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I. General Considerations

All commercially available compounds were purchased from Aldrich or J&K Chemical Limited. Most commercially
supplied chemicals were used without further purification. ‘H NMR spectra were recorded at 25 °C on a Varian 500 MHz,
13C NMR spectra were recorded at 25 °C on a Varian 125 MHz, and TMS as internal standard. The chemical shifts (5)
are given in parts per million relative to internal standard TMS (0 ppm for *H) and CDCls (77.0 ppm for **C). Melting
points were obtained with a micro melting point XT4A Beijing Keyi electrooptic apparatus and are uncorrected. High
resolution mass spectra were recorded on Bruck microtof. Flash column chromatography was performed on silica gel 60
(particle size 300-400 mesh ASTM, purchased from Taizhou, China).

I1. Synthesis of substrates

Mathod A:* Under an air atmosphere, a pressure flask (75 mL in volume) equipped with a stir bar was charged with the
aniline (10.0 mmol, 1. 0 equiv) and the carbonitrile (12.0 mmol, 1.2 equiv). AICI; (12.0 mmol, 1.0 equiv) was added in
one portion while stirring the reaction mixture. The flask was tightly sealed with a screw cap and lowered into a
preheated oil bath at 130 °C. The reaction mixture was stirred for the indicated time, and taken out of the oil bath. The
hot mixture was poured into a solution of concentrated NaOH solution (40.0 mL) in mixed water and ice (100.0 mL) and
stirred for about 15 minutes. Then the mixture was extracted with CH,Cl, (30.0 mL x 3). The combined organic layers
were washed with brine (30.0 mL x 3), dried over anhydrous Na,SO,, and evaporated under vacuum. The residue was
purified either by column chromatography on silica gel or by recrystallization.

Mathod B:* To a solution of aniline (10.0 mmol, 1. 0 equiv) and carbonitrile (12.0 mmol) in 5.0 mL of anhydrous
DMSO was added NaH (12.0 mmol, 70%, 1.2 equiv) in portions at 0 °C under a nitrogen atmosphere. The mixture was
kept at 0 °C for 30-60 min and then stirred for the indicated time at room temperature. Ice water (10.0 mL) was added
carefully to quench the reaction. The mixture was then extracted with CH,Cl, (10.0 mL x 3). The combined organic
layers were washed with brine (10.0 mL x 3), dried over anhydrous Na,SO,, and evaporated under vacuum. The residue
was purified either by column chromatography on silica gel or recrystallization.

References:

1. (@) G. Brasche and S. L. Buchwald, Angew. Chem. Int. Ed. 2008, 47, 1932-1934; (b) F. C. Cooper and M. W. Partridge,
J. Chem. Soc. 1953, 255-260.

2. (a) B. Singh and J. C. Collins, Chem. Commun. 1971, 498-499; (b) Q. Xiao, W.-H. Wang, G. Liu, F.-K. Meng, J.-H.
Chen, Z. Yang and Z.-J. Shi, Chem. Eur. J. 2009, 15, 7292-7296.
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I1. Optimization Study for copper catalyzed Intermolecular annulation of 1a with DMSO.

Table 1 Intermolecular annulation of 1a with DMSO.2

HN>_® DMSO, 130 °C >_®
ONH Cat, [0], Additive

1a

Entry Cat. Additive Oxidant Yield®
(0.1 equiv) (equiv) (equiv) (%)
1 CuCl, No Selectfluor (2.0) 15
2 CuSO, No Selectfluor (2.0) 20
3 CuBr; No Selectfluor (2.0) 31
4 Cu(OAc), No Selectfluor (2.0) 22
5 Cu(OTf), No Selectfluor (2.0) 42
6 CuCl No Selectfluor (2.0) 22
7 CuBr No Selectfluor (2.0) 36
8 Cu(OTf), No Selectfluor (3.0) 71
9 No No Selectfluor (3.0) 0
10 Cu(OTf), HOACc (5.0) Selectfluor (3.0) 37
11 Cu(OTf), TFA (5.0) Selectfluor (3.0) 41
12 Cu(OTf), phen (0.1) Selectfluor (3.0) 60
13 Cu(OTf), No NFSI (3.0) 58°
14 Cu(OTH), No F (3.0)° n.d.t
15 Cu(OTf), No 0, 12f
16 Cu(OTf), No TBHP (3.0) n.d?
17 Cu(OTf), No Selectfluor (3.0) 33"

#Reaction conditions: 1a (0.3 mmol), catalyst, additive and oxidant in 2 mL DMSO at 130 °C for 2.5 hours.
®Yield of the isolated product. °NFSI = N-fluorobenzenesulfonimide. °F* = N-fluoro-2,4,6-trimethylpyridinium
tetrafluoroborate. °n.d. = not detected. 'The reaction was performed for 4.0 hours. TBHP = tert-butyl
hydroperoxide (5.5 M in decane). "3.0 equiv. of DMSO was used with 2 mL CHsCN as the solvent.

IV. General procedure for the preparation of 2

General procedure for Intermolecular annulation of amidines 1 with DMSO

HN N
o \
N}}i—@ CuOTD, 10 mot%) :< N>H—©
( > selectfluor (3.0 equiv)
1a DMSO, 130 °C 2a
To a solution of N-(p-tolyl)benzimidamide or its derivatives 1a (63.0mg, 0.3 mmol, 1.0 equiv) in DMSO (2.0 mL) were
added Selectfluor (318.8mg, 0.9 mmol, 3.0 equiv) and Cu(OTf), (10.8 mg, 0.03 mmol, 0.1 equiv) in screw-cap test tube.
The resulting mixture was stirred at 130 °C. The reaction was monitored by TLC until the starting material was
completely consumed. The reaction mixture was diluted with CH,Cl, (5.0 mL x 3) and washed with brine (5.0 mL x 3).
The organic layer was dried over Na,SO, and concentrated under vacuum. The residue was purified by column
chromatography to give the corresponding products 2a (47.3mg, 71%) .

V. Analytical data of New Compounds:

Joery

NH
6-methyl-2-phenyl-3,4- dlhydroqumazollne (2a)
White solid. mp:74-75 °C; 'H NMR (500 MHz; CDCl,): 6 = 2.30 (s, 3H), 4.75 (s, 2H), 6.77 (s, 1H), 7.00 (s, 2H),
7.42-7.45 (m, 3H), 7.79 (d, J = 7.0 Hz, 2H). 13C NMR (125 MHz; CDCl3): ¢ = 20.9, 44.5, 120.0, 126.1, 126.4, 128.6,
128.7, 130.6, 134.3, 135.2, 154.5. HRMS (ESI-TOF) Calcd for C;5H14N,, [M+H]" m/z 223.1230; Found 223.1237.

7-methyl-2-phenyl-3,4-dihydroquinazoline (2b);
5-methyl-2-phenyl-3,4- dlhydroqumazolme (2b%) 2b/2b>=10:9)
White solid. mp:76-77 °C 'H NMR (500 MHz; CDCly): 6 = 2.15 (s, 3H), 2.29 (s, 3H), 4.72 (s, 4H), 6.81-6.86 (m, 3H),
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6.91 (m, 2H), 7.07 (t, J = 7.5 Hz, 1H), 7.38-7.45 (m, 6H), 7.77 (d, J = 7.0 Hz, 4H). *C NMR (125 MHz; CDCly): 6 =
18.1, 21.1, 42.9, 44.6, 117.1, 118.7, 125.2, 125.3, 126.0, 126.4, 126.5, 127.6, 128.5, 128.8, 130.5, 130.6, 130.9, 134.1,
135.0, 135.2, 137.8, 154.4, 154.8. HRMS (ESI-TOF) Calcd for CisH1aN,, [M+H]* m/z 223.1230; Found 223.1236.

e

NH
6-methyl-2-phenyl-3,4-dihydroquinazoline (2c)
White solid. mp: 79-80 °C; *H NMR (500 MHz; CDCl,): 6 = 4.76 (s, 2H), 6.94 (d, J = 7.5 Hz, 1H), 7.04 (t, J = 7.0 Hz,
1H), 7.10 (d, J = 7.5 Hz, 1H), 7.19 (t, J = 7.5 Hz, 1H), 7.39-7.46 (m, 3H), 7.79 (d, J = 7.0 Hz, 2H). **C NMR (125 MHz;
CDCly): 6 = 44.6, 120.1, 121.4, 124.4, 125.4, 126.5, 128.0, 128.5, 130.5, 135.1, 141.1, 154.9. HRMS (ESI-TOF) Calcd
for Cy4H1,N,, [M+H]" m/z 209.1073; Found 209.1072.

e
(L

2-phenylquinazoline (2¢”)

Pale yellow solid; mp 97-98 °C; 'H NMR (500 MHz, CDCI13): 6 =7.51-7.56 (m, 3H), 7.61 (t, J = 7.5 Hz, 1H), 7.89-7.93
(m, 2H), 8.09 (d, J = 9.5 Hz, 1H), 8.62 (d, J = 7.0 Hz, 2H), 9.47 (s, 1H). *C NMR (125 MHz, CDCI3): § = 123.6, 127.1,
127.3, 1285, 128.6, 128.6, 130.6, 134.1, 138.0, 150.7, 160.5, 161.0. HRMS (ESI-TOF) Calcd for CisHioNoy,
[M+H]"207.0917 Found 207.0911.

