.9, 128.4, 128.0, 127.7, 127.3, 127.0, 126.2, 126.1, 126.0, 125.7,
125.44, 125.37, 125.2, 124.68, 124.67, 124.5, 124.0, 123.6, 36.7, 34.7, 34.6, 29.9, 24.4, 23.1, 22.§,
20.6, 14.4, 14.2, 14.08, 14.07; IR (Neat) vmax 3041, 2956, 2868, 1602, 1570, 1457, 1412, 1392, 1272,
1240, 1168, 1130, 1086, 1038, 966 cm™; HRMS (ESI) for C4;H»NO (M+H)™: calcd. 588.3261,
found 588.3241.

9-Chloro-8-methoxy-1,2,5,6-tetrapropyl-4-oxa-3-azacyclohepta[def]phenanthrene (3ja):
cl 3ja (61 mg, 45%); light yellow colour solid. mp = 151-152 °C; '"H NMR
OMe
e O (400 MHz, CDCl;) 58.37 (d, J = 9.5 Hz, 1H), 7.90 (d, J = 9.5 Hz, 1H), 7.42

Me

=z /
Me N” "0

3ja Me
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(s, 1H), 4.05 (s, 3H), 3.00 (t, J = 8.0 Hz, 2H), 2.91 (t, J = 7.25 Hz, 2H), 2.67 (t, J = 7.75 Hz, 2H), 2.48
(t, J = 7.75 Hz, 2H), 2.31-1.96 (m, 2H), 1.88-1.79 (m, 2H), 1.73-1.65 (m, 2H), 1.10 (t, J = 7.25 Hz,
5H), 1.06-0.99 (m, 6H), 0.66 (t, J = 7.5 Hz, 3H); *C NMR (126 MHz, CDCl;) §157.8, 155.0, 154.3,
152.7, 137.2, 137.5, 130.1, 126.7, 126.3, 124.0, 123.2, 123.1, 117.1, 116.9, 112.6, 56.8, 36.6, 34.6,
34.4,30.0, 24.4, 23.0, 22.5, 20.5, 14.5, 14.2, 14.0, 13.9; IR (Neat) vimax 2958, 2929, 1583, 1460, 1419,
1378, 1350, 1274, 1246, 1185, 1137, 1087 cm™’; HRMS (ESI) for CsHssCINO, (M+H)*: calcd.
452.2351, found 452.2354.

8-Ethoxy-1,2,5,6-tetrapropyl-4-oxa-3-azacyclohepta[def]phenanthrene (3ka):
Se)  3ka (71 mg, 55%); light yellow colour liquid. *"H NMR (500 MHz, CDCls)
Me | vel S7.77 (s, 2H), 7.35 (d, J = 2.5 Hz, 1H), 7.16 (d, J = 2.5 Hz, 1H), 4.19 (g, J
Noo = 7.0 Hz, 2H), 2.99 (t, J = 8.25 Hz, 2H), 2.91 (t, J = 7.75 Hz, 2H), 2.68 (t, J
=7.5 Hz, 2H), 2.46 (t, J = 8.0 Hz, 2H), 2.07-1.95 (m, 2H), 1.89-1.78 (m,
2H), 1.73-1.65 (m, 2H), 1.50 (t, J = 7.0 Hz, 3H), 1.15 (q, J = 7.5 Hz, 2H), 1.10 (t, J = 7.25 Hz, 3H),
1.06-0.99 (m, 6H), 0.70 (t, J = 7.25 Hz, 3H); *C NMR (126 MHz, CDCl;) & 158.0, 156.8, 154.5,
153.0, 139.1, 137.7, 133.2, 131.1, 126.0, 123.5, 122.7, 121.6, 117.3, 108.2, 63.7, 36.6, 34.8, 34.3,
30.0, 24.3, 23.1, 22.6, 20.5, 14.8, 14.5, 14.2, 14.02, 13.98; IR (Neat) vma 2958, 2930, 2870, 1663,
1597, 1459, 1397, 1346, 1296, 1244, 1203, 1169, 1135, 1052 cm™; HRMS (ESI) for CyHssNO,
(M+H)": calcd. 432.2897, found 432.2898.

3ka Me

8-(Benzyloxy)-1,2,5,6-tetrapropyl-4-oxa-3-azacyclohepta[def]phenanthrene (3la):
- 3la (75 mg, 51%); light yellow colour liquid; *H NMR (500 MHz, CDCls)
vo~ ) O\;e 5778 (d, 3 = 1.0 Hz, 2H), 7.51 (d, J = 7.0 Hz, 2H), 7.46-7.39 (m, 3H),
IN 04 7.38-7.36 (m, 1H), 7.26 (d, J = 2.5 Hz, 1H), 5.23 (s, 2H), 2.99 (t, J =8.0
Hz, 2H), 2.92 (t, J =7.75 Hz, 2H), 2.69 (t, J = 7.75 Hz, 2H), 2.44 (t, J
=8.0 Hz, 2H), 2.07-1.97 (m, 2H), 1.91-1.80 (m, 2H), 1.76-1.64 (m, 2H), 1.16-1.07 (m, 5H),
1.07-1.00 (m, 6H), 0.68 (t, J = 7.25 Hz, 3H); *C NMR (126 MHz, CDCls) & 158.0, 156.6, 154.6,
153.2,139.2, 137.7, 136.7, 133.1, 131.1, 128.6, 128.1, 127.5, 126.0, 123.5, 122.9, 121.7, 117.3, 117.2,
108.8, 70.2, 36.5, 34.8, 34.3, 30.0, 24.3, 23.1, 22.6, 20.5, 14.5, 14.2, 14.0, 13.9; IR (Neat) vma 2957,
2925, 1597, 1456, 1399, 1377, 1296, 1244, 1165, 1135, 1084, 1028 cm™; HRMS (ESI) for
Ca4H4NO, (M+H)": calcd. 494.3054, found 494.3056.

Me
3la Me

1,2,5,6-Tetrabutyl-4-oxa-3-azacyclohepta[def]phenanthrene (3ab):

3ab (105 mg, 79%); light yellow colour liquid. "H NMR (400 MHz, CDCls) 57.84
(d, J =8.8 Hz, 1H), 7.79 (d, J = 8.8 Hz, 1H), 7.76-7.69 (m, 2H), 7.58 (t, J =7.6
Hz, 1H), 3.07—2.93 (m, 4H), 2.74 (t, J = 7.6 Hz, 2H), 2.50 (bt, J = 7.6 Hz, 2H),
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2.06-1.94 (m, 2H), 1.90-1.78 (m, 2H), 1.69-1.43 (m, 8H), 1.17-1.07 (m, 4H), 1.06-0.97 (m, 9H),
0.74 (t, J = 7.2 Hz, 3H); *C NMR (101 MHz, CDCl;) & 158.8, 154.7, 154.4, 138.9, 137.6, 131.8,
131.6, 128.3, 127.0, 126.6, 126.0, 123.8, 121.1, 117.2, 34.5, 33.3, 32.8, 32.2, 31.8, 29.7, 27.8, 23.2,
23.0, 22.9, 22.7, 14.2, 14.1, 14.0, 13.8; IR (Neat) v 2957, 2865, 1665, 1616, 1570, 1462,1400,
1378, 1282, 1246, 1132 cm™; HRMS (ESI) for Cy;H,NO (M+H)": calcd. 444.3261, found 444.3265.

1,2,5,6-Tetraethyl-4-oxa-3-azacyclohepta[def]phenanthrene (3ac):
3ac (83 mg, 80%); light yellow colour liquid. *H NMR (400 MHz, CDCls) &

MeMe 7.90-7.79 (m, 2H), 7.78-7.72 (m, 2H), 7.61 (t, J = 7.6 Hz, 1H), 3.08 (9, J = 7.6
Me Z /
N"ONme | Hz, 2H), 2.99 (g, J = 7.6 Hz, 2H), 2.75 (g, J = 7.6 Hz, 2H), 2.53 (q, J = 7.6 Hz,

3ac

2H), 1.48 (t, J = 7.6 Hz, 3H), 1.39 (t, J = 7.6 Hz, 3H), 1.31 (t, J = 7.6 Hz, 3H),
0.84 (t, J = 7.6 Hz, 3H); *C NMR (101 MHz, CDCl;) & 158.8, 155.7, 155.2, 138.6, 137.3, 131.75,
131.71, 128.3, 127.0, 126.8, 126.6, 126.1, 124.4, 120.9, 117.2, 27.8, 26.1, 25.4, 21.0, 15.3, 14.4, 14.2,
12.5; IR (Neat) v« 2967, 2874, 1665, 1616, 1570, 1461, 1401, 1321, 1174, 1056 cm ™, HRMS (ESI)
for C3H26NO (M+H)™: caled. 332.2009, found 332.2015.

1,2,5,6-Tetrapropyl-4-oxa-3-azacyclohepta[def]triphenylene (3ma):

3ma (37 mg, 25%); light yellow colour thick liquid; *"H NMR (500 MHz, CDCl;) &
8.52 (d, J = 8.0 Hz, 1H), 8.37 (d, J = 7.5 Hz, 1H), 8.31 (d, J = 8.0 Hz, 1H), 7.68 (t,
J =75 Hz, 1H), 7.64-7.52 (m, 3H), 3.11 (bt, J = 7.75 Hz, 2H), 2.94 (t, J =7.75
Hz, 2H), 2.66 (t, J = 7.5 Hz, 2H), 2.43 (t, J = 7.75 Hz, 2H), 2.02-1.93 (m, 4H),
1.88 (g, J = 7.5 Hz, 2H), 1.18 (t, J = 7.25 Hz, 3H), 1.10-0.99 (m, 8H), 0.59 (t, J = 7.25 Hz, 3H); ©C
NMR (126 MHz, CDCl;) ¢ 160.2, 158.1, 154.8, 139.6, 138.1, 132.9, 128.4, 128.3, 128.2, 127.7,
127.5, 126.6, 126.4, 125.4, 124.2, 123.5, 120.0, 117.2, 37.2, 34.0, 33.7, 33.2, 24.3, 23.4, 22.2, 20.7,
14.4, 14.3, 14.1, 13.8; IR (Neat) vmax 2958, 2929, 2870, 1719, 1558, 1458, 1387, 1259, 1204, 1168,
1129, 1085 cm™; HRMS (ESI) for C5,H3sNO (M+H)*: caled. 438.2791, found 438.2799.

8,9,12,13-Tetrabutyl-11-oxa-10-azabenzo[def]cyclohepta[jkl]triphenylene (3nb):

3nb (47 mg, 54%); yellow colour thick liquid; *"H NMR (400 MHz, CDCls) 58.44
(s, 1H), 8.36 (s, 1H), 8.20 (d, J = 8.0 Hz, 1H), 8.02 (bd, J = 7.2 Hz, 1H), 7.98-7.84
(m, 3H), 3.23 (bt, J = 8.0 Hz, 2H), 3.08 (t, J =8.0 Hz, 2H), 2.85 (t, J = 7.6 Hz,
2H), 2.66 (t, J = 7.6 Hz, 2H), 2.15-2.04 (m, 2H), 1.98-1.73 (m, 4H), 1.67-1.51
(m, 7H), 1.13-1.00 (m, 12H), 0.67 (t, J = 7.0 Hz, 3H); *C NMR (101 MHz, CDCl;) § 159.1, 155.4,
151.2, 136.9, 136.0, 132.8, 130.5, 130.3, 128.9, 128.1, 127.5, 127.1, 126.4, 126.3, 125.5, 124.9, 124.2,
123.4,122.8, 119.7, 115.5, 34.5, 33.2, 32.8, 32.7, 32.3, 31.6, 29.7, 28.0, 23.3, 23.0, 22.9, 22.6, 14.14,
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14.10, 14.0, 13.6; IR (Neat) viax 3044, 2954, 1602, 1572, 1463, 1388, 1298, 1174, 1052, 1024, 873
cm™; HRMS (ESI) for CsHaNO (M+H)*: calcd. 518.3417, found 518.3422.

1,2,5,6-Tetrapropyl-3-oxa-4-azacyclohepta[def]phenaleno[1,2,3-jK]phenanthrene (30a):
30a (73 mg, 48%); orange colour thick liquid; *H NMR (500 MHz, CDCls) & 8.44
OO (s, 1H), 8.21 (d, J =8.0 Hz, 2H), 8.12 (bd, J = 7.0 Hz, 1H), 7.74-7.63 (m, 3H),
npr O 7.51-7.41 (m, 2H), 3.08 (br t, J = 8.0 Hz, 2H), 2.94 (t, J = 7.75 Hz, 2H), 2.71 (t, J
| ; o ’n:r =7.25 Hz, 2H), 2.49 (br t, J =7.75 Hz, 2H), 2.10-1.99 (m, 2H), 1.94-1.84 (m,
——————" 2H), 1.83-1.73 (m, 2H), 1.18 (t, J = 7.25 Hz, 3H), 1.16-1.02 (m, 8H), 0.66 (t, J
=7.25 Hz, 3H); *C NMR (126 MHz, CDCl;) § 158.5, 155.0, 154.5, 138.9, 137.2, 134.2, 133.1,
130.44, 130.42, 129.5, 128.9, 128.8, 127.9, 127.8, 127.4, 127.1, 126.7, 126.5, 125.8, 123.8, 121.7,
120.9, 120.8, 116.9, 115.3, 36.8, 34.6, 34.1, 30.0, 24.6, 23.0, 22.6, 20.5, 14.6, 14.2, 14.1, 13.9; IR
(Neat) vinax 2958, 2927, 2869, 1602, 1572, 1504, 1458, 1414, 1376, 1324, 1265, 1191, 1137, 1091

cm; HRMS (ESI) for C5HasNO (M+H)': caled. 512.2948, found 512.2948.

"Pr

=z

5,6,9,10-Tetrabutyl-8-oxa-4-thia-7-azacyclohepta[def]fluorene (3pb):

3pb (110 mg, 82%); light yellow colour liquid; *H NMR (400 MHz, CDCl;) &
7.53 (dd, J = 6.2, 2.9 Hz, 1H), 7.32-7.25 (m, 2H), 2.86-2.74 (m, 4H), 2.57 (bt, J
= 7.8 Hz, 2H), 2.45 (bt, J = 7.8 Hz, 2H), 1.89-1.60 (m, 6H), 1.55-1.33 (m, 10H),
1.03-0.89 (m, 12H); *C NMR (101 MHz, CDCls) § 157.9, 155.3, 153.8, 150.4,
137.9, 135.2, 132.9, 126.5, 125.0, 123.0, 120.9, 120.5, 119.5, 34.6, 34.0, 32.3, 31.9, 31.4, 30.5, 29.9,
22.9, 22.8, 22.7, 22.6, 13.98, 13.97, 13.8; IR (Neat) v 2954, 2860, 1720, 1624, 1590, 1547, 1463,
1395, 1265, 1154, 1096, 962 cm™; HRMS (ESI) for CxH.,NOS (M+H)*: calcd. 450.2825, found
450.2831.

