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General methods

Dried solvent, such as DCM, DCE, MeOH and THF were purchased from domestic corporations
and used without purification. [Cp*Co(CO)I,] was purchased from domestic corporation, AgSbFg,
AgNtf,, AgOAc, AgBF, and AgOTf were purchased from Alfa. Analytical thin layer chromatography
(TLC) plates, preparative TLC and the silica gel for column chromatography were phased from
Qingdao Haiyang Chemical and Special Silica Gel Co, Ltd.

High-resolution LC-MS was carried out by Agilent LC/MSD TOF using a column of Agilent ZORBAX
SB-C18 (rapid resolution, 3.5 um, 2.1 x 30 mm) at a flow of 0.40 mL/min. The solvent was
MeOH/water (75:25 (v/v)), containing 5 mmol/L ammonium formate. The ion source is electrospray
ionization (ESI).

Proton nuclear magnetic resonance (*H NMR) and carbon nuclear magnetic resonance (33C NMR)
spectroscopy were performed on Bruker Advance 400M NMR spectrometers or 500M NMR
spectrometers. Chemical shifts of 'H NMR spectra are reported as in units of parts per million (ppm)
downfield from SiMe, (6 0.0) and relative to the signal of chloroform-d (6 = 7.260, singlet) and DMSO-
d6 (6 = 2.500, quintet). Multiplicities were given as: s (singlet); d (doublet); t (triplet); g (quartet); dd
(doublet of doublets); m (multiplets), etc. The number of protons (n) for a given resonance is
indicated by nH. Carbon nuclear magnetic resonance spectra (*3C NMR) are reported as in units of
parts per million (ppm) downfield from SiMe, (6 0.0) and relative to the signal of chloroform-d (6 =

77.230, triplet) and DMSO-d6 (6 = 39.510, septet).
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H/D exchange experiment

A mixture of [Cp*Co(CO)I,](5.0 mol%), AgNTf, (10 mol%), Zn(OAc), (1 eq) and benzamide 1s (0.2
mmol) in 2.0 mL DCE and 0.5 mL [D4]-MeOH was heated to 120°C, and stirred overnight. Then
the reaction mixture was cooled to room temperature and filtered, the filtrate was concentrated

and the residue was purified with flash column chromatography. 10% deuteration on phenyl C-H

was detected.
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KIE experiment

The parallel reactions with 1m and deuterated substract 1m-ds under the standard conditions were
proceeded: A mixture of [Cp*Co(CO)I,](5.0 mol%), AgNTf, (10 mol%), Zn(OAc), (1 eq) and benzamide
1m or 1m-ds5 (0.2 mmol) and 3-methyl-1,4,2-dioxazol-5-one (0.24 mmol) in 2.0 mL DCE was heated
to 120°C 1h. Then the two reaction mixtures were combined, cooled to room temperature and
filtered, the filtrate was concentrated and the residue was purified with flash column

chromatography. KIE value (ky/Kp = 1.2) was determined by *H NMR analysis.
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General procedure for synthesis of amides and dioxazolones:

A. General procedure for synthesis of amides

0] 0]
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B. General procedure for synthesis of dioxazolones
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Method A: Acyl chloride (10 mmol) and trimethylamine (1.67 mL, 12 mmol) were dissolved in 20
mL DCM at 0 °C, then amine (12 mmol) was added. The reaction was allowed to warm to room
temperature and stirred overnight. The reaction was quenched by water. DCM was used to
extract the product from the aqueous layer. The combined organic layer was washed with water
(3x50 mL), dried over Na,SQ,, filtered and concentrated. The crude product was purified by silica
gel chromatography.

Method B: To a suspension of 1,1-Carbonyldiimidazole (2.43 g, 15 mmol) in THF (30 mL) was
added carboxylic acid (10 mmol) and hydroxylamine hydrochloride (1.67 g, 20 mmol), and stirred
at room temperature overnight. When the starting material was consumed completely, the
reaction mixture was filtered and washed with THF. The filtrate was concentrated and purified by
silica gel chromatography.

Method C*: To a solution of hydroxamic acid (10 mmol) in DCM (100 mL) was added 1,1-
Carbonyldiimidazole (1.62 g, 10 mmol). The resulting solution was stirred at room temperature
and for 0.5h. Then the mixture was quenched with 1 M HCI, extracted with dichloromethane,
washed by water and dried over anhydrous Na,SO,. The solvent was evaporated under the
reduced pressure to afford the crude product.

Method D: Hydroxylamine hydrochloride (2.48 g, 36 mmol) was added to a biphasic mixture of
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K,CO3 (8.28 g, 60 mmol) in a 2:1 mixture of EtOAc (120 mL) and H,0 (60 mL). The resulting
solution was cooled to 0 °C followed by dropwise addition of acyl chloride (30 mmol) dissolved in
a minimum amount of EtOAc. The reaction was allowed to warm to room temperature and
stirred for 2 h. EtOAc was used to extract the product from the aqueous layer. The combined
organic layer was washed with water (3x50 mL), dried over Na,SO,, filtered and concentrated to

afford the crude product.
3-methyl-N-(methylsulfonyl) benzamide (1ab)
@) Method A. White solid (2.0 g, 94%), Rs = 0.4 (EtOAc/Petroleum ether = 1:1). *H
\©)ka NMR (400 MHz, DMSO-d6) & 12.06 (br s, 1H), 7.77 (s, 1H), 7.75 = 7.67 (m, 1H),
O:?:O 7.59 —7.22 (m, 2H), 3.36 (s, 3H), 2.37 (s, 3H). 3C NMR (101 MHz, DMSO-d6) &
166.5, 138.0, 133.8, 131.7, 128.9, 128.5, 125.6, 41.3, 20.8. MS (m/z) [M + H]*: 214.25.
N-(tert-butyl)-3-methylbenzamide (1ac)
o Method A. White solid (1.2 g, 63%), R¢ = 0.4 (EtOAc/Petroleum ether = 1:1). H
\©)‘\NH NMR (400 MHz, DMSO-d6) 6 7.68 (s, 1H), 7.60 (s, 1H), 7.59 — 7.52 (m, 1H), 7.30
(dd, J = 8.8, 4.3 Hz, 2H), 2.34 (s, 3H), 1.37 (s, 9H). 13C NMR (101 MHz, DMSO-d6) &
166.4, 137.2, 135.9, 131.2, 127.9, 127.8, 124.5, 50.7, 28.6, 20.9. MS (m/z) [M + H]*: 192.27.
N-methoxy-3-methylbenzamide (1a)
0] Method B. White solid (1.6 g, 97%), R¢ = 0.2 (EtOAc/Petroleum ether = 1:1).
.OMe
\©)‘\” 1H NMR (400 MHz, CDCl5) & 8.92 (br s, 1H), 7.57 (s, 1H), 7.51 (d, J = 6.6 Hz,
1H), 7.38 — 7.28 (m, 2H), 3.89 (s, 3H), 2.39 (s, 3H). *3C NMR (101 MHz, CDCls)
6166.9, 138.8, 133.0, 131.8, 128.7, 127.8, 124.0, 64.7, 21.5. MS (m/z) [M + H]*: 166.19.
N,3-dimethylbenzamide (1b)
Method A. White solid (1.3 g, 87%), R¢ = 0.3 (EtOAc/Petroleum ether = 1:1). *H
\©)‘\NH NMR (400 MHz, DMSO-d6) § 8.37 (s, 1H), 7.64 (s, 1H), 7.63 — 7.57 (m, 1H), 7.40 —
7.20 (m, 2H), 2.77 (d, J = 4.6 Hz, 3H), 2.35 (s, 3H). 3C NMR (101 MHz, DMSO-d6)
6 166.7, 137.5, 134.5, 131.5, 128.1, 127.6, 124.1, 26.2, 21.0. MS (m/z) [M + H]*: 150.19.
N-butyl-3-methylbenzamide (1c)
(0] Method B. Colourless soil (1.8 g, 94%), R¢ = 0.3 (EtOAc/Petroleum ether
\©)‘\”/\/\ =1:1). 'H NMR (400 MHz, CDCl;) § 7.58 (s, 1H), 7.52 (dd, J = 4.8, 3.6 Hz,
1H), 7.29 (dd, J = 4.0, 1.7 Hz, 2H), 6.17 (br s, 1H), 3.44 (dd, J = 12.9, 7.1

Hz, 2H), 2.38 (s, 3H), 1.66 — 1.54 (m, 2H), 1.41 (dq, J = 14.5, 7.3 Hz, 2H), 0.95 (t, J = 7.3 Hz, 3H). 13C
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NMR (101 MHz, CDCl;) 6 167.9, 138.5, 135.0, 132.1, 128.5, 127.8, 123.9, 39.9, 31.9, 21.5, 20.3, 13.9.
MS (m/z) [M + H]*: 192.15.
N-benzyl-3-methylbenzamide (1d)
O Method B. White solid (2.1 g, 93%), R = 0.2 (EtOAc/Petroleum ether =
ﬁu@ 1:1). *H NMR (400 MHz, CDCl;) 6 7.62 (s, 1H), 7.57 (dd, J = 6.0, 2.6 Hz,
1H), 7.35 (d, J = 4.3 Hz, 4H), 7.33 — 7.27 (m, 3H), 6.53 (br s, 1H), 4.72 —
4.58 (m, 2H), 2.38 (s, 3H). 3C NMR (101 MHz, CDCl;) 6 167.7, 138.6, 138.4, 134.5, 132.4, 128.9, 128.6,
128.0,127.9,127.7,124.0, 44.2, 21.5. MS (m/z) [M + H]*: 226.12.
N,3-dimethoxybenzamide (1e)
(0] Method B. Colourless oil (1.0 g, 55%), R¢ = 0.3 (EtOAc/Petroleum ether
O .OMe
\©)‘\” = 1:1). 'H NMR (400 MHz, CDCl5) & 8.75 (br s, 1H), 7.39 — 7.28 (m, 2H),
7.24(d, J= 7.6 Hz, 1H), 7.06 (dd, J = 8.2, 2.4 Hz, 1H), 3.89 (s, 3H), 3.84 (s,
3H). 13C NMR (101 MHz, CDCl3) 6 166.6, 160.0, 133.3, 129.9, 118.9, 118.6, 112.4, 64.8, 55.6. MS (m/z)
[M + H]*: 182.19.
3-(dimethylamino)-N-methoxybenzamide (1f)
| 0] Method B. White solid (1.3 g, 67%), R¢ = 0.4 (EtOAc/Petroleum ether =
_N .OMe
\©)J\H 1:1). *H NMR (400 MHz, CDCl3) 6 9.01 (s, 1H), 7.25 — 7.20 (m, 1H), 7.14 (s,
1H), 6.96 (d, J = 7.5 Hz, 1H), 6.85 (d, J = 8.2 Hz, 1H), 3.86 (d, J = 1.4 Hz,
3H), 2.98 (s, 3H), 2.97 (s, 3H). 13C NMR (101 MHz, CDCl;) & 167.3, 150.6, 132.8, 129.4, 116.0, 114.4,
111.3,64.9, 64.7, 40.7. MS (m/z) [M + H]*: 195.23.
N-methoxy-[1,1'-biphenyl]-3-carboxamide (1g)
Method B. White solid (1.6 g, 70%), R¢ = 0.2 (EtOAc/Petroleum ether =
\©)‘\ :1). 'H NMR (400 MHz, CDCl3) § 9.32 (br s, 1H), 7.97 (s, 1H), 7.74 — 7.67
(m, 2H), 7.57 (d, J = 7.2 Hz, 2H), 7.51 — 7.39 (m, 3H), 7.38 — 7.33 (m, 1H),
3.87 (s, 3H). 3C NMR (101 MHz, CDCl3) 6 166.7, 142.0, 140.1, 132.4, 130.8, 129.3, 129.0, 128.0, 127.3,
126.0, 125.8, 64.6. MS (m/z) [M + H]*: 228.26.
3-chloro-N-methoxybenzamide (1h)
Method B. White solid (1.2 g, 65%), Rs = 0.3 (EtOAc/Petroleum ether = 1:1).