N +
NH NH
2d 2d

5,6-dimethyl-2-phenyl-3,4-dihydroquinazoline(2d)

6,7-dimethyl-2-phenyl-3,4-dihydroquinaz- oline (2d”) (2d/2d’=1.3 : 1)

White solid. mp:136-137 °C *H NMR (500 MHz; CDCl5): & = 2.01 (s, 3H), 2.19-2.21 (m, 6H), 4.66 (s, 2H), 4.70 (s, 2H),
6.68 (s, 1H), 6.83 (d, J = 8.0 Hz, 1H), 6.87 (s, 1H), 6.96 (d, J = 8.0 Hz, 1H), 7.35-7.41 (m, 6H), 7.73-7.74 (m, 4H). °C
NMR (125 MHz; CDCly): 6 = 19.9, 20.0, 20.1, 20.8, 44.5, 48.8, 122.4, 122.7, 126.1, 126.9, 127.8, 128.3, 130.3, 131.6,
132.2, 132.9, 135.0, 137.1, 137.4, 138.1, 138.3, 145.1, 149.8, 157.0, 159.0. HRMS (ESI-TOF) Calcd for CigHisN,,
[M+H]" m/z 237.1386; Found 237.1385.

Q;?: NH
N
O - QY
+ N
NH
2e 2¢

2-phenyl-4,6,7,8-tetrahydro-3H-cyclopenta[g]quinazoline (2e) 3-phenyl-2,7,8,9-tetrahydro-1H- cyclo
penta[f]lquinazoline (2¢’) (2e/2e’=1.6: 1)

White solid. mp:72-73 °C*H NMR (500 MHz; CDCl3): § = 2.04-2.10 (m, 4H), 2.68-2.72 (m, 2H), 2.83-2.88 (m, 6H),
4.69 (s, 2H), 4.71 (s, 2H), 6.79 (s, 1H), 6.95 (d, J = 8.0 Hz, 1H), 7.02-7.04 (m, 2H), 7.36-7.43 (m, 6H), 7.79 (d, J = 8.0
Hz, 4H). BC NMR (125 MHz; CDCl,): ¢ = 16.7, 19.1, 25.3, 25.5, 32.3, 32.3, 42.7, 44.7, 116.1, 117.9, 121.1, 123.3,
126.4, 126.5, 128.5, 130.4, 130.9, 135.0, 135.0, 140.4, 140.5, 140.6, 144.0, 154.2, 154.5. HRMS (ESI-TOF) Calcd for
Ci7H16N,, [M+H]" m/z 249.1386; Found 249.1392.

3 )
O NH

2-phenyl-7-p-tolyl-3,4-dihydroquinazoline (2f)

White solid. mp:124-125 °C; *H NMR (500 MHz; CDClg): § = 2.39 (s, 3H), 4.81 (s, 2H3), 6.99 (d, J = 7.5 Hz, 1H),

7.23-7.27 (m, 3H), 7.36 (s, 1H), 7.41-7.46 (m, 3H), 7.51 (d, J = 8.0 Hz, 2H), 7.82 (m, 2H). **C NMR (125 MHz; CDCls):

o =21.1, 48.8, 118.9, 123.0, 125.8, 126.3, 126.5, 126.7, 128.6, 129.4, 130.6, 135.2, 137.0, 137.8, 141.1, 155.1. HRMS
(ESI-TOF) Calcd for CpiH1gN,, [M+H]* m/z 229.1543; Found 229.1561.

Meo\@?N
e
6-methoxy-2-phenylquinazoline (2k)
White solid. mp:81-82 °C; *H NMR (500 MHz; CDCl,): 6 = 3.98 gs, 3H), 7.17 (d, J = 2.5 Hz, 1H), 7.49-7.57 (m, 4H),

8.01 (d, J = 9.5 Hz, 1H), 8.57 (d, J = 7.5 Hz, 2H), 9.38 (s, 1H). °C NMR (125 MHz; CDCls): J = 55.6 103.9, 124.3,
127.2, 128.0, 128.5, 129.9, 129.9, 133.4, 137.9, 146.8, 158.1, 158.7. HRMS (ESI-TOF) Calcd for CysH1,N,0, [M+H]*
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m/z 237.1022; Found 237.1019.

MeO N\\(©
T

7-methoxy-2-phenylgquinazoline (2I)

White solid. mp:84-85 °C; 'H NMR (500 MHz; CDCls): 6 = 3.99 (s, 3H), 7.22 (d, J = 2.5 Hz, 1H), 7.35 (s, 1H), 7.51 (t, J

= 8.0 Hz, 3H), 7.79 (d, J = 9.0 Hz, 1H), 8.56 (d, J = 7.0 Hz, 2H), 9.29 (s, 1H). *C NMR (125 MHz; CDCl5): 6 = 55.7,

106.1, 119.1, 120.7, 128.4, 128.5, 130.4, 130.8, 138.1, 153.1, 158.9, 161.5, 164.2. HRMS (ESI-TOF) Calcd for

C1sH12N,0, [M+H]" m/z 237.1022; Found 237.1026.

EtOmN
e
6-ethoxy-2-phenylquinazoline (2m)
White solid. mp:89-91 °C; *H NMR (500 MHz; CDCls): 6 = 1.52 (t, J = 6.5 Hz, 3H), 4.19 (q, J = 6.5 Hz, 2H),7.14 (d, J =
3.0 Hz, 1H), 7.48-7.56 (m, 4H), 7.99 (d, J = 9.5 Hz, 1H), 8.57 (d, J = 8.5 Hz, 2H), 9.35 (s, 1H). **C NMR (125 MHz;

CDCl,y): 6 = 14.7, 64.1, 1045, 124.5, 1275, 128.1, 128.6, 130.1, 130.1, 138.2, 146.9, 157.6, 158.8, 159.3. HRMS
(ESI-TOF) Calcd for C16H14N,0, [M+H]" m/z 251.1179; Found 251.1174.

/SmN
e
methyl(6-phenylnaphthalen-2-yl)sulfane (2n)
White solid. mp:66-67 °C, 'H NMR (500 MHz; CDCls): ¢ = 2.63 (s, 3H), 7.50-7.54 (m, 3H), 7.59 (d, J = 2.0 Hz, 1H),
7.76 (dd, J;= 2.5 Hz, J; = 9.0 Hz, 1H), 7.97 (d, J = 8.5 Hz, 1H), 8.58 (dd, J, = 1.5 Hz, J; = 8.0 Hz, 2H), 9.37 (5, 1H). °C

NMR (125 MHz; CDCl3): ¢ = 15.5, 120.9, 124.0, 128.4, 128.6, 128.7, 130.5, 133.5, 137.9, 138.9, 149,0, 158.9, 160.3.
HRMS (ESI-TOF) Calcd for Ci5H1,N,S, [M+H]" m/z 253.0794, Found: 253.0795.

o] N

<om'\‘
6-phenyl-[1,3]dioxolo[4,5-g]quinazoline (20)
White solid. mp:152-153 °C; 'H NMR (500 MHz; CDCl,): 6 = 6.10 (s, 2H), 7.06 (s, 1H), 7.30 (s, 1H), 7.45-7.52(m, 3H),
8.53 (d, J = 6.5 Hz, 2H), 9.13 (s, 1H). *C NMR (125 MHz; CDCls): 6 = 101.8, 102.1, 104.9, 120.6, 128.1, 128.5, 130.1,
138.1, 148.2, 150.2, 154.0, 157.4, 159.9. HRMS (ESI-TOF) Calcd for CysH10N,0,, [M+H]" m/z 251.0815, Found:
251.0817.

e
6-bromo-2-phenylquinazoline (2p)

White solid. mp:167-169 °C; 'H NMR (500 MHz; CDCl;): = 7.53-7.55 (m, 3H), 7.97 (d, J = 1.0 Hz, 2H), 8.10 (t, J =
1.0 Hz, 1H), 8.60-8.62 (m, 2H), 9.41 (s, 1H). *C NMR (125 MHz; CDCl): 6 = 120.7, 124.5, 128.6, 128.7, 129.2, 130.5,
130.9, 137.6, 149.5, 159.4, 161.3. HRMS (ESI-TOF) Calcd for C14HgBrN,, [M+H]" m/z 285.0022; Found 285.0027.

