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Facile Synthesis of Benzoxazinone Derivatives via
Palladium Catalyzed Intramolecular Amination
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Abstract Benzoxazinone and its derivatives are well-known as a broad-spectrum of physiological activities compounds.
Herein we report a novel approach for the synthesis of benzoxazine derivatives via a N,O-bindentate directing assisted
Pd-catalyzed intramolecular amination reactions. Various benzoxazinone derivatives are obtained in moderate to good yields.
The directing group can be removed under mild condition, highlighting potential synthetic utility of this method.

Keywords C—H functionalization; palladium catalysis; phenoxyacetic acid; intramolecular amination
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Horp, b5 f i 2 R AR R e 10T, AR Sk
L NI s R T R S S 2 F A L)

i SCER AW, AR IS C—H #IEALR & K
ZRWEMITHEE R WIERGE. C—H B RN A
HIRTF AR, frageafrEnt. c—H
PEVE AN 2 B B I R, e, ST RIS
() S 1) BE L AR RS2 B2 T, 9 8- Lkl
FALRRUY ., HEE TS T, AT T —
b N N-Z R H R B T AL, IR LR Ehie R IR
RIRAIH) C—H Big 6 pie,

FESL, BATERIIFIH NN-Z B S 1 5,
W C—H BB, KL T R CBREEY T
W C—N BRI, Bl E ERFH IR &M T —
RYVEIFNEGRERTAEY). SRR, 5 T #14E,
JEAIE LT

1 BRI
1.1 REEHRIHL

BATLL 1a NEHERYINS 64T, B8 T
A AT ERINF TR B R IR SRS, S
WAERYITR 1. RN KM TR, R
Jir PR S R A R T BE R A R P AR R R
1 AT, EEER I N AL RO B 47 (R 1, Entry 2),
He A A R . BERRER . I AR 45(3 1, Entries
22~ 25) R BIANGF, T NN R BN Jin 71 DU A 7 K
W& T B#(3% 1, Entries 20, 21). 3@ X & FIAT LR 1,
Entries 9~17), FRATRILSH T A EE(HFIP) & 1% M. [
BRI, MAE & FEE(DCE). 1,4- %75 (dioxane)

R BRI

Table 1 Optimization of reaction conditions

(o)
catalyst, solvent ©: j\l\
- N (0]

CLs
o

oxidant, temperature 0}
NS AN
1a 2a
Entry Catalyst (mmol) Oxidant Solvent (mL) Temperture/'C Yield”/%

1 — PhI(OAc), HFIP (2) 80 0
2 Pd(OAc), (0.01) PhI(OAc), HFIP (2) 80 87
3 Pd(OAc), (0.005) PhI(OAc), HFIP (2) 80 63
4 Cu(OAc), (0.01) PhI(OAc), HFIP (2) 80 0
5 [RuCl,(p-cymene)], (0.01) PhI(OAc), HFIP (2) 80 0
6 [Cp'IrCl,], (0.01) PhI(OAc), HFIP (2) 80 0
7 Pd(OAc), (0.01) PhI(OAc), HFIP (1) 80 55
8 Pd(OAc), (0.01) PhI(OAc), HFIP (0.5) 80 36
9 Pd(OAc), (0.01) PhI(OAc), Toluene (2) 80 14
10 Pd(OAc), (0.01) PhI(OAc), DCE (2) 80 18
11 Pd(OAc), (0.01) PhI(OAc), Dioxane (2) 80 17
12 Pd(OAc), (0.01) PhI(OAc), MeCN (2) 80 0
13 Pd(OAc), (0.01) PhI(OAc), DMF (2) 80 0
14 Pd(OAc), (0.01) PhI(OAc), THF (2) 80 0
15 Pd(OAc), (0.01) PhI(OAc), t-AmylOH (2) 80 60
16 Pd(OAc), (0.01) PhI(OAc), DMSO (2) 80 0
17 Pd(OAc), (0.01) PhI(OAc), PhCl (2) 80 37
18 Pd(OAc), (0.01) PhI(OAc), HFIP (2) 60 50
19 Pd(OAc), (0.01) PhI(OAc), HFIP (2) 100 76
20¢ Pd(OAc), (0.01) PhI(OAc), HFIP (2) 80 67
214 Pd(OAc), (0.01) PhI(OAc), HFIP (2) 80 60
22 Pd(OAc), (0.01) K>S,04 HFIP (2) 80 0
23 Pd(OAc), (0.01) AgOAc HFIP (2) 80 0
24 Pd(OAc), (0.01) Ag,0O HFIP (2) 80 0
25 Pd(OAc), (0.01) NFSI HFIP (2) 80 0

