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General:

TBN were purchased from commercial source and used without further purification. Flash
chromatography was carried out with silica gel (200-300 mesh). Analytical TLC was performed
with silica gel GF254 plates, and the products were visualized by UV detection. 'H NMR and
13C NMR (400 MHz, 600MHz and 100 MHz, 150MHz respectively) spectra were recorded in
CDCls. Chemical shifts () are reported in ppm using TMS as internal standard and spin-spin
coupling constants (J) are given in Hz. The high resolution mass spectra (HRMS) were
measured on an electrospray ionization (ESI) apparatus using time of flight (TOF) mass
spectrometry.

General Experimental Procedure

1. TBN/O,/NHPI initiated synthesis of isoquinolin-1-ones (P1)
TBN (2 equiv)

NHPI (20 mol %) N
N\ H [0} > N N\
Ph Oy, 1,4-dioxane, 80 °C “Ph Ph
(EtO)zP\\O o) o)
1a 2a 3a

A solution of 1a (1 mmol) and NHPI (20 mol %) in 1,4-dioxane (16 mL) was mixed fully, then
TBN (2 mmol) was added dropwise under O, atmosphere. The reaction solution was stirred
under 80 °C (oil bath). After completion monitored by TLC (by UV visualization), the solvent
was removed under reduced pressure. The products were separated by silica gel column
chromatography eluted with petroleum ether/ethyl acetate (v/v 6:1) to afford the product 2a in
71% yield (69% for 0.5 mmol scale).
2. TBN/O,/TEMPO initiated synthesis of isoquinolin-1-ones (P2)

TBN (2 equiv)

TEMPO (2 equiv) N
“Ar 0, 1,4-dioxane, 80 °C N

N

(EtO)2P\\O

1 2

A solution of 1 (0.5 mmol) and TEMPO (1 mmol) in 1,4-dioxane (8 mL) was mixed fully, then
TBN (1 mmol) was added dropwise under O, atmosphere. The reaction solution was stirred
under 80 °C (oil bath). After completion monitored by TLC (by UV visualization), the solvent
was removed under reduced pressure. The products were separated by silica gel column
chromatography eluted with petroleum ether/ethyl acetate (v/v 6:1) to afford the product.

3. TBN initiated synthesis of 4-bromoisoquinolin-1-ones (P3)

TBN (2 equiv) Br
NHPI (20 mol %) N
N\Ar 0,, 1,4-dioxane, 80 °C N\Ar
EtO- CuBr (1 equiv
Et0- "0 (1 equiv) o

A solution of 1 (0.5 mmol), CuBr (0.5 mmol), NHPI (20 mol %) in 1,4-dioxane (8 mL) was
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mixed fully, then TBN (1 mmol) was added dropwise under O, atmosphere. The reaction
solution was stirred under 80 °C (oil bath). After completion monitored by TLC (by UV
visualization), the solvent was removed under reduced pressure. The products were separated
by silica gel column chromatography eluted with petroleum ether/ethyl acetate (v/v 6:1) to
afford the product.

Synthesis of the starting material "l

0
1l
H/P:SE: (2 equiv)
©® DDQ (1.1 equiv) N
N Ar
“Ar MeCN, r. t. _pOEt
0" “OEt

A solution of N-aryltetraisoquinoline (1 mmol) and DDQ (1.1 mmol) in MeCN (10 mL) was
mixed fully, then dialkyl phosphonate (2 mmol) was added dropwise at room temperature. After
stirred overnight, the reaction mixture was diluted with CH,Cl,, and then concentrated under
vacuum. The products were separated by silica gel column chromatography eluted with
petroleum ether/ ethyl acetate (v/v 3:1) to afford the product.

For compounds 1a,? 1b,? 1d-1e,® 1f-1g,> 1i,* 1j,° 1k, 11,° 1p,° 1q-1t,? all these THIQs were
known compounds, and the compounds spectra data are in agreement with the reports.

N

EtO<
EtO” F)\\o

Diethyl (2-(4-(tert-butyl)phenyl)-1,2,3,4-tetrahydroisoquinolin-1-yl)phosphonate (1c)

'H NMR (400 MHz, CDCl;) 6 7.41 — 7.31 (m, 1H), 7.25 (d, J = 8.8 Hz, 2H), 7.21 — 7.06 (m, 3H), 6.92
(d, J=8.9 Hz, 2H), 5.13 (d, J=20.4 Hz, 1H), 4.18 — 3.84 (m, 5H), 3.66 — 3.55 (m, 1H), 3.00 (d, /=3.8
Hz, 2H), 1.27 (s, 9H), 1.24 (t, /= 7.1 Hz, 3H), 1.14 (t, J= 7.1 Hz, 3H); '3C NMR (101 MHz, CDCl;) §
147.2 (C-P, 2Jcp= 6.6 Hz), 141.3, 136.4 (C-P, 3Jcp = 5.7 Hz), 130.7, 128.8 (C-P, “Jcp = 2.6 Hz), 128.1
(C-P, 3Jcp=4.5Hz), 127.3 (C-P, 3Jcp = 3.4 Hz), 125.9, 125.7 (C-P, *Jcp = 2.9 Hz), 114.7, 63.3 (C-P,
%Jcp=1.1 Hz), 62.26 (C-P, 2Jp = 7.7 Hz), 59.12 (C-P, 'Jcp = 159.3 Hz), 43.5, 33.8, 31.5, 26.6, 16.5
(C-P,3Jcp=5.6 Hz), 16.36 (C-P, 3Jc.p= 5.9 Hz); HRMS (ESI) m/z: [M + Na]" Calcd for C»;H;,NO;PNa,
424.2012; Found, 424.2001.

N Me
EtO- \©/
Eto” 0

Diethyl (2-(m-tolyl)-1,2,3,4-tetrahydroisoquinolin-1-yl)phosphonate (1h)

'H NMR (400 MHz, CDCl3) 6 7.39 (dd, J= 5.3, 3.5 Hz, 1H), 7.24 — 7.07 (m, 4H), 6.81 (d, J = 8.3 Hz,
2H), 6.64 (d, J=7.4 Hz, 1H), 5.20 (d, J=20.2 Hz, 1H), 4.20 — 3.85 (m, 5H), 3.73 — 3.55 (m, 1H), 3.19
—2.93 (m, 2H), 2.33 (s, 3H), 1.27 (t, J = 7.1 Hz, 3H), 1.16 (t, J = 7.1 Hz, 3H); *C NMR (101 MHz,
CDCl;) 8 149.5 (C-P, 2Jc» = 6.0 Hz), 138.8, 136.5 (C-P, 3Jcp = 5.6 Hz), 130.6, 129.0, 128.8 (C-P, “Jc.p
=2.6 Hz), 128.1 (C-P, 3Jcp = 4.6 Hz), 127.4 (C-P, 3Jcp = 3.5 Hz), 125.8 (C-P, *Jcp = 2.9 Hz), 119.4,
115.5, 112.0, 63.3 (C-P, 2Jcp = 7.2 Hz), 62.3 (C-P, %2Jcp = 7.7 Hz), 58.9 (C-P, Jcp = 159.2 Hz), 43 4,
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26.7,21.9, 16.5 (C-P, *Je.p = 5.5 Hz), 16.4 (C-P, 3Jc.p = 5.9 Hz); HRMS (ESI) m/z: [M + Na]* Calcd for
CoH2gNO;PNa, 382.1543; Found, 382.1532.

Me
N

EtO- P
EtO” S0 Me

Diethyl (2-(2,4-dimethylphenyl)-1,2,3,4-tetrahydroisoquinolin-1-yl)phosphonate (1m)

'H NMR (400 MHz, CDCl;) § 7.57 — 7.43 (m, 1H), 7.29 — 7.17 (m, 2H), 7.17 — 7.05 (m, 1H), 7.00 (s,
1H), 6.78 (d, J= 8.1 Hz, 1H), 6.67 (d, J= 8.1 Hz, 1H), 4.71 (d, J = 25.1 Hz, 1H), 4.18 — 3.84 (m, 5H),
3.22-3.07 (m, 1H), 2.85-2.69 (m, 1H), 2.59 (dd, /= 16.3, 2.5 Hz, 1H), 2.35 (s, 3H), 2.24 (s, 3H), 1.24
(t,/=7.1 Hz, 3H), 1.16 (t, /= 7.1 Hz, 3H); 3C NMR (101 MHz, CDCl;) § 147.9 (C-P, 2Jcp=12.4 Hz),
136.7 (C-P, 3Jcp = 6.3 Hz), 133.2, 133.0, 131.8, 130.6, 129.3 (C-P, *Jcp = 2.4 Hz), 128.1 (C-P, 3Jcp =
3.8 Hz), 127.0 (C-P, 3Jcp=3.6 Hz), 126.9, 125.8 (C-P, *Jcp=3.2 Hz), 122.4, 62.9 (C-P, 2Jc.p=7.3 Hz),
62.0 (C-P, %2Jc.p=7.2 Hz), 59.9 (C-P, 'Jcp=157.5 Hz), 45.6, 24.8,20.7, 17.9, 16.5 (C-P, 3Jc.p = 5.8 Hz),
16.4 (C-P, 3Jcp = 6.0 Hz); HRMS (ESI) m/z: [M + Na]" Calcd for C,;H,sNO3;PNa, 396.1699; Found,
396.1690.

N Me
EO-p \(:[
EtO” S0 Me

Diethyl (2-(3,4-dimethylphenyl)-1,2,3,4-tetrahydroisoquinolin-1-yl)phosphonate (1n)

'H NMR (400 MHz, CDCl3) 6 7.42 (dd, J= 5.4, 3.5 Hz, 1H), 7.29 — 7.10 (m, 3H), 7.02 (d, J = 8.4 Hz,
1H), 6.83 (d, /= 2.4 Hz, 1H), 6.76 (dd, J= 8.2, 2.6 Hz, 1H), 5.17 (d, J = 21.0 Hz, 1H), 4.27 — 3.88 (m,
5H), 3.77 — 3.57 (m, 1H), 3.00 (t, J = 7.2 Hz, 2H), 2.26 (s, 3H), 2.19 (s, 3H), 1.29 (t, J = 7.1 Hz, 3H),
1.19 (t,J=7.1 Hz, 3H); '*C NMR (101 MHz, CDCl;) § 147.8 (C-P, 2Jc.p= 7.2 Hz), 137.1, 136.5 (C-P,
3Jcp=5.8 Hz), 130.6 (C-P, “Jcp = 1.1 Hz), 130.2, 128.8 (C-P, “Jcp = 2.6 Hz), 128.1 (C-P, 3Jcp =44
Hz), 127.3 (C-P, 3Jcp = 3.5 Hz), 126.8, 125.8 (C-P, “Jc» = 2.9 Hz), 116.9, 112.8, 63.4 (C-P, 2Jcp="7.2
Hz), 62.3 (C-P, 2Jcp = 7.6 Hz), 59.1 (C-P, Jcp = 159.6 Hz), 43.7, 26.4, 20.3, 18.7, 16.5 (C-P, 3Jcp =
5.5 Hz), 16.41 (C-P, *Jc.p = 5.9 Hz); HRMS (ESI) m/z: [M + Na]* Calcd for C;H,sNO3PNa, 396.1699;
Found, 396.1694.