N
e
3-phenylbenzo[f]quinazoline (2q)
White solid. mp:182-184 °C; *H NMR (500 MHz; CDCl,): d = 7.52-7.60 (m, 3H), 7.74 (d, J = 9.0 Hz, 1H), 7.80-7.82 (m,
2H), 7.85 (d, J = 9.0 Hz, 1H), 7.93-7.95 (m, 1H), 8.77 (m, 2H), 9.41 (s, 1H). 9.44-9.46 (m, 1H),"*C NMR (125 MHz;

CDCly): 120.1, 121.7, 126.9, 127.8, 128.3, 128.4, 128.6, 129.0, 130.6, 131.6, 135.6, 137.9, 152.2, 154.5, 161.9. HRMS
(ESI-TOF) Calcd for C1gH1oN,, [M+H]" m/z 257.1073; Found: 257.1074.

Clw L
U

2-pheny|-6,6a—dihydrobenzo[h]quinazoline (2r)

White solid. mp:137-140 °C; "H NMR (500 MHz; CDCly): 6 = 7.53-7.58 (m, 3H), 7.71 (t, J = 7.5 Hz, 1H), 7.79 (t, J =

7.5 Hz, 1H), 7.96-7.99 (m, 2H), 8.18 (d, J = 9.5 Hz, 1H), 8.66 (d, J = 7.0 Hz, 2H), 8.75 (d, J = 8.0 Hz, 1H), 10.17 (s, 1H).

3C NMR (125 MHz; CDCly): 6 = 121.4, 122.9, 124.9, 127.4, 128.0, 128.4, 128.5, 128.6, 130.1, 130.3, 130.5, 135.5,
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138.2, 150.7, 158.6, 161.0. HRMS (ESI-TOF) C1gH12N,, [M+H]" m/z 257.1073; Found 257.1074.

o] Na

<omN
6-m-tolyl-[1,3]dioxolo[4,5-g]quinazoline (2s)
White solid. mp:157-159 °C; *H NMR (500 MHz; CDCl,): 6 = 2.47 (s, 3H), 6.14 (s, 2H), 7.09 (s, 1H), 7.29 (d, J = 7.5
Hz, 1H), 7.33 (s, 1H), 7.40 (t, J = 7.5 Hz, 1H), 8.32 (d, J = 8.5 Hz, 1H), 8.35 (s, 1H), 9.15 (s, 1H). *C NMR (125 MHz;
CDCly): 0 = 21.5,101.8, 102.1, 104.9, 120.7, 125.3, 128.5, 128.7, 131.0, 138.1, 138.2, 148.2, 150.3, 154.1, 157.4, 160.2.
HRMS (ESI-TOF) Calcd for C1H1,N,0,, [M+H]" m/z 265.0972; Found 265.0974.

0 Ny

<o:©/v"‘
6-p-tolyl-[1,3]dioxolo[4,5-g]quinazoline (2t)
White solid. mp:182-184 °C; 'H NMR (500 MHz; CDCls): ¢ = 2.42(s, 3H), 6.10 (s, 2H), 7.05 (s, 1H) 7.30 (d, J = 8.0 Hz,
3H), 8.42 (d, J = 8.0 Hz, 2H), 9.11 (s, 1H). *C NMR (125 MHz; CDCl,): 21.4, 101.8, 102.1, 104.8, 120.5, 128.0, 129.3,
135.4, 140.3, 148.0, 150.2, 154.0, 157.3, 160.0. HRMS (ESI-TOF) calcd for C16H1oN,0,, [M+1]" m/z 265.0972, found:
265.0978.

OMe
o) N\W/©/
<om"‘
6-(4-methoxyphenyl)-[1,3]dioxolo[4,5-g]quinazoline(2u)
White solid. mp:193-195 °C; *H NMR (500 MHz; CDCls): § = 3.87 (s, 3H), 6.12 (s, 2H), 7.00 (d, J = 8.5 Hz, 2H), 7.07
(s, 1H), 7.28 (s, 1H), 8.47 (d, J = 9.0 Hz, 2H), 9.10 (s, 1H). *C NMR (125 MHz; CDCl,): § = 55.3, 101.8, 102.1, 104.7,

113.8, 120.3, 129.7, 130.8, 147.9, 150.2, 154.0, 157.4, 159.8, 161.4. HRMS (ESI-TOF) Calcd for CyH1,N,03, [M+H]"
m/z 281.0921; Found 281.0929.

F
0 NY©/
<om"‘
6-(4-fluorophenyl)-[1,3]dioxolo[4,5-g]quinazoline (2v)
White solid. mp:149-151 °C; 'H NMR g500 MHz; CDCI3): 8 = 6.17 (s, 2H), 7.12 (s, 1H), 7.19 (t, J = 8.5 Hz, 2H), 7.32 (s,
1H), 8.53-8.56 (m, 2H), 9.15 (s, 1H). **C NMR (125 MHz; CDCl5): 6 = 101.8, 102.2, 104.9, 115.3, 115.5, 120.6, 130.1,

130.2, 134.3, 148.3, 150.2, 154.2, 157.5, 159.1, 163.4, 165.4. HRMS (ESI-TOF) Calcd for C;sHgFN,O,, [M+H]" m/z
269.0721; Found 269.0731.

Cl
o] N\\(©/
<om"‘
6-(4-chlorophenyl)-[1,3]dioxolo[4,5-g]quinazoline (2w)
White solid. mp:212-214 °C; *H NMR (500 MHz; CDCls): 6 = 6.17 (s, 2H), 7.12, (s, 1H), 7.32 (s, 1H), 7.47 (d, J = 8.5
Hz, 2H), 8.49 (d, J = 8.0 Hz, 2H), 9.15 (s, 1H). *C NMR (125 MHz; CDCly): § = 102.1, 102.5, 105.0, 109.9, 121.0,

128.9, 129.7, 136.4, 136.9, 148.6, 150.4, 157.7. HRMS (ESI-TOF) Calcd for C;5HgCIN,O,, [M+H]+ m/z 285.0425;
Found 285.0434.

Br
o] Nﬁ
<om"‘
6-(4-bromophenyl)-[1,3]dioxolo[4,5-g]quinazoline (2x)
White solid. mp:142-144 °C; 'H NMR (500 MHz; CDCl,): & = 6.18, (s, 2H), 7.12 (s, 1H), 7.32 (s, 1H), 7.63 (d, J = 8.5
Hz, 2H), 8.42 (d, J = 9.0 Hz, 2H), 9.15 (s, 1H). *C NMR (125 MHz; CDCl5): § = 101.9, 102.3, 104.9, 120.8, 124.9,

129.8, 131.7, 137.1, 148.5, 150.2, 154.3, 157.5, 159.1. HRMS (ESI-TOF) Calcd for C15HoBrN,O,, [M+H]" m/z 328.9920;
Found 328.9929.

CFg
0 N\\K©/

<o:©/v"‘

6-(4-(trifluoromethyl)phenyl)-[1,3]dioxolo[4,5-g]quinazoline (2y)

White solid. mp:77-78 °C; 'H NMR (500 MHz; CDCI3): 6 =6.19 (s, 2H), 7.15, (s, 1H), 7.35 (s, 1H), 7.76 (d, J = 8.0 Hz,

2H), 8.66 (d, J = 8.0 Hz, 2H), 9.18 (s, 1H). *C NMR (125 MHz; CDCly): § = 101.8, 102.3, 105.0, 121.1, 125.4, 125.4,
128.4, 141.4, 148.7, 150.2, 154.4, 157.5, 158.5. HRMS (ESI-TOF) Calcd for CigHeFsN,O,, [M+H]* m/z 319.0689,
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Found 319.0686.

Z N

L L
LA

2-(pyridin-4-yl)benzo[h]quinazoline (2z)
White solid. mp:165-167 °C; "H NMR (500 MHz; CDCls): § = 7.77 (d, J = 8.5 Hz, 1H), 7.82-7.85 (m, 2H), 7.92 (d, J =
8.5 Hz, 1H), 7.96 (d, J = 8.0 Hz, 1H), 8.57-8.58 (m, 2H), 8.85 (d, J = 4.5 Hz, 2H), 9.41 (t, J = 4.5 Hz, 1H), 9.43 (s, 1H).
B3C NMR (125 MHz; CDCly): 6 = 122.3, 122.7, 124.8, 127.7, 128.1, 129.6, 130.0, 130.5, 135.5, 145.4, 150.5, 150.7,
158.8, 158.9. HRMS (ESI-TOF) Calcd for C17H1;N3, C17H11IN3[M+H]" m/z 258.1026, Found 258.1032.