“ Conditions: 1a (0.1 mmol), catalyst, oxidant (0.2 mmol), solvent, argon (101 kPa), 24 h. Yields were based on GC analysis using n-tridecaneas an internal standard;
b Isolated yield; ¢ K,COs (0.2 mmol) was added; “ PivOH (0.03 mmol) was added.
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2y F 2K (toluene) R ANER AR, i 5 H & B 5 an Dy
ZPRIR(THF) N,N-—F B (DMF). ZJi§(MeCN)
HONJWFANRE AT, 76 Ja XV IR i i i A 1R
B, HyEFIEN 0.5 80 1 mL B, PERE SR R, Kt
Pl 13k TSN 2 mL(ER 1, Entries 7, 8). {EXHREiE
ATIHLEI(F 1, Entries 18, 19), FR-ATT A& BTG R KR )
WA IR R, 78 80 CHFRCR T, o, A2
BEAIGHE AL 7)1 F B (35 1, Entry 3), SRT 248 4k 70 B &
PR ORI, RMIRCRA 2. (S —IRINE, B ARF
NI IR, B F LA AR S 1 & S pE AR, 1%
MNANGE KA (% 1, Entries 1, 4~6). il L EZ&AHIE
b, AT T AR B e 262, B 24 S N A
0.1 mmol I, A 0.01 mmol [ Pd(OAc), fEHEALF, 2
mL 7N A EE(HFIP)/E A, 0.2 mmol BSR4k
A, EAAE, 7E80 C T 24 h, BRI PAmYic /33
I3 F W R4,

12 RYINER

1E BN AR BLZEAE T, BATRHZ R SR R R
VIi& FVERET 7852, S5 8 T3R 2, BATRIU KR
Tk HEBUREE, BEWELL 60%~95% ) EUCR 15 3] H
PR3 2, Entries 2, 8, 10, 11, 13). 4% R f4ti 1
BB BARET, AR RIS ERMF =R (K 2,
Entries 5, 7, 9). 242K LA Wl FE HI, A5
AELL 47%H1 75% 105> B ZEAS 2) B AR 2¢ A 2d(R
2, Entries 3, 4). ZHURMEA BmNCE, HYRKE L
PR N7 A F A (3R 2, Entry 7), AR E
PR KIABEIRACT Y 2g. LA In BRI, B
REf5 DL 49% 115> BSCRIR1S HARF“PI(3R 2, Entry 14).
1.3 REMARE

b5, BATIEARAESAT AT T sw g L, AL A
Fl'5 mol%I LTI R B 24 h, BLRETS LA 61%1 53 B
RSB HFRP=4) 2a (Eq. 1), 4NN AIEK S 48 h
iF, SR AL F] 73%.

1.4 SEERIYIRT

R, — AN S RN B A& A R, BB
IRRE RS 5. BT ARRAT T AT & 1) S I 363k T TR
FREGWEIE. FRATRIL, 75 ER R [ 0 2444 T JAr AT LA
B FEEVIRR, DL 54% 1) 7 BSUSC R AT I B R 5 1 22 (41 1)
FEY) 3a (Eq. 2), HEEENT DURYE BT — b a0
FgE4k.