ﬁ 1H NMR (400 MHz, CDCls) & 8.91 (br s, 1H), 7.73 (s, 1H), 7.61 (d, J = 7.7 Hz,

), 7.50 (d, J = 8.1 Hz, 1H), 7.42 — 7.34 (m, 1H), 3.88 (s, 3H). 3C NMR (101
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MHz, CDCl5) & 165.4, 135.1, 133.7, 132.3, 130.2, 127.5, 125.3, 64.8. MS (m/z) [M + H]*: 186.01.
3-bromo-N-methoxybenzamide (1i)

Method B. White solid (1.9 g, 83%), R = 0.3 (EtOAc/Petroleum ether =
Br .OMe

Irz

1:1). *H NMR (400 MHz, CDCl5) § 9.95 (s, 1H), 7.91 (d, J = 1.5 Hz, 1H), 7.69
(d,J=7.8 Hz, 1H), 7.60 (dd, J = 8.0, 0.7 Hz, 1H), 7.28 — 7.23 (m, 1H), 3.83 (s,
3H). 3C NMR (101 MHz, CDCl;) 6 165.1, 135.1, 133.7, 130.4, 130.3, 125.8, 122.8, 64.5. MS (m/z) [M +
H]*: 229.97.
Methyl 3-(methoxycarbamoyl) benzoate (1j)
MeOOC CONHOMe Method B. White solid (1.3 g, 62%), R¢ = 0.5 (EtOAc/Petroleum
\©/ ether = 1:1). 'H NMR (400 MHz, DMSO-d6) & 11.98 (s, 1H), 8.34 (s,
1H), 8.10 (s, 1H), 8.02 (d, J = 7.8 Hz, 1H), 7.74 — 7.41 (m, 1H), 3.98 — 3.84 (m, 3H), 3.73 (s, 3H). 3C NMR
(101 MHz, DMSO-d6) 6 165.7, 163.1, 132.8, 132.1, 131.7, 129.9, 129.2, 127.8, 63.3, 52.4. MS (m/z) [M
+ HJ]*: 210.11.
3-acetyl-N-methoxybenzamide (1k)
0] O Method B. White solid (0.9 g, 47%), Ri= 0.3 (EtOAc/Petroleum ether =
.OMe
WN 3:1). *H NMR (400 MHz, CDCl3) § 9.93 (s, 1H), 8.35 (s, 1H), 8.06 (d, J = 7.7
Hz, 1H), 8.02 (d, J = 7.7 Hz, 1H), 7.55 — 7.50 (m, 1H), 3.88 (s, 3H), 2.62 (s,
3H). 3C NMR (101 MHz, CDCl3) & 197.9, 160.4, 137.3, 132.4, 132.1, 131.7, 129.2, 126.8, 64.8, 26.8. MS
(m/z) [M + H]+: 194.21.
N-methoxy-3-nitrobenzamide (1I)
O Method B. White solid (1.2 g, 61%), R = 0.4 (EtOAc/Petroleum ether =
O5N .OMe
\©)J\” 1:1). *H NMR (400 MHz, DMSO-d6) & 12.14 (s, 1H), 8.56 (s, 1H), 8.40 (d, J
= 8.0 Hz, 1H), 8.19 (d, J = 7.8 Hz, 1H), 7.81 — 7.77 (m, 1H), 3.75 (s, 3H).
13C NMR (101 MHz, DMSO-d6) 6 161.8, 147.8, 133.6, 133.5, 130.4, 126.3, 121.8, 63.5. MS (m/z) [M +

H]*: 197.05.
N-methoxybenzamide (1m)

O Method B. White solid (1.5 g, 99%), R¢ = 0.2 (EtOAc/Petroleum ether = 1:1). H
.OMe

ﬁ NMR (400 MHz, DMSO-d6) & 11.72 (br s, 1H), 7.75 (d, J = 7.7 Hz, 2H), 7.58 —

7.52 (m, 1H), 7.50 — 7.44 (m, 2H), 3.71 (s, 3H). 3C NMR (101 MHz, DMSO-d6) &

164.1, 132.3, 131.6, 128.4, 127.0, 63.2. MS (m/z) [M + H]*: 152.17.
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N-methoxy-[1,1'-biphenyl]-4-carboxamide (1n)
) Method B. White solid (2.0 g, 88%), R¢ = 0.2 (EtOAc/Petroleum ether =
.OMe
/©)‘\M 1:1). *H NMR (400 MHz, DMSO-d6) & 11.81 (s, 1H), 7.85 (d, J = 8.1 Hz, 2H),
Ph 7.81 — 7.75 (m, 2H), 7.72 (d, J = 7.6 Hz, 2H), 7.52 — 7.46 (m, 2H), 7.43 -
7.36 (m, 1H), 3.73 (s, 3H). 13C NMR (101 MHz, DMSO-d6) 6 163.8, 159.3, 143.1, 139.0, 131.0, 129.0,
128.1,127.7,126.9, 126.7, 63.3. MS (m/z) [M + H]*: 228.26.
N-methoxy-4-methylbenzamide (10)
O Method B. White solid (1.6 g, 97%), R¢ = 0.3 (EtOAc/Petroleum ether = 1:1).
.OMe
/©)‘\H 14 NMR (400 MHz, CDCl;) 6 8.98 (br s, 1H), 7.64 (d, J = 7.9 Hz, 2H), 7.20 (d, J
= 6.2 Hz, 2H), 3.85 (d, J = 3.4 Hz, 3H), 2.38 (s, 3H). 13C NMR (101 MHz, CDCl5)
6 166.7,142.6,129.4,129.1, 127.2, 64.5, 21.6. MS (m/z) [M + H]*: 166.21.
4-chloro-N-methoxybenzamide (1p)
Method B. White solid (1.1 g, 59%), R¢ = 0.2 (EtOAc/Petroleum ether =
/©)J\ :1). *H NMR (400 MHz, CDCls) & 8.7 (br s, 1H), 7.7 (d, J = 8.5 Hz, 2H), 7.4
(d, J = 8.5 Hz, 2H), 3.89 (s, 3H). 3C NMR (101 MHz, CDCl5) & 165.1, 138.5,
130.0, 129.1, 128.6, 64.6. MS (m/z) [M + H]*: 186.22.
N-methoxy-4-nitrobenzamide (1q)
Method B. White solid (1.5 g, 77%), R¢ = 0.4 (EtOAc/Petroleum ether =
/O)‘\ :1). 'H NMR (400 MHz, DMSO-d6) 6 12.11 (br s, 1H), 8.32 (d, J = 8.6 Hz,
), 7.98 (d, J = 8.6 Hz, 2H), 3.73 (s, 3H). 3C NMR (101 MHz, DMSO-d6)
6 162.3, 149.3, 138.0, 128.6, 123.7, 63.4. MS (m/z) [M + H]*: 197.16.
N-methoxy-4-(trifluoromethyl) benzamide (1r)
Method B. White solid (2.0 g, 91%), R¢ = 0.3 (EtOAc/Petroleum ether =
/©)‘\ :1). *H NMR (400 MHz, DMSO-d6) 6 11.99 (s, 1H), 7.95 (d, J = 8.1 Hz, 2H),
7.84 (d, J = 7.9 Hz, 2H), 3.73 (s, 3H). 13C NMR (101 MHz, DMSO-d6) &
162.8, 136.1, 131.5 (q, J = 32.4 Hz), 128.0, 125.5 (d, J = 3.5 Hz), 123.8 (d, J = 272.5 Hz), 63.3. MS (m/z)
[M + H]*: 220.03.
N-methoxy-2-methylbenzamide (1s)
(0] Method B. White solid (1.2 g, 73%), R¢ = 0.3 (EtOAc/Petroleum ether = 1:1). *H
.OMe
©)LH NMR (400 MHz, CDCl;) & 8.28 (br s, 1H), 7.35 — 7.28 (m, 2H), 7.24 — 7.13 (m,
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2H), 3.85 (s, 3H), 2.42 (s, 3H). 13C NMR (101 MHz, CDCl;) § 160.2, 137.0, 132.7, 131.2, 130.7, 127.2,
125.8, 64.7, 19.6. MS (m/z) [M + H]*: 166.19.
2-bromo-N-methoxybenzamide (1t)
Br Method B. White solid (2.0 g, 88%), R¢ = 0.3 (EtOAc/Petroleum ether = 1:1).H
CONHOMe
NMR (400 MHz, CDCl3) 6 8.67 (br's, 1H), 7.58 (d, J = 7.9 Hz, 1H), 7.48 (d, J = 7.1
Hz, 1H), 7.35 (dd, J = 10.7, 4.1 Hz, 1H), 7.32 — 7.27 (m, 1H), 3.91 (s, 3H). 13C
NMR (101 MHz, CDCl5) & 165.4, 160.2, 133.5, 132.0, 130.0, 127.7, 120.0, 64.9. MS (m/z) [M + H]*:
229.97.
N-methoxy-2,4-dimethylbenzamide (1u)
Method B. White solid (1.3 g, 73%), R¢ = 0.3 (EtOAc/Petroleum ether = 1:1).