CN
O Y
LT
4-(benzo[h]quinazolin-2-yl)benzonitrile (2aa)

White solid. mp:215-217 °C; *H NMR (500 MHz; CDCls): 6 = 7.76 (d, J = 9.0 Hz, 1H), 7.82-7.84 (m, 4H), 7.91 (d, J =
9.0 Hz, 1H), 7.96-7.97 (m, 1H), 8.85 (d, J = 8.5 Hz, 2H), 9.38-9.40 (m, 1H), 9.42 (s, 1H). **C NMR (125 MHz; CDCly):
0 =113.7, 119.0, 121.9, 122.8, 124.8, 127.7, 128.2, 128.9, 129.5, 130.1, 130.5, 132.4, 135.5, 142.3, 150.7, 158.7, 159.0.
HRMS (ESI-TOF) Calcd for CygH13N3, [M+H]" m/z 282.1026, Found 282.1033.

SO
o,

3-tert-butylbenzo[f]lquinazoline (2ab)

White solid. mp:141-144 °C; *H NMR (500 MHz; CDCls): ¢ = 1.54 (s, 9H), 7.67 (d, J = 7.5 Hz, 1H), 7.73 (d, J = 7.5 Hz,
1H), 7.86 (d, J = 9.5 Hz, 1H), 7.94 (d, J = 8.0 Hz, 1H), 8.12 (d, J = 9.0 Hz, 1H), 8.68 (d, J = 8.5 Hz, 1H), 10.05, (s, 1H).
3C NMR (125 MHz; CDCl3): 6 = 29.8, 39.5, 119.2, 121.6, 127.0, 127.4, 127.6, 128.1, 128.7, 128.9, 131.5, 135.1, 151.6,

154.0. HRMS (ESI-TOF) Calcd for CisH1gN,, [M+H]" m/z 236.1386; Found 236.1387.
\
\

-0
[ j N
/
N)\©

sulfoxyimine (3)

Yellow solid. mp:140-142 °C; *H NMR (500 MHz; CDCls): 6 = 3.43 (s, 6H), 6.67 (d, J = 7.5 Hz, 2H), 6.89 (d, J = 7.5 Hz,
1H), 7.11 (t, J = 7.5 Hz, 2H), 7.17 (t, J = 7.5 Hz, 2H), 7.21 (d, J = 7.0 Hz, 1H), 7.32 (d, J = 7.0 Hz, 2H). **C NMR (125
MHz; CDCl,): 6 = 41.5, 122.0, 122.1, 127.7, 128.5, 129.0, 129.4, 135.3, 150.0, 160.4. HRMS (ESI-TOF) Calcd for
C1sH1N,0S, [M+H]" m/z 273.1056; Found 273.1064.
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V1. 'H and **C Spectra of New Compounds

Product 2a

STANDARD PROTON PARANETERS

Archive directory: /export/home/ouyy/vimrsys/data

samjile directory:

Pulse Sequence: szpul
Solvent: CDC13
Ambient temperature
File: p

INOVA-500 “NENUS00"

Relax. delay 1.000 sec

Total time 0 min, 23 sec
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Product 2b

STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vnmrsys/data

Sample directory:

Pulse Sequence: s2pul
Solvent: COCI3
Ambient temperature

File: q736
INOVA-500 "NENUS00"

Relax. delay 1.000 sec

a.712

Al JJ{L

e e e

e e

3.39¢
5.23{

STANDARD CARBON PARAMETERS

Archive director
mple directory:

Pulse Sequence: s2pul

File: q739
INOVA-500 “NENUS00*

Relax. delay 0.500 sec
Pulse 45.0 degrees

ons
€13, 125.6754630 NHz
DECOUPLE H1, 499.8050905 MHz
Power 40 d

continuously on

WALTZ-16 modulated

otal time 10 hr, 3 min, 7 sec

i

a,ssk‘j

3:384

LI e i B e T
6 CE 4
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Product 2c

STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory:

Pulse Sequence: s2pul
Solvent: COC13
Ambient temperature
File: p96a
INOVA-500 “NENUS00*

Relax. delay 1.000 sec
es

ons
OBSERVE M1, 499.8025898 WHz
0CESSING
5536
Total time 0 min,

23 sec

— T
11 10 9 8

1.00«
s

CARBON PARAMETERS

ve directory: /export/home/ouyy/vomrsys/data
le directory:

1se Saquence: s2pul
Solvent: COCI3
Ambient temperature
user: 1-14-87

File: pgsa

INOVA-500 “NENUS00"

Relax. delay 0.500 sec
Pulse 45.0 degrees
Acq. time 1.300 sec

Width 31421.8 Hz

256 repetitions

OBSERVE  C13, 125.6754742 WHz
DECOUPLE M1, 433.8050905 WHz
Power 40 d

cont inuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.5 Hz

FT size 131072

Total time 3 hr, 56 sec
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Product 2¢’

STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory:

Pulse Sequence: s2pul

Solvent: CDC13 N
Ambient temperature ~
File: c689

INOVA-500 "NENUSO0 _N

Relax. delay 1.000 sec
Pulse 45.0 degrees

B repetitions
OBSERVE  H1i, 499.8025943 WHZ
CESSING

FT size 65536
Total time 0 min, 23 sec

9.468
[s.
8
7
i ¥
7
7
7.593
74
7.256
0.000
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l

]

©
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o
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=
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E=1
3

11 10

1.00{
2.06{
1.05
2.18
1
3

STANDARD CARBON PARAMETERS

Archive directory: sexport/home/ouyy/vamrsys/data
Sample directory:

Pulse Sequence: sZpul

Solvent: cdcis
Ambient temperature
user: 1-14-87 N

File: c204
INOVA-500 “NENUSO0O"
~-N

Relax. delay 0.500 sec

Pulse 45.0 degrees

Acq. time 1.300 sec

Width 31421.8 Hz

384 repetitions

OBSERVE C13, 125.6754666 MH2
DECOUPLE M1, 499.8050805 MHZ
Power 42 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.5 Hz

FT size 131072

Total time 2 hr, 3 min, 31 sec

128.633
128.606
128.526

77.267
76.756

130.598

134.115
127.263
127.115

161.018
160,496
150.726
137.991
123.563

L

D B i e B e

T
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Product 2d

STANDARD PROTON PARAMETERS

Archive directory:
Sample directory:

/export/home /ouyy/vimrsys /data

Pulse Sequence:
Solvent: CDC13
Ambient temperature
File: pass
INOVA-500

s2pul

YNENUS00"

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 1.892 sec
Width 8500.7 Hz

8 repetitions

OBSERVE  H1, 499.8026008 MHZ
G

DATA PROCESSIN
FT size
Total time 0 min,

23 sec

~
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o ses & - NN
FSTANDARD CARBON PARARETERS
Archive directory: /axport/home/ouyy/voarsys/data
Sample directory:
Pulse Sequenca: s2pul N\
t: COCId 2 + i
t température
User:  1-14-87 NH
file: p279
INOVA-500 “NENUSOO™
ann
222
S8
2 rRE
256 repetitions W]
OBSERVE C13, 125.6754681 MHZ l
DECOUPLE W1, 493.5050805 WHz
Power 40 d8
coat inuous ly on
VALTZ-16 modulated %
DATA PROCESS 13
ine broadening 1.0 Wz EH]
FT size 131 -.
Total time 2 hr, 3 min, 31 sec a8
L .
="
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NS ©
B 2
2 x
s =
e =
.
¥
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Product 2e

STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory: ¥

Pulse Sequence: s2pul

Solvent: CDC1

3
Ambient temperature
File: pa

80
INOVA-500 “NENUSO00"
N
Relax. delay 1.000 sec + N
Pulse 45.0 degrees
Acq. time 1.892 sec
Hz

Cq
width 8500.7

NH
8 repetitions
OBSE H1, 499.8025917 MHZ
DATA PROCESSING
FT size 6553
Total time 0 min, 23 sec
T = =
shen ;o - wt w2
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STANDARD CARBON PARAMETERS :H ( ) N

N
Archive directory: /export/home/ouyy/vimrsys/data
Sample directory:

Pulse Sequence: s2pul

Solvent: COC13
Anbient temperature
1-14-87

q737
500 "NENUSO00"

Relax. delay 0.500 sec o wow - -
Pul degrees 22 neyE 28 S52 8 &
Acq. time 1.300 sec s e 1 ® i O T
Width 31421.8 Hz ae RRR gy Bd B &
320 repetitions bt L | 1
OBSERVE C13, 125.6754752 WHz | LL L
OECOUPLE N1, 499.8050905 Wiz |
Power 40 d8 [
cont i nuous 1y or @ e
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DATA PROCESSING L i
e broadening 1.5 Wz - n
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Product 2f

STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vomrsys/data
Sample directory:

Pulse Sequence: s2pul
Solvent: COCI3
Ambient temperature
File: g996
INOVA-500 “NENUSO0"

Relax. delay 1.000 sec
ulse egrees
Acq 1.892 sec

Width §989.3 Mz
B repetitions

BSTRVE  H1, 499.8025931 WHz
DATA PROCESSING
F1 size 65536
Total time 0 min, 23 sec

©
2
3

4.809

STANDARD CARBON PARAMETERS

Archive directory: /export/home/ouyy/vemrsys/data
mple directory:

Pulse Sequence: s2pul
Solvent: COC13
Ambient temperature
user: 1-14-87
File: r225
INOVA-500 “NENUS00™

Relax. delay 0.500 sec

128,580

fons
OBSERVE  C13, 125.6754690 MHz
DECOUPLE H1, 499.8050905 MHZ
a0 d

—129.400
— _126.684

126.493

continuously o
T2

Total time 3 hr, 56 sec

2
a2

155.083
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21.056
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48.814
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Product 2k

STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vomrsys/data
Sample directory:

Pulse Sequence: s2pul
Solvent: COC13
Ambient temperature

File: pas7

INOVA-500 “NENUS00™

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 1.892 sec

7 Wz

ns
, 499.8025904 MHZ
DATA PROCESSING

FT size 65536

Total time 0 min, 23 sec

3.982

—8.576
—8.561

—9.381

Meo\©(§N

1.599

-=0.000

©
0.84¢0

5.92{
1.00{

STANDARD CARBON PARAMETERS

Archive directory: /export/home/ouyy/vomrsys/data
Sample directory:

Pulse Sequence: s2pul
Solvent: COC13
Ambient temperature
user: 1-14-87

File: g33

INOVA-500 "NENUS00"

Relax. delay 0.500 sec
Pulse degrees

cq. time 1.300 sec
width 31421.8 Hz
64 repetitions
ERVE C13, 125.6754786 MHZ
DECOUPLE M1, 499.8050305 WHZ

cont inuously on
VALTZ-16 modulated

—177.256

FT size 131072
Total time 2 hr, 3 min, 31 sec

- 128.469
-128.038
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/129.873
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Product 2l

STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vnmrsys/data

Sample directory:

Pulse Sequence: s2pul
Solvent: COC13
Ambient temperature
File: p380

INOVA-500 “NENUS00"

Relax. delay 1.000 sec
Pulse 45.0 degrees

8 repetitions
OBSERVE _ H1, 439.8025595 MHz
DATA PROCESSING

FT size 65536

Total time 0 min, 23 sec

8.286

) E—

0.894
1.954

STANDARD CARBON PARAMETERS

1.034
3.114
0.964
0.94¢

Archive directory: /export/home/ouyy/vnmrsys/data

Sample directory:

Pulse Sequence: s2pul
Solvent: COC13
Ambient temperature

user: 1-14-87

File: q385
INOVA-500  "NENUSO00"

Relax. delay 0.500 sec
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OBSERVE C13, 125.6754723 MHz
DECOUPLE M1, 433.8050905 WHZ
Power 4|
cont inuously on
VALTZ-16 modulated

Total time 2 hr, 3 min, 31 sec
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164.235
161.488

|
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|
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Product 2m

STANDARD PROTON PARANETERS

E -
Archive d1rectony) /export /home jouyy/viersys data
Pty -

Pulse Sequencer s2pul
Solvent: COCIY
At Lomgoratira

File: q7b7
INOVA-500  "NENUSO0"

Relax. del 000 suc

Tni 108
F
Wz

ns
OBSERVE | W1, 438025925 Wiz
DATA PROCESS ING

1 %ize 65536

Total time 0 min, 23 tec
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STANDARD CARBON PARAMETERS
Archive directory: /export/home/ouyy/vnmrsys/data Z
Sample directory: N

Pulse Sequence: s2pul
Solvent: CDC13

Amb |
user: 1-1d-
File: 790
INOVA-500  “NENUS00"
Relax. delay 0.500 sec esy
Pulse rees 88X
S .3 2
Vidth 31421.8 Hz RRE
6000 repotitions 1]
OBSERVE 13, 125.6754632 WHz
DECOUPLE H1, 4958050905 WHz
Power
cont {nuous 1y on
WALTZ-16 modulated
DATA PROCESSING
Line broadening 1.5 Wz =
FT size 131072 2
Total time 3 hr, 56 sec .
2
s
e
82T«
@ sa| ® »
T a8 | =5 H
a2 1 a8 2 ¢ o
2 I8 b - H
sl & = o < 3
N 82 3 | s <
| s 8
[ . l .
B R R AT ' ' 1 o o o R R RS A A S i BAS RE A e S
220 200 180 160 140 120 100 80 60 40 20 0 ppm

S17



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

Product 2n

STANDARD PROTON PARAMETERS

Archive directory: sexport/home/ouyy/vnarsys/data

Sample directory:
Pulse Sequence: s2pul _N
Solvent: CDC13

Ambient temperature
File: n6s7
INOVA-500 “NENUS00*

Relax. delay 1.000 sec
roe:

5536
otal time 0 min, 23 sec
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0.000

| Lkl ) ||
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STANDARD CARBON PARAMETERS
Archive directory: /export/home/ouyy/viarsys/data S _N
Sample directory: s

Pulse Sequence: s2pul
Solvent: cdcl3
fent temperature

e
user: 1-14-37
File: n6s3

00

INOVA-500 "NENUS00"

Relax. delay 0.500 sec

ions
OBSERVE C13, 125.5754646 NHz

DECOUPLE H1, 499.8050905 NHZ ~
2 dB
cont inuous 1
WALTZ-16 modulated
DATA PROCESSI!
Line broadening 1.5 Hz
FT size 131072 -
Total time 3 hr, 56 sec 33
e
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Product 20

STANDARD PROTON PARAMETERS

Archive ditectory: /export/home/ouyy/vrmreys/deta
Sample directory

Pulse Sequence: s2pul

bi
Fite
ThOVA-S00" NENUS00"

6.102

Tota) um H -ln. 23 sec

s.125
—8.534

—_s.521

e

P
o

10

0.99¢
2.024
3.22{
0.88+<
1,004, |
2.24¢

STANDARD CARBON PARAMETERS

Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory

Pulse su;nun:u s2pul

Solvent:
Anbient unparaturc
l

THOVA- nu “NENUS00"

Rclax “lay 0. 500 sec
l 3 o cec

A l

18
Y28 rapen
OBSERVE cts. 1256754690 mhz
DECOUPLE H1) 4398050305 WHz
Power

contlnuonsl
ALTZ~ ﬂ ‘modutated
CESS!

Total time 3 hr, 56 sec

157.383

159.943
154.037
150.192
148.178

LUl

138.113

|
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128.107
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p—
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Product 2p

STANDARD PROTON PARAMETERS
Archive directory: /export/home/ouyy/vnmrsys/data
sample directory:

Pulse Sequence: s2pul

Solvent: COC13
Ambient temperature

File: p255
INOVA-500 “NENUS00"

Relax. delay 1.000 sec

8 repetitions
H1, 499.8025309 MHZz
inG

Total time 0 min, 23 sec
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STANDARD CARBON PARAMETERS

Archive directory: /export/home/ouyy/vomrsys/data
Sample directory:

Pulse Sequence: sZpul
Solvent: cdc13
Ambient temperature
user: 1-14-87

File: 1257

INOVA-500 "NENUS00"
Relax. delay 0.500 sec

Pulse 45.0 degrees

Acq. time 1.300 sec

width 31421.8 Hz

256 repetitions

OBSERVE  C13, 125.6754618 MHz
DECOUPLE H1, 499.8050905 MHz

cont inuous 1y on

WALTZ-16 modulated
DATA PROCESS 2 p-:
Line broadening 1.5 Hz e °
FT size 131072 % ~
Total time 3 hr, 56 sec : o
|
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STANDARD PROTON PARAMETERS
Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory:

Pulse Sequence: s2pul
Solvent: CDC13
Ambient temperature

File: p379

INOVA-500 “NENUS0O"

Relax. delay 1.000 sec
Pulse 5.0 degrees
Acq. time 1.832 sec
Width 8500.7 Hz

ons
OBSERVI H1, 499.8025935 MHZ
NG

STANDARD CARBON PARAMETERS

Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory:

Pulse Sequence: s2pul

1
789
“NENUS 00"

Relax. delay 0.500 sec
rees

4096 repetitions
OBSERVE C13, 125.6754680 NHz
DECOUPLE M1, 499.8050905 WHZ
er 40 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.5 Hz

FT size 131072
Total time 2 hr, 3 min, 31 sec

135.622
129.003

154.472

152.160
137.904

120.085

161.874

77.256

1.610

SN

N

—0.000

T T T T 7T T T
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Product 2r

STANDARD PROTON PARAMETERS

Archive directory: sexport/home/ouyy/vomrsys/data
Sample directory:

Pulse Sequence: s2pul
Solvent: COC13
Ambient temperature
File: p378
0

INOVA-500  "NENUS00"

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 1.892 sec
Width 8500.7 Hz

8 repetitions
OBSERVE W1, 499.8025920 MHZz
DATA PROCESSING

FT size 65536

Total time 0 min, 23 sec

10.168

i

1.618

——r T T T T

11 .10 9 o

@n
2

7 6

1.9900

o
Py

1.024
3.114

STANDARD CARBON PARAMETERS

Archive directory: /export/home/ouyy/vomrsys/data
Sample directory:

Pulse Sequence: s2pul
Solvent:
Ambient t
user: 1-1
File: q120
INOVA-500

UNENUS 00"

Relax. delay 0.500 sec
Pulse 45.0 degrees

fons
BSERVE  C13, 125.6754680 MHZ
DECOUPLE H1, 433.8050905 NHz
Power 40 dB
cont {nuous 1

128.602

128.519

Total time 3 hr, 56 sec

130.258

130.106

161.034
158.581
150.692
—138.238
—135.451
/
\_127.981
X
121.415

—130.544
\—127.368
—124.875
—122.807

Hlll{

———— T T T

=N

0.000

T T R i e T

T T T T
220 200 180 160 140 120
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Product 2s

e} N
STANDARD PROTON PARAMETERS < X
Archive directory: /export/home/ouyy/vnarsys/data 5 SN
Sample directory:

Pulse Sequence: s2pul

Solvent: COC13
bient temperature

File: r264

INOVA-500  “NENUS00"

Relax. delay 1.000 sec
Pulse 45.0 degrees
cq. time 1.892 sec
Width 8983.8 Hz

ns
OBSERVE W1, 499.8025922 NHZ
NG

2.473

T
FT size 65536
Total time 0 min, 23 sec

6.136

43882
RaNE
5]
z £, .33
188 I
AIPANY| 2
J L } H
¢
! 1
e A T S s s
10 9 8 L 6 5 a 3 v 2 1 -0 ppm
- = g H =
e £ oo o ”

STANDARD CARBON PARAMETERS o Ny
Sample directory: o ZN

Pulse Sequence: s2pul

File: r26s
INOVA-500 "NENUS00"

Relax. delay 0.500 sec

=

2

s

a

&

o

o

5

]

-

2

H
—77.256
77.000
__76.748

28 tions
OBSERVE  C13, 125.6754656 MHz
DECOUPLE H1, 499.8050905 MHz
Power 4
cont inuous ly on
WALTZ-16 modulated
DATA PROCESSING

Total time 3 hr, 56 sec 325, :E
otes ean
& a8ag g=
s Wk 1lE
b Sa | 1 [
oo 8 °
58 =° ‘ | a
2ss -8 2 N
sis8 13 ||| .
Zlg SRR J
sl |
H |
|
|
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L
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Product 2t

STANDARD PROTON PARAMETERS
Arch
Samp.

directory: /export/home/ouyy/vrarsys/data
irectory:

Pulse Sequence: s2pul
Solvent: COCI3
Anbient temperature
File:s r

INOVA-500 “MENUSO0™
Relax. delay 1.000 sec
Pulse 45.0 degrees

z
ns
499.8025922 WHz

L)
FT size 65536
Total tise 0 min, 23 sec

8.424
8.408
6.088

—9.106

.2.424

0.823,

1.794
2.60¢
1.92+«

STANDARD CARBON PARAMETERS

Archive directory: /sexport/home/ouyy/vnmrsys/data
Sample directory:

Pulse Sequence: s2pul

Solvent: COC13

Ambient temperature

user: 1-14-87

File: r1sa
INOVA-500 “NENUS00"

Relax. delay 0.500 sec
Ise degrees

tions
OBSERVE C13, 125.6754704 MHz o
DECOUPLE H1, 493.8050905 NNz <
Power 40 dB 8
continuously on a8
VALTZ-16 modulated &
DATA PROCESSING S
Line broadening 1.5 Hz -
FT size 131072
Total time 3 hr, 56 sec

157.345

160.008
153.973
147.981
140.296
135.351

—_— 150,177

120.480

101.775

77.259

004

76.752

-

3.00+«

--.21.426

|ll|l 'H
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T T
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T
100

S24

80

60

40



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

Product 2u

STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vimrsys/data

Sample directory:

Pulse Sequence: s2pul

Solvent: COC13
Ambient temperature
File: p3a3

INOVA-500 "NENUS00"

Relax. delay 1.000 sec

Acq. tim 892 sec
width 8500.7 Hz

8 repetitions

OBSERVE  H1, 499.8025995 MHz
DATA PROCESSING

FT size 655

Total time 0 min, 23 sec

OMe

S25

N
=
b
o
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S
o~ :’.,.3@2 -
2% 3533
° @ SRS
2 i 5 L ]
- I <
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—T r — T — . —1T T
11 10 9 - 8 v ok .6 S 4,
s > v oo @ »
et = 9 g o
- o o o o o
STANDARD CARBON PARANETERS o N
Archive directory: /export/home/ouyy/vomrsys/data "3
Sample directory: N
bo) z
Pulse Sequence: sZpul
Solvent: COC13
Ambient temperature
User: 1-14-87
File: r136
INOVA-500 “NENUS00"
Relax. delay 0.500 sec i
Pulse 45.0 degrees Sax
Acq. time 1.300 sec ST
Vidth 31121.8 Hz RAR
128 repetitions bl
BSERVE C13, 125.6754680 WHz |
DECOUPLE W1, 439.8050905 WHz
Power 4
cont inuously on "
VALTZ-16 modulated »
DATA PROCESSING ©
Line broadening 1.5 Mz - 5
FT size 131072 ] g
Total time 2 hr, 3 min, 31 sec | o
oo sz
25 =283
? Pa®
an o n
a5 Se. -
ua S o
all = LU 8
~ wnl S U -
A L 2
a R s -
sl 883 a H
| [ s
| |
| |
|
|
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Product 2v

STANDARD PROTON PARANETERS <° SN
Archive directory: /export/home/ouyy/vamrsys/data o o
Sample directory: N

Pulse Sequence: s2pul
Solven
Ambi en
File: p075

INOVA-500 "NENUS00"

: coc1s
temperature

Total time 0 min, 23 sec

Fualt L
38883:
g GiEn T ] g
q ege® ' <
: 7l .1 x
| [
|
= -8 . . % = . 1
10 28 & 8 -6 5 3 2 1 -0 ppm

STANDARD CARBON PARAMETERS

Archive directory: /export/home/ouyy/vnarsys/data
mple directory:

N

fo] S
Pulse Sequence: s2pul <

Solvent: cdc13 (o) z
Ambient temperature

user: 1-14-87
File: o112
INOVA-500 "NENUS00™

Relax. delay 0.500 sec

384 repetitions

OBSERVE C13, 125.6754661 MNz
DECOUPLE M1, 499.8050905 WHz
Power 42

cont inuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.5 Hz

FT size 131072

Total time 3 hr, S6 sec

157.460
—130.205
(_130.140
—115.517
T_115.348
—102.202
101.840

_ —104.854

165.372

——163.381
_—159.0%6
154.198
150,222
———148.258
120.587

—134.295

Ll L L] L .l!
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Product 2w

STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vomrsys/data
Sample directory: =

Pulse Sequence: s2pul Cl

Solvent: COCI3
Ambient temperature

File: p3ss

INOVA-500 “NENUS00® <OI>r"l:
Relax. delay 1.000 sec N
Pulse 45.0 degrees (8} z
Acq. time 1.592 sec

Width 8500.7 Hz

8 repetitions

OBSERVE W1, 499.8025909 NHZ

DATA PROCESSING

FT size 65536

Total time 0 min, 23 sec

4 .
H g2nEs 3
3 PR M ©

e i
(77 ‘

©
s

-0.000

Cl

STANDARD CARBON PARAMETERS o N\
Archive directory: /export/home/ouyy/vimrsys/data <
Sample directory: 5 _N

Pulse Sequence: s2pul

Solvent: CDCI3
Aabient temperature
a-87

User: 1-

File: raoz

INOVA-500 “NENUS00"

Relax. delay 0.500 sec e
Pulse 4 egre 883
Acq. time 1.300 sec R
Vidth 31421.8 Hz INNN
256 repetitions L1
OBSERVE €13, 125.6754397 WHz

DECOUPLE M1, 439.8050905 MHz !

