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Isoindolone synthesis via palladium-catalysed intramolecular amination of
benzylic C—H bonds

Ming Zhang®*

“College of Chemistry and Key Laboratory of Functional Small Organic Molecules, Ministry of Education, Jiangxi Normal University
(Yaohu campus), 99 Ziyangdadao, Nanchang, Jiangxi 330022, PR. China.

A new method for the construction of isoindolones is presented in this paper. Four 7-methyl-2-(8-quinolinyl)-2,3-dihydro-1H-
isoindol-1-ones were synthesised from 2,6-dimethyl - N-(8-quinolinyl)benzamides viaintramolecular direct amination of benzylic
C—H bonds. This approach provides a convenient method affording structurally new isoindolones for medicinal chemistry

research.
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Construction of heterocyclic scaffolds via sp* C-H
functionalisation has witnessed great progress in recent
years, ™ this strategy provides straightforward and efficient
methods for synthesis of various heterocyclic compounds.
The direct coupling of a sp> C—H bond with a heteroatom is
a challenge in this research area. In 2006, pioneering work in
this field was reported by Chang’s group.’ Formation of aryl
lactones was achieved by coupling of a sp* C—H bond and a
pendant oxygen function.>® 4H-3,1-Benzoxazines and oxazoles
were also synthesised via coupling of a sp* C—H bond with the
oxygen atom of an amide group.”® In 2009, Glorius’s group
reported coupling of a sp* C—H bond with a nitrogen atom
leading to indolines from anilines.’ In 2011, a picolinamide
directed coupling of a sp* C—H bond with a N-H bond was
used to form four-, five- and six-membered heterocycles.!*!!
An N-substituted isoindolone is the intermediate of a mGIluR2
positive allosteric modulator of an indicator of schizophrenia.

scaffold can be constructed in a two-step procedure from the
same starting material in 75% overall yield (Scheme 1). This
approach will provide structurally diverse compounds for
medicinal chemistry research. Here we describe the synthesis
of isoindolones via intramolecular coupling of a benzylic C—H
bond with an amide N-H bond.

Results and discussion

It was found that N-(8-quinolinyl)-2,4,6-trimethylbenzamide
la could be cyclised to afford 5,7-dimethyl-2-(8-quinolinyl)-
2,3-dihydro-1H-isoindol-1-one 2a in 73% yield via benzylic
C-H-amide N-H coupling (Table 1), using Pd(OAc), (5 mol%)
as a catalyst and PhI(OAc), (2.5 equiv.) as an oxidant. An acidic
additive is essential in this cyclisation, and of those tested, HOAc
gave the best result.

With the optimised reaction conditions in hand, the scope
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of substrate variation was explored (Table 2). It was observed
that N-(8-quinolinyl)- and 2,6-dimethylbenzoyl were essential
moieties in the substrates for cyclisation and gave the products in

In the literature,!? three steps were needed to construct the
isoindolone scaffold from 4-bromo-2,6-dimethylbenzoic
acid in 33% overall yield. We now report that the isoindolone

Table 1 Optimisation of the reaction conditions for the coupling?

Pd(OAc),
o oxidant 0
additive
/&H | = solvent, N /@N
N /j 2 V2
1a 2a —

Entry  TAOROS oxidant (equiv) //%dgétdY\? Solvent Tec Reaction yigigoy
1 10 AgOAc (3) - DCE 70 24 0
2 10 Phl(0Ac), (2.5) - DCE 70 24 0
3 10 Cu(0Ac), (3) - DCE 70 24 0
4 10 Selectfluor (3) - DCE 70 24 0
5 10 Na,S,0, (6) - DCE 70 24 0
6 10 Na,S,0, (3) HOAc DCE 70 24 0
7 10 Na,S,0, (3) TFA DCE 70 24 0
8 10 Na,S,0, (3) CF,SO,H DCE 70 24 0
9 10 Na,S,0, (3) K,CO, (3) DCE 70 24 0

