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BFxe BEERKY B e ITXRKRC Ok B
B e xEHe A O EREFEC
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Phl(OAc)./I,-Mediated Oxidative Homocoupling of N-Alkoxyamides:
An Approach to Esters

Duan, Xiyan™ Duan, Xibin™* Yang, Kun’

Zhang, Lu” Tong, Yue“ Liu, Haozhe” Du, Ke* Tang, Rongze”
(“ School of Chemical Engineering & Pharmaceutics, Henan University of Science and Technology, Luoyang 471023)
¢ Zhengzhou Certral Hospital Affiliated to Zhengzhou University, Zhengzhou 450007)

Wang, Zhicheng’

Abstract A variety of substituted N-alkoxyamides derivatives were found to be converted to the corresponding esters medi-
ated by PhI(OAc),/I,. This novel strategy allows for an efficient synthesis of esters and is highlighted by appealing features
such as readily available of the starting material, mild reaction condition, wide substrate scope and transition-metal-free char-

acteristics.

Keywords hypervalent iodine; N-alkoxyamides; ester; oxidative coupling
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B (CAN). AL (NIOL H,O)') . EALAR (Ag,0)! e,
# V0 Z AP0 AC) 1"V S A 77 S A o S B Tk
152140 7 FIBE 21 A P0(Scheme 1, path a). (2)iEit V-4
SAKE-N-SEBERL I SN, B A s B S 3L S8 b A i Tt e (1)
Heron Y (Scheme 1, path b). (3)i@i NBS /S H &
SR IR SR DA K 4 B 260 I B B He s U S A A
AL NEE AL &P (Scheme 1, path ¢). 4R, Hidh—uk
THEW KB REER S BIZI R Bk 2 0 DL K
FEAETG RN R IE ). X e A BRI T A AR
MR T B A A SCHRE T R LR
TR U AR B A A ) B A N R R A A I O
2 iz PR B b A FEBE L AE PhI(OAcC), /I, 1L N 7E
12- “ & kil it Heron FHHES BB R AW
(Scheme 1, path d). FIEGERIESE DL Gk 4 & A4k 1)
FCBR R SLAR L, 207 E R SN SRR RN e 4
JESS. JRYE VR EE T R AR DL
S5 AbF ] LA AL

path a
o CAN, Ag,0, Pb(OAc), o
OR? or NiO; * H,0
R1J‘]\H/ 10, 2! R1 OR2
path b
(0] 0O
. _ore (NtBuoCi )y
R7ONT ————— > ROR?
H (2) NaN;
path c
0 2 NBS J\
OR
R1JJ\H/ — 7 R"OOR?
path d
JOJ\ orz PIDAL JOJ\
R1”ONT R'” O OR2
H DCE
rt.~60°C
this work

B 1 BRI A & RS A A I 5 1
Scheme 1 Methods for the synthesis of esters from N-alkoxy-
amides

1 &R51TR

B, BAVEREY) 1a NG FERSRIR R R %
R AR(E 1), EEE UL AT R RERI &,
A9 T AN [E) 1 s A B (Entries 1~3). W=
B LT AR RS B 248 (PTFA) R — GBI Sy 804 70 DABEAIR £
FERAFE] T AR 2a (FPFE 508 36% 1 25%, En-
tries 1~2), Tf#H] PhI(OAc), AEMF ™ FA DV
("% 41%, Entry 3). )5, {4 PhI(OAc), NEALHA,
FATFRE T A F 7 N4 (Entries 4~7). 255001 i
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NBRFREE . =58 kBl DU T BE A e 0 2 5 fse 7
PR K(Entries 4, 6, 7), JRTM 48 H ST HU I
B, PR R IE (P % 66%, Entry 5). BRI N4t
B A AE [ L7 2 FEAIRG™ % 68%, Entry 8). it
— BRI FLRB, H0 A AR R TR S BT
IR SR, R, BATH SR T w0 sl st &
(R . 245804k 77 B8 AN [PhI(OAC), (2.0 equiv.)/I, (0.5
equiv.)], WA RIMBEEIEAII =P, |7 2% B
BANGEE 80%, Entry 9). HeJaFRATIHIE T I S
U BER R, RIE MR S A2 £E60 C, LA 1,2-—
ALK, A HRF PhI(OAC), (1.0 equiv.)/I, (0.5
equiv.), = ZE (P % 81%, Entry 10).
#£1 RPFKHRITALC