N
EtO- | \©\
Et0" Yo CO,E

Ethyl 4-(1-(diethoxyphosphoryl)-3,4-dihydroisoquinolin-2(1H)-yl)benzoate (10)

'H NMR (400 MHz, CDCly) 6 7.92 (d, J=9.1 Hz, 2H), 7.35 (d, /= 7.2 Hz, 1H), 7.29 — 7.12 (m, 3H),
6.93 (d, /=9.0 Hz, 2H), 5.27 (d, /= 18.2 Hz, 1H), 4.31 (q, J= 7.1 Hz, 2H), 4.13 — 3.88 (m, 4H), 3.88 —
3.75 (m, 1H), 3.75 — 3.53 (m, 1H), 3.44 — 3.20 (m, 1H), 3.13 —2.89 (m, 1H), 1.35 (t, /= 7.1 Hz, 3H),
1.21 (t,J=7.1 Hz, 3H), 1.10 (t, /= 7.1 Hz, 3H); *C NMR (101 MHz, CDCl;) § 166.7, 152.1 (C-P, Jc.
p=3.0Hz), 136.2 (C-P,%2Jcp=5.3 Hz), 131.1, 130.4, 128.5 (C-P, *Jcp=2.7 Hz), 128.1 (C-P, *Jcp=5.0
Hz), 127.8 (C-P, 3Jcp = 3.4 Hz), 126.1 (C-P, “Jcp = 2.8 Hz), 119.2, 112.4, 63.2 (C-P, 2Jcp = 7.3 Hz),
62.6 (C-P, 2Jcp=7.7 Hz), 60.3, 58.0 (C-P, 'Jcp=159.1 Hz), 43.4, 27.4, 16.4 (C-P, 3Jcp= 5.5 Hz), 16.4
(C-P, 3Jcp = 5.9 Hz), 14.4; HRMS (ESI) m/z: [M + Na]* Calcd for C,sH,sNOsPNa, 440.1597; Found,
440.1586.
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Optimization of reaction conditions

1. The synthesis of isoquinolin-1-ones.

TBN, 02
Ph solvent, 80 °C N‘Ph
E:g: P additive
3a
PhO\P Pr’O\ MeO\ Ph< Ph
PhO™ S0 pro" ph~ 7o
1a- 1 1a-2 1a-3 1a-4
entry  TBN (equiv)  additive (mol %) solvent yield (%) @
1 2 none 1,4-dioxane 51 (3a, 15)°
2 2.5 none 1,4-dioxane 50 (3a, 18)®
3 2 none THF 45 (3a,18) ®
4 2 none toluene 37 (3a, 20)®
5 2 none anisole trace
6 2 TEMPO (10) 1,4-dioxane 52 (3a, 12)°
7 2 NHPI (10) 1,4-dioxane 64 (3a, 8)®
8 2 NHPI (20) 1,4-dioxane 78 (3a, 9) »¢
9 2 NHPI (30) 1,4-dioxane 74 (3a, 8)°
10 2 NHPI (20) 1,4-dioxane 55 (3a, 10)b¢
11 2 NHPI (20) 1,4-dioxane 58 (3a, 8)b®
12 2 NHPI (20) 1,4-dioxane 61 (3a, 12)bf
13 2 NHPI (20) 1,4-dioxane 39 (3a, 15)b9
14 none none 1,4-dioxane N.R.h
15 none none 1,4-dioxane 0 (3a, trace) '

2Yields were determined by crude 'H NMR using 1,3,5-trimethoxylbenzene as an internal standard,
> The 'H NMR yield of 3a is given in the parentheses; ¢ The isolated yield of 2a is 69%; ¢ 1a-1
instead of 1a was employed as the starting material; ¢ 1a-2 instead of 1a was employed as the starting
material; f 1a-3 instead of 1a was employed as the starting material; g 1a-4 instead of 1a was
employed as the starting material; ® TBHP (1 equiv)/CuBr (10 mol %) were employed as the
initiator; ' CAN (ceric ammonium nitrate, 2 equiv) was employed as the oxidant.

Using TBN (fert-butylnitrite)/O, as the catalyst system, an isoquinolin-1-one 2a was detected
in 51% yield through the designed HAT process (entry 1). However, in the presence of
dioxygen, the oxidative Wittig reaction of a-aminophosphates were inevitable, giving the
corresponding amide 3a in 15% yield. Increasing the amount of TBN did not reinforce the
reaction efficiency as well as the selectivity (entry 2). Then, several solvents were screened
(entries 3-5), and the results remained unsatisfactory. To further accelerate the HAT, the model
reaction was conducted in the presence of TEMPO (2,2,6,6-tetramethyl-1-piperidinyloxy),

S5



however, comparable result was obtained (entry 6). When catalytic amount NHPI (N-hydroxyl
phthalimide) was added to the reaction solution, the desired product was provided in higher
yield (entry 7). Further optimization showed that 20 mol % NHPI gave the best result, and the
expected product was afforded in 78% 'H NMR and 69% isolated yields, respectively (entry
8). Other phosphates were also tested, and ethyl phosphate still gave the best yield (entries 10-
13). Using other initiators, the reaction efficiency was not increased (entries 14-15).

2. Evaluation of the effect of TEMPO

TBN (2 equiv)
RONS
(EtO);Pxq Bu 2" ’
1c
Entry TEMPO (x equiv) Yield (%) @
1 0 56 (3c, 18) b
2 1 58 (3c, 13)®
3 2 66 (3c, 7)®
4 4 75
5 6 75

a Jsolated yields; ® The yield of 3a is given in the parentheses.

We accidentally found that the addition of stoichiometric amount of TEMPO can efficiently
promote the reaction outcome (catalytic amount TEMPO is not beneficial to the reaction).
Therefore, using 1¢ as the model substrate, the effect of TEMPO was studied. When the amount
of TEMPO was increased to 2 equivalent, the selectivity was obviously improved (entries 2-3).
Further increasing the amount of TEMPO could totally inhibited the formation of 3¢, albeit it
would cause large amount of waste (entries 4-5). Therefore, some representative examples were
tested in the presence of 2 equivalent of TEMPO, and in the most cases, the reaction efficiency
as well as the selectivity was improved.

3. The synthesis of 4-bromoisoquinolin-1-ones.

TBN (2 equiv)
additive (x mol % X
EtO. \©\ 02 1,4-dioxane, 80 °C N
o™ CuBr \©\

Entry  Cu(equiv)  NHPI(mol%) TEMPO (mol%)  Yield (%)@

1 CuBr (1) none none 42
2 CuBr (1) none 10 54
3 CuBr (1) none 20 50
4 CuBr (2) none 20 32

5 CuBr (1) 20 none 60

6 CuBr (1) 40 none 47

7 CuBr; (1) none none 40

8 CuBr; (1) 20 none 40

9 none 20 none N.D.®
10 none 20 none trace ©
11 none 20 none trace ¢

2Yields were determined by crude 'H NMR using 1,3,5-trimethoxylbenzene as an internal
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standard; ® In the presence of CBr, (1 equiv); ¢ In the presence of NBS (1 equiv); ¢ In the
presence of Br, (1 equiv).

The model reaction were performed in the presence of 1 equivalent of CuBr (entry 1), and as
our design, the 4-bromodihydroisoquinolin-1-one was obtained in 42% yield. With this
promising result, NHPI and TEMPO as the additives were tested, respectively (entries 2-6).
The results shown that 20 mol % of NHPI is sufficient to give the best product outcome, and
the desired product was isolated in 60% yield (entry 5). Although Cu(Il) species can efficiently
initiate halogen atom-transfer reaction, their oxidability might cause undesired side-reactions,
and in the presence of CuBr», the reaction efficiency was reduced (entry 7-8). It is worth noting
that CuBr might accelerate the formation of the desired product and no direct oxidative Wittig
product 3¢ was detected. In the presence of one equivalent of CBry, only products 2¢ and 3¢
were detected (entry 9). When one equivalent of NBS or Br, was employed as the bromine atom
donors, the desired reaction was disturbed and the product 4¢ was obtained in trace amount
(entries 10-11).

Proposed mechanism

H Ph
_TeN o, 3 Hog P(OEt),
0z Nopp QNepn
o*POR) o7 P(OED: .
A B Nepp,
Hoo P(OEt)

2 p-OEt
“OEt

: P|NO NHPI
N
o P(OEt
D cu'- Br>

_©o
"NHPI

In the presence of TBN/O,, a radical intermediate A is generated, followed by dioxygen

W<p—<mO

trapping, giving a peroxide radical B, which might undergo the direct oxidative Wittig reaction
to provide the side-product 3. After the intramolecular HAT, a carbon-centered radical C is
formed and meanwhile, the peroxide cyclizes with the phosphate, forming a four-membered
ring D. After elimination of the diethyl phosphate, a radical E is provided through Wittig
reaction. In the presence of NHPI/O,, the H-abstraction between PINO radical and intermediate
E accelerates the formation of the desired product 2. It is worth noting that the formation of
3,4-double bond and the Wittig process might proceed simultaneously. When copper bromide
exists in the reaction solution, the copper-catalyzed atom transfer will afford the 4-brominated
intermediate F, which undergoes further oxidation to give the 4-bromodihydroisoquinolin-1-
one 4.

Analytical data for compounds
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X
N

0
2-Phenylisoquinolin-1(2H)-one (2a)
A mixture of 2a and 3a 7 was obtained as a light yellow solid. P1: 86mg (2a: 69%; 3a: 9%). P2: 88mg
(2a: 75%; 3a: 4%). Elution: petroleum ether/ethyl acetate = 6:1 (v : v); 'H NMR (400 MHz, CDCls) §
8.47 (d,J=8.0 Hz, 1H), 7.67 — 7.61 (m, 1H), 7.55 — 7.45 (m, 4H), 7.44 — 7.36 (m, 3H), 7.15 (d, J=7.4
Hz, 1H), 6.54 (d, J = 7.4 Hz, 1H); C NMR (101 MHz, CDCl;) § 162.0, 141.4, 137.1, 132.6, 132.2,

129.3, 128.2, 128.1, 127.1, 126.8, 126.5, 126.0, 106.2; HRMS (ESI) m/z: [M + Na]" Calcd for
C;sH;1NONa, 244.0733; Found, 244.0730.

X
N
SN
2-(p-Tolyl)isoquinolin-1(2H)-one (2b)

A mixture of 2b and 3b 7 was obtained as a light yellow solid. P1: 94mg (2b: 63%; 3b: 17%). Elution:
petroleum ether/ethyl acetate = 8:1 (v : v); 'H NMR (400 MHz, CDCls) 8 8.47 (d, J = 8.0 Hz, 1H), 7.68
—7.61 (m, 1H), 7.57 — 7.46 (m, 2H), 7.32 — 7.25 (m, 4H), 7.15 (d, /= 7.4 Hz, 1H), 6.53 (d, /= 7.4 Hz,
1H), 2.40 (s, 3H); 3C NMR (101 MHz, CDCl) 8 162.0, 141.4, 137.1, 132.6, 132.2, 129.3, 128.2, 128.1,
127.1, 126.8, 126.5, 126.0, 106.2; HRMS (ESI) m/z: [M + Na]* Calcd for C;sH;3NONa, 258.0889;
Found, 258.0889.

X

L
° tB

2-(4-(tert-Butyl)phenyl)isoquinolin-1(2H)-one (2¢)

A mixture of 2¢ and 3¢ ® was obtained as a yellow oil. P1: 103mg (2¢: 56%; 3¢: 18%). P2: 101mg (2¢:
66%; 3c: 7%). Elution: petroleum ether/ethyl acetate = 8:1 (v : v); 'H NMR (400 MHz, CDCl3) 6 8.47
(d, J= 8.0 Hz, 1H), 7.68 — 7.60 (m, 1H), 7.55 — 7.47 (m, 4H), 7.35 (d, /= 8.5 Hz, 2H), 7.17 (d, J= 7.4
Hz, 1H), 6.54 (d, J = 7.4 Hz, 1H), 1.35 (s, 9H); 1*C NMR (101 MHz, CDCIl;) § 162.1, 150.1, 138.7,
137.1, 132.5,132.3, 128.3, 127.0, 126.6, 126.2, 126.2, 125.9, 106.1, 34.7, 31.3; HRMS (ESI) m/z: [M +
Na]* Caled for C19H;gNONa, 300.1359; Found, 300.1359.