CONHOMe
1H NMR (400 MHz) & 11.38 (s, 1H), 7.22 (dd, J = 15.2, 7.3 Hz, 1H), 7.06 (dd,

v

J=22.8,11.1 Hz, 2H), 3.71 (s, 3H), 2.34 (d, J = 10.4 Hz, 2H), 2.30 (d, J = 10.0
Hz, 4H). 13C NMR (101 MHz) & 166.0, 139.5, 135.9, 131.2, 131.1, 127.4, 126.0, 63.2, 20.8, 19.1. MS
(m/z) [M + H]*: 180.21.
4-bromo-3-chloro-N-methoxybenzamide (1v)
o Method B. White solid (2.1 g, 80%), R; = 0.2 (EtOAc/Petroleum ether =
Cl N/OMe
1:1).'H NMR (400 MHz, CDCl5) 8 9.6 (s, 1H), 7.9 (d, J = 1.9 Hz, 1H), 7.7 (d, J
H
Br
= 8.3 Hz, 1H), 7.5 (dd, J = 8.3, 1.9 Hz, 1H), 3.9 (s, 3H). 23C NMR (101 MHz,
CDCl3) 6 168.0, 135.3, 134.2, 132.1, 129.1, 126.9, 126.4, 64.5. MS (m/z) [M + H]*: 263.93.
N-methoxy-1-naphthamide (1w)
CONHOMe Method B. White solid (1.5 g, 75%), R¢ = 0.4 (EtOAc/Petroleum ether = 1:1). H

NMR (400 MHz, DMSO-d6) & 11.73 (s, 1H), 8.19 (d, J = 7.8 Hz, 1H), 8.06 (d, J =

&

8.1 Hz, 1H), 7.99 (dd, J = 8.0, 6.5 Hz, 1H), 7.64 — 7.58 (m, 3H), 7.57 — 7.52 (m,
1H), 3.82 (s, 3H). 3C NMR (101 MHz, DMSO-d6) & 165.5, 133.2, 131.5, 130.5, 129.9, 128.4, 127.1,
126.5, 125.8, 125.0(X2), 63.4. MS (m/z) [M + H]*: 202.21.
2-(tert-butyl)-N-methoxybenzo[d]oxazole-7-carboxamide (1x)
Method B. Yellow oil (2.0 g, 81%), R = 0.4 (EtOAc/Petroleum ether = 1:1). *H

7~0 NMR (500 MHz, CDCl;) & 8.08 (d, J = 7.3 Hz, 1H), 7.85 (d, J = 7.5 Hz, 1H), 7.45 —

N O

Ny 742 (m, 1H), 732 (s, TH), 3.98 (5, 3H), 1.5 (5, 9H) 13C NMR (101 MHz, CDCl3) &

|
O\
510



173.3,162.0, 147.3, 141.5, 126.1, 124.7, 124.0, 114.6, 65.0, 34.4, 28.6. MS (m/z) [M + H]*: 249.13 .

N-methoxybenzamide-2,3,4,5,6-ds (1m-d;)

D To a suspension of toluene-ds (0.5g, 5 mmol) in H,0 (20 mL) was added
D CONHOMe
MgS0, (1.2 g, 10 mmol) and KMnO, (3.16 g, 20 mmol), and refluxed
D D overnight. When the starting material was consumed completely, the
D

reaction mixture was filtered and washed with EtOAc. The filtrate was
concentrated and purified by silica gel chromatography to benzoic acid-ds. The title compound was
given from benzoic acid-ds according to method B. Yellow oil (1.2 g, 77%), R¢ = 0.2 (EtOAc/Petroleum
ether =1:1). *H NMR (400 MHz, DMSO-d6) 611.74 (s, 1H), 3.71 (s, 3H). MS (m/z) [M + H]*: 157.12.
3-methyl-1,4,2-dioxazol-5-one (2a)
O Method C. Colourless oil (0.7 g, 69%). *H NMR (400 MHz, CDCl3) 6 2.35 (s, 3H). 3C NMR

/(‘)\ O (101 MHz, CDCl;) 6 163.9, 154.2, 10.6.
~ 7
N

3-heptyl-1,4,2-dioxazol-5-one (2b)
O Method C. Colourless oil (1.3 g, 70%). *H NMR (400 MHz, CDCl;) 6 2.62 (t,
O\N,O J=7.5Hz, 2H), 1.75 — 1.68 (m, 2H), 1.36 — 1.26 (m, 8H), 0.90 — 0.87 (m,
3H). 3C NMR (101 MHz, CDCl;) 6 166.9, 154.4, 31.6, 28.8, 28.7, 24.9, 24.7,
22.7,14.2.
3-isopentyl-1,4,2-dioxazol-5-one (2c)
O Method Cand D. Colourless oil (1.3 g, 83%). *H NMR (400 MHz, CDCl3) 6 2.67 —
O\J<O 2.58 (m, 2H), 1.69 — 1.63 (m, 1H), 1.59 (dt, J = 7.3, 2.7 Hz, 2H), 0.94 (d, J = 6.3 Hz,
\(\/’\N 6H). 13C NMR (101 MHz, CDCl3) 6 167.1, 154.4, 33.2, 27.5, 22.9, 22.1.
3-(3-(benzyloxy)propyl)-1,4,2-dioxazol-5-one (2d)
0o Method C and D. Yellow oil (2.0 g, 85%). *H NMR (400 MHz, CDCls)
§7.37 = 7.33 (m, 2H), 7.33 — 7.28 (m, 3H), 4.50 (s, 2H), 3.56 (t, J = 5.7
§ © Hz, 2H), 2.76 (t, J = 7.3 Hz, 2H), 2.06 — 1.90 (m, 2H). 3C NMR (101

MHz, CDCl;) 6 166.7, 154.3, 138.0, 128.6, 128.0, 127.8, 73.3, 68.1, 24.9, 22.2.
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General procedure for Co(lll)-catalyzed C(sp?)-H amidation of benzamides to afford quinazolinone
derivatives:

A mixture of [Cp*Co(CO)Il,] (5.0 mol%), AgNTf, (10 mol%), Zn(OAc), (1 eq) and benzamide (0.2
mmol), and dioxazolone (0.24 mmol) in 2.0 mL DCE was heated to 120°C, and stirred overnight.
Then the reaction mixture was cooled to room temperature and filtered, the filtrate was

concentrated and the residue was purified with silica gel to afford quinazolinone derivatives.
2-acetamido-5-methylbenzamide (3aa’)
NH, White solid (4.5 mg, 12%), R¢ = 0.4 (EtOAc/Petroleum ether = 1:1). *H NMR (400
O MHz, CDCls) 6 9.50 (brs, 1H), 8.68 (s, 1H), 7.80 (s, 1H), 7.75 (d, J = 7.1 Hz, 1H), 7.41
NH  _—7.33 (m, 2H), 2.95 (d, J = 4.8 Hz, 3H), 2.42 (s, 3H). 3C NMR (101 MHz, CDCl;) &
O 168.5, 155.1, 138.8, 133.9, 132.5, 128.8, 128.5, 125.1, 26.5, 21.5. HRMS (ESI): m/z
(M + H*) calcd for CyoH130,N;, 193.0972, found: 193.0973. mp 112-113 °C.

2-acetamido-N-(tert-butyl)-5-methylbenzamide (3ca’)

0) White solid (31 mg, 63%), R = 0.3 (EtOAc/Petroleum ether = 1:1). 'H NMR
H (400 MHz, CDCl5) & 10.71 (s, 1H), 8.33 (d, J = 8.4 Hz, 1H), 7.19 (d, J = 8.5 Hz,
NH 1H), 7.14 (s, 1H), 6.14 (s, 1H), 2.29 (s, 3H), 2.14 (s, 3H), 1.46 (s, 9H). 13C NMR
O (101 MHz, CDCl5) 6 169.0, 168.9, 136.7, 132.6, 132.2, 127.0, 122.2, 121.6,

52.1, 28.8, 25.3, 20.9. HRMS (ESI): m/z (M + H*) calcd for Cy4H,,0,N,, 249.1603, found: 249.1598. mp
148-150 °C.
2,3,6-trimethylquinazolin-4(3H)-one (3da)

O White solid (14 mg, 37%), R¢ = 0.2 (EtOAc/Petroleum ether = 1:1). *H NMR (400

~
)N\ MHz, CDCl5) & 8.02 (s, 1H), 7.54 — 7.42 (m, 2H), 3.60 (s, 3H), 2.59 (s, 3H), 2.45 (s,
~

3H). 13C NMR (101 MHz, CDCl5) 6 162.4, 153.7, 145.3, 136.6, 135.8, 126.5, 126.3,
120.0, 31.1, 23.7, 21.4. HRMS (ESI): m/z (M + H*) calcd for C43H;30,1N,, 189.1028, found: 189.1022. mp
100-101 °C.

3-methoxy-2,6-dimethylquinazolin-4(3H)-one (3ea)

0]
N/O\ White solid (1.8 g, 88%), R¢ = 0.4 (EtOAc/Petroleum ether = 1:1). *H NMR (400
P
N MHz, CDCl3) 6 8.05 (s, 1H), 7.70 — 7.42 (m, 2H), 4.11 (s, 3H), 2.62 (s, 3H), 2.48
(s, 3H). 3C NMR (100 MHz, CDCl;) 6 158.0, 152.6, 144.6, 136.9, 136.0, 127.0, 126.1, 122.4, 64.2, 21.4,