Power
continuously on

n
FT size 131072
Total time 2 hr, 3 min, 31 sec

—129.667
128.870

157.654
—150.383
—————— 148.643
—136.866
L_136.445

120.984

109.935

S—— . o WA A B
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Product 2x

STANDARD PROTON PARAMETERS

o) N
Archive directory: /export/home/ouyy/vnmrsys/data =
Sample directory:
o 2N
Pulse Sequence: szpul

Solvent: COC13
Ambient temperature
File: o

INOVA-500 “NENUS00"

Relax. delay 1.000 sec

ns
Hi, 459.8025911 NNz
NG

i
Total time 0 min, 23 sec

- -
K 33 338 5
g3 a9 e °
-~ ET] LN ‘ o
8 U l “l ‘ s
. = ,,,lQ—LJLL, l ey = Sl e i Jl
2 — P S T Ve e
11 10 -9 - 8 v v el v 6 5 a 3 2 1 =0 ppm
2 s = ne 3
B - w e e ~

STANDARD CARBON PARAMETERS <°
Archive directory: /export/home/ouyy/vomrsys/data 2N
Sample directory: o

Pulse Sequence: s2pul
Solvent: cdcl3d

Anbient temperature
user: 14-87
Fi1
INOVA

00 "NENUS00"

Relax. delay 0.500 sec
Pulse 45.0 degrees

Acq. time 1.300 sec

Width 31421.8 Hz

512 repetitions

OBSERVE  C13, 125.6754637 NHz
DECOUPLE H1, 499.8050905 NHz

—77.256
{77.000
_76.748

Power

cont inuous ly o o
WALTZ-16 modulated o~
DATA PROCESSIN 2
Line broadening 1.5 Hz e
FT size 1 an
Total time 3 hr, 56 sec 2

- BN
s \ =Sz
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Product 2y

STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vomrsys/data
Sample director:

Pulse Sequence: s2pul
Solvent: COC13
Ambient temperature
File: n3s?

INOVA-500 “NENUSO0"

Relax. delay 1.000 sec
Pulse 45.0 degrees

8 repetitions
OBSERVE  H1, 499.8025830 WHZ
DATA PROCESSING

FT size 65536
Total time 0 min, 23 sec

6.189

9.183
—B.668
8.652

1
|

0.96¢
]
1
0.87«
0.89+

STANDARD CARBON PARAMETERS

Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory:

Pulse Sequence: s2pul
Solvent: cdcl3
Anbient temperature
User: 1-14-87

File: n938

INOVA-500 “NENUSO0O™

Relax. delay 0.500 sec
Pulse 45.0 degrees

320 repetitions

OBSERVE C13, 125.6754675 MHz
DECOUPLE  H1, 499.8050305 MHz
Power 42 d

cont {nuous 1y on

Total time 3 hr, 56 sec

—125.417

104,964
—102.336
<.101.832

157.494
—128.358
1257385

_—156.513
_154.350
~—150.177
141.410
121.083

———148.708

) 0 LL

76.996
76.744

—77.252

l\;

- . .
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STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vomrsys/data
Sample directory:

Pulse Sequence: s2pul

Solvent: CDC13

Ambient temperature

File: 0304
00

INOVA-S "NENU500"

Relax. delay 1.000 sec
Pulse 45.0 degrees

cq. time 1.892 sec
Width 8500.7 Wz

8 repetitio
BSERVE  H1
DATA PROCESS
FT size 65536
Total time 0 min, 23 sec

ns
, 499.8025909 MMz
inG

1.904
2.06{
1.924

STANDARD CARBON PARANETERS

Archive directory:
Sample directory:

/export/home /ouyy /vnmrsys /data

Pulse Sequence: sZpul

IR E]
fent temperature
1-14-87
Flle: 0305

INOVA-500 “NENUSDD"

Relax. delay 0.500 sec

Pulse 45.0 degrees

Acq. time 1.300 sec

Vidth 31421.8 Hz

128 repetitions
OBSERVE  C13, 125.6754675 MHZ
DECOUPLE M1, 439.8050905 MHz

Line broadening 1.5 Hz
FT size 131072
Total time 3 hr, S6 sec

150.483

-158.761

—150.654
—135.470

,—158.883

145.431

—7.264

—122.258
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Product 2aa

STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vomrsys/data
Sample directory:

Pulse Sequence: szpul
Solvent: CDC13
Ambient temperature
File: 0438

INOVA-500 “NENUS00"

Relax. delay 1.000 sec
Pulse 45.0 degrees

DATA PROCESSING
FT size 6553
Total time 0 min, 23 sec

53 1
]
] A_‘_ A__rJJ'J,;‘ i
o B S T /\ L (R (IS T ) S LA |
5 8 10 = 9’; &N’,’\_ 7 6

AUARD CARBON PARAMETERS

Archive directory: Jexport/home/ouyy/vimrsys/data
Sample directory:

Pulse Sequence: s2pul

Solvent: cdcl3
Ambient temperature
-14-87

File: 0133
-500

TNOVA: “NENUS00"

Relax. delay 0.500 sec

Pulse 45.0 degrees

Acq. time 1.300 sec
Hz

256 repetitions

OBSERVE C13, 125.6754656 NHZ
DECOUPLE H1, 493.8050305 NHz
Power 42 dB

continuous Iy on
WALTZ-16 modulated
DATA PROCESSING

Line broadening 1.5 Hz
FT size 131072

Total time 3 hr, 56 sec

130.052
129.472

—132.378
\_128.911

~—130.506

=

~158.730

—159.039
150.676
—135.527

142,287

Lol |
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Product 2ab

STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory:

Pulse Sequence: sZpul

Solvent: CDC13
Ambient temperature
File: p3s1
INOVA-500 “NENUS00*

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 1.892 sec

width 8500.7 Hz

8 repetitions

OBSERVE  H1, 499 8025995 Miz
DATA PROCESSING

FT size 65536

Total time 0 min, 23 sec

&
o wow, ~2INGEL
o o~ [ATZEERN
- 33 Soafgenisge
s 88 Za7eRoanT e
s 1101 |
! 1
‘ L
e T T—————T—————T——
10 - £ 009 7 6
s " juiengnes
g 2 z S22
5 & R
STANDARD CARBON PARAMETERS
Archive directory: /export/home/ouyy/vimrsys/data
Sample directory:
Pulse Sequence: s2pul
¢
User: 1
File: 1258
INOVA-500 “NENUS00"
Relax. delay 0.500 sec
Pulse 45.0 degrees
cq. time 1.300 sec
Width 31421.8 Wz
192 repetitions
OBSERVE C13, 125.6754618 MHz
DECOUPLE M1, 499.8050905 MMz
8
cont inuous ly on
WALTZ-16 modulated
DATA PROCESSIN
Line broadening 1.5 Wz
1 size 131072 . R
Total time 3 hr, 56 sec 25:: #'v::
o snenBioe
] ihe 8§58
5 :E"E a4 kel
2 TLEL [Py

151.600
) 125133
— 119,217
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Product 3

STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory:

Pulse Sequence: s2pul

Solvent: €OC13

Ambient temperature
File: 0378
INOVA-500 “NENUSO00"

Relax. delay 1.000 sec
es

Acq. time 1
Width 8500.7 Hz

ns
R H1, 499.8025845 WHz
DATA PROCESSING

6
Total time 0 min, 23 sec

STANDARD CARBON PARAMETERS

Archive directory: /export/home/ouyy/vnmrsys/data
Sample directory:

Pulse Sequence: s2pul

Solvent: cdcl3
Ambient temperature
User: 1-14-87

File: 0405

INOVA-500 “NENUS00"

Relax. delay 0.500 sec

128.5189
122.105

ously on
WALTZ-16 modulated
DATA PROCESSING

Total time 3 hr, S6 sec

129.362
28.973
\~127.653

135.317
i
-122.033

160.405
149.955

A L ]

3.431
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Product 2r and 2r-d,

I
\

STANDARD PROTON PARANETERS
Jexport /home /ouyy /vomr sys /data N

Archive directory:
Sample directory:
H/ID

Pulse Sequence: s2pul
Solvent: COC13
Ambient temperature

File: s
INOVA-500 “NENUS00"

Relax. delay 1.000 sec
Pulse 220.4 degrees

36
Total time 1 min, 18 sec

—=0.000

Product 2c and 2c¢-d;

STANDARD PROTON PARAMETERS

Archive directory: /export/home/ouyy/vomrsys/data
Sample directory:

Pulse Sequence: s2pul
Solvent: CDC13

Ambient temperature

File: 5479 DH DM
INOVA-500  “NENUSO00"

Relax. delay 1.000 sec

Pulse 220.4 degrees

Acq. time 1.455 sec

width 9052.8 Hz

32 repetitions

SERVE  H1, 499.8025890 MHz
SsinG

7.421
7.266

-0.000

36
Total time 1 min, 18 sec

4.808

| HN
| DH DM
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VI1I. Structrue analysis X-Ray Crystallography of 2a

Table 1. Crystal data and structure refinement for i41a.