1.5 TFIRERY R RIHLER

BTt ah R R B SCRR[19] 0 RE, BRATRH T

T HER S NP (Scheme 1). LUEY) 1a AFI, & 5L, B
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®2 MEAE R IFIRER 2
Table 2 Palladium catalyzed synthesis of benzoxazinone 2
Pd(OAc), (0.01 mmol)

&L UL
N Yo PhI(OAc), (0.2 mmol)
OY HFIP, 80 °C Y

1 2
Entry Ar R Product Yield/%
1 Ph H 2a 87
2 0-CIC¢H, H 2b 91
3 0-O,NC¢Hy H 2¢ 47
4  0-HOCC¢H4 H 2d 75
5  0-CH;0CgH, H 2e 67
6  p-AcOCcHy H 2f 70
7 p-CH;0C¢H,4 H 2g 52
8  p-FC¢Hy H 2h 78
9  p-CH; CeH, H 2i 82
10 m-CIC4H, H 2j 60
11 m-CIC¢H, CH; 2k 95
12 Ph CH; 21 72
13 p-Cl-o-CH;CeH, H 2m 92
14 2-Naphthyl H 2n 49

© 2017 Chinese Chemical Society & SIOC, CAS

Conditions: 1 (0.1 mmol), catalyst (0.01 mmol), oxidant (0.2 mmol), solvent (2

mL), 80 C, argon (101 kPa), 24 h.

2a (61%, 0.71 g)

Pd(OAc), (0.25 mmol)
PhI(OAc (10 mmol)

HFIP, 80 C

1a (1.18 g, 5 mmol)

@[:LO

NMe2
a

HCI (37%)
100 °C, 24 h

LA, o
54%

3a

WA S A IO A, AR BRI A, SRR i C
—H BT, AL c RS B, BE B
SRR . T AL INBZE R ik C, R R AR
JE S WA B E AR P4 2a, SE AL TEER.
2 g

s LT, SRR C—H fEE b RN, SeER
T — R G R A A . %A RO AR T
B RTINS E 4E A BAR AL T

Tk, WA T IRAT NN- R S i 1) 1 B
H, TR kb C—N BSR4 1 — 2008 HII& AR
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reductive
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/N\
1a
/\/(O
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oxidative
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~ 1a
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H b/
Pd—qo
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OAc
A

HOAc

activation

PhI(OAG),

B 1 AT REA S ML

Scheme 1 Proposed mechanism

3 X
3.1 UHFES5HF

W R PR S RAZ W LR B 7F Bruker Avance 111
HD-400 MHz #% #3443 Ll %2, CDCls 7, TMS N
WHR; R0 P AE Bruker MicrOTOF-QII _EJE, =
M RELE Thermo Trace 1300 _EJI5E, #4 A7E INESA X
FLG A R B . B AR BRI R, ¥k A
Acros, Alfa, Adamas, ¥R Hrafialifb 224, ff TR
gealifh. FENT AT 300~400 H.
32 ZWHE
32,1 &2 896 m T ik

£ 15 mL TR ORI FImALED 1 (0.1
mmol). Pd(OAc), (0.01 mmol). BFRAZE(0.2 mmol) & 2
mL HFIP, {R&35), RME @A, FBA 80 C
TS 24 h. FF RS, K SR FR ¥ A
PR, MR A RABR EBH, R VA
fif) @ V(R CTR)=1 : 3 Rk AT E A 7 B A5 4l
&Y 2.

N,N-F3E-2-(2H-1,4-2K FEREE -3-[H) Lt 2 (2a):
HE A, 72F 87%. mp. 93.1~94.2 C; 'H NMR
(400 MHz, CDCl;) d: 7.02~6.95 (m, 3H), 6.79~6.72 (m,
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1H), 4.68 (s, 2H), 4.67 (s, 2H), 3.13 (s, 3H), 3.00 (s, 3H).
C NMR (100 MHz, CDCl;) d: 165.4, 164.8, 144.7, 128.6,
123.5, 122.4, 116.4, 114.5, 67.1, 42.7, 35.9, 35.4. HRMS
caled for C;,H4N,O3;Na [M+Na+] 257.0902; found
257.0913.