5,6,9,10-Tetrabutyl-4-methyl-4H-8-0xa-4,7-diazacyclohepta[def]fluorene (3qb):
3gb (116 mg, 52%); light yellow colour liquid; ‘H NMR (400 MHz, CDCls) §

Me

"By i 7.15 (t, J = 8.0 Hz, 1H), 6.94 (d, J = 8.4 Hz, 1H), 6.85 (d, J = 7.6 Hz, 1H), 3.86 (s,
| "Bu
"Bu” SN 0 /"Bu 3H), 2.87 (br t, J = 8.0 Hz, 2H), 2.73 (br t, J = 8.0 Hz, 2H), 2.37 (br q, J = 7.6 Hz,
3qb

4H), 1.78-1.38 (m, 16H), 1.03-0.91 (m, 12H); **C NMR (101 MHz, CDCly) &
157.6, 155.8, 153.7, 144.9, 139.9, 132.3, 126.1, 120.5, 117.3, 115.6, 114.5, 107.7, 107.5, 35.2, 34.6,
34.4,33.0, 31.8, 31.7, 30.9, 30.2, 26.5, 23.0, 22.9, 22.8, 22.7, 14.0, 13.91, 13.87; IR (Neat) vinax 2956,
2928, 2860, 1639, 1610, 1565, 1462, 1395, 1373, 1261, 1152, 1099, 774 cm™; HRMS (ESI) for
CaoHusN;0 (M+H)": caled. 447.3370, found 447.3375.
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4-Benzyl-5,6,9,10-tetrabutyl-4H-8-oxa-4,7-diazacyclohepta[def]fluorene (3rb):

(Ph 3rb (78 mg, 30%); light yellow colour liquid; *H NMR (400 MHz, CDCl;) &§
s N 7.34-7.23 (m, 3H), 7.13 (t, J = 8.0 Hz, 1H), 6.97 (d, J = 6.8 Hz, 2H), 6.93-6.87
RN

e NG /BB (m, 2H), 5.54 (s, 2H), 2.72 (br t, J =8.2 Hz, 2H), 2.65 (br t, J = 8.4 Hz, 2H),

3rb 2.46-2.36 (m, 4H), 1.83-1.34 (m, 16H), 1.03-0.89 (m, 12H); *C NMR (101
MHz, CDCly) & 157.7, 156.3, 153.9, 144.7, 139.8, 137.5, 132.5, 128.9, 127.4, 126.4, 125.3, 120.8,
117.8, 115.5, 114.5, 108.3, 107.8, 48.1, 35.3, 34.5, 34.3, 32.9, 31.7, 31.0, 30.3, 26.5, 23.0, 22.8, 22.7,
14.1, 14.0, 13.9, 13.8; IR (KBr) v 2956, 2863, 1637, 1610, 1564, 1457, 1422, 1375, 1256, 1168,

1099 cm™*; HRMS (ESI) for CasH.7N,0 (M+H)*: calcd. 523.3683, found 523.3688.

4-(Methoxymethyl)-5,6,9,10-tetrapropyl-4H-8-oxa-4,7-diazacyclohepta[def]fluorene
(3sa):

OMe 3sa (48 mg, 40%); light yellow colour liquid; *"H NMR (500 MHz, CDCl3) §7.17
o N (t, J=7.75 Hz, 1H), 7.11 (d, J =8.5 Hz, 1H), 6.89 (d, J =7.5 Hz, 1H), 5.51 (s,
| = / "Pr

2H), 3.28 (s, 3H), 2.89-2.83 (m, 2H), 2.77-2.70 (m, 2H), 2.41-2.32 (m, 4H),
1.82-1.68 (m, 4H), 1.62-1.50 (m, 4H), 1.07 (t, J = 7.5 Hz, 3H), 1.31-0.97 (m,
9H); C NMR (101 MHz, CDCls) & 157.5, 156.6, 153.8, 144.7, 140.2, 132.7, 126.4, 121.0, 118.3,
115.9, 115.6, 108.6, 108.1, 74.9, 55.9, 37.4, 36.8, 33.4, 28.6, 25.1, 23.9, 22.7, 21.3, 14.3, 14.2, 14.1,
13.9; IR (Neat) vinax 2958, 2928, 2870, 1639, 1611, 1572, 1461, 1423, 1384, 1264, 1220, 1170, 1076,
966 cm; HRMS (ESI) for C,H37N,0, (M+H)*: calcd. 421.2850, found 421.2855.

P SN" N0
r n
3sa Pr

1,4-Bis(1,2,5,6-tetrapropyl-4-oxa-3-azacyclohepta[def]phenanthren-10-yl)benzene (4a):

npr 4a (38 mg, 15%); light yellow colour thick liquid; *H NMR (500
MHz, CDCls) §7.93 (dd, J = 5.0 & 1.0 Hz, 2H), 7.91-7.85 (m, 2H),
7.80 (dd, J=8.0 & 0.5 Hz, 2H), 7.73-7.65 (m, 4H), 7.62 (t, J = 7.25
Hz, 2H), 3.07 (br t, J = 8.0 Hz, 4H), 2.96 (t, J = 7.75 Hz, 4H), 2.73
(t, J = 7.5 Hz, 4H), 2.52 (t, J = 7.25 Hz, 4H), 2.09-2.00 (m, 4H), 1.92-1.84 (m, 4H), 1.81-1.58 (m,
8H), 1.15-1.08 (m, 6H), 1.07-1.02 (m, 12H), 0.72 (t, J = 7.5 Hz, 6H); *C NMR (126 MHz, CDCl;) &
158.7, 154.9, 154.7, 142.9, 140.2, 138.3, 137.9, 131.0, 130.1, 128.8, 127.14, 127.10, 126.1, 126.0,
125.1, 124.0, 122.3, 116.8, 36.8, 34.7, 34.6, 30.0, 24.5, 23.2, 22.7, 20.6, 14.6, 14.3, 14.11, 14.08; IR
(Neat) vinax 2957, 2926, 1722, 1670, 1607, 1570, 1493, 1458, 1411, 1324, 1260, 1197, 1085 cm*;
HRMS (ESI) for CgHgsN,O, (M+H)™: calcd. 849.5354, found 849.53565.
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Double-Annulation of N-[1-naphthoyllmethylphenyl sulfoximine (1a) with Diphenyl

acetylene (2d) :

OO Ph  Ru-catalyst (10 mol %)
H . | | AgSbFg (40 mol %)
N Cu(OAC)yH,0 (1.5 equiv)

MPS” Y0 Ph 1 4-dioxane, 120 °C, 24 h
1a 2d Ph 3ad, Trace

3'ad, 49 %

_ /—Ph

The annulation reactions were carried out in a 10 mL screw capped tube. The tube was
charged with N-[1-naphthoyl]methylphenyl sulfoximine (1a, 0.3 mmol), diphenyl acetylene
(2d, 1.2 mmol), [RuCly(p-cymene)], (18 mg, 10 mol %), and Cu(OAc),-H,0 (85 mg, 0.45
mmol). Subsequently, AgSbFgs (41 mg, 40 mol %) was introduced in to the tube in a glove
box. The solvent 1,4-dioxane (2.0 mL) was added to the mixture and the resulting mixture
was stirred at 120 °C for 24 h. The reaction mixture was cooled to ambient temperature,
filtered through a small plug of Celite and then washed with dichloromethane (3 x 10 mL).
The solvents were evaporated under reduced pressure and the crude material was purified
using column chromatography on neutral aluminia (5-15% n-hexane/EtOAc eluent) to give
the desired product. The compound 3'ad (77 mg) in 49% vyield was isolated along with trace

amount of desired 3ad.

5,6,15-triphenyl-8H-benzo[h]isoquinolino[2,1-b]isoquinolin-8-one (3'ad):

N OO 3'ad (77 mg, 49%); yellow colour solid,; 'H NMR (500 MHz, CDCl5) & 9.40 (d, J
=85 Hz, 1H), 7.91 (d, J =9.0 Hz, 1H), 7.85 (dd, J =7.0 & 2.0 Hz, 1H),

O P Pho 7.64-7.50 (m, 7H), 7.35-7.27 (m, 3H), 7.25-7.10 (m, 8H), 7.11-7.04 (m, 3H),
3ad 6.98-6.90 (m, 1H); *C NMR (126 MHz, CDCl;) & 163.7, 139.3, 138.3, 137.3,
136.8, 136.3, 134.8, 133.1, 133.0, 132.3, 131.8, 131.6, 130.8, 129.9, 128.8, 128.6, 128.5, 128.1, 127.9,

127.3,127.0, 126.8, 126.5, 126.3, 126.2, 125.7, 123.5, 119.1, 116.1.

(S)-3,7-Dimethyloct-6-en-1-yl 1,2,5,6-tetrapropyl-4-oxa-3-azacyclohepta[def]
phenanthrene-10-carboxylate (6aa):

6aa (30 mg, 18%); light yellow colour liquid. '"H NMR (400
MHz, CDCls) 58.60 (d, J = 7.6 Hz, 1H), 8.38 (s, 1H), 7.78 (d,
J =7.6 Hz, 1H), 7.68 (t, J = 7.8 Hz, 1H), 5.14-5.04 (m, 1H),
3.04 (q, J = 4.6 Hz, 2H), 2.93 (t, J = 7.8 Hz, 2H), 2.68 (t, J =
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7.4 Hz, 2H), 2.48 (t, J = 7.6 Hz, 2H), 2.34-2.28 (m, 1H), 2.17-2.07 (m, 1H), 2.05-1.93 (m, 2H),
1.90-1.58 (m, 10H), 1.27-1.16 (m, 2H), 1.12 (t, J = 7.2 Hz, 3H), 1.07-0.95 (m, 13H), 0.93-0.91 (m,
3H), 0.62 (t, J = 7.4 Hz, 3H); *C NMR (101 MHz, CDCl;) 5§167.2, 158.5, 154.8, 154.7, 137.6, 137.0,
132.0, 128.8, 128.7, 127.3, 126.7, 126.6, 124.8, 124.2, 123.9, 118.2, 75.6, 47.4, 40.9, 36.6, 34.5, 34.2,
31.5, 30.0, 26.7, 24.6, 23.4, 23.0, 22.4, 22.0, 20.9, 20.5, 16.3, 14.5, 14.2, 14.0, 13.8; IR (Neat) viax
3363, 2955, 2928, 2869, 1714, 1565, 1456, 1392, 1254, 1131, 1087, 1018, 958 cm™; HRMS (ESI)
for CasHs,NO3 (M+H)": calcd. 570.3942, found 570.3942; [a]p®® = —26.7° (c = 0.03, CHCI,).

((3aR,6S5)-8,8-Dimethyl-2,2-dioxidohexahydro-1H-3a,6-methanobenzo[c]isothiazol-1-yl)(1,2,5,6-

tetraethyl-4-oxa-3-azacyclohepta[def]phenanthren-10-yl)methanone (6bc):

6bc (69 mg, 40%); light yellow colour liquid. "H NMR (500 MHz, CDCls,)
58.07 (s, 1H), 7.94 (d, J = 8.0 Hz, 1H), 7.77 (d, J = 7.0 Hz, 1H), 7.63 (t, J
=7.75 Hz, 1H), 4.21 (br s, 1H), 3.54-3.40 (m, 2H), 3.11-2.94 (m, 4H),
2.76-2.68 (M, 2H), 2.59-2.43 (m, 2H), 2.25 (br s, 1H), 2.01-1.93 (m, 4H),
1.45 (t, J = 7.5 Hz, 3H), 1.41-1.29 (m, 11H), 1.01 (s, 3H), 0.84 (t, J =7.5
Hz, 3H); ®C NMR (126 MHz, CDCl;) &5 168.8, 158.5, 155.93, 155.91, 137.8, 136.4, 134.1, 129.3,
128.5, 128.2, 128.0, 127.4, 126.7, 124.4, 123.8, 118.2, 65.5, 53.3, 48.5, 47.9, 45.0, 38.4, 33.1, 27.8,
26.4, 26.0, 25.6, 21.01, 21.00, 19.8, 15.1, 14.4, 14.1, 12.4; IR (Neat) vinax 2963, 2875, 1677, 1565,
1455, 1375, 1281, 1203, 1134, 1116, 998, 907 cm*; HRMS (ESI) for CasHaN,0,S (M+H)": calcd.
573.2782, found 573.2784; [a]p?® = —149.6° (c = 0.173, CHCI,).

(1S,2R,4S)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yI 1,2,5,6-tetrapropyl-4-oxa-3-
azacyclohepta[def]phenanthrene-10-carboxylate (6ca):

6ca (56 mg, 32%) as yellow colour thick liquid. '"H NMR (500 MHz,
CDCl) & 8.72 (d, J = 8.0 Hz, 1H), 8.50 (s, 1H), 7.78 (d, J = 7.5 Hz, 1H),
7.68 (t, J = 7.75 Hz, 1H), 5.29-5.24 (m, 1H), 3.05 (t, J = 8.25 Hz, 2H),
2.94 (t, J=7.75 Hz, 2H), 2.68 (t, J = 7.5 Hz, 2H), 2.65-2.55 (m, 1H), 2.49
(t, J =7.75 Hz, 2H), 2.20-2.11 (m, 1H), 2.06—1.95 (m, 2H), 1.90-1.78 (m,
4H), 1.77-1.69 (m, 2H), 1.51-1.43 (m, 1H), 1.40-1.30 (m, 2H), 1.28-1.20 (m, 2H), 1.13 (t, J = 7.25
Hz, 3H), 1.06-0.99 (m, 12H), 0.96 (s, 3H), 0.62 (t, J = 7.25 Hz, 3H); *C NMR (101 MHz, CDCls)
0167.7, 158.5, 154.8, 154.7, 137.6, 136.9, 131.5, 128.8, 128.7, 127.3, 126.8, 126.6, 125.7, 124.3,
123.9, 118.4, 81.3, 49.1, 47.9, 45.0, 37.1, 36.6, 34.5, 34.3, 30.2, 28.1, 27.5, 24.6, 23.0, 22.4, 20.5,
19.7,18.9, 14.5,14.2, 14.0, 13.8, 13.7; IR Neat) wnax 2956, 2930, 2870, 1715, 1565, 1454, 1256, 1131,
1087, 1046; HRMS (ESI) for CssHsoNOs (M+H)*: calcd. 568.3785, found 568.3788; [o]p? = —10.0°
(c = 0.04, CHCIy).
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(8R,9S,10R,13S,14S,17S)-10,13-dimethyl-3-0x0-2,3,6,7,8,9,10,11,12,13,14,15,16,17-
tetradecahydro-1H-cyclopenta[a]phenanthren-17-yl 1,2,5,6-tetrapropyl-4-oxa-3-
azacyclohepta[def]phenanthrene-10-carboxylate (6da):

6da (47 mg, 33%); light yellow colour solid. mp = 179-180 °C; 'H
NMR (500 MHz, CDCl3) 68.68 (d, J = 8.5 Hz, 1H), 8.47 (s, 1H),
7.77 (d, 3 =7.5 Hz, 1H), 7.68 (t, J = 8.0 Hz, 1H), 5.75 (s, 1H),
4.97 (d, J = 8.25 Hz, 1H), 3.04 (br t, J = 8.0 Hz, 2H), 2.93 (t, J
=7.75 Hz, 2H), 2.67 (t, J =7.5 Hz, 2H), 2.51-2.28 (m, 7H),
2.05-1.65 (m, 16H), 1.54-1.31 (m, 4H), 1.24-1.18 (m, 4H), 1.12 (t, J = 7.25 Hz, 3H), 1.06-0.99 (m,
10H), 0.61 (t, J = 7.0 Hz, 3H); ®C NMR (126 MHz, CDCl;) §199.3, 170.7, 167.4, 158.5, 154.9,
154.8, 137.6, 136.9, 131.3, 128.80, 128.76, 127.4, 126.7, 126.6, 125.7, 124.3, 124.0, 123.9, 118.4,
83.8, 53.7, 50.3, 42.9, 38.6, 37.0, 36.6, 35.7, 35.5, 34.5, 34.3, 33.9, 32.7, 31.5, 30.1, 27.8, 24.6, 23.7,
23.0,22.4, 20.6, 20.5, 17.4, 14.5, 14.2, 14.0, 13.8, 12.4; IR (Neat) vna 2959, 2935, 2871, 1716, 1670,
1612, 1456, 1411, 1377, 1263, 1190, 1131, 1087, 908, 868 cm; HRMS (ESI) for C47HgNO4
(M+H)": calcd 702.4517, found 702.4521; [o]o”™® = +90.8° (c = 0.179, CHCIy).