L
° F
2-(4-Fluorophenyl)isoquinolin-1(2H)-one (2d)

A mixture of 2d and 3d 7 was obtained as a light yellow solid. P1: 90mg (2d: 66%; 3d: 9%). Elution:
petroleum ether/ethyl acetate = 6:1 (v : v); 'H NMR (400 MHz, CDCl;) é 8.44 (d, J = 8.0 Hz, 1H), 7.66
(t,J=7.2Hz, 1H), 7.51 (dd, J=17.5, 7.9 Hz, 2H), 7.39 (dd, J = 8.6, 4.8 Hz, 2H), 7.15 (m, 3H), 6.55 (d,

u
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J=17.4 Hz, 1H); BC NMR (101 MHz, CDCl3) § 163.2, 162.1, 160.7, 137.0, 132.7, 132.0, 128.7, 128.6,
128.2,127.3,126.4, 126.0, 116.3, 116.1, 106.4; HRMS (ESI) m/z: [M + Na]* Calcd for C;sH,,FNONa,
262.0639; Found, 262.0636.

L
© Cl

2-(4-Chlorophenyl)isoquinolin-1(2H)-one (2¢)

A mixture of 2e and 3e 7 was obtained as a light yellow solid. P1: 106mg (2e: 68%; 3e: 15%). Elution:
petroleum ether/ethyl acetate = 7:1 (v : v); 'H NMR (400 MHz, CDCls) 3 8.44 (d, J = 8.0 Hz, 1H), 7.65
(t,J=17.5Hz, 1H), 7.51 (m, 2H), 7.44 (d, J = 8.4 Hz, 2H), 7.36 (d, J = 8.5 Hz, 2H), 7.11 (d, /= 7.4 Hz,
1H), 6.55 (d, J=7.4 Hz, 1H); 3*C NMR (101 MHz, CDCl;) 6 161.9, 139.8, 137.0, 133.9, 132.7, 131.6,
129.4, 128.3,128.2, 127.3, 126.4, 126.0, 106.6; HRMS (ESI) m/z: [M + Na]* Caled for C;sH;(CINONa,
278.0343; Found, 278.0339.

L
0 B

2-(4-Bromophenyl)isoquinolin-1(2H)-one (2f)

r

A mixture of 2f and 3f 7 was obtained as a yellow solid. P1: 69mg (2f: 33%; 3f: 13%). P2: 126mg (2f:
79%; 3f: 5%). Elution: petroleum ether/ethyl acetate = 5:1 (v : v); 'H NMR (400 MHz, CDCl;) 6 8.43
(d, J=8.0 Hz, 1H), 7.66 (t, J= 7.5 Hz, 1H), 7.59 (d, J= 8.6 Hz, 2H), 7.51 (m, 2H), 7.30 (d, J = 8.6 Hz,
2H), 7.11 (d, J = 7.4 Hz, 1H), 6.55 (d, J = 7.4 Hz, 1H); 3C NMR (101 MHz, CDCl;) & 161.8, 140.3,
137.0,132.8,132.4, 131.6, 128.5, 128.2, 127.3, 126 .4, 126.1, 121.9, 106.6; HRMS (ESI) m/z: [M + Na]*
Calcd for CsH;(BrNONa, 321.9838; Found, 321.9837.

N
I CL
CF

2-(4-(Trifluoromethyl)phenyl)isoquinolin-1(2H)-one (2g)

3

A mixture of 2g and 3g 7 was obtained as a light yellow solid. P1: 75mg (2g: 44%; 3g: 8%). P2: 129mg
(2g: 83%; 3g: 6%). Elution: petroleum ether/ethyl acetate = 5:1 (v : v); "H NMR (400 MHz, CDCl;) §
8.45 (d,J=8.0 Hz, 1H), 7.75 (d, /= 8.3 Hz, 2H), 7.71 — 7.65 (m, 1H), 7.62 — 7.48 (m, 4H), 7.15 (d, J
=7.4 Hz, 1H), 6.59 (d, J= 7.4 Hz, 1H); 3C NMR (101 MHz, CDCl;) 3 161.8, 144.2, 136.9, 134.2,
132.9, 131.2, 128.3, 127.5, 127.3, 126.4 (two 13C), 126.1, 123.4, 106.9; HRMS (ESI) m/z: [M + Na]*
Calcd for C;6HoF;NONa, 312.0607; Found, 312.0620.

X
N
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2-(m-Tolyl)isoquinolin-1(2H)-one (2h)

A mixture of 2h and 3h ° was obtained as a light yellow oil. P1: 77mg (2h: 52%; 3h: 13%). Elution:
petroleum ether/ethyl acetate = 10:1 (v : v); 'H NMR (400 MHz, CDCl;) 4 8.47 (d, J= 8.0 Hz, 1H), 7.69
—7.62 (m, 1H), 7.57 — 7.48 (m, 2H), 7.38 (t,J= 7.7 Hz, 1H), 7.22 (m, 3H), 7.16 (d, J= 7.4 Hz, 1H), 6.55
(d,J=7.4Hz, 1H), 2.41 (s, 3H); *C NMR (101 MHz, CDCl3) § 162.0, 141.3, 139.3, 137.1, 132.5, 132.3,
129.1, 128.9, 128.3, 127.5, 127.1, 126.2, 125.9, 123.8, 106.0, 21.3; HRMS (ESI) m/z: [M + Na]* Calcd
for C;sH3NONa, 258.0889; Found, 258.0899.

X
N

O
F
2-(3-Fluorophenyl)isoquinolin-1(2H)-one (2i)

A mixture of 2i and 3i 7 was obtained as a light yellow solid. P1: 70mg (2i: 49%; 3i: 9%). Elution:
petroleum ether/ethyl acetate = 6:1 (v : v); 'H NMR (400 MHz, CDCls) & 8.45 (d, J = 8.0 Hz, 1H), 7.69
—7.63 (m, 1H), 7.56 — 7.41 (m, 3H), 7.24 — 7.18 (m, 2H), 7.16 — 7.07 (m, 2H), 6.56 (d, J = 7.4 Hz, 1H);
BC NMR (101 MHz, CDCls) 6 162.7 (d, Jcr = 247.8 Hz), 142.6 (d, Jor = 9.8 Hz), 137.0, 132.8, 131.6,
130.5, 130.4, 128.2, 127.3, 126.0, 122.6 (d, Jcr = 3.3 Hz), 115.2 (d, Jor = 21.0 Hz), 114.7 (d, Jcr = 23.7
Hz), 106.6; HRMS (ESI) m/z: [M + Na]* Calcd for C;sH;(FNONa, 262.0639; Found, 262.0635.

e

2-(3-Chlorophenyl)isoquinolin-1(2H)-one (2j)

A mixture of 2j and 3j 7 was obtained as a light yellow solid. P1: 78mg (2j: 49%; 3j: 12%). Elution:
petroleum ether/ethyl acetate = 6:1 (v : v); '"H NMR (400 MHz, CDCl;) 6 8.45 (dd, J= 8.0, 0.5 Hz, 1H),
7.70 — 7.63 (m, 1H), 7.52 (m, 2H), 7.46 (dd, J= 2.6, 1.2 Hz, 1H), 7.43 — 7.38 (m, 2H), 7.34 (dd, J=7.5,
1.9 Hz, 1H), 7.13 (d, J = 7.4 Hz, 1H), 6.56 (d, J = 7.4 Hz, 1H); *C NMR (101 MHz, CDCl;) & 161.8,
142.3, 137.0, 134.7, 132.8, 131.5, 130.2, 128.3, 128.3, 127.4, 127.3, 126.1, 125.2, 106.6; HRMS (ESI)
m/z: [M + Na]* Calcd for C;sH;(CINONa, 278.0343; Found, 278.0340.

X
N

O
Br
2-(3-Bromophenyl)isoquinolin-1(2H)-one (2k)

A mixture of 2k and 3k was obtained as a light yellow solid. P1: 77mg (2k: 41%; 3k: 10%). P2: 127mg
(2k: 81%; 3k: 4%). Elution: petroleum ether/ethyl acetate = 5:1 (v : v); 'H NMR (400 MHz, CDCls) &
8.45 (d, J=8.0 Hz, 1H), 7.70 — 7.65 (m, 1H), 7.61 (d, J= 1.9 Hz, 1H), 7.56 — 7.49 (m, 3H), 7.38 (dd, J
=6.0, 4.4 Hz, 2H), 7.13 (d, J = 7.4 Hz, 1H), 6.57 (d, J = 7.4 Hz, 1H); '3C NMR (101 MHz, CDCl;)
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161.8, 142.4, 136.9, 132.8, 131.5, 131.3, 130.5, 130.1, 128.3, 127.4, 126.4, 126.0, 125.7, 122.6, 106.6;
HRMS (ESI) m/z: [M + Na]* Calcd for C;sH;(BrNONa, 321.9838; Found, 321.9847.

N Cl
N

0]

2-(2-Chlorophenyl)isoquinolin-1(2H)-one (2I)

A mixture of 21 and 31 7 was obtained as a light yellow oil. P1: 106mg (21: 28%; 31: 55%). P2: 121mg
(21: 61%; 31: 33%). Elution: petroleum ether/ethyl acetate = 5:1 (v : v); 'H NMR (400 MHz, CDCl;) &
8.46 (d, J=8.0 Hz, 1H), 7.70 — 7.63 (m, 1H), 7.55 (dd, J = 4.5, 3.5 Hz, 2H), 7.51 — 7.43 (m, 2H), 7.39
(d, J=2.8 Hz, 2H), 6.98 (d, J = 7.4 Hz, 1H), 6.57 (d, J = 7.4 Hz, 1H); 3C NMR (101 MHz, CDCl;) &
164.0, 140.4, 138.8, 132.8, 132.2, 131.8, 130.5, 130.1, 129.6, 128.9, 128.3, 127.9, 127.2, 126.1, 106.3;
HRMS (ESI) m/z: [M + Na]* Calcd for C;5H;,CINONa, 278.0343; Found, 278.0348.

X
N

0]

2-(2,4-Dimethylphenyl)isoquinolin-1(2H)-one (2m)

A mixture of 2m and 3m was obtained as a yellow oil. P1: 47mg (2m: 38%). P2: 71mg (2m: 53%; 3m:
4%). Elution: petroleum ether/ethyl acetate = 10:1 (v : v); 'H NMR (400 MHz, CDCl;) 6 8.47 (d, /= 8.0
Hz, 1H), 7.66 (t, J = 7.5 Hz, 1H), 7.58 — 7.46 (m, 2H), 7.13 (d, J = 17.5 Hz, 3H), 7.00 (d, J = 7.4 Hz,
1H), 6.54 (d, J= 7.3 Hz, 1H), 2.37 (s, 3H), 2.13 (s, 3H); '3C NMR (101 MHz, CDCl;) & 161.8, 138.7,
138.0, 137.3, 135.0, 132.4, 132.4, 131.7, 128.2, 127.7, 127.3, 127.0, 126.6, 126.0, 106.0, 21.1, 17.6;
HRMS (ESI) m/z: [M + Na]* Calcd for C;;H;sNONa, 272.1046; Found, 272.1046.

X
N

)

2-(3,4-Dimethylphenyl)isoquinolin-1(2H)-one (2n)

A mixture of 2n and 3n was obtained as a yellow oil. P1: 76mg (2n: 37%; 3n: 24%). P2: 62mg (2n:
46%; 3n: 4%). Elution: petroleum ether/ethyl acetate = 10:1 (v : v); 'H NMR (400 MHz, CDCl;) 6 8.47
(d, J=8.0Hz, 1H), 7.68 — 7.62 (m, 1H), 7.57 — 7.47 (m, 2H), 7.25 (s, 1H), 7.20 (d, /= 1.8 Hz, 1H), 7.14
(m, 2H), 6.53 (d, J = 7.4 Hz, 1H), 2.31 (s, 6H); 3C NMR (101 MHz, CDCl;) § 162.2, 139.1, 137.7,
137.1, 136.7, 132.5, 132.4, 130.4, 128.3, 127.8, 127.0, 126.6, 125.9, 124.0, 105.9, 19.8, 19.5; HRMS
(ESI) m/z: [M + Na]* Calcd for C;7H;sNONa, 272.1046; Found, 272.1049.