N,N- P JE2-(8-5(-2H-1,4- 2 FF 152 -3- 1 ) £ Tk
2 (2b): A A, 723 91%. m.p. 139.9~142.2 C;
'H NMR (400 MHz, CDCl;) J: 7.07 (dd, J=8.1, 1.3 Hz,
1H), 6.91 (t, J=8.2 Hz, 1H), 6.66 (dd, J=8.2, 1.2 Hz,
1H), 4.77 (s, 2H), 4.68 (s, 2H), 3.13 (s, 3H), 3.01 (s, 3H);
C NMR (100 MHz, CDCl) d: 165.1, 164.2, 140.9, 129.9,
124.3, 122.4, 121.8, 113.0, 67.2, 42.9, 35.9, 35.4. HRMS
caled for C;,H;;CIN,OsNa [M+Na'] 291.0512; found
291.0516.

N,N- " H 3 2-(8-TH FL -2H-1,4- 7 - IEWE -3- i ) 2,
Ik i (2¢): % | B AR, 77 47%. mp. 205.9 ~
208.7 ‘C; 'H NMR (400 MHz, CDCl;) d: 7.63 (dd, J=8.2,
1.4 Hz, 1H), 7.13 (t, J=8.2 Hz, 1H), 7.04 (dd, /=82, 1.4
Hz, 1H), 4.87 (s, 2H), 4.77 (s, 2H), 3.20 (s, 3H), 3.07 (s,
3H); *C NMR (100 MHz, CDCl3) §: 164.7, 163.6, 139.2,
138.9, 130.9, 121.7, 119.2, 118.8, 67.1, 43.0, 36.0, 35.5.
HRMS caled for Cj,H4N;05 [M+H"]: 280.0933; found

2031
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R

280.0938.

N,N- " FF -2 (8- FH i 3k -2 - 1,4- % - 8 2 -3- il )
L Qd): AR A, =% 75%. mp. 1972~
202.7 ‘C; '"H NMR (400 MHz, CDCl3) 6: 10.43 (s, 1H),
7.53 (dd, J=17.8, 1.4 Hz, 1H), 7.07 (s, 1H), 6.98 (d, J=1.4
Hz, 1H), 4.82 (s, 2H), 4.72 (s, 2H), 3.15 (s, 3H), 3.01 (s,
3H); *C NMR (100 MHz, CDCl5) §: 187.8, 164.9, 163.8,
147.5, 129.5, 124.5, 122.2, 121.9, 119.9,67.1, 42.8, 36.0,
35.5. HRMS caled for Cj3HsN,O4 [M+H']: 263.1032;
found 263.1024.

N,N- " H 3£ 2-(8- F S8 FE -2 H-1,4- K FF I 15 -3- il )
Oz (2e): E EEAR, 7% 67%. mp. 1013~
102.7 °C; '"H NMR (400 MHz, CDCl;) 6: 6.91 (d, J=8.3
Hz, 1H), 6.66 (d, J=8.1 Hz, 1H), 6.41 (d, J=8.0 Hz, 1H),
4.72 (s, 2H), 4.67 (s, 2H), 3.88 (s, 3H), 3.12 (s, 3H), 2.99
(s, 3H); °C NMR (100 MHz, CDCl;) §: 165.4 , 164.7,
148.4, 134.0, 129.6, 122.1, 107.1, 107.0, 67.3, 55. 8, 43.0,
35.9, 35.4. HRMS calcd for C;3HN,O4,Na [M+Na']:
287.1008; found 287.1018.

N,N-—H3-2-(6- £k -2 H-1,4- 2K FF 153 -
fil) . Wef(2f): H AR, 723 70%. m.p. 136.9~
138.5 ‘C; '"H NMR (400 MHz, CDCl;) §: 6.98 (d, J=8.7
Hz, 1H), 6.76~6.68 (m, 1H), 6.55 (d, J=2.5 Hz, 1H),
4.66 (s, 2H), 4.64 (s, 2H), 3.12 (s, 3H), 3.00 (s, 3H), 2.27
(s, 3H); *C NMR (100 MHz, CDCl;) 6: 169.1,165.2,
164.6, 145.2, 142.3 ,129.4, 116.8, 116.1, 108.5, 67.1, 42.9,
36.0, 35.4, 20.6. HRMS calcd for Ci4H;sN,OsNa [M+
Na']: 315.0957; found 315.0961.