20.1. HRMS (ESI): m/z (M + H*) calcd for C13H13N,0,, 205.0972, found: 205.0971. mp 126-127°C.
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3-butyl-2,6-dimethylquinazolin-4(3H)-one (4)
0o Colourless oil (28 mg, 60%), R¢ = 0.2 (EtOAc/Petroleum ether = 1:1). 'H
N/\/\
NMR (400 MHz, CDCl5) & 8.02 (s, 1H), 7.61 — 7.40 (m, 2H), 4.28 — 3.88
N)\
(m, 2H), 2.64 (s, 3H), 2.46 (s, 3H), 1.70 (ddd, J = 12.5, 8.7, 6.6 Hz, 2H),
1.52 — 1.39 (m, 2H), 0.99 (t, J = 7.3 Hz, 3H). 13C NMR (101 MHz, CDCl;) & 162.1, 153.5, 145.1, 136.7,
135.8, 126.3 (X2), 120.3, 44.6, 30.9, 23.1, 21.4, 20.4, 13.9. HRMS (ESI): m/z (M + H*) calcd for
C14H1601N,, 231.1499, found: 231.1492.
3-benzyl-2,6-dimethylquinazolin-4(3H)-one (5)
0 White solid (35 mg, 67%), Ry = 0.2 (EtOAc/Petroleum ether = 1:1). H
)N\/\© NMR (400 MHz, CDCl;) & 8.10 (s, 1H), 7.61 — 7.52 (m, 2H), 7.35 — 7.25 (m,
—
N
3H), 7.22 = 7.17 (m, 2H), 5.40 (s, 2H), 2.54 (s, 3H), 2.49 (s, 3H). 3C NMR
(101 MHz, CDCl;) 6 162.5, 153.9, 145.3, 136.9, 136.1 (X2), 129.1, 127.8, 126.7 (X2), 126.6, 120.2, 47.3,
23.5, 21.4. HRMS (ESI): m/z (M + H*) calcd for Cy;H;,0;N,, 265.1342 found: 265.1335. mp 100-101 °C.
3,6-dimethoxy-2-methylquinazolin-4(3H)-one (6)
O White solid (34 mg, 78%), Rf = 0.6 (EtOAc/Petroleum ether = 1:1). H
MeO PONG
NMR (400 MHz, CDCl5) 6 7.83 (d, J = 2.7 Hz, 1H), 7.80 (d, J = 8.9 Hz, 1H),
A
N
7.56 (dd, J = 9.0, 2.7 Hz, 1H), 4.35 (s, 3H), 4.15 (s, 3H), 2.85 (s, 3H). 13C
NMR (101 MHz, CDCl;) 6 158.2, 157.7, 151.0, 141.1, 128.6, 124.8, 123.4, 106.0, 64.1, 55.9, 19.8.
HRMS (ESI): m/z (M + H*) calcd for C;1H,3N,05, 221.0926, found: 221.0921. mp 147-149 °C.
6-(dimethylamino)-3-methoxy-2-methylquinazolin-4(3H)-one (7)
| o Yellow solid (35 mg, 75%), R = 0.4 (EtOAc/Petroleum ether = 1:1). *H NMR
~
)\ (400 MHz, CDCl) 6 7.51 (d, J = 9.0 Hz, 1H), 7.33 (d, J = 3.0 Hz, 1H), 7.19 (dd,
—
N
J=19.0, 3.0 Hz, 1H), 4.09 (s, 3H), 3.04 (s, 6H), 2.58 (s, 3H). 13C NMR (101
MHz, CDCl;) 6 158.1, 149.0, 149.0, 137.6, 127.9, 123.5, 120.5, 105.7, 64.1, 40.7(X2), 19.8. HRMS (ESI):
m/z (M + H*) calcd for C1,H16N305, 234.1237, found: 234.1235. mp 115-116 °C.
3-methoxy-2-methyl-6-phenylquinazolin-4(3H)-one (8)
O Yellow solid (50 mg, 94%), R = 0.6 (EtOAc/Petroleum ether = 1:1). 'H NMR
Ph PIONG
)N\ (400 MHz, CDCl3) & 8.45 (s, 1H), 7.95 (dd, J = 8.1, 1.5 Hz, 1H), 7.69 — 7.64 (m,
~
N
3H), 7.47 — 7.42 m, 2H), 7.38 — 7.7.34 (m, 1H), 4.11 (s, 3H), 2.63 (s, 3H). 13C

NMR (101 MHz, CDCl5) & 157.9, 153.3, 145.6, 139.4 (X2), 133.3, 129.1, 128.0, 127.6, 127.2, 124.5,
S13



122.9, 64.2, 20.1. HRMS (ESI): m/z (M + H*) calcd for CigH15N,0,, 267.1128, found: 267.1126. mp
129-130 °C.
6-chloro-3-methoxy-2-methylquinazolin-4(3H)-one (9)
) White solid (44 mg, 98%), R¢ = 0.7 (EtOAc/Petroleum ether = 1:1). *H NMR
Cl N/O\
(400 MHz, CDCl5) & 8.16 (d, J = 1.6 Hz, 1H), 7.61 (dd, J = 8.7, 1.7 Hz, 1H),
P
N
7.53 (d, J = 8.7 Hz, 1H), 4.08 (s, 3H), 2.60 (s, 3H). 13C NMR (101 MHz, CDCl5)
6 156.8, 153.8, 145.0, 134.8, 132.4, 128.8, 125.9, 123.7, 64.2, 20.0. HRMS (ESI): m/z (M + H*) calcd for
C10H10CIN,0,, 225.0425, found: 225.0427. mp 144-146 °C.
6-bromo-3-methoxy-2-methylquinazolin-4(3H)-one (10)
) White solid (53 mg, 99%), R¢ = 0.6 (EtOAc/Petroleum ether = 1:1). *H NMR
Br. PONG
)\ (400 MHz, CDCl5) & 8.33 (s, 1H), 7.87 — 7.61 (m, 1H), 7.46 (d, J = 8.7 Hz, 1H),
—
N
4.08 (s, 3H), 2.59 (s, 3H). 3C NMR (101 MHz, CDCl5) § 156.7, 154.0, 145.3,
137.6, 129.1, 129.0, 124.0, 120.0, 64.3, 20.1. HRMS (ESI): m/z (M + H*) calcd for CyoH10BrN,O,,
268.9920, found: 268.9918. mp 148-150 °C.
Methyl 3-methoxy-2-methyl-4-oxo-3,4-dihydroquinazoline-6-carboxylate (11)
) Yellow solid (43 mg, 87%), R = 0.6 (EtOAc/Petroleum ether = 1:1). *H
MeOOC BONG
NMR (400 MHz, CDCl5) & 8.89 (s, 1H), 8.31 (d, J = 8.5 Hz, 1H), 7.63 (d,
A
N
J = 8.5 Hz, 1H), 4.11 (s, 3H), 3.94 (s, 3H), 2.64 (s, 3H). 13C NMR (101
MHz, CDCl;) 6 165.9, 157.4, 155.7, 149.3, 134.8, 129.2, 128.1, 127.4, 122.4, 64.3, 52.5, 20.3. HRMS
(ESI): m/z (M + H*) calcd for Cy,H13N,04, 249.0875, found: 249.0870. mp 172-174 °C.
6-acetyl-3-methoxy-2-methylquinazolin-4(3H)-one (12)
o o Yellow solid (40 mg, 87%), R¢ = 0.5 (EtOAc/Petroleum ether = 1:1). 'H NMR
~
(400 MHz, CDCl5) 6 8.71 (s, 1H), 8.24 (d, J = 8.5 Hz, 1H), 7.61 (d, J = 8.6 Hz,
P
N
1H), 4.10 (s, 3H), 2.64 (s, 3H), 2.62 (s, 3H). 3C NMR (101 MHz, CDCl;) &
196.5, 157.5, 155.8, 149.5, 134.7, 133.1, 128.1, 127.7, 122.2, 64.3, 26.7, 20.2. HRMS (ESI): m/z (M + H*)
calcd for C;,H13N,03, 233.0921, found: 233.0917. mp 150-152 °C.
3-methoxy-2-methyl-6-nitroquinazolin-4(3H)-one (13)
O Yellow solid (47 mg, 99%), R¢ = 0.7 (EtOAc/Petroleum ether = 1:1). H
OoN .0

~N
N NMR (400 MHz, CDCl5) 6 9.08 (d, J = 2.5 Hz, 1H), 8.48 (dd, J = 9.0, 2.6 Hz,
PV
N

1H), 7.73 (d, J = 9.0 Hz, 1H), 4.14 (s, 3H), 2.68 (s, 3H). 13C NMR (101 MHz,
s14



CDCls) & 157.2, 156.7, 150.4, 145.4, 128.9, 128.5, 123.4, 122.8, 64.5, 20.4. HRMS (ESI): m/z (M + H*)
calcd for CyoH19N304, 236.0666, found: 236.0664. mp 150-152 °C.
3-methoxy-2-methylquinazolin-4(3H)-one (14)
0] White solid (31 mg, 81%), R¢ = 0.5 (EtOAc/Petroleum ether = 1:1). *H NMR (400
N MHz, CDCls) & 8.21 (dd, J = 8.0, 1.1 Hz, 1H), 7.72 — 7.66 (m, 1H), 7.59 (d, J = 8.1
N
Hz, 1H), 7.40 (dd, J = 11.2, 3.9 Hz, 1H), 4.08 (s, 3H), 2.60 (s, 3H). 13C NMR (101
MHz, CDCl3) & 157.8, 153.4, 146.5, 134.4, 127.1, 126.7, 126.5, 122.6, 64.2, 20.1. HRMS (ESI): m/z (M +
H*) calcd for C;oH1:N,0,, 191.0820, found: 191.0815. mp 88-89 °C.
3-methoxy-2-methyl-7-phenylquinazolin-4(3H)-one (15)
0 White solid (48 mg, 91%), R¢ = 0.6 (EtOAc/Petroleum ether = 1:1). *H NMR
h (400 MHz, CDCls) & 8.22 (d, J = 8.3 Hz, 1H), 7.77 (s, 1H), 7.60 (d, J = 7.7 Hz,
Ph N/)\
3H), 7.44 — 7.39 (m, 2H), 7.37 — 7.32 (m, 1H), 4.07 (s, 3H), 2.59 (s, 3H). 13C
NMR (101 MHz, CDCl3) 6 157.5, 153.7, 147.0, 146.7, 139.3, 129.0, 128.4, 127.3, 127.0, 125.4, 124.9,
121.2, 64.1, 20.0. HRMS (ESI): m/z (M + H*) calcd for CigH15N,0,, 267.1128, found: 267.1125. mp
107-108 °C.
3-methoxy-2,7-dimethylquinazolin-4(3H)-one (16)
O Yellow solid (30 mg, 74%), R¢ = 0.6 (EtOAc/Petroleum ether = 1:1). 'H NMR
/)\ A (400 MHz, CDCl5) 6 8.03 (d, J = 8.2 Hz, 1H), 7.31 (s, 1H), 7.23 — 7.05 (m, 1H),
N 4.03 (s, 3H), 2.53 (s, 3H), 2.39 (s, 3H). 13C NMR (101 MHz, CDCl;) & 157.6,
153.3, 146.4, 145.2, 127.9, 126.7, 126.3, 120.0, 64.0, 21.8, 19.9. HRMS (ESI): m/z (M + H*) calcd for
C11H130,N,, 205.0972, found: 205.0972. mp 132-133 °C.
7-chloro-3-methoxy-2-methylquinazolin-4(3H)-one (17)
) Yellowsolid (38 mg, 85%), R¢ = 0.6 (EtOAc/Petroleum ether = 1:1). 'H NMR
)\ h (400 MHz, CDCl;) & 8.16 (d, J = 8.6 Hz, 1H), 7.61 (d, J = 1.8 Hz, 1H), 7.38 (dd,
—
cl N J=8.6,1.9 Hz, 1H), 4.10 (s, 3H), 2.62 (s, 3H). 3C NMR (101 MHz, CDCl5) &
157.3, 154.9, 147.4, 140.7, 128.2, 127.2, 126.8, 121.1, 64.3, 20.1. HRMS (ESI): m/z (M + H*) calcd for

C10H10CIN,0,, 225.0425, found: 225.0428. mp 168-170 °C.