10 10 Phl(0Ac), (2.5) HOAc Mesitylene 140 24 31
11 10 Phl(0Ac), (2.5) HOAc DCE 70 72 26
12 5 Phl(OAc), (2.5) TFA Toluene 100 24 trace
13 5 Phl(OAc), (2.5) HOAc Toluene 100 24 43
14 5 Phl(0Ac), (2.5) ‘BuCOOH Toluene 100 24 34
15 5 Phl(0Ac), (2.5) CF,SOH Toluene 100 24 0
16 5 Phl(0Ac), (2.5) HOAc Mesitylene 120 24 73

“Reaction conditions: 1a (0.29 mmol), Pd(0Ac),, oxidant, additive, solvent (2 mL), heat.
®|solated yield.

* Correspondent. E-mail: zmchem@163.com 57-88% yield. The substrates 1¢ and 1d containing fluorine and
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1) Literature procedure'?:
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Scheme 1 Two routes to isoindolones.
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Scheme 2 A possible mechanism.
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Table 2 Cyclisation studies?

Entry Substrate Product Yield/%
[e) O
N A | N
S Ceae Jos .
N~ TN\
N
1a 2a —
o O
2 N L) 5
N~ NN
1b 2b —
o O
B N~ T NN
1c 2¢ —
o (0]
4 N N 88
v N F NN
1d 2d —
AcO
o) O (0]
+
X B
OV o D e
N~ oA A OAc
1e
2e-1 2e-2
(6]
s o
6 H N—CH, 0
1f

“Reaction conditions: 1 (0.29 mmol), Pd(OAc), (5 mol%), Phl(OAc), (2.5 equiv.), HOAc (5 equiv), Mesitylene (2 mL),

120 °C, 24 h.

bromine substituents gave higher yields (81 and 88% respectively)
than those from 1a and 1b. There are not obvious electronic
effects on the cyclisation yields. When 2-methyl-N-(8-quinolinyl)
benzamide le was tested both mono- and di-acetoxylated
products were isolated, and no cyclisation product was obtained.
The substrate 1f without an N-(8-quinolinyl) function was tested
under the reaction conditions, but no cyclisation occurred.

A possible mechanism involves>*'>!1> benzylic C—H activation
of 1a—d, directed by the bidentate 8-aminoquinoline system, to
produce intermediate A, then reductive elimination gives the
product 2a—d and Pd(0). Oxidation of Pd(0) to Pd(IT) completes
the Pd(I1)-Pd(0) catalytic cycle. A Pd(II)-Pd(IV) catalytic cycle
is also possible. Thus, intermediate A is oxidised to the Pd(IV)
species B, then reductive elimination gives the product 2a—d and
Pd(IT) so completing the catalytic cycle (Scheme 2).

In summary, a method for the construction of isoindolones
from 2,6-dimethyl-N-(8-quinolinyl)benzamides is described.
This approach involves the directed amination of benzylic C-H
bonds via the bidentate 8-aminoquinoline system. Four desired
compounds were synthesised in 57-88% yields. The present
synthetic route for the construction of isoindolones is new,
straightforward and helpful for medicinal chemistry research.

Experimental

All reactions were performed under an atmosphere of nitrogen.
'"H NMR and "*C NMR spectra were recorded on a Bruker Avance
400 spectrometer with TMS as the internal standard and CDCI, as
solvent. ’F NMR spectra were determined on a Bruker Avance 500
spectrometer. MS were recorded on an Agilent Technologies 5973 N
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spectrometer. High-resolution mass spectra (HRMS) were obtained on
a Waters Micromass GCT Premier spectrometer.