Table 1 Optimization of the reaction conditions

oxidant
MeOﬂN/OMe additive Meoﬁom
MeO H solvent MeO
1a rt.~60°C 2a
Entry Oxidant (equiv.) Additive (equiv.) Solvent Yield®/%
1 PIFA (1.0) — CH,Cl, 36
2 PhICl,(1.0) — CH,Cl, 25
3 PhI(OAc), (1.0) — CH,Cl, 41
4 PhI(OAc), (1.0)  Cs,CO;(1.0)  CH,CL 25
5 PhI(OAc),(1.0) 1, (1.0) CH,Cl, 66
6 PhI(OAc), (1.0) BF;*OEt,(1.0) CH,Cl, 0
7 PhI(OAc), (1.0) TBAI(0.2) CH,Cl, 32
8 PhI(OAc), (1.0) 1,(0.5) CH,Cl, 68
9 PhI(OAc), 2.0) 1,(0.5) CH,Cl, 80
10 PhI(OAc), (1.0) 1, (0.5) DCE 81
11Y PhI(OAc), (1.0) 1, (0.5) CH;CN 7
12¢ PhI(OAc), (1.0) 1, (0.5) 1,4-Dioxane 71
13¢ PhI(OAc), (1.0) 1, (0.5) THF 57
14Y PhI(OAc), (1.0) 1, (0.5) DMF 46

© 2015 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: 1a (I mmol), oxidant (1 mmol), additive (I mmol) in
solvent (10 mL) at room temperature unless otherwise stated. * Isolated yield.
°No additive. ¢ The reaction mixture was stirred at 60 °C.

TERAR IR AR, AT A AN [7]) S e S
Al G WD RIR BTV R PE FRE FH B GR 2). R
W B B R IR Y= R 5 5 (Entries 1~2).
SRIM, JEY 1o AUANAF RN T 2308 35%M H AR~ 2¢
(Entry 3). ZKIR 1535 2R 10 b A 258 I e [ A4 FH %
SN 2 (72 3 30~64%, Entries 4~6). A K2, 24ff
FE 1g NSV, BATRIUR L= 5 miA
92% (Entry 7). N-"F4%U0E A (1h) F V- A A R R A
B R (L) [RIRRIE Bz R B R, LA 45%F11 40% )7
4334 2h 1 2i (Entries 8~9). BRI, MEITA
FEASEBEL 1j~1k ] DL LLH = R IIR A0 N = 4
Fig 2j~2k (Entries 10~11). 34 R*AZRIE, 1% Mk
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K2 BBEEEB AR T AN ¢
Table 2 Conversions of N-alkoxyamides to esters mediated by standard conditions
(0]
L _or? PIDA, I, o
R™ N DCE,rt.~80°c R' OR?
1 2
Entry Substance Product Time/h Yield”/%
o o)
MeO .OMe MeO
: N oM
1 D)LH ﬂ ¢ 0.5 81
MeO MeO
1a 2a
o) (0]
N’OMe OMe
2 H 2 72
MeO MeO
1b 2b
O o}
.OMe
; \@)LH \@)L OMe S 35
1c 2c
o} (0]
.OMe
NS e o A > o :
Br Br
1d 2d
O (0]
.OMe
N
T S o o R :
Cl Cl
1e 2e
O (0]
N,OMe oM
6 H © 10 30
F F
1f 2f
O
S S 2
7 \ // H’OMe \ / OMe 5 92
19 29
o o]
.OBn
. ©/\)‘\H ©/\)\05n 5 45
1h 2h
o} (0]
.OMe
1i 2i
10 -OMe OMe 5 56