N,N- — H 3k -2-(6- F 480 25k -2 H-1,4- 2K 9 8 1 -3-
id)-2- 2. T Ak 2T % (2g): AR, 7= 52%.
m.p. 157.3~159.1 ‘C; '"H NMR (400 MHz, CDCl;) ¢:
7.01 (d, J=8.8 Hz, 1H), 6.68 (s, 1H), 6.61~6.55 (m, 1H),
6.45 (d, J=2.7 Hz, 1H), 4.93 (d, J=16.4 Hz, 1H), 4.54 (d,
J=16.4 Hz, 1H), 3.81~3.76 (m, 3H), 3.14 (d, J=5.8 Hz,
3H), 3.02 (s, 3H), 2.12~2.06 (m, 3H); *C NMR (100
MHz, CDCl;) 0: 168.6, 164.7, 159.6, 155.4, 134.5, 127.8,
117.8, 107.2, 102.1, 87.2, 55.3, 42.9, 35.9, 35.5, 20.3.
HRMS Calcd for C;sH;gN,O¢Na [M+Na+]: 345.1063;
found 345.1054.

N,N- " F 3£-2-(6-F-2H-1,4- 7K FF U152 -3- ) £, Ik
fé(2h): ALK, 723% 78 %. m.p. 160.8~162.5 C;
'H NMR (400 MHz, CDCl;) 6: 6.92 (dd, J=8.8, 5.1 Hz,
1H), 6.67 (td, J=8.5, 2.8 Hz, 1H), 6.48 (dd, J=9.5, 2.8
Hz, 1H), 4.64 (s, 2H), 4.63 (s, 2H), 3.13 (s, 3H), 3.00 (s,
3H); *C NMR (100 MHz, CDCl3) §: 164.9, 164.7, 159.0,
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156.6, 140.7, 129. 8, 129.7, 117.1, 117.0, 109.4, 109.2,
102.5, 102.3, 67.1, 42.8, 35.9, 35.4. HRMS calcd for
C,H,3FN,O;Na [M+Na '] 275.0808; found 275.0816.

N,N- - 5£-2-(6- FF 3E-2H-1,4- 75 W3- ) £
Mk ez (20): B [ AR, P # 82%. mp. 1363 ~
138.4 °C; '"H NMR (400 MHz, CDCl;) J: 6.87 (d, J=8.1
Hz, 1H), 6.77 (dd, J=8.1, 1.1 Hz, 1H), 6.55 (s, 1H), 4.66
(s, 2H), 4.63 (s, 2H), 3.14 (s, 3H), 3.02 (s, 3H), 2.28 (s,
3H); *C NMR (100 MHz, CDCl;) 8: 165.5, 164.9, 142.5,
132.0, 128.4, 123.9, 116.1, 115.0, 67.2, 42.8, 36.0, 35.4,
20.6. HRMS caled for Cj3H,N,O3 [M+H']: 249.1239;
cound 249.1243.

N,N- - F 3 2-(7-5-2H-1,4- 2 FF 152 3- 1) 2 Tk
f&(2j): AMEE, 7% 60%. m.p. 154.0~157.6 C;
'H NMR (400 MHz, CDCl5) d: 7.00 (d, J=2.2 Hz, 1H),
6.95 (dd, J=8.6, 2.2 Hz, 1H), 6.67 (d, J=8.6 Hz, 1H),
4.67 (s, 2H), 4.66 (s, 2H), 3.13 (s, 3H), 3.00 (s, 3H); "°*C
NMR (100 MHz, CDCly) d: 165.1, 164.1, 145.2, 128.3,
127.5, 122.3, 116. 9, 115.3, 67.0, 42.7, 36.0, 35.4. HRMS
caled for Cj,H;CIN,OsNa [M+Na']: 291.0512; found
291.0500.