N-(8-Quinolinyl)benzamides (1a—e); general procedure
A solution of 8-aminoquinoline (0.3950 g, 2.74 mmol) and Et,N
(0.42 mL, 3 mmol) in CH,CI, (5 mL) was cooled to 0 °C, then an acyl
chloride (2.74 mmol) was added (the acyl chloride was prepared by
reaction of the appropriate carboxylic acid with SOCL,). After addition,
the reaction mixture was warmed to room temperature and stirred
for 24 h. The reaction mixture was washed with water (1 mL), brine
(1.5 mL x 3), and dried over Na,SO,. The solvent was removed and the
product was obtained by recrystallisation or flash chromatography.
N-(8-Quinolinyl)-2,4,6-trimethylbenzamide (1a): Yield: 0.66 g (87%);
pale brown crystals; m.p. 142-144°C. '"H NMR (400 MHz, CDCL,):
8 2.34 (s, 3H, Me), 2.40 (s, 6H, 2Me), 6.94 (s, 2H, ArH), 7.44-7.47 (q,
J=4Hz, 1H, ArH), 7.56-7.63 (m, 2H, ArH), 8.19 (app. d, J, =8.4Hz,
IH, ArH), 874 (t, /=2.4Hz, 1H, ArH), 8.99 (app. d, J, =7.6Hz, 1H,
ArH), 9.95 (s, 1H, NH). "C NMR (100 MHz, CDCL,): 5=19.44, 21.18,
116.81, 121.64, 121.86, 127.48, 128.01, 128.42, 134.43, 134.53, 135.33,
136.49, 138.38, 138.77, 148.16, 169.17. HRMS (EI): m/z [M'] calcd for
C,H(N,0:290.1419; found: 290.1422.
2,6-Dimethyl-N-(8-quinolinyl)benzamide (1b): Yield: 0.67g (89%);
colourless crystals; m.p. 153-159°C. '"H NMR (400 MHz, CDCL,):
5 2.44 (s, 6H, 2Me), 7.11 (app. d, JW:7.6 Hz, 2H, ArH), 7.23 (app. d,
J,,,=71-6Hz, 1H, ArH), 7.45 (dd, /=4.4, 10 Hz, 1H, ArH), 7.58-7.62 (m,
2H, ArH), 8.18 (app. d,J,  =8.4Hz, 1H, ArH), 8.74 (app.d,J, =2.8 Hz,
1H, ArH), 8.98 (app. d, J, =7.2Hz, 1H, ArH), 9.93 (s, 1H, NH). *C
NMR (100 MHz, CDCL,): 5 19.46, 16.81, 121.67, 121.94, 127.44, 12773,
128.05, 128.99, 134.46, 134.59, 136.35, 138.08, 138.59, 148.30, 168.89.
HRMS (EI): m/z[M] calcd For C,_H N,O:276.1263; found 276.1265.
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4-Bromo-2,6-dimethyl-N-(8-quinolinyl)benzamide ~ (1¢): Yield:
0.89 g (92%); colourless crystals; m.p. 155-156 °C. 'H NMR (400 MHz,
CDCl,): 6 2.41 (s, 6H, 2Me), 7.28 (s, 2H, ArH), 7.45-7.47 (m, 1H, ArH),
7.57-1.61 (m, 2H, ArH), 8.18 (app. d, J, =8Hz, 1H, ArH), 8.74 (d,
J=2Hz, 1H, ArH), 8.94 (app.d,J,  =6.8 Hz, 1H, ArH), 9.90 (s, 1H, NH).
BC NMR (100MHz, CDCL,): 5 19.28, 116.84, 121.74, 122.15, 122.87,
127.40, 128.04, 130.59, 134.19, 136.38, 136.82, 136.94, 138.53, 148.39,
167.85. HRMS (EI): m/z [M'] caled for C H, ”BrN,O: 354.0368; found:
354.0366.