=
Iz

2j
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gk
Entry Substance Product Time/h Yield®/%
_.OMe
11 H OMe 5 46
1K 2k
O (0]
.OBn
12 [:::]/M\H [:::]/H\OB” 5 68
11 21
(0] (0]
.OM
N“oe OMe
13 H 5 42
1m 2m
0 [ 0
14 5 41
HN\OMe OMe
1n 2n

0
MeO o) MeO J<
- o)
154 jijjﬁ < I:jk 5 46
MeO MeO

.0
16 i:jﬂﬂ T<
MeO MeO

.0
N
174 H 7<

i J<
Cl Cl

K

W
(e}

“Reaction conditions: 1a (1 mmol), PhI(OAc), (1 mmol), I; (0.5 mmol) in DCE (10 mL) at 60 °C unless otherwise stated. * Isolated yield. ¢ The reaction mixture

was stirred at room temperature. ¢ The reaction mixture was stirred at 80 C.

A FHFFY) 21 a5 L 68% M7= K153 (Entry 12). %
Ja BATER VR AR N-FUT S B 1m~1q
(Entries 13~17). & EIR %A ZR G805 1] 25 A7 BH KA
TR, HR" FEARG3%~46%). NERE, EY 1Ir A
RetZ A 2r, WTRESE HHT-Z83RBH AL T S B K 2E (Entry
18).

Y SR IR AR SN AR, AT T e ] 2 0

Chin. J. Org. Chem. 2015, 35, 2552~2558

© 2015 Chinese Chemical Society & SIOC, CAS

(Eq. 1). &9 1a A1 IR TEMPO TEARAE A
TRRBL 2 h, (LB 2a 75N 78%. i 525 K I
TEMPO 3% BHILiZ AL K A, X3 W% I v 5
A HHEENLE A Tl RS LRSS,
AR B I 2 AT g A2 1) S8k B S A8 EC DL &2 Heron HE
He. BATS XA M AIPLEESE N0 Scheme 2 Fias. &
%, BUEEIEBLAE PhI(OAC),/L, HIMEH T R4S E

http://sioc-journal.cn/ 2555
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MR

ERBCE R R AL T s A R RE, el
L Heron HARMAE NS 2 Arh(EfA B. fe)m, A
R Heron HHSE] 5 — 7 7 HIES I HBE UL A

%[13]'

o PIDA (1 equiv.) Q
MeO M 12 (05 equiv.) MeO ove
H TEMPO (1 equiv.)
MeO DCE, 2 h,rt V©
1a 2a, 78%
o]
5 o mkmz
PIDA, I, R'-4~ OR? 2
I or? 1
2 RSN ———  (_N-N _
. DCE AR
0
A
N
LH") R N i
1 2
R0 R'” TOR?
o] 2

B2 ArREHLE

Scheme 2 Possible reaction mechanism
2 g

ASCARTE T — 1 e i A ) 2 3 A R e S 2 I
IS B SR N, A T — i A BRI SR AL 54
77 2R IR A 2 e S I 1) S8 AL B
EHBHR SN LK Heron B HE. S5AEGEHIRIRATEYI AN
AW R 5 N DL R Tl I <5 Jrs A P RS B S AH B,
ZHENIRAREF RS E, FIERM, HXbit.
75 HE IR T I TR RE MR R ORI,
FERE, XPITEYRE T v i R £ B A S L T
REF. SRR BL R S B 3 AEAERIE FE A,

3 IEES
3.1 UFESHF

Bruker AVANCE III 400 MHz #% # LR 354 (LA
CDCl; AR, TMS NWFR), X-4 B BoR 48 ille
IR ETFARRLE), HEEOEEER GF254(F Bk TH
FRAF], fpal). Ha B AR A ai s s A at.
32 ZWHE
32,1 AR BB H &

B e & 120, 107, 1'%, 1d"7, 1e~
118 1" 1h"™ 16 1K™, 10 1m™®, 10!, 101585 3¢
R 1K) T 72 1
322 ARumegBLAEE 1§, 1p,1q #= 1r 494 5%