(3S,85,95,10R,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-3-yl ~ 1,2,5,6-
tetraethyl-4-oxa-3-azacyclohepta[def]phenanthrene-10-carboxylate (6ec):
6ec (45 mg, 30%): light yellow colour liquid. "H NMR
(400 MHz, CDCls) §8.53 (d, J = 8.0 Hz, 1H), 8.35 (s,
1H), 7.78 (br d, J = 8.4 Hz, 1H), 7.68 (br t, J = 8.0 Hz,
3 1H), 5.50 (s, 1H), 5.09-4.99 (m, 1H), 3.12 (br g, J
Bt ) O = 6.8 Hz, 2H), 3.00 (br g, J = 6.8 Hz, 2H), 2.73 (br g, J
=6.8 Hz, 2H), 2.62—2.47 (m, 4H), 2.18-2.11 (m, 1H),
2.07-1.94 (m, 3H), 1.88-1.81 (m, 2H), 1.69-1.25 (m, 23H), 1.18-1.00 (m, 10H), 0.93 (br d, J = 6.4
Hz, 3H), 0.90-0.82 (m, 6H), 0.77 (br t, J = 6.8 Hz, 2H), 0.70 (s, 3H); *C NMR (126 MHz, CDCly) §
167.5, 158.6, 155.9, 155.7, 139.4, 137.5, 136.8, 132.5, 128.8, 128.6, 127.8, 127.2, 126.6, 124.5, 124.4,
124.2, 123.1, 118.3, 75.6, 56.7, 56.1, 50.0, 42.3, 39.7, 39.5, 38.2, 37.0, 36.7, 36.1, 35.8, 31.9, 31.§,
28.2, 28.0, 27.9, 27.8, 25.9, 25.5, 24.3, 23.8, 22.8, 22.5, 21.0, 20.9, 19.4, 18.7, 15.5, 14.3, 14.2, 12.4,
11.8; IR (Neat) vma 2934, 2868, 1714, 1609, 1565, 1463, 1409, 1378, 1252, 1191, 1131, 1057, 975
cm™; HRMS (ESI) for Cs;H70NO5 (M+H)": calcd. 744.5350, found 744.5351.
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(8R,9S,13S,14S)-13-methyl-17-0x0-7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopenta[a]phenanthren-3-yl 1,2,5,6-tetraethyl-4-oxa-3-azacyclohepta[def]phenanthrene-10-

carboxylate (6fc):
g — 6fc (47 mg, 23%); light yellow colour liquid. '"H NMR (500 MHz,
H, CDCl;) 68.75 (dd, J = 8.0 & 0.5 Hz, 1H), 8.68 (s, 1H), 7.80 (d, J
. H =7.0 Hz, 1H), 7.70 (t, J =8.0 Hz, 1H), 7.41 (d, J = 8.5 Hz, 1H),

7.12 (dd, J = 8.5 & 2.5 Hz, 1H), 7.07 (d, J = 2.0 Hz, 1H), 3.09
(br t, J = 8.0 Hz, 2H), 3.03-2.97 (m, 2H), 2.95 (br t, J = 7.75 Hz,
7 2H), 2.69 (t, J = 7.25 Hz, 2H), 2.58-2.46 (m, 4H), 2.38-2.33 (m,
1H), 2.21-1.97 (m, 6H), 1.91-1.83 (m, 2H), 1.79-1.50 (m, 10H), 1.11 (t, J = 7.25 Hz, 3H), 1.08-1.00
(m, 6H), 0.94 (s, 3H), 0.63 (t, J = 7.25 Hz, 3H); *C NMR (126 MHz, CDCl,) §166.3, 158.5, 155.2,
154.9, 148.8, 138.4, 137.9, 137.7, 136.8, 130.2, 128.8, 128.7, 127.6, 127.1, 126.9, 126.7, 124.2, 123.9,
121.8, 118.9, 118.7, 50.4, 48.0, 44.2, 38.1, 36.7, 35.9, 34.5, 34.3, 31.6, 29.9, 29.5, 26.4, 25.8, 24.7,
23.1, 22.4, 21.6, 20.6, 14.5, 14.3, 14.1, 13.9; IR (Neat) viax 2957, 2927, 2869, 1735, 1607, 1491,
1455, 1407, 1375, 1206, 1177, 1122, 1081, 1051, 1007 cm™*; HRMS (ESI) for C4HssNO4 (M+H)*:
calcd 684.4047, found 684.4045; [a]p® = +42.9° (c = 0.11, CHCI).

(3R,8R,9S,10S,13R,14S,17R)-17-((R)-5-methoxy-5-oxopentan-2-yl)-10,13-
dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-3-yl 1,2,5,6-tetraethyl-4-oxa-3-
azacyclohepta[def]phenanthrene-10-carboxylate (6gc):

- 5 6gc (46 mg, 31%); light yellow colour liquid. ‘*H NMR
,\'\,l"j‘ ove| (500 MHz, CDCls) 68.47 (dd, J =8.0 & 1.0 Hz, 1H),

Me H
2 8.31 (s, 1H), 7.78 (dd, J =7.5 & 1.0 Hz, 1H), 7.68 (t, J

HH =7.75 Hz, 1H), 5.20-5.11 (m, 1H), 3.65 (s, 3H), 3.12
(9, 3 =7.5Hz, 2H), 2.99 (q, J = 7.5 Hz, 2H), 2.72 (q, J
L =75 Hz, 2H), 2.51 (q, J = 7.5 Hz, 2H), 2.36-2.20 (m,
1H), 2.24-2.18 (m, 1H), 2.01-1.99 (m, 1H), 1.98-1.78 (m, 7H), 1.72-1.54 (m, 4H), 1.49-1.32 (m,
16H), 1.22-1.06 (m, 7H), 0.99 (s, 3H), 0.90 (d, J = 6.5 Hz, 3H), 0.77 (t, J = 7.5 Hz, 3H), 0.65 (s, 3H);
3C NMR (126 MHz, CDCl;) §174.8, 167.8, 158.6, 155.9, 155.7, 137.5, 136.8, 132.8, 128.7, 128.5,
127.8, 127.2, 126.6, 124.4, 124.18, 124.16, 118.2, 76.2, 56.4, 55.9, 51.5, 42.7, 42.1, 40.4, 40.1, 35.8,
35.3, 35.1, 34.7, 32.3, 30.99, 30.94, 28.1, 27.8, 27.0, 26.9, 26.8, 26.3, 25.9, 25.5, 24.1, 23.4, 20.9,
20.8, 18.2, 15.6, 14.3, 14.2; IR (Neat) vina 2926, 2859, 1713, 1563, 1448, 1257, 1190, 1131, 1059,
976, 806 cm; HRMS (ESI) for CisHesNOs (M+H)™: calcd. 748.4936, found 748.4935; [a]p® =
+20.4° (c = 0.05, CHCl).

6gc

J
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A Stepwise Unsymmtrical Double-annulation of N-[1-naphthoylI]-S-methyl-S-phenylsulfoximine
with different Alkynes for the Synthesis of 6.7-Fused Oxepino-Isoquinoline (GP-3A):

Step I: First Annulation of N-[1-naphthoyl]-S-methyl-S-phenylsulfoximine with 4-Octyne for

the Synthesis of 3,4-Dipropylbenzo[hlisoquinolin-1(2H)-one (7a):

The annulation reactions were carried out in a 25 mL screw capped tube. The tube was charged
with N-[1-naphthoyl]-S-methyl-S-phenylsulfoximine (1a, 0.5 mmol), 4-octyne (2a, 1.0 mmol),
[RuCl,(p-cymene)]. (15 mg, 5 mol%), and acetic acid (8.0 equiv). Subsequently, AgSbF¢ (34 mg, 20
mol %) was introduced in to the tube in a glove box. The solvent DCE (2.5 mL) was added to the
mixture and the resulting mixture was stirred at 120 °C for 20 h. The reaction mixture was cooled to
ambient temperature, filtered through a small plug of Celite and then washed with dichloromethane (3
x 10 mL). The solvents were evaporated under reduced pressure and the crude material was purified
using column chromatography on silica gel (15-20% n-hexane/EtOAc eluent) to give 7a (105 mg,
75%).

7a (105 mg, 75%); colorless crystalline solid. mp = 243-244 °C; 'H NMR (400
MHz, DMSO-Ds) 6 11.51 (br s, 1H), 10.21 (d, J = 8.0 Hz, 1H), 8.15 (d, J = 9.2
Hz, 1H), 7.98 (d, J = 8.0 Hz, 1H), 7.81 (d, J = 9.2 Hz, 1H), 7.71-7.64 (m, 1H),
7.62-7.56 (m, 1H), 2.73 (br t, J =8.0 Hz, 2H), 2.64 (br t, J =7.6 Hz, 2H),
1.71-1.59 (m, 2H), 1.59-1.47 (m, 2H), 1.01 (t, J = 7.4 Hz, 3H), 0.96 (d, J = 7.4 Hz, 3H); *C NMR
(101 MHz, DMSO-Dg; patially soluble) §163.0, 141.7, 139.9, 133.7, 132.3, 131.4, 128.4, 128.2,
127.1, 126.2, 122.2, 118.0, 112.3, 32.2, 28.7, 24.1, 23.2, 14.5, 14.2; IR (KBr) vmnax 3117, 3015, 2868,
1630, 1596, 1495, 1427, 1346, 1293, 1147, 1036, 913, 894, 821 cm™*; HRMS (ESI) for CygH»,NO
(M+H)": calcd. 280.1696, found. 280.1702.

Step 11: Second Annulation of Isoquinolone 7a with Alkynes (GP-3B):

o N_Pr A [RuCh(p-cymenell, ‘O
H | (7.5 mol %) _ npr
M AgSbFg (30 mol %) [ N
OO Cu(OAc),H0 (1.0 equiv)  np -~ P g 4
Ar KH,PO, (2.0 equiv) A

1,4-dioxane, 120 °C, 20 h

7a 2 8

The annulation reactions were carried out in a 25 mL screw capped tube. The tube was
charged with 3,4-dipropylbenzo[h]isoquinolin-1(2H)-one (7a, 0.3 mmol), alkyne (2, 0.6
mmol), [RuCly(p-cymene)], (13.8 mg, 7.5 mol %), KH,PO, (82 mg, 0.6 mmol),
Cu(OAcC)2.H,0 (57.3 mg, 0.3 mmol). Subsequently, AgSbFs (31 mg, 30 mol %) was
introduced in to the tube in a glove box. The solvent 1,4-dioxane (2.0 mL) was added to the
mixture and the resulting mixture was stirred at 120 °C for 20 h. The reaction mixture was

cooled to ambient temperature, filtered through a small plug of Celite and then washed with
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dichloromethane (3 x 10 mL). The solvents were evaporated under reduced pressure and the
crude material was purified using column chromatography on neutral aluminia (5-10% n-

hexane/EtOAcC eluent) to give the desired product.

5,6-Diphenyl-1,2-dipropyl-4-oxa-3-azacyclohepta[def]phenanthrene (8ad):

8ad (53 mg, 39%); light yellow thik liquid. *H NMR (400 MHz, CDCl;) &8.00
(d, J =8.8 Hz, 1H), 7.93 (d, J = 9.2 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.66—7.58
(m, 2H), 7.52 (t, J = 7.6 Hz, 1H), 7.36 (d, J = 7.6 Hz, 1H), 7.32-7.20 (m, 6H),
7.08 (dd, J = 7.6, 2.0 Hz, 2H), 3.07 (br t, J =8.0 Hz, 2H), 2.89 (t, J = 7.6 Hz,
2H), 1.81-1.65 (m, 4H), 1.15 (t, J =7.6 Hz, 3H), 0.91 (t, J = 7.6 Hz, 3H); *C NMR (101 MHz,
CDCly) 6157.4, 155.1, 149.6, 140.8, 138.9, 138.3, 135.5, 131.8, 131.64, 131.61, 131.5, 129.9, 129.6,
128.4,128.0, 127.9, 127.5, 127.4, 127.3, 126.5, 125.8, 121.3, 117.2, 36.5, 30.0, 24.3, 22.7, 14.5, 14.0;
IR (KBr) 1inax 3055, 2959, 2870, 1615, 1573, 1491, 1444, 1400, 1378, 1299, 1265, 1204, 1167, 1134,
1087, 967 cm™; HRMS (ESI) for C33H3NO (M+H)™: calcd. 456.2322, found 456.2332.

5,6-Bis(4-(tert-butyl)phenyl)-1,2-dipropyl-4-oxa-3-azacyclohepta[def]phenanthrene
(8ae):

8ae (82 mg, 52%); light yellow solid. *H NMR (400 MHz, CDCl,) & 7.96
(d, 3 =9.2 Hz, 1H), 7.89 (d, J =9.2 Hz, 1H), 7.81 (d, J =7.6 Hz, 1H),
7.57-7.46 (m, 3H), 7.38 (d, J = 7.6 Hz, 1H), 7.26 (d, J = 8.4 Hz, 2H), 7.20
(t, J =8.8 Hz, 2H), 6.99 (t, J =8.0 Hz, 2H), 3.03 (br t, J =8.0 Hz, 2H), 2.87 (t, J = 7.6 Hz, 2H),
1.78-1.65 (m, 4H), 1.33 (s, 9H), 1.29 (s, 9H), 1.12 (t, J = 7.6 Hz, 3H), 0.85 (t, J = 7.2 Hz, 3H); ©°C
NMR (101 MHz, CDCl;) ¢ 157.6, 154.9, 150.7, 150.3, 149.1, 138.9, 138.8, 137.8, 132.5, 131.8,
131.7, 131.6, 131.0, 129.6, 128.9, 128.0, 127.2, 126.3, 125.7, 125.3, 124.2, 121.2, 117.3, 36.4, 34.5,
31.3, 31.2, 30.0, 24.3, 22.5, 14.5, 13.9; IR (KBr) wmax 2962, 2870, 1612, 1574, 1507, 1461, 1400,
1303, 1267, 1206, 1167, 1110 cm™; HRMS (ESI) for C»HNO (M+H)*: calcd. 568.3574, found
568.3576.

5,6-Bis(4-methoxyphenyl)-1,2-dipropyl-4-oxa-3-azacyclohepta[def]phenanthrene (8af):

8af (54 mg, 35%); light yellow solid. mp = 160-161 °C; 'H NMR (500
MHz, CDCls) & 7.96 (d, J = 9.2 Hz, 1H), 7.89 (d, J =9.2 Hz, 1H), 7.81
(dd, J =7.5 & 1.0 Hz, 1H), 7.54 (dd, J =7.0 & 2.0 Hz, 2H), 7.49 (t, J
=7.75 Hz, 1H), 7.35 (dd, J = 7.5 & 1.0 Hz, 1H), 6.95 (d, J = 8.5 Hz, 2H),
6.81-6.72 (m, 4H), 3.80 (s, 6H), 3.07—3.00 (m, 2H), 2.89—2.82 (m, 2H), 1.75-1.65 (m, 4H), 1.11 (t, J
=7.5 Hz, 3H), 0.89 (t, J = 7.5 Hz, 3H); *C NMR (101 MHz, CDCls) & 159.1, 158.8, 157.5, 155.0,
148.9, 138.93, 138.88, 133.4, 132.7, 131.8, 131.6, 131.45, 131.41, 128.3, 127.9, 127.7, 127.2, 126.3,
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125.7,121.2, 117.3, 114.0, 112.8, 55.15, 55.14, 36.6, 30.0, 24.3, 22.7, 14.5, 14.1; IR (Neat) viax 2956,
2927, 1600, 1504, 1457, 1440, 1299, 1243, 1201, 1165, 1133, 1025, 828 cm*; HRMS (ESI) for
CasHaNO3 (M+H)™: caled. 516.2533, found 516.2533.