N,N-— F 3 -2-(7- G0 -2- H Bk -2 H-1,4- 2K JF HE R -3-
fil) £, e fz (2k): FEFE R, 723 95%. mp. 137.0~
139.1 C; '"H NMR (400 MHz, CDCl;) d: 7.00 (d, J=2.0
Hz, 1H), 6.97~6.89 (m, 1H), 6.65 (d, J=8.6 Hz, 1H),
4.74~4.69 (m, 1H), 4.69~4.49 (d, 2H), 3.12 (s, 3H), 3.00
(s, 3H), 1.57 (d, J=6.8 Hz, 3H); °C NMR (100 MHz,
CDCly) d: 166.6, 165.3, 144.4, 128.2, 127.8, 122.2, 117.2,
115.0, 73.2, 42.9, 359, 354, 15.7. HRMS caled for
Cy3H,5CIN,05Na [M+Na]: 305.0669; found 305.0662.

N,N-— H 5 2-(2- 1 B 2H-1,4- 2K FEBEWE -3-i] ) £,
fEz: AGEE, P2 72 %. mp. 79.7~81.2 C;
'H NMR (400 MHz, CDCl) 6: 6.98 (m, J=7.0, 3.6 Hz,
3H), 6.75~6.70 (m, 1H), 4.73 (d, J=13.3 Hz, 1H), 4.71
(d, J=3.6 Hz, 1H), 4.60 (d, J=16.5 Hz, 1H), 3.13 (s, 3H),
3.00 (s, 3H), 1.58 (d, J=6.8 Hz, 3H); *C NMR (100 MHz,
CDCLy) 8: 167.2, 165.6, 143.9, 128.9, 123.4, 122.3, 116.8,
114.2, 73.0, 429, 359, 354, 15.7. HRMS calcd for
C3H,¢N>OsNa [M+Na*]: 271.1059; found 271.1070.

N,N-— F 3t -2-(6-(-8- H Bk -2H-1,4- 2K JF IR -3-
fil) e % (2m): AR, F2% 92 %. mp. 145.7~
147.2 °C; "H NMR (400 MHz, CDCl;) J: 6.87~6.82 (m,
1H), 6.56 (d, J=2.2 Hz, 1H), 4.67 (s, 2H), 4.63 (s, 2H),
3.13 (s, 3H), 3.01 (s, 3H), 2.21 (s, 3H); *C NMR (100
MHz, CDCLy) d: 164.9, 164.6, 141.4, 129.4, 127.6, 126.5,

Chin. J. Org. Chem. 2017, 37, 2028~2033



Chinese Journal of Organic Chemistry

124.7, 112.3, 67.0, 42.9, 35.9, 35.4, 15.0. HRMS calcd for
C,H;5CIN,O3Na [M+Na*]: 291.0512; found 291.0500.

N,N-—F RE-2-(2H-[2,3-b]-1,4-25 - IEIGE -3 - 2. Tk
f&(2n): AR, 772% 49%. mp. 199.9~202.6 C;
'H NMR (400 MHz, CDCly) d: 7.69 (t, J=8.1 Hz, 2H),
7.36 (dd, J=11.2, 5.4 Hz, 3H), 7.11 (s, 1H), 4.80 (s, 2H),
4.75 (s, 2H), 3.19 (s, 3H), 3.05 (s, 3H); >C NMR (100
MHz, CDCly) d: 165.2, 144.0, 129.9, 129.4, 129.1, 126. 8,
126.1, 125.1, 124.5, 112.4, 111.4, 67.2, 43.3, 36.0, 35.5.
HRMS caled for C;¢H;N,OsNa [M+Na']: 307.1059;
found 307.1049.

HBh# &L (Supporting Information) {54 1a~1n /]
BT, A 1a~1n 1) "TH NMR F1 °C NMR &,
A4 2a~2n [ 'H NMR Al °C NMR 5. X £kl
T] DL 3% AT WX 38 (http://sioc-journal.cn/) | F %K.
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