FART(10 mmol) LA K A TEAN(20 mmol)HIA J i
i, MRG0 CHikE R R TER(Z 3 h), A5
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JE I R 2 R I g B R 2 R I EAL TR, 753 2R S
OB b AR AR (11 mmol) I B 5 Ah— N B
b, BEE 2 BINEFIN(Z R Z8R) - VK)=2 1,
c¢=0.2 moleL '], BEERHN(20 mmol). [ VEA A ENE
0 CJa, FiET 5 mL LB ZME AR i I SUZ R R\ I
AR FR, SR G RN R T R IR E R N RN
1k, AN, KAHH IR OB E. &IHF0E
WUAHE I TE K R BR AT, I AR 5 D e 4. Tl i A%
JEMT AL S SR 515 2 H FR ).

2-(4-F AL )-N-F S JL 2 (1) 15 1.5 g Al
&, P7E 82%. m.p. 103~104 ‘C; '"H NMR (CDCl;, 400
MHz) d: 10.47 (s, 1H), 7.19~7.15 (m, 2H), 6.94~6.89
(m, 2H), 3.64 (s, 3H), 3.33 (s, 2H); >*C NMR (CDCls, 100
MHz) 0: 168.74, 161.85 (d, Je—r=244 Hz), 130.05 (d,
Je—r=3 Hz), 11530 (d, Jo—r=21 Hz), 63.81, 38.98.
HRMS (ESI) caled for CoH;FNO, [M+H]+: 184.0768;
found184.0766.

N-BUT S -4-F A B R A iz (1p): 13 1.9 ¢ B8
B, 772% 86%. m. p. 137~139 ‘C; '"H NMR (CDCl,,
400 MHz) &: 8.43 (s, 1H), 7.71 (d, J=8.4 Hz, 2H), 6.88 (d,
J=8.8 Hz, 2H), 3.82 (s, 3H), 1.31 (s, 9H); C NMR
(CDCl;, 100 MHz) &: 167.55, 162.36, 128.94, 124.64,
113.76, 82.12, 55.33, 26.33; HRMS (ESI) calcd for
C,H sNO5 [M+H]': 224.1286; found 224.1285.

N-SUT EE-4-FR B (1q): 3 1.7 g A,
FEE 72%. m. p. 132~135 ‘C; 'H NMR (CDCl;, 400
MHz) 6: 9.80 (s, 1H), 7.63 (d, J=8.4 Hz, 2H), 7.21 (d, J=
8.4 Hz, 2H), 1.21 (s, 9H); *C NMR (CDCls, 100 MHz) ¢:
166.73, 137.60, 130.66, 128.71, 128.42, 82.30, 26.27.
HRMS (ESI) caled for C;;H;sCINO, [M+H]": 228.0791;
found 228.0787.

N-FUT 8- 1-ZE W e (1r): 15 2.1 g (I, 7=
# 86%. m. p. 142~144 ‘C; "H NMR (CDCl;, 400 MHz)
5: 8.24 (s, 2H), 7.92~7.89 (m, 1H), 7.86~7.84 (m, 1H),
7.58~7.52 (m, 3H), 7.42~7.38 (m, 1H), 1.39 (s, 9H); "°C
NMR (CDCl;, 100 MHz) §: 168.36, 133.57, 131.10,
130.35, 128.24, 127.29, 126.53, 125.33, 125.21, 124.46,
82.64, 26.39; HRMS (ESI) calcd for C;sH;sNO, [M+H]":
244.1337; found 244.1335.

323 HRIEARL 1B LS 2

¥ PhI(OAc), (1.0 mmol)F1 I, (0.5 mmol)IN A 1,2-—-
ALK mLYF, ARIEAAY 1 (1 mmol) I S v A&
F. RBOREYETR E R E R E B RN AR A
1k NS E, KNEAYAHEZER, ALK
B, 73 51 P P R A RS T AR L R AR R B e 04 s N VR
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G, WERA VLA, ToKBREREA T, I8 5 R ik
g5, JEIIAEE T AiL R S AR E] B AR

3.4- " HEIEEF R T E(2a)°: 5 158 mg A MH
1, P2E 81%. m.p. 56~59 C; 'H NMR (CDCls;, 400
MHz) d: 7.66 (d, J=8 Hz, 1H), 7.52 (s, 1H), 6.86 (d, /=8
Hz, 1H), 3.91 (s, 6H), 3.87 (s, 3H).