5,6-Bis(4-fluorophenyl)-1,2-dipropyl-4-oxa-3-azacyclohepta[def]phenanthrene (8ag):

8ag (85 mg, 55%); light yellow solid. mp = 198-199 °C; 'H NMR (400
MHz, CDCls) §7.97 (d, J = 9.2 Hz, 1H), 7.90 (d, J = 9.2 Hz, 1H), 7.84 (dd,
J=7.8 & 1.0 Hz, 1H), 7.59-7.52 (m, 2H), 7.50 (d, J = 7.6 Hz, 1H), 7.30
(dd, J = 7.6 & 1.2 Hz, 1H), 7.04-6.88 (m, 6H), 3.04 (t, J = 8.2 Hz, 2H), 2.86
(t, J =7.8 Hz, 2H), 1.77-1.62 (m, 4H), 1.12 (t, J = 7.4 Hz, 3H), 0.89 (t, J = 7.4 Hz, 3H); *C NMR
(101 MHz, CDCl3) 6162.3 (d, J = 249 Hz), 162.2 (d, J = 247 Hz), 157.2, 155.2, 148.7, 139.0, 138.0,
136.6, 133.1 (d, J = 8.0 Hz), 131.9 (d, J =8.0 Hz), 131.7 (d, J = 10.0 Hz), 131.1 (d, J = 16.0 Hz),
128.4, 127.9, 127.7, 126.7, 125.8, 121.4, 117.1, 115.7, 115.5, 114.6, 114.4, 36.5, 30.0, 24.3, 22.6,
14.5, 14.0; F NMR (470 MHz, CDCls) §-112.41, —113.99; IR (Neat) vinax 2961, 2927, 2870, 1591,
1501, 1460, 1395, 1293, 1215, 1198, 1131, 1081, 1011, 890 cm™; HRMS (ESI) for CyHosF.NO
(M+H)": calcd. 492.2133, found 492.2133.

General Procedure for the Gram Scale Synthesis of 3ac:

O o] Et [RuCly(p-cymene)], ‘e O
MPS | | (10 mol %) .
AgSbFg (40 mol %) / Et ©/
H £t CU(OAc)HyO (1.5 equiv) Et
1,4-dioxane, 120 °C, 24 h
1a (5.0 mmol) 2c¢ 3ac; 70% (1.15 g) 63% (0.44 g)

The gram scale reaction was carried out in a 25 mL screw capped tube. The tube was
independently charged with N-[naphthoyl]-S-methyl-S-phenylsulfoximine (1a, 5.0 mmol), 3-
hexyne (2c, 20.0 mmol), [RuCl,(p-cymene)], (0.306 g, 10 mol %), and Cu(OAc),-H,0 (1.43
g, 7.5 mmol). Subsequently, AgSbFs (0.686 g, 40 mol %) was introduced in to the tube in a
glove box. The solvent 1,4-dioxane (20.0 mL) was added to the mixture and the resulting
mixture was stirred at 120 °C for 24 h. The reaction mixture was cooled to ambient
temperature, filtered through a small plug of Celite and then washed with dichloromethane (3
x 20 mL). The solvents were evaporated under reduced pressure and the crude material was
purified using column chromatography on neutral aluminia (5-10% n-hexane/EtOAc eluent).
The 3ac (1.15 g) in 70% vyield was isolated along with the isolation of phenyl methyl
sulfoxide 63% yield.
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Control Experiments:

Deuterium-Labelling Experiment (eq 1):

Ru-cat. (10 mol %)  ~65%-D
OO Gems T
H Cu(OAc), (1.5 equiv) H/D
H/D

H  CD,COOD (2.5 equiv)
© 14-dioxane, 120°C, 6h  MPS” "0 x
1a 1a-H/ID ~62%-D

MPS

A mixture of N-[1-naphthoyl]-S-methyl-S-phenylsulfoximine (1a, 0.3 mmol), [RuCly(p-
cymene)], (18 mg, 10 mol%), and Cu(OAc); (48 mg, 0.45 mmol) was taken in a 25 mL screw
capped tube. Subsequently, AgSbFs (41 mg, 40 mol %) was introduced in to the tube in a
glove box. The solvent 1,4-dioxane (2.0 mL) and CD3;COOQOD (43 uL, 2.5 equiv) were added
to the mixture and the resulting mixture was stirred at 120 °C for 6 h. The reaction mixture
was cooled to ambient temperature, filtered through a small plug of Celite and then washed
with dichloromethane (3 x 5.0 mL). The solvents were evaporated under reduced pressure to
give the desired product 1a-H/D with deuterium incorporation at the ortho (65%) and peri
(62%) of 1a.

Deuterium-Labelling Experiment (eq 2):

Ru-cat. (10 mol %)
Pr. AgSbFg (40 mol %) "Pr. 2)
| Cu(OACc), (1.5 equiv) |
H > H/D

"Pr” N0 CD;COOD (2.5equiv) "Pr” "N” 70 'x
H 1,4-dioxane, 120 °C, 6 h H <55%-D
7a 7a-H/D

A mixture of 3,4-dipropylbenzo[h]isoquinolin-1(2H)-one (7a, 0.3 mmol) and [RuCl,(p-
cymene)], (18 mg, 10 mol%) was taken in a 25 mL screw capped tube. Subsequently,
AgSbFs (41 mg, 40 mol%) was introduced in to the tube in a glovebox. The solvent 1,4-
dioxane (2.0 mL) and CD3;COOD (43 uL, 2.5 equiv) were added to the mixture and the
resulting mixture was stirred at 120 °C for 6 h. The reaction mixture was cooled to ambient
temperature, filtered through a small plug of Celite and then washed with dichloromethane (3
x 5.0 mL). The solvents were evaporated under reduced pressure to give the desired product

7a-H/D with 55% deuterium incorporation at the peri-postion of 7a.
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Competition Experiment between 1c and 1f with 2a (eq 3):

OMe CO,Me
Ho
O "Pr [RuCl,(p-cymene)], npy ‘O ‘O
MPS (10mol %) | | A " "Pr O

Il AgSbFg (40 mol %) PO el | I e

MeO,C/MeO H npr CU(OAC),H,0 (15 equiv) P~ N™ O7xp - np SN No X
1,4-dioxane, 120 °C, 5 h 3ca 3fa T

1c/Mf 2a N )

~
3ca/3fa =~2:1
Combined yield 25%

The competition experiment was carried out in a 25 mL screw capped tube. The tube was
charged with 1c (0.3 mmol), 1f (0.3 mmol), 4-octyne (2a, 1.2 mmol), [RuCl,(p-cymene)], (18
mg, 10 mol %), and Cu(OAc), (85 mg, 0.45 mmol). Subsequently, AgSbFs (41 mg, 40 mol
%) was introduced in to the tube in a glove box. The solvent 1,4-dioxane (2.0 mL) was added
to the mixture and the resulting mixture was stirred at 120 °C for 5 h. The reaction mixture
was cooled to ambient temperature, filtered through a small plug of Celite and then washed
with dichloromethane (3 x 5.0 mL). The solvents were evaporated under reduced pressure
and the crude material was purified using column chromatography on neutral aluminia
(5-10% n-hexane/EtOAc eluent) to provide a mixture of the desired products 3ca and 3fa (65
mg) as a yellow colour thick liquid. Based on the *H NMR spectrum of crude sample, the

inseparable mixture of 3ca and 3fa was formed in ~2:1 ratio, respectively.

Optical and Photophysical Properties
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(A) Normalized Absorption (A) and PL spectra (B) of derivatives of 3nb, 3o0a, 3pb,
3qb, 3sa, 4a, and 8ae dispersed in dichloromethane medium (1 X 10°M).
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X-ray crystallography: Single crystal X-ray data for the compound 3ha, 3ja, and 8ae were
collected using the Bruker D8 Quest CMOS detector system [A(Mo-Ko) = 0.71073 A] at
298K, graphite monochromator with a o scan width of 0.3° crystal-detector distance 60 mm,
collimator 0.5 mm. The SMART software was used for the intensity data acquisition and the
SAINTPLUS Software was used for the data extraction. In each case, absorption correction
was performed with the help of SADABS program, an empirical absorption correction using
equivalent reflections was performed with the program. The structure was solved using
SHELXS-97, and full-matrix least-squares refinement against F? was carried out using
SHELXL-97. All non-hydrogen atoms were refined anisotropically. Aromatic and methyl
hydrogens were introduced on calculated positions and included in the refinement riding on

their respective parent atoms.*

X-ray crystal structure and data for 3ha, 3ja and 8ae *

,}

e Hydrogen
® Oxygen
® Nitrogen '\ /
2' ® Chlorine / \Kr
— 3ja

Figure 1. Molecular structures of compounds 3ha, 3ja, and 8ae; thermal ellipsoids are set at 30%
probability.

Table S2. Crystal data for 3ha, 3ja, and 8ae

Identification code 3ha 3ja 8ae
Formula CssHszNO Cas Ha3 CIN Oy C41HasNO
Fu 463.63 446.72 567.78
T (K) 197 K 296 K 223K
A (A) 0.71073 0.71073 0.71073
Crystal system triclinic monoclinic monoclinic
Space group P-1 P121/n1 P121/n1

S34




a(A) 10.7051(8) 14.5781(4) 15.001(3)
b (A) 10.9218(9) 9.3138(3) 10.5247(15)
c(A) 12.9779(4) 18.8307(6) 22.239(4)
a () 81.166(6) 90 90
B 67.584(6) 94.961(3) 94.419(8)
%) 72.381(7) 90 90
V (A% 1335.66(17) 2547.21(14) 3500.6(9)
Z 2 4 4
Deated (Mg m™) 1.153 1.165 1.077
u [mm ] 0.068 0.173 0.063
total refins 16862 22700 54795
unique reflns 4712 5299 6175
observed reflns 2928 3016 3200
R[> 26(1)] 0.0841 0.0863 0.0893
WR [all] 0.2861 0.3098 0.2635
GOF 1.128 1.112 1.027
Diffractometer SMART APEX | SMART APEX | SMART APEX
CCD CCD CCD
CCDC Number 1979334 1979335 1979336

Density Functional Theory (DFT) Calculations:

The proposed mechanistic hypothesis was checked computationally using the Gaussian 09
software package.’ Following a recent report,® optimizations were carried out using the
MO6 functional,” the 6-31G(d,p) basis set® for all main group elements, and the LANL2DZ+f
(ECP) basis set’ for Ru. Single point calculations were conducted and the MO06/6-
311++G(d,p)-SDD+f(ECP)'® level of theory. Solvation energies were obtained at the single
point level using the SMD approach™ for 1,4-dioxane. The discussed values are solvent-
corrected Gibbs free energies at 393.15 K in kcal/mol (AGss3). The molecular system

composed of substrate A and 2 equiv of 2-butyne was used as a reference for the free
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energies, together with [RuOAcL]" (L = p-cymene) and an additional AcO™ to ensure the two
deprotonation of A with the same Ru complex (Scheme S1). The complexation of the
putative active species [RUOAc(p-cymene)]” to A leads to chelate B with a release of 20.5
kcal/mol. C-H metalation then occurs through TSgc lying 11.9 kcal/mol above B. A stepwise
ligand exchange between acetic acid and 2-butyne was then computed, leading to the
alkyne complex E, which is more stable than C by 2.6 kcal/mol. Alkyne insertion does not
yield the metallalkenyl complex F’ but its valence isomer F, which is a metallacyclopropene
as witnessed by the distortion of the 7-membered ring and by the short Ru-C distance of
1.85 A.'> The formation of this intermediate is slightly endergonic by 0.3 kcal/mol and
requires 14.9 kcal/mol of free energy of activation. The next step can be considered as an
intramolecular nucleophilic addition to the N=S bond to give the annulated intermediate G
(see arrows in F’). This pathway is the rate-determining step of the catalytic cycle. The
barrier is of 25.0 kcal/mol (19.6 kcal/mol from B), which is consistent with the temperature
of the reaction (120 °C). The resulting complex G is less stable than F by 3.2 kcal/mol, yet the
dissociation of the metallic fragment to regenerate the active species [Ru(OAc)L]* promotes
a spontaneous elimination of PhSOMe from the free ligand to give H, located as low as -69.0
kcal/mol on the energy surface. Obviously, the liberation of the stable PhSOMe molecule,

the conjugated nature of the anion and the formation of a quite strong H-bond in H are

C-H metalation Annulation Elimination
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AcO”
2 Me—=
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(L = p-cymene) ",‘ /// ‘\‘ ! | H o o
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Me "Ry2+
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N= 3 Ph N= s Ph Ru—,
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Me intermediate \ OH
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[Ru(OAc)LT*

AcO®
HO OD/Ph RS U —— — Me
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\ —
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O /(Ru\l_ o AOH e
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Scheme S1. Free energy profile (AGsqs, kcal/mol), part 1 (first annulation).
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favorable thermodynamic factors that explain the straightforward loss of the sulfur moiety.
Protonation of H by AcOH might give rise to pyridine | or pyridone J, the latter being

significantly more stable, which is in line which its experimental observation.

The second part of the mechanism involves first the reaction of H with [Ru(OAc)L]" (Scheme
S2). This step is exergonic by 56.4 kcal/mol and yields K at -125.4 kcal/mol. The values on
Scheme S2 might seems very low, but this is due to the fact that they correspond to a
second reaction; all intermediates are already 69.0 kcal/mol below the reference system
shown in Scheme S1. Intermediate K shows a H-bond between the acetate ligand and one
arene carbon. The acidity of this proton comes from the coordination of Ru to the ipso-
carbon, as shown by the relatively short Ru-C distance of 2.36 A. From this pre-organized
complex, the C-H metalation step is then easily achieved through TSk, using only 6.5
kcal/mol of free energy of activation. Complex L lies at -137.5 kcal/mol on the energy
surface, and the substitution of acetic acid but the second alkyne equivalent is endergonic
by 10.9 kcal/mol. Of particular interest, the formation of the 7-membered ring product does
not seem to arise from the reductive elimination of a simple 8-membered metallacycle.
Formation of a C-C bond from N is achieved via TSyo at the expense of 15.9 kcal/mol, and

provides the ruthena-oxabicyclooctene type complex O located at -132.7 kcal/mol.

- C-H metalation Ligand exchange Alkyne Reductive Ligand exchange
-69.0% addition Elimination and oxidation
H. 4
oL TSop
O (I TSno
O N \‘7/_ [Ru(OAc)LT* -107.5
-110.7
7 Me \ p—
TS ~
H Me
-118.9 / \ RDS 179 kcal/mol

Ho
I8 8
H\éu\
R L
l 2 Cu(OAc),

B + 2 CuOAc + AcO™

Scheme S2. Free energy profile (AGsss, kcal/mol), part 2 (second annulation)
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The Ru-C**° distance of 2.35 A and other geometrical parameters show that O is an
intermediate structure between the Lewis depiction O and O’. Its formation can be
understood as an intramolecular [2+2] cycloaddition between the alkyne and a Ru=C bond
as shown in N’, which is a fictive valence isomer of N. By doing so, a highly strained
phenanthrene-containing 8-membered ring is avoided. The reductive elimination, which is
the rate-determining step of this second reaction, demands 25.2 kcal/mol of free energy of
activation to give P in a slightly endergonic fashion. The transfer of the RuL moiety to the
starting compound A to give the experimentally observed 7-membered ring product Q and
chelate R is appreciably exergonic by 7.9 kcal/mol. As it is generally accepted,™® one can

then propose that complex R transforms into B by Cu(OAc), mediated oxidation.

The coordinates of all computed species are provided in Table S3 and in a separate file that
allow direct visualization: DFT.xyz.

Table S3. Coordinates (x,y,z) and MO06 energies (Hartree) of the computed species.