X

T
0 COOEt

Ethyl 4-(1-oxoisoquinolin-2(1H)-yl)benzoate (20)
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A mixture of 20 and 30 was obtained as a light yellow solid. P1: 120mg (20: 58%; 30: 24%). Elution:
petroleum ether/ethyl acetate = 5:1 (v : v); 'TH NMR (400 MHz, CDCl;) 6 8.41 (d, J= 7.6 Hz, 1H), 8.16
—8.10 (m, 2H), 7.67 — 7.61 (m, 1H), 7.53 — 7.44 (m, 4H), 7.13 (d, /= 7.4 Hz, 1H), 6.56 (d, J= 7.5 Hz,
1H), 4.36 (q, J = 7.1 Hz, 2H), 1.37 (t, J = 7.1 Hz, 3H); *C NMR (101 MHz, CDCl;) 8 165.7, 161.8,
145.0, 136.9, 132.8, 131.3, 130.6, 129.9, 128.2, 127.4, 126.7, 126.3, 126.1, 106.9, 61.3, 14.3; HRMS
(ESI) m/z: [M + Na]* Calcd for C;sH;sNOsNa, 316.0944; Found, 316.0942.

N0

2-(Naphthalen-2-yl)isoquinolin-1(2H)-one (2p)

A mixture of 2p and 3p 7 was obtained as a light yellow solid. P1: 109mg (2p: 57%; 3p: 23%). P2:
116mg (2p: 73%; 3p: 12%). Elution: petroleum ether/ethyl acetate = 5:1 (v : v); '"H NMR (400 MHz,
CDCl;) 6 8.50 (d, /= 8.0 Hz, 1H), 7.95 (d, J = 8.7 Hz, 1H), 7.92 — 7.84 (m, 3H), 7.71 — 7.66 (m, 1H),
7.60 — 7.50 (m, 5H), 7.28 (d, J = 7.4 Hz, 1H), 6.60 (d, J= 7.4 Hz, 1H); *C NMR (101 MHz, CDCl;) &
162.2, 139.1, 137.1, 133.5, 132.6, 132.3, 129.0, 128.3, 128.0, 127.8, 127.2, 126.7, 126.7, 126.6, 126.0,
125.1, 125.0, 106.4 (one '3C signal lost for overlap); HRMS (ESI) m/z: [M + Na]* Calcd for
C19H;3NONa, 294.0889; Found, 294.0887.

N
N~
O

2-Butylisoquinolin-1(2H)-one (2s)

A mixture of 2s and 3s '° was obtained as a colorless oil. P2: 56mg (2s: 52%; 3s: 4%). Elution: petroleum
ether/ethyl acetate = 8:1 (v : v); 'H NMR (400 MHz, CDCl;) 6 8.40 (d, J= 8.1 Hz, 1H), 7.66 — 7.52 (m,
1H), 7.52 = 7.36 (m, 2H), 7.02 (d, J = 7.3 Hz, 1H), 6.44 (d, J= 7.3 Hz, 1H), 4.03 — 3.88 (m, 2H), 1.78 —
1.68 (m, 2H), 1.43 — 1.30 (m, 2H), 0.92 (t, J= 7.4 Hz, 3H); 3C NMR (101 MHz, CDCl;) 8 162.0, 137.0,
134.4, 131.9, 131.7, 127.8, 126.6, 125.8, 105.8, 49.1, 31.4, 20.0, 13.7; HRMS (ESI) m/z: [M + Na]*
Calcd for C3H;sNONa, 224.1046; Found, 224.1040.

X

N._Ph + N._Ph

0] o}

2-Benzylisoquinolin-1(2H)-one (2t) and 2-benzyl-3,4-dihydroisoquinolin-1(2H)-one (3t)

A mixture of 2t and 3t '! was obtained as a yellow oil. P2: 90mg (2t: 38%; 3p: 38%). Elution: petroleum
ether/ethyl acetate = 8:1 (v : v); "H NMR (400 MHz, CDCl;) 6 8.45 (d, /= 8.1 Hz, 1H), 8.14 (d,/=17.6
Hz, 1H), 7.61 (dd, J=17.9, 7.2 Hz, 1H), 7.55 — 7.43 (m, 2H), 7.40 (t, J = 7.4 Hz, 1H), 7.43 — 7.21 (m,
11H), 7.14 (d, J= 7.3 Hz, 1H), 7.07 (d, /= 7.4 Hz, 1H), 6.46 (d, /= 7.4 Hz, 1H), 5.21 (s, 2H), 4.78 (s,
2H), 3.47 (t,J= 6.6 Hz, 2H), 2.91 (t,J= 6.6 Hz, 2H); 3*C NMR (101 MHz, CDCl;) § 164.5, 162.2, 138.0,
137.4, 137.0, 136.9, 132.2, 131.7, 131.3, 129.4, 128.8, 128.6, 128.4, 128.0, 127.9, 127.8, 127.4, 127.0,
126.9, 126.9, 126.3, 125.9, 106.4, 51.7, 50.4, 45.3, 28.1; HRMS (ESI) m/z: [M + Na]* Calcd for
Ci6H13NONa (2t), 258.0889; Found, 258.0883; Calcd for C;sH;sNONa (3t), 260.1046; Found, 260.1039.
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N

a9
4-Bromo-2-phenylisoquinolin-1(2H)-one (4a)
Follow P3 and the title compound 4a was obtained as a light yellow solid (m.p.: 89-93 °C), 72mg (48%).
Elution: petroleum ether/ethyl acetate = 6:1 (v : v); 'H NMR (400 MHz, CDCl3) & 8.47 (d, J = 8.0 Hz,
1H), 7.84 (d,J=17.9 Hz, 1H), 7.79 — 7.72 (m, 1H), 7.59 — 7.54 (m, 1H), 7.52 — 7.46 (m, 3H), 7.44 —7.39
(m, 3H); 3C NMR (101 MHz, CDCl3) § 161.1, 140.5, 135.5, 133.3, 132.6, 129.4, 128.7 (two 13C), 128.1,
126.7, 125.9, 100.2 (one 3C signal lost for overlap); HRMS (ESI) m/z: [M + Na]* Calcd for
CisH1oBrNONa, 321.9838; Found, 321.9845.

Br

X
N

PN
4-Bromo-2-(p-tolyl)isoquinolin-1(2H)-one (4b)
Follow P3 and the title compound 4b was obtained as a light yellow solid (m.p.: 95-100 °C), 63mg (40%).
Elution: petroleum ether/ethyl acetate = 10:1 (v : v); 'H NMR (400 MHz, CDCl;) 4 8.48 (d, J = 8.0 Hz,
1H), 7.84 (d,J=8.1 Hz, 1H), 7.76 (t,J=7.4 Hz, 1H), 7.57 (t, J=7.5 Hz, 1H), 7.47 (s, 1H), 7.29 (s, 4H),
2.41 (s, 3H); 3C NMR (101 MHz, CDCl;) 6 161.2, 138.5, 138.0, 135.5, 133.2, 132.8, 130.0, 128.7,

128.1, 126.7, 126.4, 125.89, 100.0, 21.2; HRMS (ESI) m/z: [M + Na]* Calcd for C;cH;,BrNONa,
335.9995; Found, 335.9994.

Br
X

N
0\©\
tB

4-Bromo-2-(4-(tert-butyl)phenyl)isoquinolin-1(2H)-one (4¢)

u

Follow P3 and the title compound 4¢ was obtained as a light yellow solid (m.p.: 157-160 °C), 107mg
(60%). Elution: petroleum ether/ethyl acetate = 8:1 (v : v); 'H NMR (400 MHz, CDCl3) 6 8.47 (d, J =
7.7 Hz, 1H), 7.81 (d, J=7.9 Hz, 1H), 7.73 (t, J= 7.1 Hz, 1H), 7.58 — 7.45 (m, 4H), 7.34 (d, J = 8.5 Hz,
2H), 1.35 (s, 9H); *C NMR (101 MHz, CDCl;) 8 161.1, 151.4, 137.9, 135.5, 133.2, 132.8, 128.7, 128.0,
126.7, 126.4, 126.2, 125.9, 100.1, 34.7, 31.3; HRMS (ESI) m/z: [M + Na]* Caled for C;oH;sBrNONa,
378.0464; Found, 378.0470.

Br

L
° F
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4-Bromo-2-(4-fluorophenyl)isoquinolin-1(2H)-one (4d)

Follow P3 and the title compound 4d was obtained as a white solid (m.p.: 141-147 °C), 82mg (52%).
Elution: petroleum ether/ethyl acetate = 6:1 (v : v); 'H NMR (400 MHz, CDCl3) & 8.44 (d, J = 8.0 Hz,
1H), 7.82 (d, J = 8.0 Hz, 1H), 7.76 (m, 1H), 7.56 (t, J=7.5 Hz, 1H), 7.44 — 7.37 (m, 3H), 7.16 (m, 2H);
BC NMR (101 MHz, CDCl;) 8 162.1 (C-F, 'Jor= 248.7 Hz), 161.1, 136.4 (C-F, “Jcr = 3.2 Hz), 135 .4,
133.4, 132.37 (C-F, 3Jcr = 8.6 Hz), 128.6 (two 13C), 128.2 (C-F, 4/ = 3.9 Hz), 126.5, 126.0, 116.4 (C-
F, 2Jcr = 23.1 Hz), 100.4; HRMS (ESI) m/z: [M + Na]" Caled for C;sH;;NONa, 339.9744; Found,
339.9740.

Br

L
° Cl

4-Bromo-2-(4-chlorophenyl)isoquinolin-1(2H)-one (4¢)

Follow P3 and the title compound 4e was obtained as a light yellow solid (m.p.: 164-170 °C), 120mg
(72%). Elution: petroleum ether/ethyl acetate = 6:1 (v : v); 'H NMR (400 MHz, CDCls) & 8.48 (dd, J =
8.0,0.8 Hz, 1H), 7.88 (d, J=8.1 Hz, 1H), 7.84 — 7.77 (m, 1H), 7.65 — 7.58 (m, 1H), 7.53 — 7.43 (m, 3H),
7.43 — 7.36 (m, 2H); 3C NMR (101 MHz, CDCls) 6 161.0, 138.8, 135.4, 134.3, 133.5, 132.1, 129.6,
128.7, 128.3, 128.1, 126.5, 126.0, 100.7, HRMS (ESI) m/z: [M + Na]" Calcd for C;sHyBrCINONa,
355.9448; Found, 355.9449.

Br

L
o B

4-Bromo-2-(4-bromophenyl)isoquinolin-1(2H)-one (4f)

r

Follow P3 and the title compound 4f was obtained as a light yellow solid (m.p.: 184-187 °C), 145mg
(77%). Elution: petroleum ether/ethyl acetate = 6:1 (v : v); 'H NMR (400 MHz, CDCl3) 6 8.44 (d, J =
8.0 Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.77 (t, J = 7.5 Hz, 1H), 7.59 (dd, J = 19.2, 7.9 Hz, 3H), 7.42 (s,
1H), 7.31 (d, J= 8.4 Hz, 2H); '3*C NMR (101 MHz, CDCl;) 6 160.9, 139.3, 135.4, 133.5, 132.6, 132.0,
128.7, 128.4, 128.3, 126.5, 126.0, 122.3, 100.7; HRMS (ESI) m/z: [M + Na]* Calcd for C;sHyBr,NONa,
399.8943; Found, 399.8946.