2,6-Dimethyl-4-fluoro-N-(8-quinolinyl)benzamide ~ (1d):  Yield:
0.73 g (91%); colourless crystals; m.p. 136-138 °C. '"H NMR (400 MHz,
CDCl,): 243 (s, 6H, 2Me), 6.81 (app. d,J, =92 Hz, 2H, ArH), 7.46 (q,
J=4Hz, 1H, ArH), 7.57-7.62 (m, 2H, ArH), 8.19 (app. d,.]W=8.4 Hz, 1H,
ArH), 8.75 (app. d, J, =4 Hz, 1H, ArH), 8.96 (app. d, J, =7.2Hz, 1H,
ArH), 9.90 (s, IH, NH). "C NMR (100 MHz, CDCL,): & 19.61, 114.33 (d,
*J. «=21.1Hz), 116.82, 121.72, 122.08, 127.41, 128.05, 134.29, 136.39,
137.40, 137.49, 138.55, 148.37, 161.33 (d, 'J, .=246.4Hz), 168.10. “F
NMR (470 MHz, CDCL,): 8 —112.37. HRMS (EI): m/z [M'] caled for
C(H ;FN,0:294.1168; found: 294.1172.

2-Methyl-N-(8-quinolinyl)benzamide (1e): Yield: 0.67 g (93%); pale
brown crystals; m.p. 114—115 °C. '"H NMR (400 MHz, CDCI,): 6 2.61 (s,
3H, Me), 7.33 (t,J=7.6 Hz, 2H, ArH), 7.42 (t, J=7.2 Hz, 1H, ArH), 7.47 (q,
J=44Hz, 1H, ArH), 7.56-7.64 (m, 2H, ArH), 7.69 (app. d,J,  =7.2Hz,
H, ArH), 8.79 (m, 1H, ArH), 8.95 (app. d, J, ,=7.2Hz, 1H, ArH),
10.24 (s, 1H, NH). "C NMR (100 MHz, CDCL,): § 20.27, 116.72, 121.70,
121.85, 126.04, 127.33, 127.53, 128.05, 130.38, 131.40, 134.68, 136.60,
136.73, 138.39, 138.47, 148.21, 168.30. HRMS (EI): m/z [M"] calcd for
C.H,,N,0:262.1106; found: 262.1107.

N,2,4,6,-Tetramethylbenzamide (1f): A solution of CH,NH,
(13.6 g, 438mmol) in ethanol (28mL) was cooled to 0°C, then
2,4,6-trimethylbenzoyl chloride (4 g, 21.9 mmol) was added. After the
addition, the reaction mixture was warmed to room temperature, and
stirred for 24 h. The solvent was removed, the residue was extracted with
ethyl acetate (60 mL), the organic layer was washed with water (3 mL),
brine (3mLx3), dried over Na,SO,, concentrated and cooled. The
white crystals that precipitated were collected by filtration. Yield: 0.44 g
(91%); white crystals; m.p. 154-156°C. '"H NMR (400 MHz, CDCL,):
8 2.26 (s, 9H, 3Me), 2.99 (d, /=4.8 Hz, 3H, Me), 5.69 (s, IH, NH), 6.83
(s, 2H, ArH). "C NMR (100 MHz, CDCL,): § 19.11, 21.07, 26.41, 128.13,
134.16, 134.88, 138.40, 171.40. HRMS (EI): m/z [M~] caled for C, H ,NO:
177.1154; found: 177.1151.