AcO’

E(RMO6) = -228.468688977

[Ru(OAcC)(p-cymene)]”

E(RMO06) = -712.378891180

Ru -0.234083  -0.225936 -0.46122 0] -0.682326 1.164656  0.000055
0] -1.888648 -1.137544  -0.438343 0] -0.809492  -1.099509 -0.000071
C -2.987895  -0.880759 0.329791 C -0.219223 0.002103 0.000013
0] -3.012014  0.047014 1.102049 C 1.342891 -0.06217  -0.000007
C -4.086045 -1.858039 0.08254 H 1.718645 -1.093568 -0.000616
H -3.741074  -2.869357 0.321181 H 1.736902 0.465827  0.879749
H -4.354627 -1.857571 -0.978614 H 1.736983 0.466963  -0.879039
H -4.954657 -1.605631 0.691422
C 0.599602 1.730554 -0.988
C 1.720393 0.88377  -0.844478
C -0.374573 1.887026  0.047662
H 2.38069 0.737411 -1.695036
C 1.876444  0.086239 0.305819
C -0.205212 1.10238 1.22791

S38



H -0.995149 1.090848 1.974475

C 0.887847 0.20203 1.331352

H 0.938585 -0.475754 2.182485

H 0.428857 2.227439  -1.941357

C -1.575668 2.744005 -0.135462

H -2.449052 2.291448 0.344706

H -1.399796 3.721522 0.332227

H -1.78886 2.915019 -1.194663

C 2.987729 -0.916588 0.4631

H 2.592463 -1.731708 1.088796

C 3.478612 -1.507774 -0.850252

H 3.998737 -0.761693 -1.463923

H 4.200067 -2.305002 -0.648593

H 2.66457 -1.941892  -1.443855

C 4,129364 -0.234975 1.225646

H 4937399 -0.951279 1.404521

H 4.540013 0.597673 0.640894

H 3.803187 0.156722 2.195594

2
E(RMO06) = -155.890606795
la
E(RMO06) = -1297.84237152

C -0.603897 0.001574 0.00034 C -4.677013 2.234258 -0.285458

C 0.604098 0.003395 -0.000567 C -4.976551 0.972134 0.153048

C -2.057704  -0.001208 0.000055 C -3.977098 -0.027508 0.230811

H -2.460369 1.003106 0.175561 C -2.634624 0.276267 -0.158202

H -2.456809 -0.352014 -0.958701 C -2.361581 1.595436 -0.606174

H -2.458337 -0.656707 0.781855 C -3.354838 2.541232  -0.664375

C 2.057667 -0.001386 -0.000078 C -4.303811 -1.323706 0.693305

H 2.454468 -1.022854 0.030612 C -3.345012 -2.2963 0.789452

H 2.461761 0.481468 -0.89724 C -2.019265 -2.00469 0.425794

H 2.458296 0.532757 0.869403 C -1.64925 -0.761437 -0.048111
C -0.225141  -0.553531 -0.450189
N 0.636948 -1.508549 0.081865
0] 0.151964 0.365774 -1.169617
S 2.131425 -1.351082 -0.388399
o 2.561063 -1.640353 -1.759804
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2.948597
2.822002
3.777562
4.353882
3.969967
3.003759
2.419615
-5.451051
-5.9905
-1.351983
-3.116178
-5.336864
-3.599634
-1.255916
4.01801
2.742503
2.542493
4.04134
5.099935
4.421794
2.698061
1.645136

-2.486852
0.226644
0.807869
2.009598
2.605616
2.010883
0.811293
2.995888
0.711113
1.837482

3.54383

-1.528594

-3.291826

-2.772818

-2.448225

-2.205163

-3.477914
0.324827
2.484597
3.546549

2.48807

0.712067
0.107232
-0.714461
-0.316748
0.879616
1.687777
1.303198
-0.342763
0.453297
-0.915315
-1.01233
0.97173
1.144232
0.505206
0.49121
1.746503
0.496935
-1.651783
-0.948377
1.183709
2.615116
1.907834

E(RMO06) = -2010.31197599

0.342728

TSec

Frequency -1431.1698

E(RMO06) = -2010.29240859

OO0 0O0O0O0O 00

3.283404
3.741925
2.895568
1.557119
1.107573
1.958077
3.361959
2.555136
1.212632

-4.440523
-3.298661
-2.183301
-2.254461
-3.43817
-4.511039
-0.989176
0.098383
0.063716

-0.781815
-1.399042
-1.5692
-1.089798
-0.466158
-0.315613
-2.20174
-2.353952

-1.870787

OO0 0O0O0O0ITO0

-1.087475
-1.364794
-1.678571
-3.046574

-3.4365
-2.487698
-2.898452
-1.975655
-0.600878

-1.259616
-0.441959
0.493034
0.850595
2.159683
3.195152
4.543422
5.543334
5.234673

-2.935452
-1.875126
-1.077476
-1.227195

-1.15515
-0.950626
-0.850594
-0.673478
-0.593229
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X
c

T O T OITOOIOOOO0OIITITOO00OO0

0.724557
-0.740875
-1.064171
-1.511844
-2.354017
-2.298274
-2.564944
-3.800509
-4.676696
-5.837898
-6.098854
-5.203465
-4.037951

3.944308

4.7641

0.074969

1.600992

4.384146

2.906748

0.507092
-3.478897

-2.66663
-1.681673
-4.446474
-6.537017
-7.007681
-5.412947
-3.319014

0.893635

0.167557

0.928518

2.135714

0.127828

-0.35002

-0.67333

0.773931

2.664505

1.545991

2.969189

1.349597

0.615139

2.029256

2.148912

0.862678

0.128861

3.292596

4.176872

3.993716

-1.095726
-1.119436
0.044646
-1.989199
0.871156
1.42222
2.15143
-0.147776
-0.185315
-0.942143
-1.633796
-1.583834
-0.839701
-5.294496
-3.241234
-3.505996
-5.422469
-0.973257
1.003373
0.825258
2.68129
1.700268
2.792353
0.361122
-0.991032
-2.223046
-2.13452
-0.81092
0.779996
2.469913
3.263425
3.137492
4.354691
4.988017
3.906498
4.967209
-0.188992
-0.689814
1.201417
-1.758943
0.205938
2.085839
3.154072
1.608161
2.316585
-0.890254
1.688726
2.669207

-1.23908
-0.938218
-0.198146
-1.262739
-0.710396
-2.062444

0.503678
-0.548108
-1.625882
-1.502615
-0.325015

0.743101

0.637422
-0.659509
-1.768438
-0.131734

0.156492
-2.577161
-2.840978
-2.199589

0.221835

1.494077

0.418853
-2.536479
-2.332477
-0.236836

1.655946

1.454208

0.407574
-0.550337
-1.268004
-1.400157
-1.935474
-1.180096
-2.534077
-2.566034

1.266294

1.972784

1.189594

1.959856

2.553521

1.768615

1.599952

2.424383

2.805032

0.716725

0.466926

0.022057

I T T T OO O I T

Ru

T T OOO I ITOOI ITITOOO0OOOQ00I I ITOIOIOOOIIIOO00wozZzo

-2.300288
-3.960128
-1.093669
-0.164597
-0.728199
0.895664
0.121271
-4.483418
-3.776748
-1.049499
0.685995
0.814072
1.631917
2.187492
2.359764
2.208921
3.59306
3.140312
2.208012
1.335823
4.72444
3.547588
5.858205
4.7054
5.839783
6.755272
4.688871
6.728874
4.679733
2.630065
-0.528578
-3.010686
-0.886849
-1.480156
-0.640497
-0.151635
-0.245974
0.90952
-0.684387
-2.110755
-2.7156
-3.906499
-2.340147
-3.608541
-0.60057
0.098854
-1.179684
0.352019

6.578013
4.772502
2.879529
3.937272
1.506644
3.707828
6.036266
2.436116
0.06829
-1.1657
1.054767
-0.228836
1.671083
-0.97907
-1.338193
-2.45138
-0.061709
-2.960462
-2.179521
-3.045243
-0.050137
0.559804
0.603855
-0.527523
1.224435
0.631711
1.206231
1.735027
1.70613
0.563498
-2.571169
-1.031436
-0.625992
-2.881018
-2.329292
-3.392179
-4.384874
-3.192731
-3.336508
-0.146248
-2.398018
-0.619288
0.917093
-3.292047
-2.022626
0.243827
-3.906058
-2.406553

-0.600124
-0.920403
-0.869901
-0.691438
-0.934751
-0.657276
-0.461466
-1.272362
-1.435485
0.278275
-0.91334
-0.32758
-1.363213
-0.763161
-2.168902
0.231967
-0.175972
-0.032338
1.289704
-0.056848
-0.981079
1.069182
-0.508652
-1.957393
0.736051
-1.120658
1.522485
1.096381
2.487203
1.656505
-1.215607
1.273723
2.447608
1.614212
-2.471653
-3.405251
-2.96071
-3.595557
-4.356075
1.937589
1.078279
0.815925
1.964003
0.284244
2.293317
3.183083
1.402872
2.654597
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H 5.025267 1.753103 1.159119 H -3.019695 -3.971258 -0.34104
H 4.448019 0.996811 -0.33777 H -4.23529 -3.901386 0.946218
C -0.618437 -0.267224 3.276645 H -4.270366 -2.71189  -0.366938
H -1.423747 0.444938 3.028581 H 1.091919 -0.214602 3.033556
C -1.06592 -1.670329 2.893809 C 0.15777 1.686882 2.704688
H -0.344511  -2.426138 3.229201 C -0.234528 0.173883 4.676138
H -2.01376  -1.905733 3.390763 H -0.790607 2.213618 2.869843
H -1.209933  -1.781472 1.81148 H 0.922314 2.23229 3.268917
C -0.351545 -0.176645 4.782974 H 0.405764 1.760858 1.639569
H -1.240703  -0.480876 5.344981 H 0.503078 0.734567 5.259699
H 0.469954 -0.846435 5.066581 H -1.221224 0.614859 4.866795
H -0.083528 0.838478 5.095482 H -0.248475 -0.857554 5.046263
AcOH
E(RMO06) = -229.030945830
C
E(RMO06) = -2010.31635948
0] -1.447397 0.562601 -2.916446 o 0.763117 -1.046132 -0.000001
H -1.664234 0.686219  -1.965855 H 1.703889 -0.811349 0.000028
C -1.813183 0.41716 0.067574 o 0.651605 1.192477 0.000003
C -3.227593 0.509937 0.083838 C 0.092231 0.124496 -0.000016
C -3.847998 1.724228 0.24836 C -1.386783  -0.100082  -0.000008
C -3.111227 2.920075 0.409591 H -1.903728 0.859573  -0.000657
C -3.776478 4,153879 0.597873 H -1.675371 -0.682122 0.880486
C -3.062752 5.316556 0.730616 H -1.67526  -0.683336 -0.87973
C -1.655373 5.278722 0.676404
H -3.574792 6.264142 0.875304
H -4.864406 4.15809 0.633768
C -1.685224 2.87771 0.352854
C -0.977598 4.096469 0.49087
C -1.066035 1.594736 0.160447
H 0.104392 4.090045 0.439731
H -1.092474 6.203073 0.781555
H -4.936036 1.784361 0.253254
H -3.839476  -0.378684 -0.059426
Ru -0.818112  -1.384584 0.001319
C 0.372534 1.455545 -0.098866
N 0.75821 0.082132 -0.2174
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1.183742
2.077936
1.984163
2.466137
3.49646
3.370135
2.65767
1.628116
4.490741
3.609656
5.64938
4.346957
5.790306
6.439857
4.77411
6.69783
4.885469
2.786635
-0.7112
-2.460106
-0.231249
-0.535341
-0.897329
-0.484465
-0.313592
0.450939
-1.229497
-1.622692
-1.915042
-3.512532
-2.043091
-2.756377
0.272279
0.706788
-0.110824
1.329512
-2.178564
-3.126683
-3.622162
1.690311
0.29876
0.843906
-0.619872
1.078057
0.137254
1.55976
-0.122069
1.185433

2.345879
-0.057917
0.362509
-1.790717
0.677351
-1.891111
-2.10651
-2.329185
1.169766
0.677964
1.671324
1.174229
1.671824
2.068493
1.180865
2.067372
1.202929
0.328226
-1.43882
-2.472066
-2.120041
-3.707783
-0.60669
-0.85979
-1.924376
-0.314707
-0.470728
-1.851897
-3.323935
-2.206791
-1.103291
-3.859637
-3.133994
-1.496747
-4.3831
-3.390179
-3.935394
-4.861841
-3.21555
-1.430272
-0.101513
-2.439531
-0.1243
0.327899
0.576097
-2.037808
-2.551729
-3.438166

-0.282274
-1.141095
-2.541502
-1.104409
-0.362518
-1.712407
-0.077083
-1.556137
-1.198917
1.024189
-0.614654
-2.276302
0.769255
-1.245128
1.587581
1.217627
2.668057
1.645403
-2.209632
0.999712
1.989899
0.13126
-3.107795
-4.512194
-4.674032
-4.683498
-5.20991
1.968607
0.015127
0.949302
2.635851
-1.095851
1.102818
2.99066
-0.609521
1.151214
-2.022571
-0.847921
-1.281523
2.493417
3.439384
4.188757
4.038998
4.07841
2.592551
4.913789
4.697624
3.892752
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E(RMO6) = -1781.24663062

E(RMO6) = -1937.17343989

I I T T T T T T OOOOOO0O0uLOoOzZ2Z00000000000

2.741079  5.458732
1.385397  5.381447
0.716713  4.138572
1.463248 2.9526
2.862795 3.065707
3.478611  4.290473
-0.684446  4.054471
-1.35285 2.859036
-0.63873 1.660978
0.741655 1.722425
1.398653  0.429676
0.578614  -0.647303

2.45873  0.224092
1171233  -2.135549
0.968352 -2.75251
0.337882  -3.094413
2.871546  -2.238293
3.731946  -2.944028
5.054448 -3.094113
5.484046 -2.54272
4.601577 -1.832773
3.277081 -1.673897
3.249744  6.416993

0.80199 6.273492
3.439356 2.17597
4.552466  4.361433
-1.230317  4.972787
-2.431839 2.840374

0.71991  -4.114995

0.55445 -2.674511

0.09469
0.288351
0.206028

-0.076905
-0.272934
-0.189157
0.393411
0.302418
0.062758
-0.1209
-0.38051
0.112119
-0.932471
-0.150507
-1.463886
1.096329
0.353331
-0.477722
-0.072951
1.129278
1.942745

1.56058
0.159814
0.509136

-0.501622
-0.343238
0.607863
0.447505

1.00797

2.080871

I T T T OOO I T OOO0OO0OO0OO0

Ru

OOOITIITITOOO0OYVWOZO0O

-0.848354
-1.656985
-1.141646
0.20023
0.70526
2.00485
2.838946
2.391815
0.040552
1.041151
2.37797
0.472817
3.03328
3.868976
-1.775904
-2.707651
-1.564517
1.244214
0.567687
2.343714
1.471752
1.635962
0.712025
3.0492
1.332759
0.72108
-0.30106
4.160329
3.119621
5.390774

1.538739
2.596634
3.858672
4.160126
5.471072
5.761428
4.741293
6.769646
6.24189
3.124046
3.455526
1.808936
2.687079
4.973056
4.662114
2.440297
-0.400071
0.678722
-0.557918
0.697481
-1.759545
-1.899015
-3.250137
-1.804743
-4.059253
-3.258992
-3.314489
-2.115195
-1.590366
-2.22695

0.10646
0.5855
0.737741
0.411317
0.57018
0.243092
-0.254058
0.364786
0.956788
-0.091073
-0.41898
-0.223397
-0.811138
-0.514571
1.112241
0.818187
-0.137088
-0.732716
-0.528555
-1.264557
-1.142418
-2.59004
-0.538758
-0.315361
-0.934044
0.553195
-0.942058
-1.08753
1.057954
-0.44841
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X

u

T T T O T ITOIOTIIIITOIIOIOOIOODO

-0.73356
3.371495
5.74966
6.519389
4.948515
2.585138
-1.465192
-2.906188
-3.58394
-2.174391
-4.040573
-3.512587
-2.310725
-1.763718
-2.969185
-2.978846
-2.828306
-1.34011
-0.493003
-1.940129
-0.954142
-4.103026
-3.564128
-3.941592
-4.556032
-4.274904
-2.898118
-5.575485
-6.017148
-6.144234
-5.701907