Br

N
O\©\
CF

4-Bromo-2-(4-(trifluoromethyl)phenyl)isoquinolin-1(2H)-one (4g)

3

Follow P3 and the title compound 4g was obtained as a light yellow solid (m.p.: 132-140 °C), 121mg
(66%). Elution: petroleum ether/ethyl acetate = 6:1 (v : v); 'H NMR (400 MHz, CDCl3) 6 8.46 (d, J =
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8.0 Hz, 1H), 7.85 (d, /= 8.0 Hz, 1H), 7.78 (dd, J= 10.6, 8.4 Hz, 3H), 7.60 (dd, J=7.9, 4.7 Hz, 3H), 7.46
(s, 1H); 3C NMR (101 MHz, CDCl;) § 160.8, 143.2, 135.4, 133.7, 131.6, 130.5 (C-F, %Jor = 32.8 Hz),
128.7, 128.5, 127.2, 126.6 (C-F, 3Jor = 3.7 Hz), 126.5, 126.3 (C-F, Jcr = 272.4 Hz), 126.1, 101.1;
HRMS (ESI) m/z: [M + Na]* Calcd for C;sHoBrF;NONa, 389.9712; Found, 389.9711.

Br

X
N

0]

4-Bromo-2-(m-tolyl)isoquinolin-1(2H)-one (4h)

Follow P3 and the title compound 4h was obtained as a light yellow solid (m.p.: 88-95 °C), 78mg (50%).
Elution: petroleum ether/ethyl acetate = 8:1 (v : v); 'H NMR (400 MHz, CDCl;) 4 8.59 — 8.41 (m, 1H),
7.91 —7.84 (m, 1H), 7.84 — 7.70 (m, 1H), 7.59 (t,J = 7.6 Hz, 1H), 7.49 (s, 1H), 7.40 (t,J=7.9 Hz, 1H),
7.32 — 7.15 (m, 3H), 2.43 (s, 3H); 3C NMR (101 MHz, CDCl;) & 161.1, 140.4, 139.5, 135.5, 133.3,
132.8,132.7,129.3, 128.7, 128.1, 127.4, 126.7, 125.9, 123.7, 100.1, 21.4; HRMS (ESI) m/z: [M + Na]*
Calcd for C;¢H;,BrNONa, 335.9995; Found, 335.9999.

Br

X
N
O

F
4-Bromo-2-(3-fluorophenyl)isoquinolin-1(2H)-one (4i)

Follow P3 and the title compound 4i was obtained as a light yellow solid (m.p.: 89-97 °C), 97mg (61%).
Elution: petroleum ether/ethyl acetate = 6:1 (v : v); 'TH NMR (400 MHz, CDCl;) 6 8.48 (dd, J= 8.0, 0.7
Hz, 1H), 7.86 (d, /= 8.1 Hz, 1H), 7.79 (t, /= 7.6 Hz, 1H), 7.60 (t, /= 8.1 Hz, 1H), 7.54 — 7.42 (m, 2H),
7.22 (dd, J=11.5, 4.3 Hz, 2H), 7.15 (td, J = 8.4, 2.4 Hz, 1H); *C NMR (101 MHz, CDCl;) § 162.7 (C-
F, Jcr = 248.5 Hz), 160.8, 141.6 (C-F, 3Jcr = 9.9 Hz), 135.4, 133.5, 132.0, 130.6 (C-F, 3Jcr = 9.0 Hz),
128.7, 128.3, 126.5, 126.0, 122.5 (C-F, 4Jcr = 3.3 Hz), 115.6 (C-F, 2Jor = 20.9 Hz), 114.6 (C-F, 2Jcp =
23.9 Hz), 100.7; HRMS (ESI) m/z: [M + H]" Calcd for C;sH,oBrFNO, 317.9924; Found, 317.9928.
Br

X
N

O
Cl
4-Bromo-2-(3-chlorophenyl)isoquinolin-1(2H)-one (4j)

Follow P3 and the title compound 4j was obtained as a light yellow solid (m.p.: 91-93 °C), 87mg (52%).
Elution: petroleum ether/ethyl acetate = 6:1 (v : v); 'H NMR (400 MHz, CDCl;) 6 8.48 (d, J= 8.0 Hz,
1H), 7.87 (d, J=8.1 Hz, 1H), 7.81 (t,J=7.6 Hz, 1H), 7.61 (t,J= 7.6 Hz, 1H), 7.50 — 7.39 (m, 4H), 7.35
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(dt, J=7.3, 1.9 Hz, 1H); 3C NMR (101 MHz, CDCl;) § 160.9, 141.3, 135., 134.9, 133.5, 131.9, 130.4,
128.7 (two 3C), 128.3, 127.2, 126.5, 126.0, 125.1, 100.7; HRMS (ESI) m/z: [M + Na]* Caled for
C1sHsBrCINONa, 355.9448; Found, 355.9455.

Br
X
N
0]

Br
4-Bromo-2-(3-bromophenyl)isoquinolin-1(2H)-one (4k)

Follow P3 and the title compound 4k was obtained as a light yellow solid (m.p.: 107-112 °C), 104mg
(55%). Elution: petroleum ether/ethyl acetate = 6:1 (v : v); 'H NMR (400 MHz, CDCl;) 6 8.44 (d, J =
8.0 Hz, 1H), 7.82 (d, J=8.1 Hz, 1H), 7.76 (t,J=7.6 Hz, 1H), 7.61 — 7.52 (m, 3H), 7.42 (s, 1H), 7.36 (d,
J="17.0 Hz, 2H); 3C NMR (101 MHz, CDCl;) 4 160.8, 141.4, 135.4, 133.5, 131.9, 131.6, 130.6, 129.9,
128.7,128.3, 126.5, 126.0, 125.6, 122.7, 100.7, HRMS (ESI) m/z: [M + Na]* Calcd for C;sHyBr,NONa,
399.8943; Found, 399.8939.

Br

N Cl
N

0]

4-Bromo-2-(2-chlorophenyl)isoquinolin-1(2H)-one (41)

Follow P3 and the title compound 4l was obtained as a light yellow oil, 100mg (60%). Elution: petroleum
ether/ethyl acetate = 6:1 (v : v); 'TH NMR (400 MHz, CDCl;) 6 8.49 (dd, J= 8.0, 0.7 Hz, 1H), 7.90 (d, J
= 7.7 Hz, 1H), 7.85 — 7.78 (m, 1H), 7.65 — 7.55 (m, 2H), 7.47 — 7.40 (m, 3H), 7.32 (s, 1H); 3C NMR
(101 MHz, CDCl3) 8 160.8, 137.8, 135.7, 134.5, 133.6, 132.1, 130.6, 130.5, 129.5, 128.7, 128.2, 128.0,
126.5, 126.1, 100.3; HRMS (ESI) m/z: [M + H]* Caled for CsH;,BrCINO, 333.9629; Found, 333.9637.

Br

X
N

o)

4-Bromo-2-(2,4-dimethylphenyl)isoquinolin-1(2H)-one (4m)

Follow P3 and the title compound 4m was obtained as a light yellow solid (m.p.: 101-103 °C), 67mg
(41%). Elution: petroleum ether/ethyl acetate = 8:1 (v : v); 'H NMR (400 MHz, CDCl;) 6 8.46 (d, J =
8.0 Hz, 1H), 7.85 (d,J=7.8 Hz, 1H), 7.75 (t, /= 7.6 Hz, 1H), 7.55 (t,J=7.6 Hz, 1H), 7.31 (s, 1H), 7.11
(d, J = 18.4 Hz, 3H), 2.35 (s, 3H), 2.12 (s, 3H); *C NMR (101 MHz, CDCl;) & 160.9, 139.1, 137.1,
135.7,134.9,133.2,132.9, 131.8, 128.7, 128.0, 127.8, 127.1, 126.7, 125.9, 99.8, 21.1, 17.6; HRMS (ESI)
m/z: [M + Na]* Calcd for C;H;4BrNONa, 350.0151; Found, 350.0157.
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Br

4-Bromo-2-(3,4-dimethylphenyl)isoquinolin-1(2H)-one (4n)

Follow P3 and the title compound 4n was obtained as a light yellow solid (m.p.: 91-97 °C), 74mg (45%).
Elution: petroleum ether/ethyl acetate = 6:1 (v : v); 'H NMR (400 MHz, CDCl;) 4 8.50 — 8.45 (m, 1H),
7.84 (d, J = 8.0 Hz, 1H), 7.79 — 7.73 (m, 1H), 7.60 — 7.53 (m, 1H), 7.46 (s, 1H), 7.26 — 7.22 (m, 1H),
7.18 (d, J= 1.9 Hz, 1H), 7.12 (dd, J = 8.0, 2.2 Hz, 1H), 2.30 (s, 6H); '*C NMR (101 MHz, CDCl;) &
161.2, 138.2, 137.9, 137.2, 135.5, 133.2, 132.9, 130.5, 128.7, 128.0, 127.6, 126.7, 125.9, 123.8, 99.9,
19.9, 19.5; HRMS (ESI) m/z: [M + Na]* Calcd for C;7H;4BrNONa, 350.0151; Found, 350.0153.

Br
XX

L
° COOEt

Ethyl 4-(4-bromo-1-oxoisoquinolin-2(1H)-yl)benzoate (40)

Follow P3 and the title compound 40 was obtained as a light yellow solid (m.p.: 103-106 °C), 26mg
(14%). Elution: petroleum ether/ethyl acetate = 8:1 (v : v); 'H NMR (400 MHz, CDCls) & 8.47 (dd, J =
8.0, 0.7 Hz, 1H), 8.20 — 8.15 (m, 2H), 7.89 — 7.83 (m, 1H), 7.82 — 7.76 (m, 1H), 7.62 — 7.57 (m, 1H),
7.55-7.50 (m, 2H), 7.47 (s, 1H), 4.40 (g, J= 7.1 Hz, 2H), 1.41 (t, J= 7.1 Hz, 3H); *C NMR (101 MHz,
CDCl;) 8 165.6, 160.9, 144.0, 135.4, 133.6, 131.7, 130.7, 130.4, 128.7, 128.4, 126.6 (two *C), 126.1,
100.9, 61.3, 14.3; HRMS (ESI) m/z: [M + Na]* Calcd for C,sH;4BrNO;Na, 394.0049; Found, 394.0049.

Br

[0

4-Bromo-2-(naphthalen-2-yl)isoquinolin-1(2H)-one (4p)

Follow P3 and the title compound 4p was obtained as a light yellow solid (m.p.: 194-198 °C), 61mg
(35%). Elution: petroleum ether/ethyl acetate = 10:1 (v : v); 'H NMR (400 MHz, CDCl;) 6 8.52 (dd, J =
8.0, 0.7 Hz, 1H), 7.95 (d, J = 8.7 Hz, 1H), 7.88 (m, 4H), 7.83 — 7.76 (m, 1H), 7.62 — 7.51 (m, 5H); 3C
NMR (101 MHz, CDCl;) 8 161.3, 138.1, 135.5, 133.4, 133.4, 132.8, 132.7, 129.3, 128.7, 128.2, 128.1,
127.8, 126.9, 126.8, 126.7, 126.0, 125.2, 124.7, 100.4; HRMS (ESI) m/z: [M + Na]" Calcd for
Ci9H,BrNONa, 371.9995; Found, 371.9994.
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4-Bromo-2-(4-methoxyphenyl)isoquinolin-1(2H)-one (4q)

Follow P3 and the title compound 4q was obtained as a white solid (m.p.: 105-109 °C), 46mg (28%).
Elution: petroleum ether/ethyl acetate = 6:1 (v : v); 'H NMR (400 MHz, CDCl3) & 8.47 (d, J = 8.0 Hz,
1H), 7.85 (d, J=8.1 Hz, 1H), 7.77 (t, J = 7.6 Hz, 1H), 7.57 (t, /= 7.5 Hz, 1H), 7.47 (s, 1H), 7.33 (d, J=
8.7 Hz, 2H), 7.00 (d, J = 8.8 Hz, 2H), 3.84 (s, 3H); *C NMR (101 MHz, CDCl;) § 161.0, 159.0, 135.2,
133.0, 132.9, 132.6, 128.3, 127.7, 127.5, 126.3, 125.6, 114.3, 99.6, 55.2; HRMS (ESI) m/z: [M + Na]*
Calcd for C¢H;,BrNO,Na, 351.9949; Found, 351.9942.