Substituted 7-methyl-2-(8-quinolinyl)-2,3-dihydro-1H-isoindol-1-ones;
general procedure
Amide 1 (0.29mmol), Pd(OAc), (0.0033g, 5Smol%), PhI(OAc),
(0.2335 g, 2.5 equiv.), HOAc (0.083 mL, 5 equiv.) and mesitylene (1 mL)
were added to a tube, then the reaction mixture was heated under an N,
atmosphere at 120 °C for 24 h. After cooling to room temperature, Et,N
(1.2mL, 30 equiv.) was added to the reaction mixture. The mixture was
concentrated in vacuo, and the residue was purified by flash column
chromatography to give the corresponding product.
5,7-Dimethyl-2-(8-quinolinyl)-2,3-dihydro-1H-isoindol-1-one ~ (2a):
Pale yellow solid; m.p. 166-168 °C. '"H NMR (400 MHz, CDCL,): &
2.45(s, 3H, Me), 2.75 (s, 3H, Me), 5.18 (s, 2H, CH,), 7.07 (s, 1H, ArH),
7.14 (s, 1H, ArH), 7.41-7.44 (m, 1H, ArH), 7.63 (t, /=8 Hz, 1H, ArH),
7.82 (app. d, J,,,=8Hz, 1H, ArH), 791 (app. d,J, =72 Hz, 1H, ArH),
8.21 (app. d, J,,, =8 Hz, 1H, ArH), 8.88-8.89 (m. 1H, ArH). “C NMR
(100 MHz, CDCl,): 5 17.34, 21.77, 53.08, 120.66, 121.33, 126.45, 127.13,
127.30, 128.94, 129.48, 130.90, 135.84, 136.50, 137.98, 141.86, 143.53,
144.37, 149.89, 169.72. HRMS (EI): m/z [M7] caled for CH N,O:
288.1263; found: 288.1264.
7-Methyl-2-(8-quinolinyl)-2,3-dihydro-1H-isoindol-1-one (2b):
Colourless solid; m.p. 169-170 °C. 'HNMR (400 MHz, CDCI,): 5 2.80(s,
3H, Me), 5.24 (s, 2H, CH,), 7.25 (m, 1H, ArH), 7.34 (app. d, J, =8Hz,

app.

1H, ArH), 7.43-7.49 (m, 2H, ArH), 7.64 (app. d, JW:7.6 Hz, 1H, ArH),
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7.83 (app. d,J,  =8Hz, IH, ArH), 7.92 (app. d, J,  =7.6 Hz, 1H, ArH),
8.22 (app. d,J, =8 Hz, 1H, ArH), 8.89 (t, /=2 Hz. IH, ArH). BCNMR
(100MHz, CDCl,): 6 17.41, 53.21, 120.11, 121.35, 126.39, 127.39, 128.89,
129.49, 129.63, 129.86, 131.27, 135.78, 136.34, 138.38, 143.07, 144.51,
150.01, 169.63. HRMS (EI): m/z [M"] caled for C H N, O: 274.1106;
found: 274.1105.

5-Bromo-7-methyl-2-(8-quinolinyl)-2,3-dihydro-1H-isoindol-1-one
(2¢): Pale yellow solid; m.p. 245-246°C. '"H NMR (400 MHz, CDCL,):
8 2.76(s, 3H, Me), 5.21 (s, 2H, CH,), 7.42-7.45 (m, 2H, ArH), 7.49 (s,
1H, ArH), 7.63 (t, /=8Hz, 1H, ArH), 7.83 (app. d, J, =8.4Hz, 1H,
ArH), 7.90 (app. d,J,  =7.2Hz, 1H, ArH), 8.22 (m, IH, ArH), 8.87 (m,
IH, ArH). *C NMR (100 MHz, CDCL,): & 17.16, 52.73, 121.44, 123.45,
125.85, 126.38, 127.60, 128.70, 128.84, 129.48, 132.95, 135.31, 136.38,
140.23, 144.35, 144.81, 150.07, 168.75. HRMS (EI): m/z [M"] calcd for
C,H,;”BrN,0: 352.0211; found: 352.0214.