3-methoxy-2-methyl-7-nitroquinazolin-4(3H)-one (18)

O Yellow solid (46 mg, 98%), R¢ = 0.5 (EtOAc/Petroleum ether = 1:1). H
0]
N
)N\ NMR (400 MHz, CDCl3) & 8.41 (d, J = 2.0 Hz, 1H), 8.38 (d, J = 8.8 Hz, 1H),
—
O,N N S15



8.17 (dd, J = 8.8, 1.7 Hz, 1H), 4.13 (s, 3H), 2.66 (s, 3H). 3C NMR (101 MHz, CDCl;) 6 156.7, 156.1, 151.6,
146.9, 128.6, 126.7, 122.8, 120.2, 64.4, 20.2. HRMS (ESI): m/z (M + H*) calcd for C;oH19oN304, 236.0666,
found: 236.0664. mp 172-174 °C.
3-methoxy-2-methyl-7-(trifluoromethyl) quinazolin-4(3H)-one (19)
o Yellow solid (49 mg, 94%), R¢ = 0.4 (EtOAc/Petroleum ether = 1:1). *H NMR
/)\ (400 MHz, CDCl;) 6 8.37 (d, J = 8.4 Hz, 1H), 7.93 (s, 1H), 7.65 (d, J = 8.4 Hz,
FsC N
1H), 4.13 (s, 3H), 2.67 (s, 3H). 13C NMR (101 MHz, CDCl;) & 157.1, 155.2,
146.4, 136.2 (q, J = 33.0 Hz, -CF3), 128.0, 125.0, 124.8 (q, J = 4.0 Hz), 122.6 (q, J = 3.4 Hz), 122.1, 64.4,
20.1. HRMS (ESI): m/z (M + H*) calcd for Cy1H1oF3N,0,, 259.0696, found: 259.0689. mp 102— 103 °C.
3-methoxy-2,5-dimethylquinazolin-4(3H)-one (20)
O White solid (27 mg, 65%), R¢ = 0.6 (EtOAc/Petroleum ether = 1:1). *H NMR (400
/)\ h MHz, CDCl3) & 7.52 — 7.7.47 (m, 1H), 7.39 (d, J = 8.1 Hz, 1H), 7.12 (d, J = 7.3 Hz,
N 1H), 4.04 (s, 3H), 2.82 (s, 3H), 2.55 (s, 3H). 13C NMR (101 MHz, CDCl;) & 158.3,
153.0, 147.9, 141.2, 133.4, 129.0, 125.2, 120.9, 63.9, 22.7, 19.9. HRMS (ESI): m/z (M + H*) calcd for
C11H13N,0,, 205.0972, found: 205.0971. mp 111-112 °C.
5-bromo-3-methoxy-2-methylquinazolin-4(3H)-one (21)
Br O Yellow solid (48 mg, 90%), R¢ = 0.4 (EtOAc/Petroleum ether = 1:1). *H NMR (400
/)\ h MHz, CDCl3) & 7.65 (dd, J = 7.7, 1.1 Hz, 1H), 7.54 (dd, J = 8.2, 1.0 Hz, 1H), 7.49 —
N 7.42 (m, 1H), 4.08 (s, 3H), 2.58 (s, 3H). 13C NMR (101 MHz, CDCl3) & 165.4, 156.1,
154.1, 148.7, 134.1, 133.1, 127.2, 121.2, 64.1, 20.1. HRMS (ESI): m/z (M + H*) calcd for CyoH10BrN,0O,,
268.9933, found: 268.9920. mp 140-141 °C.
3-methoxy-2,5,7-trimethylquinazolin-4(3H)-one (22)
o White solid (40 mg, 91%), R¢ = 0.6 (EtOAc/Petroleum ether = 1:1). *H NMR
/)\ h (400 MHz, CDCl) & 7.18 (s, 1H), 6.95 (s, 1H), 4.03 (s, 3H), 2.77 (s, 3H), 2.53 (s,
N 3H), 2.35 (s, 3H). 13C NMR (101 MHz, CDCl;) & 158.2, 153.0, 148.0, 144.3,
140.9, 130.5, 125.0, 118.4, 63.9, 22.6, 21.6, 19.9. HRMS (ESI): m/z (M + H*) calcd for Cy,Hi5N,0,,
219.1128, found: 219.1128. mp 172-174 °C.

3-methoxy-2,7-dimethylquinazolin-4(3H)-one (23)

o White solid (60 mg, 99%), R¢ = 0.6 (EtOAc/Petroleum ether = 1:1). *H NMR
Cl N,O\
(400 MHz, CDCl5) 6 8.30 (s, 1H), 7.96 (d, J = 1.5 Hz, 1H), 4.11 (s, 3H), 2.64 (d,
Br N/)\ S16



J = 0.7 Hz, 3H). 3C NMR (101 MHz, CDCl3) & 156.5, 155.1, 145.4, 133.0, 132.3, 129.6, 127.5, 122.6,
64.4,20.2. HRMS (ESI): m/z (M + H*) calcd for C14HoBrCIN,0,, 302.9530, found: 302.9533. mp 208-210
°C.
2-methoxy-3-methylbenzo[flquinazolin-1(2H)-one (24)
O 0] White solid (48 mg, 99%), R¢ = 0.2 (EtOAc/Petroleum ether = 1:1). *H NMR
N/O\
O (400 MHz, CDCl) 6 9.78 (d, J = 8.6 Hz, 1H), 8.03 — 7.93 (m, 1H), 7.79 (d, / = 8.0
N Hz, 1H), 7.67 (ddd, J = 8.5, 7.1, 1.3 Hz, 1H), 7.62 — 7.45 (m, 2H), 4.11 (s, 3H),
2.61 (s, 3H). 3C NMR (101 MHz, CDCl;) & 157.9, 153.9, 148.3, 135.6, 131.3, 130.8, 128.7, 128.2,
126.6(X2), 125.6, 115.6, 64.0, 19.9. HRMS (ESI): m/z (M + H*) calcd for Cy4H13N,0,, 241.0972, found:
241.0970. mp 115-116 °C.
2-(tert-butyl)-8-methoxy-7-methyloxazolo[5,4-f] quinazolin-9(8H)-one (25)
1‘Bu>~~ o White solid (44 mg, 77%), R¢ = 0.3 (EtOAc/Petroleum ether = 1:1). 'H NMR
N/ Oi I N O~ (400 MHz, CDCl5) & 8.00 (d, J = 8.7 Hz, 1H), 7.57 (d, J = 8.7 Hz, 1H), 4.15 (s,
N/)\ 3H), 2.65 (s, 3H), 1.55 (s, 9H). 13C NMR (101 MHz, CDCl5) & 175.6, 154.8,
152.9, 147.5, 144.6, 139.8, 125.8, 123.6, 109.2, 64.4, 34.6, 28.7, 20.1. HRMS (ESI): m/z (M + H*) calcd
for Cy5sH1gN303, 288.1352, found: 288.1343. mp 128-129 °C.
2-heptyl-3-methoxy-6-methylquinazolin-4(3H)-one (26)
o White solid (52 mg, 90%), R¢ = 0.7 (EtOAc/Petroleum ether =
/)\/\/\/\ 1:1). TH NMR (400 MHz, CDCl3) & 8.05 (s, 1H), 7.59 — 7.52 (m,
N 2H), 4.10 (s, 3H), 2.86 (t, J = 7.7 Hz, 2H), 2.47 (s, 3H), 1.89 —
1.77 (m, 2H), 1.49 — 1.40 (m, 2H), 1.39 — 1.26 (m, 6H), 0.88 (t, J = 6.8 Hz, 3H). 13C NMR (101 MHz,
CDCl3) 6 162.3, 158.1, 155.8, 136.8, 135.9, 127.1, 126.1, 122.3, 64.5, 32.8, 31.8, 29.5, 29.1, 27.0, 22.8,
21.4, 14.2. HRMS (ESI): m/z (M + H*) calcd for Cy;H,5N,0,, 289.1918, found: 289.1911. mp 61-62 °C.
2-isopentyl-3-methoxy-6-methylquinazolin-4(3H)-one (27)
(0] White solid (47 mg, 91%), R = 0.6 (EtOAc/Petroleum ether = 1:1). *H
NMR (400 MHz, CDCl5) § 7.96 (d, J = 0.8 Hz, 1H), 7.52 — 7.42 (m, 2H),
N/)\/\( 4.05 (s, 3H), 2.79 (dd, J = 10.1, 5.6 Hz, 2H), 2.40 (s, 3H), 1.71 — 1.61 (m,
3H), 0.97 — 0.90 (m, 6H). 3C NMR (101 MHz, CDCl5) 6§ 157.9, 155.6, 144.4, 136.5, 135.7, 127.0, 125.9,
122.1, 64.2, 35.6, 30.8, 28.0, 22.4, 21.2. HRMS (ESI): m/z (M + H*) calcd for Cy5H,;N,0,,261.1598,