Br

A F
N
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4-Bromo-2-(2-fluorophenyl)isoquinolin-1(2H)-one (4r)

Follow P3 and the title compound 4r was obtained as a light yellow solid (m.p.: 152-154 °C), 76mg
(48%). Elution: petroleum ether/ethyl acetate = 6:1 (v : v); 'H NMR (400 MHz, CDCl3) 6 8.47 (d, J =
8.0 Hz, 1H), 7.87 (d, J=8.1 Hz, 1H), 7.82 — 7.75 (m, 1H), 7.59 (t, /= 7.6 Hz, 1H), 7.47 — 7.37 (m, 3H),
7.30 — 7.23 (m, 2H); *C NMR (101 MHz, CDCls) 8 160.7, 157.4 (C-F, 'Jor = 252.6 Hz), 135.6, 133.5,
132.3, 130.7 (C-F, *Jcr = 7.9 Hz), 129.0, 128.7, 128.3, 127.9 (C-F, 2Jor= 13.0 Hz), 126.4, 126.1, 124.9
(C-F, 4Jcr = 3.9 Hz), 116.9 (C-F, %Jr = 19.6 Hz), 100.5; HRMS (ESI) m/z: [M + Na]* Calcd for
C,sHyBrFNONa, 339.9744; Found, 339.9744.

Br
X
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@)
4-Bromo-2-butylisoquinolin-1(2H)-one (4s)

Follow P3 and the title compound 4s was obtained as colorless oil, 31mg (22%). Elution: petroleum
ether/ethyl acetate = 6:1 (v : v); "TH NMR (400 MHz, CDCl;) § 8.45 — 8.38 (m, 1H), 7.79 (d, J = 8.1 Hz,
1H), 7.76 — 7.67 (m, 1H), 7.57 — 7.49 (m, 1H), 7.33 (s, 1H), 4.06 — 3.90 (m, 2H), 1.89 — 1.66 (m, 2H),
1.51 —1.28 (m, 2H), 0.95 (t, J = 7.4 Hz, 3H); '*C NMR (101 MHz, CDCl;) 6 161.2, 135.4, 132.8, 132.2,
128.2, 127.7, 125.7, 110.0, 99.6, 49.2, 31.4, 19.9, 13.7, HRMS (ESI) m/z: [M + Na]* Calcd for
C3H14BrFNONa, 302.0151; Found, 302.0145.

Br
X
N._Ph
(0]
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2-Benzyl-4-bromoisoquinolin-1(2H)-one (4t)

Follow P3 and the title compound 4t was obtained as yellow oil, 5S0mg (32%). Elution: petroleum
ether/ethyl acetate = 6:1 (v : v); 'H NMR (400 MHz, CDCl;) 6 8.48 (d, J= 8.0 Hz, 1H), 7.81 (d, /= 7.7
Hz, 1H), 7.79 — 7.70 (m, 1H), 7.62 — 7.53 (m, 1H), 7.42 — 7.27 (m, 6H), 5.20 (s, 2H); 3C NMR (101
MHz, CDCl;) 6 161.4, 136.2, 135.4, 133.0, 131.8, 128.9, 128.5, 128.1, 128.1, 127.9, 126.5, 125.9, 100.2,
51.7, HRMS (ESI) m/z: [M + Na]* Caled for C;sH;,BrNONa, 335.9995; Found, 335.9987.

References

1. Wang, H.; Li, X.; Wu, F.; Wan, B. Tetrahedron Lett. 2012, 53, 681.

2. Lin, B.; Lu, G.; Lin, R.; Cui, Y.; Liu, Y.; Tang, G.; Y. Zhao Synlett 2018, 29, 2697.
3. Gu, K.; Zhang, Z.; Bao, Z.; Xing, H.; Yang, Q.; Ren, Q. Eur. J. Org. Chem. 2016,
3939.

4. Xie, W.; Liu, N.; Gong, B.; Ning, S.; Che, X.; Cui, L.; Xiang, J. Eur. J. Org. Chem.
2019, 2498.

5. Gross, H.; Ozegowski, S. Journal fuer Praktische Chemie 1983, 325, 437.

6. Rueping, M.; Zoller, J.; Fabry, D. C.; Poscharny, K.; Koenigs, R. M.; Weirich, T.
E.; Mayer, J. Chem. Eur. J. 2012, 18, 3478.

7. Aganda, K. C. C.; Hong, B.; Lee, A. Adv. Synth. Catal. 2019, 361, 1124.

8. Chen, Z.; Wu, L.; Fang, H.; Zhang, T.; Mao, Z.; Zou, Y.; Zhang, X.; Yan, M. Adv.
Synth. Catal. 2017, 359, 3894.

9. Thatikonda, T.; Deepake, S. K.; Das, U. Org. Lett. 2019, 21, 2532.

10. Xie, W.; Gong, B.; Ning, S.; Liu, N.; Zhang, Z.; Che, X.; Zheng, L.; Xiang, J.
Synlett, 2019, 30, 2077.

11. Song, A.-R.; Yu, J.; Zhang, C. Synthesis 2012, 44, 2903.

S19



'H and BC spectra

400 MHz, CDCls

Sk

60T

60T
¥

FPIE

WZ:
Lt

001

£1 (ppm)

91T901—
086°STI

€891
SEN'LTL
6S0°8TT
6IT8TT]
SSTTL
L91°T€T
9CCTET
080°L€1-

F66'191—

2a

100 MHz, CDCl3

80

110 100 90 &0 i 80
£1 (ppm)

120

0 210 200 180 180 170 160 160 140 130

230

S20



9E€T
v8eTs
290°¢
Ea.nV
—
F68'E
016
LT6'€

£05°9
mm_ﬂmv
QEM
961°L-F
E,H.tﬁ
6VT°L
e
0822
e |
T0e'L |
ssv'L ]
Ls¥L
seved
96+£]
1052
175
8092 |
119z
8z9°2]
sot'g
scvgl

400 MHz, CDCl;

—

L

3b

01
Mmz‘ﬂ

J

2 Fson

a - 790

Fent

981

W_:....

= [-K6'T
B 9t

@] 8 == rog

i

e

8.0

)
o

1L3 1.0 103 10,0 @5 9.0

1z.0

£1 (ppm)

m*:._mw.
6FL'IT

985°87

YIS 6h—

FIL90T—
81T'SLT

SE6'ST1
765971
FLOLTT
67T'8T1-T
6T5°6LT
FSR6TT
IPEzEL
spet]

[SELI 0N
08TFIT

10 o -10

20

130 120 110 100
£1 (ppm)

140

130

=3
=1

200 180 180 170 1

210

220

S21



L9€°1—

9€59
mmm.mv
€LIL
0SE°L
VTR

aam.&n

1z5°s/

BLY'R
xav,wv.

400M, CDCl;

3c

3c

L

20T

TEE
47
I
E68E

H/ﬂ:

00T

o

=
e

£1 (ppm)

CEELE~
8B9FE

090°90T—
£68°5T1

10Z°921
677971

SHO'LTT-L
197871

emn.ﬂﬂx
sreel
886051 —

180°291—

tBu

100M, CDCly

3c

L

-10

10

20

130 120 110 100
£1 (ppm)

140

130

=3
=1

220 210 200 180 180 170 1

230

S22



= LES'ST—

L60'E
€ll'e
6TI'E

}
~ah.m./ ]
]

L= 6FS 67—
FeTo | 7

I

w
o1Ge - B2 pita | s vt
e ‘ 265611,
Te'e ! 3 .
P FS 8¥0°911
o QLTI
”
- ] Fe ez0ozi
i . voveri]
] [ mﬂ.nﬂé
7 .
w [o§ ey
aﬂ FOT'8TI ﬁ
mmm.wv - Losu |2 L6S8TL
Les9 - “ mwe.mﬁ#
% 4 A = 956I€T-
rel —~—— o e
cei hgw ] . crreel
. -_ ;
mm_.tﬁ — = = o it 9L9°Z€T
- o : 6E0°25T
urzd &

Foo sereetd
ks ® 089°091
69€°L ] i

I e [ mnc.NEM
18¢°2] 7
SPIE9l
982 L=
16¢°2]
86€°L] -5
£0¥'L R
962 Fa £
075z -
2] E
9c9's] &
5oL | | =
0£v's] | o
osrg =
&
F i

-10

10

20

S23

£1 (ppm)

130

1 130 140

0

210 200 180 180 17

220




P60’
0Ire
STr'e
L16'E
mmm.my.

mﬁm.m\\‘

8ES'0~

15594
Torz

6IT'L
€7z
L
967 L)
siesd
esesf
05€°2 1
1452
8TF L
61 L]
seve]
L6¥'L

LIs's

Re5 2]
ceos

Fs9°L]
€192]
oTHE

Srig

]
©

hagidl]

EEF0

Fsen

a0

H‘hr_

=
(=1

1L3 1LOD 10.3 100

1zZ.0

£1 (ppm)

695907 —
E£TO'9TT

60F 971
STELTT
G8T'RIT

LYT' 8T
LTF6TTIL
EV9ILT
¥FTLTe J

CL6'9ET

LO6T9T—

o

Cl

10 o -10

20

130 120 110 100
£1 (ppm)

140

130

=3
=1

200 180 180 170 1

210

220

S24



PS50,
£95'0
001°£]
61T°Z]
8L
167°2
£16°L

181 L1
66V°L]
0T5'L

:wm.h.__
F85L
S09°Z

9L

859°2-]
BLO'L-

T8
s

/

1T

Feto

/
3f 3f

7 = & 001
&

)

=1
=

1.3 1.0 103

12.0

£1 (ppm)

8LL 66—
i o

5092 ~//

6EE°LLT1 _r
ﬂﬁﬂ.wﬂw
L1S'8C1
S5 I€1
6L TEL

osLzel
896'9¢ 1

£r8I91—

T
-10

10

T
140

T
130

=3

T T
180 170 1

T
180

T
200

£1 (ppm)

S25



10 o -10

20

689
19'9
2099 N

b1 L] =

i O
8SIL O
o
o
@
L
o
(0]
o
~

3

TTISL
£FSL
795°L
TLSL
£65°L
199°24
Fo9'L L
6L9°L
2 |
F89°L
13 JAPEN]
w@n.n\.
8E¥'8

6EF'8

0FF'8

8T8

658

w054
5]
=8 66901
Fa 760'9Z1
S9€'9Z1

505°L1
reot [@ 986971

£1 (ppa)

3

€THOTL

W
| =
= 6T€°LTT
€LV LTt

GLTBLL

=
= GLTTIET m
E Z
LGRTLT \\
00T |8
= [647191—
=
o

9.5

T T T
11.0 10.5 10.0
T T TR TR

11.5

100

110
£1 (ppm)

180 180 140 130 120
S26

0

200 180 180 17

210

220




16T,
sovz/
960°€
TIire
8TI°E
FE6'E
0S6°€
296'¢
1£5°9,
6v5'9|
s50°2
£L0°L
L
991,
617°L
vz L]
L
7674
PSE LA
€LE° L
£6€°L-
w8 L]
o5z
s g
875°L
8HS'L
r59°2
55972
SLO°L
88
918
FOV'E
¥8r'8.