-3.057696
-3.350645
-3.639971
-2.662195
-1.398763
-1.104147
-0.186554

0.421037

0.383293
-0.718794

1.287638
-0.783247
-1.954745
-2.826329
-1.981984
-2.891368

1.359214
-0.640222
-1.331569
-0.905294

0.373658
-0.833218
-1.629097

0.462533

1.270461

0.315515

0.800507
-1.236468
-1.339756
-0.470057
-2.188441

0.888511
-1.418982
-0.704349
1.436911
2.87625
2.178099
-0.174177
-1.658197
-0.423153
-2.12553
-0.03082
0.386965
-1.408176
-1.76359
-0.183997
0.41566

-2.20441
-3.360248
-3.306924
-4.240362
-3.508464

1.772285

2.311239

2.555749

2.138554

3.588012

2.581275

1.662134

2.6588

1.120177

1.134015

I T T O T T OOOI T I I T ITOOIIIIIITOOOI ITOoOOO0OOO0OIITIOIIODXI

4.057835
5.487001
6.277422
4.357921
6.452751
4.44438
2.232928
-3.513495
-1.657991
-2.95129
-2.521771
-3.705938
-4.125623
-2.347928
-4.742354
-1.941318
-0.565474
-3.117893
-1.338116
-4.436425
-5.683192
-4.940419
0.194876
0.110047
-1.126474
-0.568889
0.964412
0.464477
-0.33571
-1.896108
-1.580983
-1.714703
-1.950122
-1.567249
-0.518999
-2.15595
-1.920899
-2.327001
-2.640367
-3.155646
-1.491429

-2.245538
-2.025184
-2.464339
-1.704779
-2.110896
-1.53523
-1.311306
-0.044629
-1.22547
-2.310717
-0.116616
-1.116557
0.848286
0.752912
-1.0346
-2.343246
-1.332508
-3.166675
-3.242011
-1.57899
-1.472949
0.004072
-2.012791
-0.004154
-1.979939
0.680826
-0.166172
0.499361
-2.121296
-1.337203
-2.956757
-0.613096
0.59065
-1.836602
-2.14718
-2.669675
-1.640165
1.974155
2.035564
2.317211
2.666061

-2.161696
0.924841
-1.029501
1.676299
1.415716
2.746054
1.626546
0.892562
1.99662
0.187062
1.900629
-0.015344
0.786292
2.530692
-1.086524
1.145073
3.030435
-0.464489
1.256345
-1.985442
-0.732303
-1.36849
2.606834
3.342057
4.297579
3.865954
4.008482
2.433909
5.041988
4.744234
4.094777
-2.366123
-2.144706
-3.164772
-3.239151
-2.762566
-4.183874
-2.447287
-3.495393
-1.816663
-2.296621
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Frequency -268.4924

E(RMO6) = -1937.15568283

TSer

E(RMO6) = -1937.18058450

oo elNe!

X
c

T T T OO0V OO OOOZ0IITOIOIOOOIOoOITOoO

-1.726286
-1.307951
-2.401477
-0.02259
-1.421654
-2.191574
-3.419627
-0.891578
-3.035961
-0.694844
0.225637
0.566115
-1.563022
1.672393
0.714385
1.514875
2.66928
2.374184
1.064847
0.724026
-2.523566
-3.269193
-1.245129
-1.419641
2.14647
1.841305
1.971249
1.419929
3.419571
2.156541
1.496236
0.411763

0.143415
1.248818
2.120101
1.781781
-0.833524
3.447067
1.735455
4.012488
4.101514
5.387544
3.175982
5.92818
6.005907
5.104749
6.986495
3.763274
5.538139
3.14678
0.836494
-0.484553
-0.35786
-2.055877
-2.381056
-1.098095
1.097148
-1.519686
-1.729634
-3.074456
-1.171882
-3.784568
-2.99615
-3.345991

-2.144293
-0.509657
-0.255295
-0.545893
-0.067094
-0.00187
-0.278627
-0.025292
0.212066
0.230367
-0.321455
0.203468
0.45181
-0.08313
0.401203
-0.340012
-0.106441
-0.578211
-0.819976
-0.434532
1.902772
0.24765
1.581654
-2.130582
-1.321927
-1.003162
-2.445096
-0.254166
-0.258581
-0.640753
0.832564
-0.576967

I I T T T T T T T T OOOOOOO0O0YwOoOZ000000000O00

5.568552  -0.813442
4918239 -1.956222
3.512192  -1.969085
2.767447  -0.775771
3.465767  0.385552
4.830286  0.361702
2.830341 -3.145018
1.468306 -3.159424
0.70833  -1.981204
1.3572 -0.805084
0.610828  0.471839
-0.115513  0.669284
0.590065 1.352185
0.690268 0.43985
0.941005 -0.896432
-0.258799 1.365694
2.226829 1.307114
3.389131 0.64066
4.604016 1.296859
4.635562 2.591203
3.460286  3.239007
2.23734  2.595237
6.64811 -0.813058
5.470597 -2.875656
2.909724 1.294008
5.348087 1.261065
3.410422  -4.050551
0.955497 -4.081804
0.284897 1.312421
-0.372128  2.396216
-1.227164  0.862988
3.331379  -0.373283

-1.562629
-1.173448
-1.013148
-1.248237
-1.66237
-1.814963
-0.620876
-0.478358
-0.665338
-1.00322
-0.92973
0.31776
-1.756028
1.68834
2.238721
2.87651
1.503113
1.880155
1.72
1.208945
0.831744
0.966795
-1.689258
-0.98695
-1.875182
-2.140793
-0.450073
-0.20751
3.823152
2.532708
2.956612
2.268637
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4.54884
3.486404
5.79582
4.446218
4.740334
2.578007
5.889312
6.695654
6.867206
4.822762
-3.419829
-4.250517
-1.391647
-0.350003
-2.175567
-2.019509
-2.652794
-4.24492
-3.793126
-5.101581
-4.624489
-0.374559
0.602862
-0.174
-0.682663
-1.062523
0.663778
0.021411
0.095851
-1.632446
-0.776823
-1.251497
-2.32412
-0.185092
-1.711746
-1.702182
-2.38474
-3.337597
-1.721851

-1.415295
-0.74117
-1.229839
-1.723883
-0.560442
-0.52107
-0.808574
-1.409846
-0.663957
-0.216558
-0.799177
-0.162606
-1.113598
-0.663755
-2.874027
-3.842809
0.638189
-2.502109
-3.209842
-3.000023
-1.648256
-2.983784
-1.112058
0.847913
-1.22776
1.342154
1.108042
1.272957
-0.963522
-0.813994
-2.319872
-2.280417
1.181792
-2.488894
-3.173316
-2.111641
0.761858
1.455126
2.096544

-1.029167
1.063368
-0.44059

-2.066473
1.631177
1.623616
0.881754

-1.021997
1.333375
2.658554
0.890312
0.592977
2.233359
3.225251
0.654254
0.182532
2.319424

-0.791328

-1.493899

-0.321847

-1.362736
1.832458
2.891985
3.273465

4.60732
3.687508
3.929057
2.280145
5.330942
4.970144
4.592678

-2.997384

-3.015436

-3.150541

-2.557312

-3.983599

-4.027005

-2.7021

-3.046264

I T I T

e
c

I T T OITT T T OOOITITITOIIIOIOIIIIOIIIOIIOOIOOO

5.52701
5.588932
3.497482
1.315442
-1.929384
-3.868784
-3.403698
-4.162294
-3.260312

-3.05861
-3.850396
-4.045118
-3.228704
-2.895936
-4.097709
-4.816655
-4.533998
-5.907256
-4.559269
-2.463003
-1.531588
-2.106755
-3.005226
-1.627484
-1.406019
-3.420546
-2.975174
-4.358551
-3.670621
-0.788895
-1.382062
-1.393624
-2.430458
-1.385218
-0.826602
-1.561633
-2.223317
-1.927864
-0.569097

0.79391
3.100436
4.244168
3.071068

-0.432581
-0.70285
0.485596
-0.747662

0.49414
1.590009
0.393949

0.39146
1.487402
2.323288

-1.572822
-1.948348
-2.077687
-1.840173
-2.862783
2.857301
3.034994
2.762146
2.630443
3.691034
1.945365
4.027069
4.961097
3.873055
4.160669
-2.100016
-2.085809
-2.986484
-3.255296
-2.47522
-3.919624
-3.031926
-2.661691
-3.999505
-3.217682

1.994506
1.093564
0.421339
0.636995
0.114365
-0.944513
-1.57919
0.448997
-2.655152
-0.804103
1.231608
2.301752
0.6162
1.230103
-1.556556
1.053453
2.103349
1.016502
0.507917
-1.368973
-0.803404
-2.843373
-3.461333
-3.1681
-3.044284
-1.126215
-1.484716
-1.674433
-0.067562
-0.5462
0.745598
-1.620617
-1.38281
-2.59159
-1.739983
1.849232
2.639209
1.473849
2.287015
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Frequency -234.4250

E(RMO06) = -1937.14001224

E(RMO6) = -1937.17269842

OUOoOOIOIOIITIOOI ITOOOOOOOZ2O0

X
c

ONOITITITOOO

1.219587 -0.741281 -1.9139
-0.099446  0.509364 -0.939657
-1.0292  -0.049722 0.0214

-1.400751 -1.455346 -0.239185
-2.7185 -1.887888  0.131898
-3.06072  -3.259917 -0.06835
-4.353969  -3.732536 0.26139
-5.301387 -2.8831  0.765163
-4.97867 -1.522871  0.950666
-6.294427  -3.246651 1.015037
-4.575423  -4.785548  0.096735
-2.092265 -4.135439  -0.594312
-3.731779  -1.035299  0.646974
-3.522017  0.014556  0.811139
-5.731975  -0.843321 1.342128
-0.843639  -3.694945  -0.944852
-2.353235 -5.184687 -0.723243
-0.468554  -2.338049 -0.796275
-0.137467  -4.414449  -1.343669
0.918552  -1.940842 -1.193282
-1.431514  0.624337  0.945865
-0.38987 1.952286 -1.614556
1.82131 -0.301788 -0.149726
-0.916312 1.853846  -2.974362
1.162351 2.822413 -1.637204
-1.461104  3.004422 -0.656121
0.985131 3.732334  -2.217551
1.472373 3.052823 -0.616137
1.904701 2.177511  -2.114525
-2.674966 3.34297 -1.244274
-1.069339 3.488725  0.590839

LU OO IOIOIITIOOI ITOOOOOOOZ2O0

x
c

OOIITITOOO

0.99676
-0.064833
-1.495178
-1.674191

-2.95562
-3.052975
-4.276103
-5.390577
-5.300743
-6.332417

-4.31383
-1.907242
-4.120494

-4.0913
-6.182109

-0.71097
-1.999609
-0.557578

0.136406
0.737417
-2.31311
0.020184

1.670915
-0.316705

1.689377
-0.939187

1.701586

1.872108

2.403673
-1.789456
-0.796887

0.085835
0.863358
0.43383
-0.979487
-1.490294
-2.883378
-3.44141
-2.654661
-1.279705
-3.085825
-4.50923
-3.700397
-0.705835
0.354009
-0.652599
-3.198718
-4.762814
-1.82002
-3.868385
-1.332759
1.316248
2.552095
-0.391018
3.275072
2.957525
3.04089
4.050857
2.613712
2.512763
4.1249
2.368984

-1.937099
-1.214711
-1.2799
-1.065562
-0.642301
-0.35553
0.074788
0.224038
-0.055021
0.551823
0.283456
-0.508402
-0.474048
-0.693566
0.056407
-0.936302
-0.285931
-1.233794
-1.046839
-1.72761
-1.419147
-1.184871
-0.075716
-2.401496
-0.69807
0.223999
-0.766556
0.320529
-1.392422
0.047254
1.436526
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-3.52032
-2.937732
-3.140246
-4.472843
-1.918159
-3.801705
-1.634133
-0.135108

2.5911
4.050617
2.557408
3.531236
3.879152

2.220083

2.071081

3.576104

5.077373
0.995666
3.950783
2.122019
4.962339

6.08842
5.004428
0.284003
0.213678
1.612927
0.843475

-0.61263

-0.215484
0.838478
2.328623
2.147415
1.848769
1.185998
2.842161

1.974319

1.473871

1.581261

1.827143

0.179776

4.207317
2.950761
4.713879
4.489838
4.35828
5.394214
4.752914
3.170788
-1.187582
-0.166696
1.195256
-1.305884
-2.294272
-2.086629
0.067127
1.11277
-0.317883
0.273712
2.00712
2.169596
0.455029
-0.230099
-1.297277
0.999722
-0.988865
0.874465
-1.730148
-0.749971
-1.453134
1.082177
0.17164
1.810375
-3.078448
-0.430946
-2.69749
-3.792056
-3.633038
0.552417
-1.190523
-0.550223

-0.554291
-2.222956
0.683011
-0.993223
1.255397
1.21275
2.226703
1.047679
1.834125
0.083396
1.442044
0.766776
0.473251
2.31791
2.175638
0.474194
-0.992347
3.213312
-0.019056
1.670759
-1.759961
-0.576404
-1.476237
2.784199
3.541269
4.477653
4.050993
4.218003
2.644756
5.223929
4.923262
4.27573
-1.590379
-3.349365
-1.851078
-0.766907
-2.46217
-3.619699
-3.82245
-3.769318

I T T T T T OOIITIIIIITIOOTIIITIITITITIOOOOIITOOOOITIIIOIOTITO

-2.517515
-1.888796
-2.394673
-3.191819
-1.543065
-2.974152
-1.463927
-0.139489
2.233028
3.827338
2.618401
3.124187
3.293289
1.715555
1.915427
3.59067
4.812189
0.872595
4.123383
2.371018
4.786268
5.833586
4.604648
0.665671
-0.439317
1.436229
-0.309091
-1.184252
-0.852305
0.717365
1.649217
2.367472
1.546432
1.489246
2.529539
1.73228
1.035228
1.89837
2.287344
0.683092

4.562828
4.592205
3.912882
5.407706
2.818254
4.258157
2.306913
1.503574
-1.966087
-0.686803
0.404948
-1.888961
-2.775472
-2.898955
-0.797879
0.461338
-0.649263
-0.784545
1.388411
1.310777
0.320944
-0.807562
-1.431347
0.275224
-1.44267
-1.430979
-2.515736
-1.345889
-0.995884
-1.364576
-2.493677
-0.950236
-2.292148
0.657158
-1.877683
-3.240587
-2.529448
1.669948
0.026185
0.691494

1.1482
-0.929352
2.372771
1.042772
2.517222
3.224714
3.473322
1.526062
1.510558
0.064881
1.884944
0.400919
-0.208768
1.721454
2.217651
0.873058
-1.059167
3.311445
0.666423
2.44055
-1.56998
-0.691387
-1.797247
3.539985
2.89515
4.576745
2.706199
3.693158
1.979917
5.40076
4.404278
4.896334
-2.571798
-3.238111
-2.815021
-2.058703
-3.515467
-3.16252
-3.637071
-3.984362
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PhSOMe

E(RMO06) = -744.752413725

E(RMO6) = -708.544236337

I T T T T T T T OOOOOOOO0o0Ww

1.676706 -0.140259 -0.469651
2.192498 1.262139 -0.339633

2.034718 -0.960235
-0.116437 -0.067043
-0.664774 1.150148
-2.040409 1.238012
-2.844637  0.119363

-2.280937 -1.093222 -0.224364
-0.907947 -1.1899  -0.419076

1.681013  -0.304755
1.535308 -1.932809
3.118254  -1.086191
0.000046  2.003256
-2.487432 2.183934
-3.919726  0.193025
-2.914306  -1.962303

-0.457912  -2.129858 -0.739333

1.119735
-0.20482
0.171395
0.360753
0.166094

1.921603
1.162158
1.187844
0.297488
0.657342
0.310837
-0.38476

I I T T T T OO0OIOIOI ITOOI ITOOOOOOOZ2O0

-2.804391
-2.121733
-0.747936
-0.042571
1.394157
2.015889
3.420272
4.230388
3.632317
5.314741
3.849114
1.197922
2.263104
1.786956
4.263141
-0.155266
1.686123
-0.821518
-0.759194
-2.237154
-0.149344
-3.062525
-4.305164
-4.133925
-2.873291
-2.875031
-4.517854
-4.779316
-4.779724