found:261.1597. mp 46-47 °C.
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2-(3-(benzyloxy)propyl)-3-methoxyquinazolin-4(3H)-one (28)
o | Yellow oil (61 mg, 94%), R; = 0.6 (EtOAc/Petroleum ether =
N© ) 1 -
N/)\/\/OMQ 1:1). H NMR (400 MHz, CDCl;) & 8.26 (dd, J = 8.0, 1.2 Hz, 1H),
7.75 = 7.71 (m, 1H), 7.67 — 7.63 (m, 1H), 7.47 — 7.42 (m, 1H),
7.33-7.30 (m, 4H), 7.28 (dd, J = 6.2, 2.4 Hz, 1H), 4.52 (s, 2H), 4.10 (s, 3H), 3.65 (t, J = 6.0 Hz, 2H), 3.04
—3.00 (m, 2H), 2.22 — 2.17 (m, 2H). 3C NMR (101 MHz, CDCl;) 6158.1, 155.9, 146.6, 138.5, 134.4,
128.5, 127.7 (X2), 127.4, 126.7, 126.5, 122.6, 73.0, 69.3, 64.4, 29.4, 26.5. HRMS (ESI): m/z (M + H")
calcd for Cy9H,;1N>03, 325.1547, found: 325.1561.
2-isopropyl-3-methoxy-6-methylquinazolin-4(3H)-one (29)
(0] | Colourless oil (26 mg, 56%), R = 0.8 (EtOAc/Petroleum ether = 1:1).H NMR
N/O (400 MHz, CDCl3) & 8.04 (s, 1H), 7.58 (d, J = 8.3 Hz, 1H), 7.53 (dd, J = 8.3, 1.6
N/)\( Hz, 1H), 4.10 (s, 3H), 3.33 (m, 1H), 2.47 (s, 3H), 1.38 (s, 3H), 1.36 (s, 3H). 13C
NMR (101 MHz, CDCl;) & 159.5, 158.3, 144.6, 136.6, 135.8, 127.4, 126.0, 122.2, 64.6, 30.4, 21.4, 20.8.
HRMS (ESI): m/z (M + H*) calcd for C;3H,7N,0,, 233.1285, found: 233.1280.
3-methoxy-2,6-dimethylquinazolin-4(3H)-one (32)
O | White solid (43 mg, 81%), R¢ = 0.7 (EtOAc/Petroleum ether = 1:1). H NMR
(400 MHz, CDCl5) & 8.13 (s, 1H), 7.89 (dd, J = 7.9, 1.6 Hz, 2H), 7.69 (d, J =
8.3 Hz, 1H), 7.60 (dd, J = 8.3, 2.0 Hz, 1H), 7.55 — 7.49 (m, 3H), 3.76 (s, 3H),
2.52 (s, 3H). 3C NMR (101 MHz, CDCl5) § 158.2, 152.5, 144.7, 137.5, 136.2,
132.2, 130.8, 129.5, 128.5, 127.9, 126.3, 122.5, 64.2, 21.5. HRMS (ESI): m/z (M + H*) calcd for
Ci6H15N,0,, 267.1128, found: 267.1128. mp 111-112 °C.
2-(3-bromophenyl)-3-methoxy-6-methylquinazolin-4(3H)-one (33)
0 White solid (36 mg, 52%), R = 0.6 (EtOAc/Petroleum ether = 1:1). *H NMR
N/O\ (400 MHz, CDCl5) & 8.11 (s, 1H), 8.07 — 8.04 (m, 1H), 7.89 — 7.76 (m, 1H),
N 7.66 (d, J = 8.2 Hz, 2H), 7.59 (dd, J = 8.4, 1.8 Hz, 1H), 7.40 — 7.34 (m, 1H),
3.78 (s, 3H), 2.51 (s, 3H). 3C NMR (101 MHz, CDCl;) & 157.9, 150.8, 144.5,
o 137.9, 136.2, 134.0, 133.9, 132.5, 129.9, 128.2, 128.0, 126.3, 122.5, 122.4,
64.3, 21.5. HRMS (ESI): m/z (M + H*) calcd for CysH14BrN,0,, 345.0233, found: 345.0228. mp
118-119°C.

3-methoxy-2-(3-methoxyphenyl)-6-methylquinazolin-4(3H)-one (34)
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0] White solid (40 mg, 68%), R = 0.6 (EtOAc/Petroleum ether = 1:1). *H NMR

.0
N (400 MHz, CDCl5) & 8.11 (s, 1H), 7.67 (d, J = 8.3 Hz, 1H), 7.58 (dd, J = 8.3,
~
N 1.8 Hz, 1H), 7.46 (d, J = 7.7 Hz, 1H), 7.40 (dd, J = 9.8, 6.0 Hz, 2H), 7.14 -
6.99 (m, 1H), 3.86 (s, 3H), 3.77 (s, 3H), 2.50 (s, 3H). 13C NMR (101 MHz,
e}
-

CDCl3) 6 159.4, 158.1, 152.3, 144.6, 137.5, 136.1, 133.4, 129.5, 127.9,
126.2, 122.5, 121.8, 116.9, 114.7, 64.2, 55.6, 21.4. HRMS (ESI): m/z (M + H*) calcd for Cy7H;7N,0s,
297.1234, found: 297.1229. mp 113-114 °C.
2-methylquinazolin-4(3H)-one (35)

o To a suspension of 14 (38 mg, 0.2 mmol) in THF (5 mL) and MeOH (5 mL) was added
NH

—

N

Pd/C (10%, 320 mg) and stirred at room temperature under a H, atmosphere. After
the starting material was consumed completely, the reaction mixture was filtered
and washed with MeOH. The filtrate was concentrated and purified by silica gel chromatography to
afford 35 (30 mg, 94%) as white solid. Rf = 0.3 (EtOAc/Petroleum ether = 3:1). *H NMR (400 MHz,
DMSO-d6) 6 12.18 (brs, 1H), 8.07 (dd, J = 7.9, 1.3 Hz, 1H), 7.79 — 7.73 (m, 1H), 7.56 (d, J = 8.1 Hz, 1H),
7.47 — 7.1 (m, 1H), 2.34 (s, 3H). 3C NMR (101 MHz, DMSO-d6) 6 161.7, 154.2, 149.0, 134.2, 126.6,
125.8, 125.6, 120.6, 21.4. HRMS (ESI): m/z (M + H*) calcd for CgHgN,0,, 161.0713, found: 161.0709.
mp 198-200 °C.

(Z)-2-((2-oxoindolin-3-ylidene)methyl)quinazolin-4(3H)-one (36)

0 o To a suspension of 35 (160 mg, 1 mmol) in AcOH (5 mL) was added isatin
©\):/ / (147 mg, 1 mmol) and stirred at 120°C until the starting material was
consumed completely, the reaction mixture was filtered and washed with
MeOH to obtain compound 362 as orange solid (260 mg, 90%), R; = 0.2 (EtOAc/Petroleum ether = 1:1).
1H NMR (400 MHz, DMSO-d6) 6 14.40 (br s, 1H), 11.49 (br s, 1H), 8.18 (d, / = 7.8 Hz, 1H), 7.95 (d, J =
7.5Hz, 1H), 7.92 - 7.86 (m, 1H), 7.79 (d, J = 7.7 Hz, 1H), 7.67 = 7.56 (m, 2H), 7.40 — 7.34 (m, 1H), 7.13 —
7.07 (m, 1H), 6.95 — 6.90 (m, 1H). 3C NMR (101 MHz, DMSO-d6) & 168.8, 160.8, 150.4, 148.9, 141.6,
134.7, 134.3, 131.7, 130.0, 128.0 (X2), 126.0, 123.3, 122.6, 122.0, 121.5, 110.6. HRMS (ESI): m/z (M +
H*) calcd for C;7H1,0,N35, 290.0931, found: 290.0924. mp >220 °C.
3-(2,3-dihydroxypropyl)-2-methylquinazolin-4(3H)-one (37)

0 To a magnetically stirred mixture of 35 (160 mg, 1 mmol) and glycidol

N/Y\OH (74 mg, 1 mmol) was added Zn(ClO,),-6H,0 (7.5 mg, 2 mol%) under
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neat condition at room temperature and the stirring was continued for 30 minutes. The crude
reaction mixture was purifed by flash column chromatography to obtain 37 3 as white solid (222 mg,
95%).H NMR (400 MHz, DMSO-d6) 6 8.09 (dd, J = 7.9, 0.9 Hz, 1H), 7.79 — 7.75 (m, 1H), 7.57 (d, /= 8.1
Hz, 1H), 7.48 — 7.44 (m, 1H), 5.09 — 5.04 (m, 1H), 4.79 —4.74 (m, 1H), 4.33 - 4.24 (m, 1H), 3.85 (dd, J =
14.8, 5.5 Hz, 2H), 3.44 (d, J = 4.3 Hz, 2H), 2.65 (s, 3H). 3C NMR (101 MHz, DMSO-d6) 6 161.4, 156.2,
147.2, 134.1, 126.4, 126.0, 126.0, 120.1, 68.8, 64.2, 47.7, 23.6. HRMS (ESI): m/z (M + H*) calcd for
C12H1sN,03, 235.1085, found:235.1077. mp 142-144 °C.
2,6-dimethylquinazolin-4(3H)-one (39)

(0] To a suspension of 3ea (40.8 mg, 0.2 mmol) in THF (5 mL) and MeOH (5 mL) was

NH added Pd/C (10%, 320 mg) and stirred at room temperature under H,
—

N atmosphere overnight. When the starting material was consumed completely,

the reaction mixture was filtered and washed with MeOH. The filtrate was concentrated and purified
by silica gel chromatography to afford 39 (32 mg, 92%) as white solid. R¢ = 0.3 (EtOAc/Petroleum ether
=3:1). *H NMR (400 MHz, DMSO-d6) & 12.09 (s, 1H), 7.86 (s, 1H), 7.58 (dd, J = 8.3, 1.8 Hz, 1H), 7.46 (d,
J =8.3 Hz, 1H), 2.41 (s, 3H), 2.32 (s, 3H). 13C NMR (101 MHz, DMSO-d6) 6 161.6, 153.3, 146.9, 135.5,
135.3, 126.4, 125.0, 120.4, 21.3, 20.7. HRMS (ESI): m/z (M + H*) calcd for CyoH;;N,04, 175.0871, found:
175.0866. mp 205-206 °C.
6-(bromomethyl)-2-methylquinazolin-4(3H)-one (40)
@ A mixture of 39 (52.2 mg, 0.3 mmol), N-bromosuccinimide (59 mg, 0.33

Br NH mmol) and benzoyl peroxide (9 mg, 0.036 mmol) in 20 mL chloroform was
AL

stirred at 60°C under infrared heat lamp, and the white precipitate was
formed after 2h. The reaction mixture was cooled by ice bath and then filtered. The filter cake was
washed with chloroform three times (3 x 15 mL) and dried, compound 40 was obtained as white solid
(48 mg, 64%).* R; = 0.2 (EtOAc/Petroleum ether = 2:1). *H NMR (400 MHz, DMSO-d6) 6 12.30 (br s,
1H), 8.15 (d, J = 1.8 Hz, 1H), 7.82 (dd, J = 8.4, 2.0 Hz, 1H), 7.61 — 7.50 (m, 1H), 4.86 (s, 2H), 2.36 (s, 3H).
13C NMR (101 MHz, DMSO-d6) & 161.3, 155.1, 148.3, 135.8, 135.4, 126.8, 126.3, 120.5, 33.8, 21.4.
HRMS (ESI): m/z (M + H*) calcd for C10H,0BrN,0, 252.9982, found: 252.9971. mp >220 °C.