Identification code i4la

Empirical formula C15H14 N2

Formula weight 222.28

Temperature 293(2) K

Wavelength 0.71073 A

Crystal system, space group ?, ?

Unit cell dimensions a=14.4293(16) A  alpha =90 deg.

b =14.4293(16) A beta = 90 deg.
€=22.345(5) A gamma = 90 deg.

Volume 4652.3(13) A"3
Z, Calculated density 16, 1.269 Mg/m~3
Absorption coefficient 0.076 mm~-1

F(000) 1888

Crystal size ?2Xx?x?mm

Theta range for data collection ~ 1.68 to 25.05 deg.

Limiting indices -17<=h<=17, -17<=k<=9, -24<=|<=26
Reflections collected / unique 13088 / 2059 [R(int) = 0.0606]
Completeness to theta = 25.00 100.0 %

Refinement method Full-matrix least-squares on F~2
Data / restraints / parameters 2059/0/155

Goodness-of-fit on F~2 1.107

Final R indices [I1>2sigma(l)] R1=0.2096, wR2 = 0.3168

R indices (all data) R1=10.2669, wR2 = 0.3383

Extinction coefficient 0.00000(6)
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Largest diff. peak and hole

Table 2. Atomic coordinates ( x 10"4) and equivalent isotropic

0.618 and -0.417 e.A"-3

displacement parameters (A2 x 10/3) for i4la.

U(eq) is defined as one third of the trace of the orthogonalized

Uij tensor.
X y z U(eq)
N(1) 10876(7) 3711(6) -471(4) 76(3)
N(2) 11097(7) 3782(7) 563(5) 81(3)
C(7) 11374(7) 3735(7) 2(5) 60(3)
C(10) 9895(7) 3733(6) -365(6) 61(3)
C(6) 12402(7) 3732(7) -81(6) 69(3)
C(9) 9576(9) 3757(7) 181(6) 71(4)
C(5) 12843(6) 3697(8) -630(6) 75(3)
C(4) 13771(8) 3670(8) -710(6) 84(4)
C(3) 14342(8) 3706(9) -198(7) 87(4)
C(11) 9323(9) 3693(9) -840(6) 86(4)
C(12) 8374(8) 3706(8) -755(6) 82(4)
C(13) 8031(8) 3737(7) -163(7) 81(4)
C(1) 12966(9) 3743(8) 447(6) 80(4)
C(2) 13924(9) 3741(9) 346(6) 84(4)
C(14) 8544(10) 3785(9) 320(7) 96(4)
C(15) 6955(7) 3774(10) -102(6) 97(4)
C(8) 10166(12) 3790(10) 630(8) 121(6)
Table 3. Bond lengths [A] and angles [deg] for i41a.

N(1)-C(7) 1.278(13)

N(1)-C(10) 1.435(14)

N(2)-C(8) 1.352(16)

N(2)-C(7) 1.317(14)

N(2)-H(2) 0.8600

C(7)-C(6) 1.495(14)

C(10)-C(9) 1.306(15)

C(10)-C(11) 1.344(15)

C(6)-C(1) 1.433(15)

C(6)-C(5) 1.382(15)

C(9)-C(8) 1.317(19)

C(9)-C(14) 1.521(18)

C(5)-C(4) 1.352(14)

C(5)-H(5) 0.9300

C(4)-C(3) 1.411(17)

C(4)-H(4) 0.9300

C(3)-C(2) 1.358(16)

C(3)-H(3) 0.9300

C(11)-C(12) 1.382(15)

C(11)-H(11) 0.9300

C(12)-C(13) 1.413(17)

C(12)-H(12) 0.9300

C(13)-C(14) 1.311(17)

C(13)-C(15) 1.560(15)

C(1)-C(2) 1.400(16)

C(1)-H(1) 0.9300

C(2)-H(2) 0.9300

C(14)-H(14) 0.9300

C(15)-H(15A) 0.9600

C(15)-H(15B) 0.9600

C(15)-H(15C) 0.9600

C(8)-H(8A) 0.9700

C(8)-H(8B) 0.9700

C(7)-N(1)-C(10) 114.7(10)
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C(8)-N(2)-C(7)
C(8)-N(2)-H(2)
C(7)-N(2)-H(2)
N(1)-C(7)-N(2)
N(1)-C(7)-C(6)
N(2)-C(7)-C(6)
C(9)-C(10)-C(11)
C(9)-C(10)-N(1)
C(11)-C(10)-N(1)
C(1)-C(6)-C(5)
C(1)-C(6)-C(7)
C(5)-C(6)-C(7)
C(10)-C(9)-C(8)
C(10)-C(9)-C(14)
C(8)-C(9)-C(14)
C(4)-C(5)-C(6)
C(4)-C(5)-H(5)
C(6)-C(5)-H(5)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4)
C(3)-C(4)-H(4)
C(4)-C(3)-C(2)
C(4)-C(3)-H(3)
C(2)-C(3)-HB)
C(12)-C(11)-C(10)
C(12)-C(11)-H(11)
C(10)-C(11)-H(11)
C(11)-C(12)-C(13)
C(11)-C(12)-H(12)
C(13)-C(12)-H(12)
C(14)-C(13)-C(12)
C(14)-C(13)-C(15)
C(12)-C(13)-C(15)
C(2)-C(1)-C(6)
C(2)-C(1)-H(1)
C(6)-C(1)-H(1)
C(1)-C(2)-C(3)
C(1)-C(2)-H(2)
C(3)-C(2)-H(2)
C(13)-C(14)-C(9)
C(13)-C(14)-H(14)
C(9)-C(14)-H(14)
C(13)-C(15)-H(15A)
C(13)-C(15)-H(15B)

H(15A)-C(15)-H(15B)

C(13)-C(15)-H(15C)

H(15A)-C(15)-H(15C)
H(15B)-C(15)-H(15C)

N(2)-C(8)-C(9)
N(2)-C(8)-H(8A)
C(9)-C(8)-H(8A)
N(2)-C(8)-H(8B)
C(9)-C(8)-H(8B)
H(8A)-C(8)-H(8B)

114.1(12)
123.0
123.0
128.1(10)
117.1(11)
114.8(11)
121.4(12)
120.1(10)
118.4(12)
118.0(10)
117.5(11)
124.5(11)
119.0(14)
122.5(11)
118.4(13)
125.1(12)
117.4
117.4
118.0(12)
121.0
121.0
117.9(11)
121.0
121.0
120.0(13)
120.0
120.0
118.4(13)
1208
120.8
125.1(13)
119.2(13)
115.6(12)
115.3(12)
1223
1223
125.7(12)
117.2
117.2
112.5(13)
1238
1238
109.5
109.5
109.5
109.5
109.5
109.5
123.9(15)
106.4
106.4
106.4
106.4
106.4

Symmetry transformations used to generate equivalent atoms:

Table 4. Anisotropic displacement parameters (A2 x 1073) for i41a.

The anisotropic displacement factor exponent takes the form:

-2 pif2 [ "2 a*2 ULl + ... + 2 h k a* b* U12 ]

U1l u22 u33 u23 u13 u12
N(1) 78(7) 66(6) 83(7) 11(5) -20(5) -3(5)
N(2) 66(6) 91(7) 86(7) -10(6) 6(5) 0(6)
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C(7)
C(10)
C(6)
C(9)
C(5)
C(4)
C(3)
C(11)
C(12)
C(13)
C(L)
C(2)
C(14)
C(15)
C(®)

62(6)
66(7)
51(6)
104(10)
34(5)
61(7)
41(6)
96(10)
46(6)
68(8)
84(8)
77(8)
92(10)
49(7)
140(15)

40(5)
35(5)
64(7)
39(5)
91(8)
98(9)
99(9)
94(9)
87(9)
49(6)
66(7)
87(9)
77(9)
127(11)
78(10)

80(8)
84(8)
93(9)
69(8)
99(9)
91(9)
121(11)
70(8)
114(11)
127(12)
90(9)
89(9)
117(11)
114(11)
144(16)

0(5)
6(5)
21(6)

-10(5)

20(7)
26(7)
27(9)
-3(7)
0(8)
12(7)
6(6)
-1(7)
-9(8)
3(9)
-8(10)

12(6)

-28(6)

0(6)

-36(7)

7(6)
20(7)
17(7)
-9(7)
11(7)
18(8)
-2(7)

-29(7)
-29(9)

21(7)

61(13)

6(5)
-7(5)
0(5)
7(6)
6(5)
0(7)
2(6)
1(8)

-11(6)

-5(6)

-16(6)

-5(7)
3(7)
-6(7)
12(10)
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