—

3h

3h

—

90

wa,m

F8F0

050

0.0

& 1L0 1.3

1L

1z.0

£1 (ppm)

SEEIT—

LTY8T—

S6F6v—

PEO90T—
FRLECT

006'STT
980°421
TOSLTL
6FT'8TI
O8R'8TT
60°621
£eTTEl
BLV'TET

LSO'T9T—

]

P
oL
ke
oy

10 o -10

20

140

130

=1

170

200 180 180

210

220

£1 (ppm)

S27



660'€
cire
€€
6£6'€
mma.mw.
:m.m.\
L¥S9,
995'9
z80°2]
801°L
sTrL
A
T8IL
_2:._“;
1072
BIT L
hmm.h/w
FIF L
mﬂ..tﬂ
FEvLd
osv s
pobL
[P R
o8 L
FOSL
VISL
ez
Wo'L
oL
1992
8192
1892
671°8
0V
09t°8.

F.q /(

(Il||lrl[|’)
lr|.|/|,|}

/.

J

Y
—

— ——

=
@no
A

E6en

=)
=1

10.3

1.0

1 (ppm)

LBV BT—

SST6F—
SL8°90T,

LS FIT
908'F114
SO0°STT ]
PLTSTT
L8872 14
065771
SPOOTT
STHOTI
L00°271
cTeLTT
SPTRTI
652821
T8E°0ET-f
LLFOST-}
NG._E%.

wmh.N:\
SPe'9tl

x«é._w~
mwh._@~V
Em.mmﬁ..\

——

=

10 o -10

20

130 120 110 100
1 (ppm)

140

130

=3
=1

200 180 180 170 1

210

220

S28



0IrE
9zIE -~ &
e
We'E
8S6'E ~ - -
SL6'€

5659
mmv
9£1 .hM
VTEL
EFE L
Lve L)
8BEL
T6E' L ;
L6E L]
E0F L

oL
95t
LSVL

0914 |
Sob' L]
TLYL

0¥
1+'8
091'8

1918/

.

EI50

L0

E0T

560
mht (i)
Wmc,m

¥TT
m._,zi

870

660

£1 (ppm)

VIS 8T—

0LT6V—

019901 —
BLI'STT

|PO'9Z1
8T€ LT1
5€T1
65T8TL
SzE'RT1
£1T0€1
LEG1ET
PLLTET

€18°191—

=

3]

&

=z
(5]

op

&

&

lo}
=

10 o -10

20

130 120 110 100
£1 (ppm)

140

130

=3
=1

200 180 180 170 1

210

220

S29



STy

Nm_.mw
8FI'E

LV6E

gm,mw
6L6'E

BS5'9
E.m.uv
09€°2
BLEL
T8 L-
985
1052/
615
676" L] i
pec s
BESL]
L¥s'L]
£65°2 ]
9554
£09° 2]
z19°2
[
8592 |
929°¢]
LEVR
Lsygl

-

SN

—
T

2k

0.0

=)
=1

5 10.0

10.

11.0

£1 (ppm)

17887 —

00 67—

LT19°901—
BLO'STT

620'97 1
0£€°L21
TLTRTISL
6EL°0EL
09%"0¢1
aTIsn
SISIET
€LLTEN

6T 191—

Br

3k

Br

10 o -10

20

130 120 110 100
£1 (ppm)

140

130

=3
=1

200 180 180 170 1

210

220

S30



6T0°€
R:.m%
0STE~_
ozges
BeLE
aan.mw

q06'€!
965°9

54679
996'9

¥86'9
VTT L
9FTL

L9T LA
LBT L]
Eﬂ.hi

]

R

313l

Kk

o

2.0

o
i

£1 (ppm)

0LS'8T—

SE06P—

e
ELILTT
268°LT1
PST8IL
019'621

Cl

10 o -10

20

110 100
£1 (ppm)

120

130

S31

L |
LEE L
— - e

- or00E 1 o

0LE LA
Feg L]
LR
95t
65F L

T8V L]
T05°£ ]
075" L]
ThSL]
795°2]
BF9°L]
899°2

RE1°8
LST'8

1518 |
1v'8/)

)

0.0

0.5

o

1L

Ser 0L
16L°Z€T4

BII91-~
SEOFIT

140

130

=3
=1

200 180 180 170 1

210

220



10 o -10

20

0LET— —

‘ £L06°86-,
i L8565/

ELOLT
N
=5 TLoLI-
F.:.—n.\‘
=
STre— —_— o

££5°9,

1559 Fo

¥66'9+ -

£10°L i«

0ITL 5 P60°86-_ o

FSL L =z " 66166 &

: B 8BES0T

oui:c) = -2 186'521 £

BoR L k E ; @ 0seozl =
L e

£1 (ppm)

L6V LS

I BPTLT1A
ase SILLTT =
A | 2 i
s e I £TTBII
795 Lf = . =
i | - [ SELIET ==
trs === = 5 0LFZEL
. = :
634 = . OFFZET =
649°L7 K 4 o
£9F'8 =
g — 60 LT 6T8 191
mue.mv 4 o o L £ —
76£°€9T" &S
. =
™ =]
3

100

110
£1 (ppm)

180 180 140 130 120
S32

0

180 180 17

200

210

220



0ET—

¥zs9

rs9
Fid

€902
86L°L
E€T'L
8¥TL-

—= LN

651’8
BLT'S

S

-

E6LE

0.0

o

=1
=

10.3

11.0

£1 (ppm)

Sv.aaﬂv‘
6ER6T

076501 —
1s6'€TT

L88'ST1
L1021
608°LT1
9T RIL
mwm._u:.\
el \.
osvzeL
969°2€ 1/

S9I°79T—

10 o -10

20

110 100

£1 (ppm)

120

140

130

=1

170

200 180 180

210

220

S33



FEET
ISE¥

%3%
L8EF

wmm.wv.
£L5°9
FIIL
i
124V

m*&.h\

s R
192
1812
667 £
£05°L

PTS L]
6194
z9°L

6£9°L
959°2]
659°2]
S1I'8
zers
LET°8

66€°8

L

g1¥'8.

1L0

0.0

o

10.0

10.3

£1 (ppm)

08TF1—

BI06T—

9T 19—

668901 —
TL0971

FrLotl
06E°LT1
S0T°8T1
FE6'6TT-F
1950t
SEETIET
9ERTET
97691

FIRI91-_
DELS9T—

=

.

COsEt

Ry
N + N
: CoEl % O

20

10 o -10

20

130 120 110 100
£1 (ppm)

140

130

=3
=1

200 180 180 170 1

210

220

S34



6850~
2099/

VoL
6974
88TL
1Z5°L
pes'L!
165
6ES°L
el
oL
6¥SL
195°2
z8s2 ]
88CL
892
ceasd
PRRL
6461
1964

61’8

|

=
=]

=3

10.5

£1 (ppm)

£5€°90T —
£10rsel

EELSTT
86°ST1
299971
169921
S6I°LTT
69L°LTT
FTO'8TL
EF0°6TT

0TTT91—

N

2p

10 o -10

20

110 100

£1 (ppm)

120

140

130

=1

170

200 180 180

210

220

S35



FT6'0
£76°0
BEET1
98¢
CLE'L
Foe' 1
689°T—
80L°1
LTLT
TELT
L1
veh.T_

EV6'E
Nwm‘my

:wm.m\

wﬁ.mv
£57°9
010°2
6T0°L
TEV Ly,

5&%
B9F'L

:..m‘x./
sl

BE'E
H_szz:
ort

S¥T

/90
H_f (e

Fiso
Riza
R
o]

It

901

L

we
MHT: !
Lo
Bz

Ot

3s

N
0]

400M, CDChL

2s

)

£1 (ppm)

cmw..:v.
IPLEL
556'61

o9FETE—

<009
191 .hww
€01 .m-v.\‘

SERSOT—
EEFETL
§6L'STT
TLT'9TT
£¥9°971
_umh.hnT\‘
S89IET
IT6'1€1
BOF'FET
£66'9¢T

LTI —

3s

NW

B
o

2s

100M, CDCEL

-10

10

20

130 120 110 100
£1 (ppm)

140

130

=3
=1

220 210 200 180 180 170 1

230

S36



868°T
S16'T
Hmm.nv

0SH'€-
gv,mw

esed

FRLY—

60T°5—

wmuvd/.

BLE0S
190°Z

6L0°L
1€/
VL
v
sTe]
69TL
6.7 L]
067 2]
90€°L
sigz]
presd
ovEL
1ov2
12
16V4
1.
€192
zerg
Fitgl

N._-Ph

3t

400M, CDCh

4.0

=)

10.5 0.0 9

1.0

£1 (ppm)

BOO'8T—

PEESH
TS
99915/

TIr9nl—
GLE9TT

68971
FEO LT
0TF LTI
96L°LTT
9€6"LTT-
9TO'8TT
9I98TT
FRLBIL

1£7°791-_
WSPIT-"

2t
400M, CDCl

10 o -10

20

130 120 110 100
£1 (ppm)

140

130

=3
=1

200 180 180 170 1

210

220

S37



VoL
L6€°L
VL
ey
61v°4]
ozve]
€LvL]
£8F'L
z6v'c]
805
7S

€552
speL]
€952

18521
£85°L
9fLL

6EL L
524
65LL

SLLLA
BLL LA
LT8L-.

Qn.hﬂ
v.

FOr's.
B8

Br

0.0

o

=1
=3

10.3

1.0

£1 (ppm)

FET001—
0T6'STL
Lol
TEUBIT
19¥'871
1L9°821
e:‘.mmf\
665°TEL
TIEEET
0L SET
=hv.c‘vl_
€50°19T—

=

Br

T
-10

10

T
140

T
130

=3

T T
180 170 1

T
180

T
200

£1 (ppm)

S38



80T T—

Br

4b

jgdins

o

0.0

10.3

0

11.

£1 (ppm)

LOT'TT—

LEOOOT—
€RB'STT

TE¥'921
€E0'8TL
SLOBTT
66661
LORTELE
9ETEET
mmw.mz.\.
856 LE1-
65+'81

LLUI9T—

=

Br

4b

T
-10

10

T
140

T
130

=3

T T
180 170 1

T
180

T
200

£1 (ppm)

S39



158 T—

e,
PSEL
0LV L7
167
€154
66527
es5't]
478
(T |
JA2A
0082

=Nw.h\

09%°8
E@.xv

tBu

4c

t

¥
¥

£

6’6

e
11,43
S0

RE0

1L 1.0 103 0.0 9.5 9.0

1z.0

£1 (ppm)

IPeTE~L
FELFE

FO0'001—
9FR'STL

951'9z1
19€'971
FTO'8EL
0L9°8TT
0Z8TE 1"
EITEET/
um*.mﬂ.\.