4- R IR IR ER2L): 3 119 mg [ [E {4,
P2 72%. m.p. 47~50 C; '"H NMR (CDCls;, 400 MHz)
5:7.98 (d, J=8.8 Hz, 2H), 6.90 (d, /=8.8 Hz, 2H), 3.87
(s, 3H), 3.84 (s, 3H); *C NMR (CDCl;, 100 MHz) ¢:
166.77, 163.24, 131.50, 122.49, 113.51, 55.31, 51.77.

3-FHFEIE R R (20)2%: 5 52 mg WPIRY, 7R
35%. '"H NMR (CDCls, 400 MHz) J: 7.86~7.83 (m, 2H),
7.37~7.29 (m, 2H), 3.90 (s, 3H), 2.39 (s, 3H); °C NMR
(100 MHz, CDCly) d: 167.23, 138.06, 133.61, 130.05,
129.97, 126.63, 51.98, 21.19.

4-RIEH R R QD) 15 137 mg R, 2R
64%. m.p. 73~74 ‘C; 'H NMR (CDCls, 400 MHz) ¢:
7.88 (d, J=8.4 Hz, 2H), 7.56 (d, J=8.4 Hz, 2H), 3.90 (s,
3H); *C NMR (CDCl;, 100 MHz) J: 166.28, 131.63,
131.04, 128.94, 127.97, 52.23.

4-F TR TR (2e) % 15 94 mg WHURY, 77 55%.
'H NMR (CDCl;, 400 MHz) &: 7.97 (d, J=8.8 Hz, 2H),
7.41 (d, J=8.8 Hz, 2H), 3.91 (s, 3H).

A4-F KR AR 20: 15 46 mg THUIRY, 773 30%.
'H NMR (CDCl;, 400 MHz) J: 8.07~8.04 (m, 2H),
7.09~7.13 (m, 2H), 3.91 (s, 3H); *C NMR (CDCl;, 100
MHz) 6: 166.98, 165.3 (d, Jo-r=167 Hz), 132.09 (d,
Je—r=9 Hz), 126.36 (d, Jo—r=2 Hz), 115.5 (d, Je—=22
Hz), 52.18.

2-WEWy H R R (2g)1%: 13 131 mg R, 72
92%. "H NMR (CDCl;, 400 MHz) &: 7.80 (d, J=3.6 Hz,
1H), 7.55 (d, J=4.8 Hz, 1H), 7.10 (t, J=4.4 Hz, 1H), 3.89
(s, 3H). *C NMR (CDCls, 100 MHz) d: 162.67, 133.53,
133.44, 132.32, 127.72, 52.13.

PR R % s 2h)*Y: 5 108 mg JHCRY, PR
45%. '"H NMR (CDCls, 400 MHz) 0: 7.76 (d, J=16 Hz,
1H), 7.55~7.53 (m, 2H), 7.46~7.37(m, 8H), 6.52 (d, J=
16 Hz, 1H), 5.28 (s, 2H); °C NMR (CDCl;, 100 MHz) ¢:
166.69, 145.09, 135.96, 134.23, 130.27, 128.80, 128.51,
128.20, 128.17, 128.02, 117.76, 66.26.

PIEERRER G (20): 15 65 mg WLIRY, 77% 40%.
'H NMR (CDCls, 400 MHz) 6: 7.72 (d, J=16 Hz, 1H),
7.54~7.51 (m, 2H), 7.39~7.38 (m, 3H), 6.45 (d, J=16
Hz, 1H), 3.81 (s, 3H); *C NMR (CDCl;, 100 MHz) o:

Chin. J. Org. Chem. 2015, 35, 2552~2558
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167.38, 144.82, 134.29, 130.24, 128.83, 128.01, 117.71,
51.65.