2-(3-hydroxypropyl)quinazolin-4(3H)-one (42)
) To a suspension of 28 (64 mg, 0.2 mmol) in THF (5 mL) and MeOH (5 mL)

was added Pd/C (10%, 320 mg) and stirred at room temperature under
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H, atmosphere overnight. When the starting material was consumed completely, the reaction mixture
was filtered and washed with MeOH. The filtrate was concentrated and purified by silica gel
chromatography. White solid (37 mg, 91%), R¢ = 0.4 (DCM/MeOH = 25:1). *H NMR (400 MHz, DMSO-
d6) 6 8.07 (dd, J = 7.9, 1.1 Hz, 1H), 7.78 — 7.73 (m, 1H), 7.58 (d, J = 8.2 Hz, 1H), 7.47 — 7.41 (m, 1H),
3.47 (t,J=6.4 Hz, 2H), 2.67 — 2.61 (m, 2H), 1.92 — 1.84 (m, 2H). 3C NMR (101 MHz, DMSO-d6) & 161.9,
157.6, 148.9, 134.3, 126.7, 125.9, 125.7, 120.8, 60.1, 31.3, 29.8. HRMS (ESI): m/z (M + H*) calcd for
C11H13N,0,, 205.0972, found: 205.0973.
2,3-dihydropyrrolo[2,1-b]quinazolin-9(1H)-one (43)

) To a solution of 42 (204 mg, 1.0 mmol) and triphenylphosphine (340 mg, 1.3
(:ﬁj\D mmol) in THF (3 mL), a solution of DEAD (190 mg, 1.1 mmol) in THF (2 mL) was

=

N added in a dropwise fashion, and the reaction mixture was stirred for 3h. The
reaction mixture was concentrated, and the residue was purified by silica gel. White solid (167 mg,
90%), R¢ = 0.2 (EtOAc/Petroleum ether = 1:1). 'H NMR (400 MHz, DMSO-d6) 6 8.11 (d, J = 7.9 Hz, 1H),
7.80-7.74 (m, 1H), 7.60 (d, J = 8.1 Hz, 1H), 7.50 — 7.44 (m, 1H), 4.06 (t, J = 7.2 Hz, 2H), 3.08 (t, J = 7.9 Hz,
2H), 2.16 (dd, J = 14.9, 7.6 Hz, 2H). 13C NMR (101 MHz, DMSO-d6) 6 160.4, 160.0, 149.0, 134.1, 126.6,
125.9, 125.7, 120.1, 46.3, 31.8, 18.9. HRMS (ESI): m/z (M + H*) calcd for C;1H;1N,0, 187.0866, found:
187.0867. mp 106—107 °C.
(8R,9S5,135,14S5)-N-methoxy-13-methyl-17-ox0-7,8,9,11,12,13,14,15,16,17-decahydro-6 H-
cyclopenta[a]phenanthrene-3-carboxamide (46)

O Ethyl (8R,95,135,145)-13-methyl-17-0x0-7,8,9,11,12,13,14,15,

16,17-decahydro-6H-cyclopentala]phenanthrene-3-
carboxylate (326 mg, 1 mmol)®> was added to a biphasic
0] mixture of LIOH (72 mg, 3 mmol) in a 2:1 mixture of THF (9 mL)
and H,0 (4.5 mL). The resulting solution was stirred at room temperature overnight. The solvent
was evaporated under the reduced pressure and EtOAc was used to extract the product from the
aqueous layer. The combined organic layer was washed with water (3x50 mL), dried over Na,SO,,
filtered and concentrated to afford the corresponding carboxylic acid (200 mg, 67%), which was
used to produce the title compound according to method B as white solid (203 mg, 62%), R¢ = 0.5
(EtOAc/Petroleum ether = 1:1). *H NMR (400 MHz, CDCl;) 6 8.67 (br s, 1H), 7.55 — 7.45 (m, 2H), 7.35 —

7.33 (m, 1H), 3.89 (s, 3H), 2.99 — 2.89 (m, 2H), 2.52 (dd, J = 18.7, 8.5 Hz, 1H), 2.44 (dd, J = 9.9, 2.3 Hz,
S21



1H), 2.36 — 2.30 (m, 1H), 2.17 (dd, J = 18.5, 9.3 Hz, 1H), 2.09 — 2.02 (m, 2H), 1.98 (dd, J = 9.6, 1.9 Hz,
1H), 1.60 — 1.46 (m, 6H), 0.92 (s, 3H). 3C NMR (101 MHz, CDCl;) § 220.7, 144.4, 137.4, 131.1, 128.0,
125.9, 125.4, 124.2, 64.8, 50.6, 48.0, 44.7, 38.0, 36.0, 31.7, 29.4, 26.4, 25.7, 21.7, 14.0. MS (m/z) [M +
H]*: 328.19.
(3aS,3bR,11bS,13aS)-8-methoxy-9,13a-dimethyl-3,3a,3b,4,5,8,11b,12,13,13a-decahydro-1H-
cyclopenta[5,6]naphtho[2,1-g]quinazoline-1,7(2H)-dione (47)

White solid (67 mg, 92%), R¢ = 0.5 (EtOAc/Petroleum ether = 1:1). 'H
NMR (400 MHz, CDCls) & 7.97 (s, 1H), 7.57 (s, 1H), 4.10 (s, 3H), 3.11 —

o 2.97 (m, 2H), 2.63 (s, 3H), 2.56 — 2.49 (m, 1H), 2.43 — 2.36 (m, 1H),
I

2.17 (d, J = 10.1 Hz, 1H), 2.10 — 1.96 (m, 4H), 1.64 — 1.50 (m, 6H),
0.91 (s, 3H). 3C NMR (101 MHz, CDCl5) & 220.4, 157.4, 153.6, 148.5, 143.3, 136.8, 126.2, 122.6, 119.9,
64.5, 50.8, 48.0, 44.9, 37.6, 35.9, 31.6, 29.1, 26.3, 25.6, 21.8, 19.5, 13.9. HRMS (ESI): m/z (M + H"*)

calcd for Cy,H,7N,03, 367.2027, found: 367.2016. mp 168-170 °C.

Reference:

1. Y.Park, K. T. Park, J. G. Kim, S. Chang, J. Am. Chem. Soc., 2015, 137, 4534
Uehata K, Kimura N, Hasegawa K, et al. J. Nat. Prod., 2013, 76, 2034.
Kumar D, Jadhavar P S, Nautiyal M, et al. RSC Adv., 2015, 5, 30819

Zhan X, Xu'Y, Qi Q, et al. Chem. Biodivers., 2018, 15, e1700513.
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Liang A, Han S, Wang L, et al. Adv. Synth. Catal., 2015, 357, 3104.

S22



2P T—

BF6 T
098 Nv

88—

205 B—

NHz
)NH\

HC

=00°¢

EE0E

Feoz

201
mmn.ﬁ

Feso

Feso

1% 18—

yarran—

880 21—
18% 821

98 mwﬁy
60§ BET~—
026 EET—

018 'BET—

ECTS5T—

¥o¥ 81—

NH;

HaC

mc*o

¢
S23




T

BETE—
£62 8

Rl
281 .FW
E0E"L

E2E By
5%E°8~

erLoT—

CH4
NH
CHs

HiC

H4C

-

7

=90'8

—E0E
=—00'¢

ot

P11
Mmﬁ.ﬁ

FA0CT

Foo't

488708 — 5

982 53— . |

Evee—

Sa1'es— =SS

HaC

0
CH,
NH
CHs
NH
H3C/KO

009 T2l i
602 221"

996981 —

0F8 BET~
EFD BET-"

589 9E1— et

gog'esl
L8 mm_v

S24




8y —
§g9 8 —

90T ¥ —

050 '8—

=30°E |
)

E0'E

Es0e

HsC

|U Eroe |

IJ Eo0't

180 08—
BLEIRT

208 P8 —

0EF 22T —

EFT 9281~
£56°951-

a10 ‘9T~
EGBOET-

255 PFI—

¥BS EST—

BP6 451 —

H3C

S25



g8y 2 —
E65 2—

665 'E—

dme—

[&]
i
=

=00E

=60 g

=50 ¢

—— o {1

IJ =000

a0
1 (ppad

B6E 12—
959 g8 —

LETIE—

ST0°081—

6F2 921
15%F .mm—v

28L GET~
G719 981"

852 SF1—
188 ES1—

BLE TOT—

e

i

S26




580 '8—

HaC

CHj3

Lo
H
]
o [
20z | w
Fwe
Lo
o
mu =g |,
o
=g0€
Lo
H
k1 "
Fe
rc..m
=== Egz| '
&
s
o
Fa
o
[T
o
|h o007 o
o
— QT [@

§98'El—

E0P'0E~—
PerIE
080 €8

PLBOE—

98 Fr—

BEE 0ET—

cmwmm_
188 mm_v

018 SET~
049 981"

ST EI—

¥EP EST—

850 21—

CH3

==

S27




06F T
0FS T

BBE G

E0TB—

e

Feoz

@0 E

Feoe

Fuwe|"

00T

EBDLF—

508 021—

109 98T
259 mwﬁWl
149 98T
518 NE$
BL0 BET

90951
060 95T
£06°981~

BEE 'S¥FI—
JEABAT—

P15 29T—

HaC

CHy

AL

¢
S28




peT—

9FT P

088 P

HaC

Feog

Fo0'g

Fooe

801

0’1
0T

£ (e

66L 61—

616 55—

¥al v

2F6 'S01—

80F '€21—
180 #2147
6£9°821—

001 191 —

220 15T

£IL 48T~
091 831"

O
ol
e

S29



88—

GF0 E—

180 B

P R

CHy

[&]
™
T

=E0E

=009

=80 "¢

BEL 61—

814 0%—

250 P—

BELSO0T—

25 021—
sk el —

198712 1—

695 LET—

056 ‘8%
186 mv_v‘

60 851 —

fi (ppm
S30




0E9 78—

el P—

ark'8—

=E0E

E-60E

el
E-50 2

e

T

E00T

290°08—

181770 —

£58 221
RN

912 g1
a5 mm—k
916481
970 621"

128 EET—

E6E 'BET
90% mm_v

508 '§PT—

EIE EST—

0L8L8T—

S31




965 2—

£80 P—

60 E

— T

180708 —

LEE PR

299 521"

PeB 21 -
982 BRI~ =

BOE BEI—

Elg'rEl— =

E96 FRI—

94 'e91—
all'n8l—

S32




B8 T—

EB0 7 —

167 L~
BL¥ LT

BFL L
Lol hW
0LL'l

BEEB—

F60 €

908

—= o0l

= Eao'l

|j Eo0'1

18008 — -

S92 P9 —

890 ‘021

900 FET—

¥56'821

9zT'GEl

088 'LE1—

L0E SPI—

T86 EGT—
6¥8 951—

S33




ar T —

BE6E—
e

£69 b~y
LT

ABE B~
are 8"

88 B—

Feoe

Fo0e

HaCo

Eo0e

= o1

Faot

Foot

P52 02—

£F5 25—

BEE PO —

6he”
2%
0zt
202
£5L°

28

148°
e’

208

221"

UZ0~,
871
‘217

PEI~

BRI

SST~
281

G9T—

HaC

S34



229°a
2c9 ,NV

B e —

pmm.m
mG.mV.