T IST—

oIreI—

Br

1Bu

4c

T
-10

10

T
140

T
130

=3

1

T
7l

1

T
180

£1 (ppm)

S40



6VTL
05121
0L1°L|
06141
6LE L]
1684
96€°L]
01F £
6T L

PP L
79541
785'L
ovL LA
8L LA |
s |
8LLL
cigs-t
cege/

0€V'8
0s¥'8s

T
i

B0°E
Vo

2.0

i
ed

)

1.3 1L0 10,3 10.0

1z.0

£1 (ppm)

90F 001
0¥T9TT

0LF9LL
9€5°971
LBS'BTT
TE98LL

ETETET
80T TET
Lreet
STH'SET

nmwdﬁv.
FIIT19T
BTE'E9 _.\|

o

T
-10

10

T
140

T
130

=3

T T
180 170 1

T
180

T
200

£1 (ppm)

S41



09T°L
LIEL
8L
F6EL
66€°L
0¥ L
ez
12vLd
Lived
£xLd
ver'L]
00521
£85°L]
065°L
092
sz9°2
879°2
9824
68LL
208°Z
608°L |
8L
8L
898 L-L
88eL/
69F'8
LLF8
68F'8
:@.L

Cl

N
o)

4e

400M, CDCk

001

0.3

o0

o

8.5 8.0

o0

Lo

£1 (ppm)

059°00T —
THO'9ZT

6157971
180°8T1
TTEBTT
[L9°8T1 ]
88671
wmc.NmT\
10S°ECT
TIEPEL
LO0T'SeT

Cl

-10

10

T
140

T
150

=

T T
180 170 1

T
180

T
200

£1 (ppm)

S42



96T L
e
FIFL

£55°L
14572
665°L
cmﬁj
0sLL]
(V2N |
8L
stgL-k
cpgrst

TEVE
kgl

Br

Br

4f

—

m‘

wr

o0l

£1 (ppm)

1£9°001—
FIecen

0r0'9z1
E€TERTL
06€°8TT
899871
€96°1€1-
6SS'TET
zoseel
mnm.mmt__
0Feeel

088091 —

10 0 -10

20

130 120 110 100
£1 (ppm)

140

150

=
=]

220 210 200 180 180 17 1

230

S43



10 o -10

20

100

110
£1 (ppm)

s44

120

130

140

4 [z
»
=]
=
.
s
[
-
[ e
-
[ =
@
[ =
-
[
L5V,
(5] [t
- i P90 10T —
9454 _.n_m 5..1 LAY TA
L6724 | =8 115921
5092 “o pesez
209°2 ] L 109921
e
8sz J -4 1£7°£21
6LLL Y/ o F2 mwv.wm_%
SRL LA — 60 £2L°8T1
L0 S = e SSSIET
e ———m— -+ - L6T .
-~k — - w [ - 1S9°EET
o 8LESET
b TFR'09T—
°
[ =
o
e
- o
=
-
-

CF3

Br
o}
100M, CDCl

4g

130

=3
=1

200 180 180 170 1

210

220



9TrT—
60T°L

.:N.j
€74
8PT LA
€574
Sn.}
GLEL
S6E' L
STH'24
981~
£45°4
1664
T19°L
0L
88L L
S08°L
RBO8™L
Sw.hg
098
0882+

88
98F'8
S05'8
a:m.n.\

Br

Me

]

4h

400M, CDCE

< Fuoe

€
m o
mna:

|.||.Iw_ Bt

.0

Lo 103

3

1L

£1 (ppm)

SEe'lT
mmm._mv

L90°00T
069°ETT

BRE'STT

PIL9TT
659°871
FLT'6TT
09L°ZEL
EGT'EET

N_\nw.m:““ﬂ‘
!

-~

£05°68 1
TIF 0Pl

wrer—

Br

4h

10 o -10

20

130 120 110 100
£1 (ppm)

140

130

=3
=1

200 180 180 170 1

210

220

S45



8202,
FEL'L

6712
S6T°2
0LL'L

L7AWA
661°2
FOT'L

7T L
BETL
0974+
SEV L
5 A
ROF' L]
L8Y L
8052
LLS LA
865°L
81972
BLLL]
PoL L]
TIgL

€584
74 g4
99¥'8

8918 |
98¥'8

8818

Br

o

o

400M, CDClh,

(o]

4i

10

13

£1 (ppm)

T99°001 —
96T FIT

£ELVIT
T05°SII-L
BEVTLT
ST09TT-.
zieszlf
69871/
86711
66F°EET

__..mw.:f/
SFF 19T
n_a,mf\

10 0 -10

20

130 120 110 100
£1 (ppm)

140

150

=
=]

180 170 1

180

200

S46



10 o -10

20

100

110
£1 (ppm)

40 130 1m0
S47

130

1

u
=1
@
=1
o
°
]
Fat
0972,
veeLd L
e
see'L |
L] Fo
TseLd
-
1564 s
298, :
(SUA L&
SEv L] -
ger] fe ssosTr
99¥" £ | o €091 )
v H o pIgeTT
oy o e
06521 ©T et s
£09°2] Lo scoser,
° nsa =
8T9'L 9 e f
s8LL | = 99€°0E1-8 m (0]
0L W m‘a ! LIETET
e - = P LIE o . x\w
gzgL{ — - S | = 0zs'eel &
: _ M £68°PET
vogs-k — L2 wu. o ;
Ry o o S9€serd
69F'8 5 ot Le £0g v
— S r— o0 | g
6ar'E = E @ FSE09T—
o
o
@
o
=
Nve 0
fo =
I a =
o
g ¢
= =
(=]
3 ;
s
o

200 180 180 170

210

220



0EE’L
0SEL]
2987,
£8€°L

2681
oL
755 L
SRy
€952 ]
z8cL

9652+
6t
65L° L
LLL e
[AEIA

wewL/
L0¥8
9Tk
o

Br

661
mvm.c
Fest

Mmﬁ
B0l

=00l

£1 (ppm)

LTLO0T—
6L9°TT1

0L8°STT
761971
TL9°8T1
FE6'6TT
oot —
nmw._m—”\‘
S96°1ET
8GE'SE L
86E° 11

6ER'09T—

Br

Br

T
-10

10

T
140

T
130

=3

T T
180 170 1

T
180

T
200

£1 (ppm)

S48



VIEL
61FL
9TF'L
6TFL
£EVL
_:;..j
1SFL
69521
LLS LT
085°Z1
¥8SL]
065°L
B65L
109°L
809"
ST9L
879 L
964"
0082
LIRL
0782
SERL
BER'L
T68°L-L
1162
£81'8
S8
€058
5058

|

Br

@;ﬁ S

[
y

J)

(¢]

4

400M, CDCk

WWzm. 1]

Foot

a
=

o

£1 (ppm)

LTE00T—
ozt

E€TO'BTT
8TT'HLT
LTLBTL
L6F'6TT
EPoLT
9ot
SIr'ZeET
9ET'TET
0SS Eel-

65L09T—

10 o -10

20

130 120 110 100
£1 (ppm)

140

130

=3
=1

200 180 180 170 1

210

220

S49



0Tre—
158°¢—

060°L,
9€T' £
T1€L
7654
155°£-
695°L
VEL L
1A §
ELL Lk
LERL-E

hmw.hw
b

PEr's
FPLY'S

—_— e

Me

J

Me

e

L

=H6'T
=RLT

=60

o

=1
=

10.5

1L0

£1 (ppm)

TTYLT~
801°LT—

691 66—
806°STT

9TILTT
€TV LT
I86°LTT
79981
N~w.—:./
FosTel
Teel
STE'FEL
9B0°6ET

8GR09T—

Br

Me

Me

4m

=

T
-10

10

T
140

T
130

=3

T T
180 170 1

T
180

T
200

£1 (ppm)

S50



€07 —
TIrL

Lare
L
Lere]
zar
8L
(=
0z
1572
Nﬁv‘hQ
£heL

£95°2]
1862 ]
P85 ]
65421
6542
wL]
Leee
0822
ATUA |
TswL-k

o8
991°8.
L9V'8)
88
981'8
SEL

Me

Me

4n

| P

Fro9

F00t

00T

£1 (ppm)

mmﬁ.gv‘
£SR6T

e,
ze8sel |
LTO°LTTH
S00°8Z1
599°87 1
6SF 0T~
Sm.u.:%
FRIEE]
LLTLET
0T6'LET

DET' 19T —

Me

10 o -10

20

110 100

£1 (ppm)

120

140

130

=1

170

200 180 180

210

220

S51



— Le
s
el
68T [t
Ee._v —_—— sore | £0EFI—
str' i ﬁ -
[ ei
- i
[ ei
o
[ e
L&
o 126 19—
LLET =
S6EF
—_— - — F-O1T ]
2142 .\ ke
I£FF
L&
€LV LA o
€154 | =
i it =
cest g
ses'zd -2 E 0659714
65°L o 9evozl
019°41 Fo  suesTI
2192 VTLBTL _
DLLLy 6S£°0ET -
£LLE LTL0ET
gn.h)w T LeL e
£6L°LF e T95°ELT i
sog 2 CE SRESET .
gz - : w
vegcdl - : LPE09T—
; €65°591— U
cLs] &
o ;
b [5)
5918 | S
%
L81°8 i @ / o]
88 L2
0918 iy = i
; m o 0
i o Q
8LF'8 S 3
o8v'g)
2 L=
=
-

10 o -10

20

100

110
£1 (ppm)

180 180 140 130 120
S52

0

200 180 180 17

210

220




6FT'L
9TSL
6IS'L
0£sL
__vm.hg
mﬁm.hg
€952
mum.ﬁ
hwm.}
mmm.ng
£19°4
69L°L
ELLL
06472
[SIR
8082
1184
058" £
1984
Sw.ﬁ
mmn.hq
S06°L-
8E6'L-)

65647
F0S'8-
9058
¥Z5'8
9758/

oy

N

4p

\smm..w

It
Mumam
601

0.3

=
=

Lo

1 (ppm)

68€°00T—
TLIFLT

Lyrsat
886°STT
Tre9tt
S08°LT1
FLOBTT
G8I'8TT-)
069°871
€ST'6TT
=mh.le

SRT 19T —

=

&
m®w

10 o -10

20

130 120 110 100
1 (ppm)

140

130

=3
=1

200 180 180 170 1

210

220

S53



Pree—

£86'9,
600°L
09TL
614
TFE L
S9F'L
1554
04574
6852
LhLy
L9LE
€8L°L

LR L—

9y L/

b

€918
8

OMe

Br

£1 (ppm)

=1
=1
=

10.8

1.0

B66'TE—

THEL6—

0I0°ZIT—
voLeETl

6ET'STT
mhw.mﬂﬁym
Nx_udm—gﬂ
€6E°0¢1
9¥90tT-

TOL'9ST_
L8817

=

10 o -10

20

130 120 110 100
£1 (ppm)

140

130

=3
=1

200 180 180 170 1

210

220

S54



LETL
BFTL
S5TL
BSTL
PLTL
6LTL
€8z L]
w62
SREL

povL]
st
SHhL
6 L]
sot'L]
89F' L1
£96'L]
5841
509°41
6924
1Lt
68241
1622
90824
L08'L
6082+

Ls8L-
st

FOr's.
wwv.wv

Br
RS
0

4r

88T
||IL .H_-‘m.‘m

_ 0T
60°1

”Iuw =007

10.3

3.0

o

e

8.0

o

10.0

.0

1

£1 (ppm)

SRY 00T —
6ORFTT

080°9TT+
FOT 8T
E1L8TT
L66'8TT
099°0¢1—

mam.NmTW

LISEETY

T60'9ST
83

S09'85T—

m_h.cuq\

.

10 o -10

20

130 120 110 100
£1 (ppm)

140

130

=3
=1

200 180 180 170 1

210

220

S55



7€6°0,
156°0

6960
FPe 1
i |

IRE' 1+
::e.;_n

61F'1 _
xmvfﬁ
80L°T
LTLT
0vL 1
OFL'T
1621
C9L]
£8L°1
£56'E
TLGE
066'€

e AN

—

0€€°L-
805
1154
8754
9F5 L
6VSL
S69'L
669"L4

|

e}

4s

400M, CDCh

oot

LL60

LED

£1 (ppm)

9ILET—
LT661—

99¢"TE—

Fo16F—

895°66—
S86'60T—
LSl
332%
czTsTI-L
0€TTEL

\
_uWH.NmT“.

69E°SET

9rr—

Br

4s

100M, CDChL

10 o -10

20

130 120 110 100
£1 (ppm)

140

130

=3
=1

200 180 180 170 1

210

220

S56



FOT'S—
1TE°2,

972
e

L8572
79¢° 4
08€L
9L
ShLiL
BPLLA|
1ogs-t

LV
cevgs

Br

X

5 #Ph

N

o]

4t

400M, CDChL

H\m:,c
m...mm:

MEZ
sot

001

0.0

o

£1 (ppm)

PeEL1S—

v
LI6°LTT ,
190°8T 1+
TTI'BT T
FLV'RTT
0F6' 871
mwn._f.\
£E0'ELT
00F SE1
wmﬂ.mmL

8EE19T—

Br

o

Z.

4t

100M, CDChL

10 o -10

20

110 100

£1 (ppm)

120

140

150

&0

200 180 180 170

210

220

S57