5-Fluoro-7-methyl-2-(8-quinolinyl)-2,3-dihydro-1H-isoindol-1-one
(2d): Colourless solid; m.p. 178-179 °C. '"H NMR (400 MHz, CDCl,):
8 2.78(s, 3H, Me), 5.22 (s, 2H, CH,), 6.96-7.03 (m, 2H, ArH), 7.43 (q,
J=4Hz, 1H, ArH), 7.63 (t, /=8 Hz, 1H, ArH), 7.83 (app. d, J =8 Hz,
1H, ArH), 7.91 (app. d,Jupp_=7.6 Hz, 1H, ArH), 8.21 (app. d, Jﬂpp»=8.4 Hz,
1H, ArH), 8.88 (app. d, J, =4Hz. 1H, ArH). 3C NMR (100 MHz,
CDCl,):517.43,52.98 (d, "/, .=2.8Hz),107.24(d,*J, .=23.5Hz), 117.09
(d,”J, .=22.3Hz), 121.41,125.76, 126.37,127.52, 128.83, 129.48, 135.43,
136.40, 141.13 (d, °J, .=9.5Hz), 144.38, 145.44 (d, °J, .=10.7Hz),
150.03, 163.54, 168.67 (d, 'J, =264 Hz). “F NMR (470 MHz, CDCL,):
5-108.168. HRMS (EI): m/z [M] caled for C, ;H ,FN,O: 292.1012; found:
292.1010.

2-Acetoxy-6-methyl-N-(8-quinolinyl)benzamide (2e-1): le was used
as substrate according to the procedure for the synthesis of isoindolones.
The reaction residue was subjected to silica gel column chromatography,
2e-1 was obtained firstly with PE-EtOAc (7:1) as the eluent, subsequently
2e-2 was obtained with PE-EtOAc (3:1) as the eluent.

2e-1: Pale yellow solid; m.p. 44—45°C. '"H NMR (400 MHz, CDCL,): &
2.10 (s, 3H, Me), 2.50(s, 3H, OCOMe), 7.05 (app. d, /, =8 Hz, 1H, ArH),
7.19 (app. d,J,  =7.6Hz, 1H, ArH), 7.38 (t, J=7.6 Hz, 1H, ArH), 7.46 (q,
J=4Hz, 1H, ArH), 7.57-7.61 (m, 2H, ArH), 8.19 (app. d, J, =8.4Hz,
1H, ArH), 8.78 (app. d, J,, =4 Hz. 1H, ArH), 8.93 (app. d, J, =6.8Hz,
IH, ArH), 10.04 (s, 1H, NH). "C NMR (100 MHz, CDCL,): 6 19.60,
20.86, 116.95, 120.33, 121.77, 122.17, 12742, 128.01, 128.28, 130.13,
130.68, 134.26, 136.41, 137.59, 138.42, 147.46, 148.42, 164.90, 169.63.
MS: m/z (%)=320 (M*, 94), 177 (3.25), 171 (1.54), 149 (100), 144 (26.72),
135 (24.43). HRMS (EI): m/z [M'] calcd for C jH N, O,: 320.1161; found:
320.1164.

2-Acetoxy-6-methyl-N-(7-acetoxy-8-quinolinyl)benzamide (2e-2):
Orange solid; m.p. 57-58 °C. '"H NMR (400 MHz, CDCL,): § 2.13 s,
3H, Me), 2.48(s, 6H, 2 OCOMe), 7.05 (app. d, J, , =8 Hz, 1H, ArH), 7.19
(app.d,J,,, =7.2Hz, 1H, ArH), 7.36 (m, 2H, ArH), 7.50 (q, /=4.4 Hz, 1H,
ArH), 8.19 (app. d,J, =8.4Hz, IH, ArH), 8.81 (app. d,J, =4.4Hz. 1H,
ArH), 8.95 (app. d, J,  =8.4Hz, 1H, ArH), 9.94 (s, IH, NH). BC NMR
(100 MHz, CDCl,): & 19.56, 20.91, 20.95, 116.25, 119.31, 120.33, 121.99,
128.27, 128.31, 130.18, 130.36, 130.62, 132.60, 137.55, 138.79, 140.99,
147.44, 148.85, 164.80, 169.63, 169.67. MS: m/z (%)=378 (M", 16.03), 336
(23.36),202 (11.05), 177 (18.2), 160 (63.71), 149 (14.41), 135 (100). HRMS
(EI): m/z[M'] caled for C, H N O.: 378.1216; found: 378.1213.
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