-0.506427
-1.647266
-1.655165
-0.353476
-0.251712
1.036232
1.155629
0.04417
-1.22815
0.147691
2.159566
2.199672
-1.377656
-2.353606
-2.117098
2.101638
3.176111
0.831121
3.007496
0.769129
-2.74773
2.023101
-0.687065
1.798991
2.659018
2.658171
-1.759246
-0.235954
-0.234684

0.000007
-0.000112
-0.000155
-0.000047
-0.000015
-0.000123
-0.000039
0.000162
0.000283
0.000253
-0.000164
-0.000272
0.000175
0.00021
0.000464
-0.000181
-0.000538
0.000002
-0.0003
0.000148
-0.000278
0.00028
0.000055
0.00146

0.880565
-0.881012
-0.000611

0.883127
-0.882134
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E(RMO6) = -709.095382328

E(RMO6) = -709.102737995

I T T T T O I T T O IT T I T OOOOO0O0OOOZ2Z0000000

-0.029467
-0.809325
-0.143117
1.208344
2.025457
1.420438
-0.789287
-2.099446
-2.826243
-2.228989
-0.168154
2.287834
3.658023
4.242325
3.427391
-0.738397
1.702902
4.291067
5.323906
3.850304
-4.313577
-4.786765
-4.786201
-4.532473
-3.042944
-2.835932
-4.114428
-2.835757
1.8737
-0.891754

-0.329733
0.856866
2.124012
2.204493
1.036784

-0.251909

-1.530439

-1.586833

-0.449467
0.798419

-2.728545

-1.367995

-1.211495
0.061901
1.168578
3.032262
3.175063
-2.09591

0.17138
2.172295

-0.646677

-0.198634

-0.198035

-1.716662
2.058483
2.678338
1.846786
2.678123

-2.366058

-3.373692

0.000301
0.000324
0.000415
0.000162
-0.000069
0.000143
0.000251
-0.00022
-0.000345
0.000095
0.000822
0.000005
-0.000242
-0.000472
-0.000419
0.000693
0.000078
-0.000189
-0.000793
-0.000665
-0.00091
0.881403
-0.883211
-0.001318
0.000281
-0.881771
0.00037
0.882447
0.000076
0.000718

I T T T T O I T T OII T T IT T OOOOO0OOOZ2Z0000000

-0.006085
-0.785092
-0.124866
1.231862
2.046985
1.432972
-0.686028
-2.074722
-2.845421
-2.228824
-0.185064
2.289699
3.657399
4.253468
3.452915
-0.719733
1.719425
4.287229
5.336269
3.884834
-4.326255
-4.81345
-4.784695
-4.56933
-3.022201
-2.803251
-4.097785
-2.808251
1.844321
-2.515179

-0.333792
0.839891
2.104073

2.19131
1.031464

-0.255249

-1.629809

-1.544715

-0.411286
0.802272

-2.749549

-1.385099

-1.234919
0.038028
1.152215
3.012576
3.165557

-2.121801
0.136428
2.152167
-0.63175

-0.127111

-0.252421

-1.696417
2.073894

2.68684
1.880582
2.694343

-2.371851

-2.456935

0.001715
0.002622
0.002873
0.001977
0.000613
0.000676
0.00114
0.002095
0.003228
0.002476
0.000524
-0.000664
-0.002277
-0.002544
-0.001051
0.00364
0.002122
-0.003375
-0.00393
-0.001157
-0.003689
0.837309
-0.924128
0.068883
-0.00394
-0.888042
-0.007457
0.87617
-0.000531
0.002704
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E(RM06) = -1421.13171487

TSk

Frequency -1511.0173

E(RM06) = -1421.11777635

I O I T T T T T T T OIIOOIOOIOO00Z000000O00

-0.703595
1.575712
-1.719025
-0.98268
-3.056352
-1.41905
-3.315917
-4.078433
-2.408488
-0.214856
-2.31912
-4.332596
-3.688271
-5.508563
-2.530141
0.050124
1.325734
-0.180594
-4.695857
-5.44352
-5.241005
-4.173516
-5.655877
-6.178014
-5.865503
2.530997
2.098748
0.588724
0.736765

1.776807
2.635098
0.814419
2.863681
1.060885
-0.469428
2.200811
0.174052
-1.255487
-0.949383
3.032758
2.379719
-0.925424
0.429391
3.869702
3.760277
3.641603
4.579552
-1.875843
-1.356393
-2.421697
-2.603707
0.422268
-0.32883
1.402943
2.573689
4.359152
1.704144
1.154193

0.229701
0.49429
0.508662
-0.641711
0.114237
1.095653
-0.722678
0.518469
1.522168
1.158174
-1.121436
-1.064457
1.287191
0.141955
-1.786434
-0.973649
-0.442316
-1.655163
1.870138
2.481574
1.088718
2.494553
-0.947201
0.55543
0.504967
1.0155
-0.707971
0.83031

1.771406

I O I T T T T T T T OIOOI OO I O00Z200000000

-0.774612
1.464134
-1.754115
-1.175533
-3.118462
-1.427801
-3.471534
-4.10833
-2.388945
-0.21338
-2.541487
-4.511784
-3.679595
-5.553468
-2.825521
-0.235142
1.074987
-0.575448
-4.647361
-5.394633
-5.195845
-4.090477
-5.715943
-6.182912
-5.945787
2.481293
1.776888
0.587051
0.77426

1.726193
2.698015
0.767493
2.78897
0.942863
-0.390311
2.018865
0.074997
-1.155891
-0.788546
2.88872
2.133793
-0.921234
0.257947
3.701909
3.747069
3.721756
4.539964
-1.849444
-1.302783
-2.469119
-2.509997
0.206944
-0.513119
1.228373
2.679317
4.494682
1.685115
1.437462

-0.266606
-0.239085
0.167485
-1.125501
-0.183785
0.967485
-1.065309
0.332489
1.485844
1.204091
-1.529214
-1.35928
1.20509
-0.028755
-2.196807
-1.54619
-1.104026
-2.212475
1.884529
2.472856
1.163087
2.552597
-1.114104
0.422399
0.306248
0.158698
-1.408987
0.162227
1.409119
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T T ITOOO

X
c

I T O I T OITIIT T OIOOIOIOOIOIOITIITO

1.814889
2.516009
3.431149
2.99807
3.524606
4.415566
1.355754
2.593448
4.636356
4.709047
4.051043
3.735364
2.871915
1.442689
1.581452
0.456264
-0.511289
0.556261
1.905858
1.826319
2.957562
3.871476
-0.634072
-0.685295
0.504816
-1.249442
-0.405726
-0.32953
-1.980687
-1.955065
-2.778187
-2.156024

0.600389
-0.29748
-1.093727
-2.08877
-0.596877
-1.230712
-0.328501
-0.693552
0.775642
0.824076
0.967583
2.015792
0.051641
1.559079
0.501551
-0.362284
0.048993
-1.693882
-3.120107
-2.143369
-1.283863
-1.605912
-2.610739
-2.859095
-4.423243
-4.576576
-3.891792
-3.667471
-1.758328
-1.973162
-2.661709
-1.04481

3.227131

2.777098

3.685765

3.835032

4.653775

3.228816
-0.085141

1.539863
-0.683368
-2.455952
-1.590066
-1.578555
-1.655211

-2.29478
-2.069624
-2.125386
-2.399806
-1.645163
-0.693832

-1.16505
-1.192243
-0.696624
-1.499799
-0.426337
-2.006994
-2.166054
-2.304516
-3.376667
-2.979349
-1.901768
-1.682107
-1.355548

T I ITOOO0

e
c

I T OITI T OI T T OIOOIOI OO0 IOIOIITOo

1.068499
1.991731
2.625947
1.990763
2.675588
3.617172
1.434467
2.430948
4.73837
5.110622
4.315019
4.009317
3.156501
1.817815
1.935389
0.822201
-0.107639
0.884904
2.134639
2.096708
3.186748
4.040445
-0.306619
-0.46872
0.902573
-0.824273
0.019924
0.204271
-1.507776
-1.588749
-2.418787
-1.861529

1.436476
0.595752
0.443092

-0.215224
1.410983

-0.007677

-0.351384

-0.150881

0.75752
0.346248
0.683279
1.685953

-0.261381
1.014007
0.039766

-0.846378

-0.534223

-2.061051

-3.241779

-2.374634

-1.469587

-1.655709

-2.971894

-3.027484

-4.808017

-5.044581

-4.368405

-4.335584

-2.444142

-2.460374

-3.126288

-1.456909

2.712598
2.843095
4.197119
4.799462
4.701323
4.117756
0.054481
1.914766
-0.335694
-2.020891
-1.344878
-1.661429
-1.358588
-2.495252
-2.020874
-2.001862
-2.467851
-1.264025
0.071989
-0.582307
-0.608999
0.041375
-1.077467
0.011804
-1.13387
-1.436388
-1.610926
-2.692944
-2.813639
-1.717649
-1.45772
-1.371921

E(RM06) = -1421.15243093

E(RMO06) = -1192.08123075
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I T T OO0 I OIIIIIIIITOIOOI OOI OOZ00000000

X
c

TOITOOIOIOI IO

-0.820222
1.422338
-1.788564
-1.309323
-3.176926
-1.415219
-3.613293
-4.105758
-2.285625
-0.167888
-2.717679
-4.678074
-3.598871
-5.576567
-3.059158
-0.416333
0.939359
-0.822459
-4.47789
-5.207661
-5.045517
-3.850793
-5.817602
-6.159491
-5.950962
2.499915
1.636962
0.578784
0.25688
0.696135
1.925015
2.676716
2.370347
2.429532
3.751764
1.445853
2.467343
4.817805
5.561196
4.698691
4.714952
3.420043
2.828808
2.561082
1.280268
0.585332
0.865007
1.478584

1.581187
2.233933
0.751692
2.70115
0.928617
-0.243155
2.030084
0.037589
-1.085084
-0.333808
2.89401
2.186601
-0.970684
0.202658
3.750427
3.596146
3.381272
4.450524
-2.00963
-1.566122
-2.583613
-2.700691
0.184026
-0.589652
1.158315
2.062648
4.075762
1.314449
0.896551
1.709733
1.805119
2.966163
3.165543
3.848399
2.79219
-0.385238
1.032761
0.05681
-0.928796
-0.297521
0.57579
-1.056951
-0.112675
-0.846978
-1.474371
-1.214774
-2.334622
-3.272673

-0.662429
-1.29044
0.02
-1.397104
-0.189564
0.974761
-0.993437
0.408969
1.505677
1.420182
-1.53292
-1.146179
1.214705
0.163884
-2.114385
-2.015553
-1.94011
-2.55577
1.853075
2.542366
1.109342
2.421051
-0.907464
0.639707
0.556223
-1.275664
-2.405162
-0.67767
2.195414
2.642835
2.247115
2.81038
3.839621
2.20845
2.746524
0.088131
1.442743
0.542905
-0.734785
-0.486806
-1.147239
-0.631448
-2.491216
-1.734127
-1.776671
-2.570791
-0.726874
1.144896

C
C

Ru

I T T T OOO I T T T OIOOOI ITOOOIIIIIIOIIOOIOOIO00Z0000000

0.113288
1.529491
-1.326701
-0.304081
2.136806
2.417921
3.552948
1.383028
4.381763
4.132985
1.945886
0.082892
3.83204
5.461439
3.273536
5.623478
4.463505
1.925156
0.565429
2.637673
3.784165
4.419194
4.380558
2.931336
6.050645
5.915837
6.122086
-2.984172
-3.061098
-3.061987
-1.369143
0.177965
-3.025864
-2.911877
-2.879948
-2.695337
-3.180141
-3.233084
-2.807532
-3.032088
-2.331988
-4.306944
-2.171453
-3.068131
-2.86496
-2.306696
-4.043981
-4.245678

1.656309
1.401926
0.263839
2.969487
0.113498
2.503202
-0.053802
-1.076089
1.088883
-1.324755
-2.27398
-1.086322
2.305709
0.970092
-2.404043
-1.496233
3.173883
3.78855
4.026928
4.592205
-3.803462
-3.885522
-4.147665
-4.474791
-1.203997
-2.533321
-0.884669
-1.068419
0.084045
1.426727
3.186609
5.023986
-1.149486
-2.446953
0.201676
0.247637
1.341233
2.249813
-1.964945
0.042285
-2.214917
-2.909442
-3.538094
2.729183
3.571959
2.733113
2.901235
-3.81713

0.231245
0.232357
-0.168438
0.504655
0.012183
0.481279
0.043106
-0.237723
0.280975
-0.151034
-0.403085
-0.327037
0.489882
0.29882
-0.361748
-0.120302
0.677233
0.726321
0.744627
0.909252
-0.559986
-1.451271
0.294281
-0.681601
0.848642
-0.299701
-0.884241
-1.041433
1.092692
-0.959708
0.535443
0.944572
0.354814
1.113608
-1.675892
-2.7478
0.442779
1.038245
-1.628833
2.180343
2.021836
1.536491
0.353575
-1.691621
-1.024144
-2.479537
-2.162687
2.147779
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C 1.807743  -2.648305 0.316684 H -4.835393  -2.142707 2.11602
C 3.048422 -2.026834 0.365906 H -4.914915  -3.140255 0.651559
H 3.697934 -2.169771 1.227105 H -1.186249  -3.194603 0.014927
C -0.489614  -3.000488 -0.686339 H -2.032344  -4.411017 1.000998
H -0.882031  -2.853532 0.333981 H -2.748373  -3.877237 -0.517825
H 0.359903 -4.97005 -0.217927

H -1.284297 -5.010742 -0.8762

C -0.316885 -4.499685 -0.940269

H 0.09103 -4.674789 -1.945131

H -1.222789  -2.643939 -2.705608

C -1.49901 -2.420378 -1.665609

H -2.48366 -2.867499 -1.487175

H -1.60719  -1.334494  -1.559126

N TSno
E(RMO6) = -1347.99650658 Frequency -291.1541
E(RMO6) = -1347.97068619

C 2.213927 0.842497 2.057256 C -0.849535 -1.38272 2.011665
C 0.42285 1.716569 -0.031615 C -0.15608 -1.745064 0.135792
C -0.996655 1.834167 -0.102831 C 1.245649 -1.599492 -0.118989
Ru 1.395041 -0.114842 0.175056 Ru -1.41831 -0.04072 0.126015
C 1.194083 2.830619 -0.337839 C -0.776869 -2.970126 -0.102202
C 2.082187 -0.37108 2.29507 C -1.825362 -0.570861 2.096418
C 2.535136 2.233514 2.391096 C 0.151019 -2.165688 2.762587
C -1.919151 0.754661 0.171071 C 1.990022 -0.372123 0.059288
C -1.548945 3.083295 -0.524651 C 1.936483 -2.747732 -0.610079
C -3.307295 0.898478 -0.066378 C 3.374052 -0.326027 -0.255575
C -1.500952 -0.479188 0.765677 C 1.409683 0.84668 0.574798
C -3.799057 2.162284 -0.523589 C 4.017796 -1.511248 -0.735263
C -4.195763 -0.182791 0.17322 C 4.117 0.871173 -0.097397
N -2.342906  -1.490827 0.966186 N 2.12288 1.97036 0.671114
0] -0.284654 -0.669536 1.19919 0] 0.188732 0.929733 1.006682
C -2.958286 3.207522 -0.712359 C 3.329918 -2.665891 -0.899985
H -4.864854 2.285821 -0.697955 H 5.0779 -1.475406 -0.972037
C -3.650115 -1.355007 0.67286 C 3.429095 1.986932 0.357472
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-5.66424
-3.343133
-0.722578