2-(4- I R TR 2P 15 95 mg FOIEE,
P2 56%. m. p. 83~85 C; 'H NMR (CDCl;, 400 MHz)
8: 7.26~7.23 (m, 2H), 7.03~6.99 (m, 2H), 3.69 (s, 3H),
3.60 (s, 2H); “C NMR (CDCl;, 100 MHz) J: 171.86,
161.98 (d, Jo—r=244 Hz), 130.78 (d, Jo—r=8 Hz), 129.62
(d, Jo—p=4 Hz), 115.38 (d, Jo_r=21 Hz), 52.06, 40.22.

2-(4-FE ) 2R HF 2K 75 83 mg WYY,
P22 46%. "H NMR (CDCls, 400 MHz) 6: 7.20 (d, J=8.8,
2H), 6.86 (d, J=8.8, 2H), 3.79 (s, 3H), 3.69 (s, 3H), 3.57
(s, 2H); *CNMR (CDCls, 100 MHz) &: 172.34, 158.63,
130.22 (2C), 125.98, 113.93 (2C), 55.18, 51.95, 40.21.

FHEREERRDS: 13 144 mg HARY, 723 68%. 'H
NMR (CDCl;, 400 MHz) 6: 8.09 (dd, J=1.2, 7.2 Hz, 2H),
7.57 (t, J=7.2 Hz, 1H), 7.48~7.36 (m, 7H), 5.38 (s, 2H);
C NMR (CDCl;, 100 MHz) §: 166.41, 136.00, 133.00,
130.07, 129.66 (2C), 128.56 (2C), 128.34 (2C), 128.21,
128.13 (2C), 66.55.

2,4,6-=HEFEFRFHEECm): 15 75 mg IR,
F2E 42%. '"H NMR (CDCls, 400 MHz) &: 6.85 (s, 2H),
3.89 (s, 3H), 2.28 (s, 9H); °C NMR (100 MHz, CDCl;) ¢:
170.62 139.28, 135.13 (2C), 130.81, 128.35 (2C), 51.75,
21.09, 19.73 (2C).

1-4 NI BE 2 H R 2n)®: 73 80 mg JHCIRW, 7P
41%. "H NMR (CDCls, 400 MHz) 6: 3.65 (s, 3H), 2.01 (s,
3H), 1.89 (d, J=2.1 Hz, 6H), 1.71 (q, J=12.2 Hz, 6H);
BC NMR (CDCl;, 100 MHz) d: 178.07, 51.39, 40.56,
38.72 (3C), 36.37 (3C), 21.82 (3C).

3,4- " HAAFEE R ERAUT BE0): 15 110 mg WPk
Y, P7E 46%. '"H NMR (CDCl;, 400 MHz) 0: 3.62 (s,
3H), 1.98 (s, 3H), 1.86 (d, J=2.4 Hz, 6H), 1.68 (q, J=
14.8 Hz, 6H); C NMR (CDCl;, 100 MHz) ¢6: 178.07,
51.39, 40.56, 38.72 (3C), 36.37 (3C), 21.82 (3C).

4-FEFE R R AT Be2p)™: 18 77 mg JHIRY,
772 37%. '"H NMR (CDCls, 400 MHz) J: 7.94 (d, J=7.4
Hz, 2H), 6.88 (d, J=7.4 Hz, 2H), 3.84 (s, 3H), 1.58 (s,
9H); “C NMR (CDCl;, 100 MHz) J: 165.55, 162.89,
131.31, 124.41, 113.31, 80.44, 55.31, 28.19.

4 HEFRBT B 15 70 mg WY, FEF
33%. '"H NMR (CDCl;, 400 MHz) §: 7.91 (d, J=8.4 Hz,
2H), 7.37 (d, J=8.4 Hz, 2H), 1.58 (s, 9H); *C NMR
(CDCL, 100 MHz) o: 164.80, 138.71, 130.76, 130.38,
128.40, 81.34, 28.09.
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¥ Bh# &L (Supporting Information) FT& ik HAr L&
YIir) NMR B8 Sk S FTHRMS B, X S64 L ]
LA 7 MAS T 9 33 (http://sioc-journal.cn/) | %K.
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