1228~
avz e

gL 'g— —

A

L0°E
..Avn_.m

=en'e

=001

=p0°T

=001

o

£91°02—

P89 92—

L2 ¥

£57 '221—
£99°121

¥90 ,mmduk
960 EET~
Il FET—

Si¥ eF1—

264 'S8T~
9% LST

P 961—

H.C

S35




89—

0FTF—

=—g0 't

=—10'E

80T

G007

=00'T

e

18E 02—
£15 79—
96! 22T~
0zr €217
£67 521,
¥98°921
92% 'SF1—
167 06T
Sh 95T~
281251

-

m

q.

o

m

m

@

S36



009 T —

080 F—

,

CHg

o
N

=60 E

E60'E

ol

ot
501

FmT

9%0 08—

LRI —

£09 gg1—
987 92]
£58 WEW
520 121

88 PET—

CLP OFT—

E0% EST—

BBL LST—

il

S37

o




585 ¢ —

¥L0 T

E-B0E

Fa0E

ET0]
E60%

=it
=001

E00°1

£ (.

868 81—

590 'F0—

99T 12T —
BIB#ET
BEF GBI~

9i67821T

OFE BET—

804 9P~
910 %1~

BBY EST—

G156 28T—

:
538



288 2—
EES T —

90 F—

VRN
P
e

.
g0 L+

GT0 8~
580 '8~

Q
™
=

e
EE0E

608 [

Lt { N
0T

00T

5.0

816°61—
1e8 1 —

910°F9—

10 '021T—

£0E 921~
810 921
%6 LeT-"

oFE 'GP
TP OFT—

082 E§T—

L85 LT

HaC

S39




BI9 E2—

GEQ P

0LE°L

PLE .h”/r

16E L
v

409 °L
119 .hvn

851 8~
8918

ET0E

Cl

a0 e

B
oot

\J 001

80

TPT 08—

SIEP— -

o
W CH
CHs

Cl

980 "1ET— -

B6FL T~

07 21— e
a1 gl

122 0% 1— -

98 LRI— e

88 PEI— e

182 51— w1

S40



¥99 2—

1€1 %

€512
851 '@
S.1°@
oe1e
99E ‘8%
==l
o1% e
StF 2

.

=L0°g

—E£0°g

=001
en’t
KNQ,—

wo

ippm)

212 02—

01F '¥#8—

9¥1 021
028 221
£P1 92T,
029 821~

216 971
915 15T~
650951

BP9 95T~

w

=

w

W

o

S41



L99T—

TETF——

LEB L~
889 "L~

LEB L —

GSE B~
9188~

LR

=80 g

ol (N

F00°'T

00T

£ET 02—

08E "¥9—

960 221
¥85 22T
219221
250 221
580 221
169 #2114
TEL F214
gl vel
118 %21
£66 ¥l
Nm.w,hm.ﬁ\y
859 °SET
586 'SET
£1E€9ET
199 9T

8LEOFT—

46T 551~
6L0°L5T—

CHa

T
3

T
1

S42



BFS T —

LIBT—

L3 U

PIT U~
EET L~
288 L
0% L
EL¥ i~y
26F L
21872

S

=108

=-00°E

00 '€

Eso1

w1
001

10

20

25

o
i

08g8T—
EELEE—

8926°E8—

668 08T—

208 'S8T

286821

Le¥ EET—

L82 TRT—

006 "LPT—

986 85T—

252 '8§T—

CHs

S43




085 'a—

4207

6597

P e P P e P P P P P e

Br

CHs;

=90°gl "

=20°¢

0T
801
00T

wn

Ko

o

fppm)

0T 02—

221 '¥9—

121

951

290
201

299

SET
450

a20v

e
KX S

EET~
T

i d G

PEI~
951

891

Br

44



FEE T

0eg a—

il E—

380 'Y —

88 9 —

”nri—

CH,

U

0
N7 e
CH,

HaC

)

=E0E

Tane

e

I-E0'E

EwT

E00°'T

a1 (e

LBB'BT—~

62018~

665 22—

o

§28'E0—

Q
™
=
0% BIT— e

LT0 8ET— s

B85 MET— e

i

098 0FT—

PEE PRI — =

696 LFT— e

200 EST— \|m

EBT BST— S =

F8

S45



3
SR ooz —3T
[ Fa
)T
B8 5 e -
Fa % #9— et
0Tt b —_— s [ 3|
i 1l
Low =
o =
= 51
\C i / 1
{ 3 L { %
\ A N\A
= / /
° * bs i e i
o i o o
o @
¥¥a 221 -
" m_um.mwﬁ/.
[ 209 621+ E—
mﬂm.NMT.( s
— 6.6 2ET— I
ba5 L 1
lig 1> — - LRA R A -—
962 B— _— - =001 [
Fi 8.0°957~ —
215951 "

S46



E18

Lhas

894

B84

.—

p—

.

A

ES0°E

Eeoe

E00°T

8861 —

BEEEI—

128

865
it
081
198
09l
108

Z65

E2E

§11—

ST

mwﬁM
B2 T~
Bg1~"

0ET—F
ﬁmﬁ\.

SET—

BFT—

SL8E8T—

BPE LT —

=
547




058 '1—
159 7— E— =
-
e
;oo
- o
51— _
O/ 5] =
3 /A
e =
n O
o
[}
=
=z
<
= =
=
95U~y i
5851~ Ba =
5864~ =
200 8= = =

N u

ELLE

=E0E

=0 g

Er1

F00°1

i (e

BLOT0E—

0L8°88—

218°PE—

02% Pa—

PIZ B0T—

£29 EET—
£8L §2T—

88 BET—

868 PFT—
018 LFT—

0E6 2GT—
168 FGT—

PER GLT—

CH,y

HaC

HaC

Fl

|

|

l

|

S48




FOTF—

TES &
255 mW

£95 ¢
8% ml\

2F0 B

H4C

CH,

L

Fane

EL0vE Lo

T

E=80E

Fooe

E01

s0

812 1+

1812,
LG8 Zé~
186 ,WN./
BET ‘62"
S6% 6
128 157
61267

05¥F #9—

y

282"
€40
20’

226"
8L

£
290"
5E€°

aal—

91,

Ler—

SET~
9c1

G951
851"
29T~

HaC

CHa

|J|i

S49



250

0
0
0

L

>

24

CH3

CHa

E-a0'9

Feoe

F00°E

Iwe

e

Feoe

E001

BBT 18—
BSE 2~

0082 —
BFL0E—

866 'SE—

LB PO —

STTEET—

2EBGET—
EABOET—

GL9 GET~—
PP 9ET—"

BT #P1—

§E9 §8T—
LEER]

CH,

o
550




4. 522

o) CHs

-4, 099

=

1. 00— |==

! ! i iy T
= = 2 e =
T T T T T T : : T T T T
=0 i) es eo es o P i 20 20 s ) 20
£i (ppm)
B -
= s 2 5 W e
= s 2 3 28 3 25
< 6 % @ g & = mi
= = = 8 i = L
o CHj
|
0
/
N
o i 0
N
|

| I |

| 1 |
1
| |
- ' ‘ |
i N o = | ... s
syl g e Y y i h Wil
T T T T T T T T T
€0 s o 2 1o 1 90 B ® © 0
i (ppmd

S51



EO9E'T
BLE dv

§9F 82—

860 P

Ju

CHy

o]
N

80°E
HmE £

=00°g

Ewl

=00'E

oot
MS 1

=001

BIB'0E~ =1

8FE 18~

BPE 0E—

0F8 ¥ —

o]

€52 221— ©

196858 1—
BFE LB

ELLBET~
089 9E1~"

BES FRI—

LF0BET—
LOF BT

CH,

T
50
21 (zead

S52




5182 —

5L 'E—

E=00°¢

E¥6D

Eied
=0T
860
E=I16'T

=840

a0

Bl TE—

aat'pa—

£ (el

LGP AT —

1929871
mwm.hwﬁ#
S5F 82T —
FaT—
0FS .mwﬁ\n
£FB omﬂ\
BEE BET
AFTOET—
PIGLET—

GFL TR

P16 25T —

981 '85T—

O

HsC

S53




57—

18l E—

=00°E

=808

e

b

LePTE—

BEEFI—

62 721
g
8L 92T~
996 42T

£ ar—
006 BT~
L6F ZET~
8FB EET

a0 Fe1-
922 BET~
898 LET~"

S6F PRI —

2pPB 05T —

S18'L5T—

H3C

S54




86% T —

59 e —
0egE—

HC

M

FG0E

=60'E
=U0"E

i

98 TE—

Br3'88—

a1z'—

e

899 FIT—
288791T—

EEBTET~
BIF BET~"
261881

LBBLET—
00§ BET—

0LE EET—
PLO BET~
TLPLET~—

PROOFRT—

098 TET—

STTBST——
2TP BT

HC

S55



Ve

BL1ET—

o
e
ke

°

°

Fea
5 e

[" e

| o

M

Fa

r+

ks

°

o

Fe

o

Eoo1 b
=860
0T

o

=001 [

o

I

o

e

°

r
\J F1s0

PIRIE—

218°081—

ED 'S2T
wog mwﬁv

675 921

E2C PET—

£96 8p1—

B0Z BT

98 191 —

S56




g0 0-—

16F 11—

LBE F1—

80

260
290

= g

— =2l

gyt

I|k 001

|J =001

08§ 0rI—

567171
996121
685 24 1=
99z €51+
910 951 —
286121
880 mm_ﬂ
I el
058 1]
gte w1
02 P
259 "T51—

0%6 8% 1~—
1e7 051—

294 091

Tegsr—

n
L ot

Ll

S57




088 8—

ZEVE
b d mv
glge
1%8 €~
¥o8e
698 m“!
62 F
§i2 v:lV
T0g vw\\

0ZE P

9L
ELL vv.

90 '§—

Faoe

ET000

Feoz

Feor

ES0°T

ErocT

00T
Fr

oot

E00°T

168°68 —

FEL AT —

S81°F0—

g18'88—

880 01—

016621
1E0 mw—w
168 921

S0TPET—

LI A )

681951 —

WeE '181—

)

S58




gvv L
1974

987 L=
065 L~
o191~

98 l—
1L .h\
6L L

660 ‘B~
G118

sh e

Feoe

Fo0g

T80E

50°1
gl

wﬁma 1

E-00°T

BIT0ET—

589 521
298 mm_w
LB8 8T

G50 FET—

BED BRI

286651~
658 091~

S59




—d. 089

S60

oy 1 Ty e 7 3
= - - i P R g = -
T T T T T T T T T T T T T
50 60 ] . 40 b .0 zs z0 £ 10 [ LY
a Gz
e - =
E T 3 o moe @
B 8 5 B 252 2
= o= > mm m
] 3 3 = Sew -
i T 1 R T
1 1
[ T
1 1
1
1 1 oy
[ N | .
T T T T T T T T T T T T T T T T T T T T T
=0 E = 50 = m ®0 150 ) e 20 m 00 50 £l J 3 = @0 » 20 n o