0.641611
-1.187044
-4.481236
-5.246132
-5.003968

-3.82481
-5.863603
-6.199814
-6.132041

2.2699
0.981097
3.239842
2.280719
1.293847

1.95801
3.28972

1.647318

2.926118

0.945935

2.683909

2.121477

1.094976
-0.055353

3.271846

4.113559

2.061707

1.936653

2.358815

0.059771
-0.972332
0.068378
-0.179444
4.379514
4.064675
4.797199
5.186912
-0.784652
0.105775
0.98304
-0.292482
-1.07854
0.67779

-0.036053
4.173281
4.188114
4.067935
5.123787

-2.580172

-2.400624

-2.929586

-3.379601
0.278365

-0.975644
0.713225

-2.18867

-0.707253

-0.001771
2.750855
4.910436

-1.670779
2.658313
2.869964
2.283755

-2.060378

-2.398805

-1.566452

-1.948172

-2.919596

-1.186237

-1.335431
0.219937
1.169306

-3.089939

-0.475307

-2.311996

-3.748071

-3.8087
0.96498
1.960524
1.052332
0.635314

-4.429012

-3.118387

-4.356081

-3.200668

-4.428992

-4.489418

-0.09836
-1.04018
-0.800128
-0.702035
-1.109171
0.938853
1.705276
0.039283
1.292161
-1.131953
0.059546
0.555889
-0.486143
-1.917253
-1.189018
-0.302698
-0.925234
2.949585
1.718658
2.323326
3.413722
2.787723
2.566241
4.029138
-1.223674
-1.276333
-0.401137
0.276021
-1.931676
-2.449959
0.113159
-2.448979
-1.332816
-2.557137
-0.049362
-1.170873
-1.501035
-0.160653
-1.836721
-2.653555
-3.454052
-2.533567
0.854195
-0.139102
0.05023

I I T T T T T T T OOO0OI I T T OIOO0O0O0IIIIII I I IIOI ITOOO0IIIIIIIIIIOI OOoOoITIOo

5.58184
3.828759
1.263518
-0.0857
1.840928
4.098166
4.913539
4.529172
3.356909
5.781486
6.009384
6.158015
-3.001613
-1.262325
-2.994354
-1.831215

-0.60592
-2.776215

0.227023

1.143276
-0.140669
-2.579958
-3.815867
-2.687008
-1.816009
-1.102446
-3.537331
-4.394079
-1.834995
-1.337836
-3.418455
-0.330683
-0.028653
-1.548648
-1.278651
-3.644049
-2.920641
-4.104791
-4.433672
-0.997938

-1.38444
-2.619303
-0.948385
-0.657959

-2.31766

0.912915
-3.56124
-3.965867
-4.081681
-4.812166
3.322221
3.278087
3.694228
4.042506
0.684514
1.89905
0.190588
1.532721
0.976951
-0.701919
-3.070916
-5.021874
0.045229
-3.204097
-1.705662
-2.153882
1.123911
-0.075946
-0.37947
1.890164
3.195727
0.222345
-0.084375
-0.289822
-1.015353
2.191331
1.238345
2.989208
4.206135
3.746431
-2.026068
-2.764242
-2.417243
-1.933208
5.147063
3.834462
4.42802
3.008939
4.641402
4.04496

-0.422512
-1.270395
-0.835662
-0.595132
-1.206029
0.532897
1.266173
-0.405388
0.886585
-1.479027
-0.224681
0.172116
-0.259358
-1.892395
-1.352259
0.152526
-0.766215
3.040311
2.420758
2.676662
3.820985
3.101385
2.710914
4.048467
-0.93288
-0.68852
-0.424652
0.175072
-2.078951
-2.722436
0.497324
-2.390641
-0.815855
-1.74597
0.71804
-1.599209
-1.960898
-0.684489
-2.355989
-1.634029
-2.764847
-1.638199
1.457563
0.837588
0.917449
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E(RMO6) = -1348.00915666

TSop

Frequency -371.6142

E(RMO6) = -1347.96476363

O I T T OI I T OIITITITITOOOOOOOOOHZ2Z0000000

-2.103984
-3.42547
-3.872041
-3.043663
-1.751194
-1.338209
-1.534925
-2.339325
-3.641213
-4.228877
-0.271089
-0.191652
0.613892
0.294285
-0.908838
-0.042661
0.964622
-4.87341
-3.367132
1.456504
0.933996
-1.23161
1.501785
1.32931
2.585716
1.026641
-0.956565
-0.861548
-2.004816
-0.750859
-4.442742

-0.310601
-0.292649
-1.443753
-2.494883
-2.568623
-1.504881
0.961888
1.998021
1.929827
0.849911
1.196396
-1.705757
-2.834127
-3.789495
-3.67805
-1.055785
-0.186154
-1.442225
-3.32861
-2.993635
-4.656437
-4.466606
0.684031
1.739596
0.557315
0.493782
-1.494524
-2.570809
-1.309696
-0.953869
3.139581

0.05822
0.575495
1.309511
1.541049
0.933229
0.08451
-0.31031
-0.583392
-0.283538

0.387675
-0.256114
-0.764244
-0.530508

0.439979

1.113636
-2.120621
-2.112911

1.733632

2.163624
-1.202309

0.589992

1.793536
-3.186094
-2.932222
-3.315819
-4.159115
-3.223524
-3.425036
-2.950333
-4.153601
-0.674343

OOO0OZ00IT0O0OIO0OO00O000O0O0O0n

X

u
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-0.749471
0.38755
1.662848
2.113965
3.459507
1.273686
3.916183
4.330841
3.073318
4.936438
1.750941
3.40516
0.989097
0.034933
2.485794
3.796458
4.624156
5.765238
-1.513194
-0.665372
-0.457585
-0.226508
-1.600088
-0.824848
1.403113
-0.822577
-0.944916
-0.904664
-1.93646
-0.18486
-1.862338

-0.049876
1.024311
0.746433

-0.465949

-0.439822

-1.621866

-1.472546
0.620021

-2.445763

-1.440127

-2.5677

-3.199096

-3.684916

-1.938646
1.727163
1.653846
2.804491
0.612982
0.091493
-3.08369

-1.371799

-3.929953

-3.317383

-4.792656

-4.359833
-2.37131
0.722828
1.790634
0.504778
0.504319

-2.723295

1.980615
0.851237
0.645856
0.033477
-0.421881
-0.234198
-1.299509
-0.059131
-1.713005
-1.671815
-1.18893
-2.426727
-1.584662
0.434211
0.984191
0.691667
1.190425
-0.499486
0.228022
0.020159
1.734879
-0.995324
0.52751
-1.280638
-2.331756
2.808933
3.221841
2.982619
3.642188
3.98249
2.735292
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X

u
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-5.338387
-4.779361
-3.815765
-5.647559
-5.709006
-6.148601
-6.249022
1.402866
3.145024
2.345075
3.574298
4.129939
2.085011
3.223848
1.45542
2.49047
2.180448
3.360419
3.687147
2.956138
3.852692
4.634502
1.813079
0.84493
2.7748
2.387536
2.932846
3.753934
1.559647
0.842931
1.133956
2.489245

2.872373
3.703924
3.797783
0.878238
0.782129
1.813357
0.062145
-0.088295
1.20137
1.593142
-0.152409
-0.471797
0.644587
-1.111984
0.942864
-0.680976
-1.427405
1.912067
-2.528855
-3.221244
-2.810702
-2.666349
2.996217
2.900429
3.782235
4.790501
3.292982
3.883557
3.726309
3.171078
4.714213
3.893984

-1.248308
0.205276
-1.280025
0.875723
1.969104
0.612299
0.45168
-0.123277
-0.170729
0.937577
-0.293521
-1.173828
1.982361
0.687845
2.817609
1.843151
2.572852
-0.964534
0.574123
1.006386
-0.471838
1.111214
1.092138
1.606262
1.98567
2.172466
2.954611
1.49763
-0.218525
-0.833046
-0.008936
-0.780531

I T T T T T OO I T T T T OITOIOOIOoOO0OO0OI I I I T T T T

-0.175649
-0.706735
5.472769
5.035529
3.992402
5.861883
6.323877
6.281585
-2.093585
-3.608573
-2.883679
-2.913628
-2.930318
-2.174175
-1.240545
-4.160902
-3.510887
-1.57241
-4.189147
-2.836049
-3.697101
-4.163483
-5.240911
-0.329036
-1.983918
-0.808709
-1.367716
-2.260145
-2.9082
-0.2708
-0.139459

-3.255099
-1.924855
2.469614
3.400307
3.455698
0.699354
1.44481
-0.310986
1.75783
0.582334
-0.500219
1.766011
2.634547
0.640286
2.940607
0.53939
-0.592596
0.663208
-1.858082
-1.386151
-2.731957
-1.967962
-1.871873
2.522089
3.762238
3.821737
4.601243
3.162021
4.176603
3.244621
4.609014
4.327253

2.747361
3.803887
1.799786
0.365282
1.798849
-1.591035
-0.063276
-0.207192
-1.100348
0.429174
-1.666653
0.063963
0.718772
-2.003697
-1.496723
1.367244
-0.378532
-2.910459
0.045914
-2.296375
-0.395246
1.136855
-0.26905
-1.954584
-2.551654
-0.332882
-2.895552
-3.426895
-2.125802
0.428035
-0.698015
0.12904

E(RMO06) = -1348.00775144

-1.668402

E(RMO06) = -863.817248933

C
)

-0.137013
0.631001

0.603186
1.159276

1.04036
-0.013375

C

-0.409732
-1.513481

0.301878
1.150845

-0.136435
0.122395
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X

u
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1.989773
2.679064
4.079221
2.017922
4.810171
4.714666
4.16523
5.881004
2.768012
4.712057
2.171131
0.69636
2.569243
3.915537
4.478856
6.202154
-1.692379
0.15264
-0.085646
0.8576
-0.860828
0.384763
2.772629
-0.273768
-0.265312
-0.597122
-0.990128
0.700265
-0.687746
0.686647
-0.948801
5.169593
5.031578
3.656815
6.516787
6.564051
6.734016
-3.471378
-3.372907
-3.544897
-3.386542
-3.345302
-3.435215
-3.526189
-3.323628
-3.509816
-3.358694
-3.601597

1.119777
-0.096692
0.029376
-1.371453
-1.098134
1.274253
-2.24134
-1.009271
-2.420698
-3.076509
-3.6577
-1.665112
2.278896
2.361944
3.723626
1.402935
-0.200051
-2.914351
-0.83635
-3.892078
-3.125022
-4.843656
-4.426225
-1.492591
1.560775
2.536134
1.212554
1.713206
-2.504815
-1.587523
-0.917202
3.71234
4.127122
4.40527
1.318283
2.365717
0.622041
1.105006
-0.337742
-1.389644
0.965042
1.847401
-0.095187
2.446525
-0.421074
-1.534445
-0.022016
-2.871573

0.109373
-0.106714
-0.294271
-0.270743

-0.78901
-0.061592
-1.122432
-0.950526
-0.874921
-1.558722
-1.170024

0.191652

0.298517

0.263478

0.549957
-0.207333
-0.011212
-0.128288

1.161292

-0.82913

0.210802
-1.060423
-1.653092

2.510494

2.186317

1.812582

2.930008

2.692151

2.419376

3.040259

3.153664

1.402402
-0.307734

0.778847
-1.256619

0.16086
0.35012
-0.768648

1.247798
-0.930926

0.641445

1.279619
-1.516744
-1.455681

2.334381

0.462571
-2.600892

1.126703

I T T O T T O I T T OI I ITOIIIIIOOOOOOOOOOZ00000

-1.279423
-0.03627
1.105132
0.943892

-0.745529

-1.941255

-2.971945

-2.818538
0.214606

2.11481
3.356743
3.499306
2.381817
2.098047
1.156232

-2.116316
0.130139
4.253437
4.491059
2.465534
0.945811
-0.07769
1.020065
1.650395
3.193288
4.144108
3.376861
2.952544
-4.29588

-4.744607

-5.021299

-4.150519

-3.989202

-4.164837

-4.911315

-3.836098

2.55895
3.063475
2.220784
0.807794

-1.020001
-1.538307
-0.756707
0.602107
-1.80326
-0.007962
0.616278
1.998585
2.79832
-1.450461
-2.282951
3.226596
4.139604
0.003741
2.434985
3.883495
-3.731903
-3.884327
-4.284387
-4.165217
-1.936185
-2.068758
-1.218819
-2.897572
-1.455609
-1.34405
-1.069553
-2.51969
1.485475
2.223326
0.911684
2.046908

0.231883
0.043744
-0.136143
-0.138325
-0.500154
-0.428296
-0.036074
0.202813
-1.084601
-0.058991
-0.145439
-0.280815
-0.239201
0.280461
-0.186225
0.416562
0.067991
-0.092571
-0.369178
-0.262178
0.068788
0.435605
-0.8759
0.780718
1.190876
0.657406
1.998773
1.650336
0.06666
1.061272
-0.660374
-0.131465
0.516344
-0.277736
0.632138
1.446514
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-3.550826
-3.293689
-2.967844
-4.630216

-3.2353
-4.961136
-2.565329
-5.038437
-5.657118
-5.291452
-1.536402
-2.588238

-2.846028

-2.271364
-3.675034
-2.915687
-3.083965
2.274831
2.974373
3.473082
3.924769
2.260481
3.149836
3.095711
4.397273
3.743322

-1.567786
0.447562
2.02113
1.446359
-2.50441
-1.441199
-0.868635
-1.983189
-1.89698
-0.408194
-0.85172
-1.458395
0.15836

E(RMO6) = -1782.04950523

OO OO0 OO0V OZ00000000O0O0O0

-3.978263
-4.085734
-3.020815
-1.809055
-1.716645
-2.78563
-3.152113
-2.13608
-0.886417
-0.734528
0.585448
1.173529
1.086002
2.417126
2.462331
2.679065
3.840382
4.922139
6.05814
6.094206
4.99743
3.85424

3.435408
2.990964
2.33739
2.127354
2.590774
3.232269
1.882982
1.255512
0.952711
1.380162
1.207125
-0.01336
1.758626
-0.104091
0.447477
-1.863515
0.499719
0.97047
1.393173
1.343409
0.880504
0.451654

1.527039
0.221044
-0.416359
0.293773
1.614977
2.223384
-1.78143
-2.416279
-1.757033
-0.369623
0.238297
-0.321701
1.201706
-1.258064
-2.620792
-1.364416
-0.367571
-1.10664
-0.42632
0.964685
1.687326
1.02388
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X

u
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-4.814784
-5.008365
-0.783712
-2.687493
-4.089592
-2.241565
-0.006242
3.566655
2.803302
1.781636
4.855881
6.913254
6.984158
5.026663
2.965672
-0.835999
-2.889221
-2.136079
-2.536653
-2.424264
-0.98355
-1.394727
-1.079072
-0.609772
0.328169
-3.730601
-3.364162
-2.7694
-4.208454
-3.771026
-0.094234
0.927131
-0.056094
-1.030444
0.667201
0.22893
-0.502787
0.17242
-1.518711
-0.499748

3.940965
3.145753
2.45055
3.581299
2.090533
0.966449
0.926164
-2.026407
-2.270267
-2.271333
1.015788
1.768018
1.678097
0.864812
0.131097
-0.771217
-1.329884
-1.412933
-2.085232
-0.78122
-2.227761
-2.918881
-3.487582
-2.916025
-3.473477
-0.640963
-1.989898
-2.223583
-2.689903
-0.978535
-2.304534
-2.48877
-1.016796
-0.803928
-1.110103
-0.151787
-3.490408
-3.603915
-3.339468
-4.428861

2.004737
-0.338457
2.15348
3.249345
-2.297623
-3.462005
-2.400102
-1.980867
-0.357963
-1.841748
-2.191045
-0.982783
1.492507
2.773463
1.562996
-0.465997
-0.001937
1.207078
-1.159089
2.045903
1.282403
-1.092826
-1.964295
0.090882
0.099175
-0.059161
-2.399882
-3.289944
-2.360584
-2.514552
2.498829
2.120201
3.311095
3.770854
4.129932
2.697993
3.371934
4.228795
3.76134
2.804562
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