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Gold-Catalyzed Tandem Reactions of 2-Alkynyl Arylazides and
Carboxylic Acids for the Synthesis of 1H-Indol-3-yl Esters
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Abstract 1H-Indol-3-yl acetates are very important indole derivatives, which can be found in many bioactive compounds
and natural products. In this work, 1H-indol-3-yl acetates were efficiently prepared via a-imino gold carbenes generated by
gold-catalyzed reactions of 2-alkynyl arylazides. A very simple and general method for the synthesis of 1H-indol-3-yl acetates

was provided after examining the substrates scope.

Keywords 2-alkynyl arylazides; tandem reactions; carboxylic acids; 1H-indol-3-yl esters
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1 ZER51He
1.1 REFHHMHE

RN TSI IR B e A N A, FRATTLA 2-F i S
A 1a (0.1 mmol) AJE KL, 1 mL 288 2a N, 34T
T RH) 8, ARILE 1. RAILL 2 mol% -BuX-
PhosAuNTf, NEALF, HiFEEIETE 60 C M, TLC
W%, 45 min J5 58K, WEIEE O, RIAMEH:
ERT VA ER) @ (R 4H8)=20 : 1~10 : 114542
2153 80%r 7 K [ H AR~ 3a(3R 1, Entry 1). H_ ik
B, PLla AR T OS2 04k, ARIZHE TR
I &5 R L 1.

F1 AL ¢

Table 1 Optimization of reaction conditions

P OAc
7
Ny HOAc (2a) H
1a 3a
Entry Gold catalyst 7/°C th  Yield/%
1 t-BuXPhosAuNTf, 60 0.75 80
2 PPh;AuNTY, 60 0.75 70
3 IPrAuNTY, 60 0.75 59
4  XPhosAuNTf, 60 24 36
5  AuCl 60 24 29
6 JohnPhosAuCl 60 19 —¢
7 AgNThH 60 19 —
g  — 60 5 —
9  -BuXPhosAuNTf, 30 0.75 62
10  #-BuXPhosAuNTf, 80 0.75 65
119  BuXPhosAuNTf, 60 0.75 20

“Unless stated otherwise, all reactions were performed in 1 mL of HOAc with
catalyst : 1a=0.02 : 1 under N, atmosphere. * Isolated yield.  No reaction
was observed based on 'H NMR analysis of crude mixture. ¢ (CH,Cl), was
used as solvent.  Tf=Trifluoromethanesulfonyl.

C O Bu-t

O Pl y Pl
Cy Bu-t

i-Pr l i-Pr i-Pr ! i-Pr

i-Pr i-Pr
XPhos t-BuXPhos
Pr-i —_ i-Pr O _But
&2 o
Pr-i i-Pr O
IPr JohnPhos

B, FEE T AN R EC AR G M Ak R AL VR R I 5
My, 5 RUNFR 1 frzn(GR 1, Entries 2~4), W70 &8 PPhs,
IPr, XPhos 1 4 A4 751 BT A I X6 A s 87 14 5 M AN ),
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RIS G S5 7 B[] R AN RS i H FR P= 4 ) 7= 28, A RE 7
W= PR EE 36%~T70% . 244 I {1 B ) AuCls fE4L
T EREAF 3 H AR, (H77 R BEICE 29% (3 1, Entry
5). 1 JohnPhosAuCl {E &AL, AL SURIEHR A
AR, O AZRE S R TG BARPE AR UER 1, Entry 6).
PR RAEE 2T AgNTE, AT DL AN T 4k
TR SN, P ERASBE R AE SN, 24 S AZ R o AT
WA JEREAE(F 1, Entries 7~8). ZJ&, TATEH T
N7 PRI RE o B B2 RS2 (% 1, Entries 9~10). M E 3L
FERTCLE Y, PR B 45 S B B 5 A i R P2 = 2R
HHIL T PAK. E, BT T 1,2- & ki
WO, R BB 25 (3R 1, Entry 11). £50iX
deos aG ) SRR T %R MR A& 2 mol%
t-BuXPhosAuNTf, 2-MIEZ M AY) 1a (0.1 mmol), 1
mL ZFRAESEAZ R A7), 60 “C )% 0.75 h.

1.2 RMEYERME R

AR 15 2 A S RS, o AN TR AR R g e
BERMEWRMBT TV R, WE 2 Fin, RRNIED
T RAF, AT AR — RVIRBMERER]. Xt 2-
FRIE B FURY P EIR ERBUREE R DL AIRARE ) R?
SEPHEATAE, RGN 2 R IR DT S, B
W2 IR b A W PR T 1) S 2 4 F T 1 PR AR S R
N ER VA (K 2, Entries 1~3). 24 R? R ki ki,
WKBE M IE T 25 BRI & BAT MR T & 3
PSR, AR AS 13 BUAH B H AR =Y 3-W RREE (R 2,
Entries 4~7). 24 R* ik B &A1, AR T AA R
Tf (5% 2, Entries 8~9), K& %R F KRV R 2500
BB AR R AR B 75% 7= 2 10 H AR =1, 1 2 U5 71
R EN B BT, R3] 35%7 %1 B A5 =)
A, BATHEE T IRYI IR F AR T R4 BT R
HAR I S BB, 55 B 1 7 W F - SR [ ), T 3RS
A 89%7 = ZR A NP4, T 05 8 bt A 4t oL i [
B, AR AEIE R SR RS I 2 B AR, RN AEE R
Z4(3 2, Entries 10~11). 24 R*Z£F18 H JE 7, TLC
MR Z W, SEEN B H P, /5
T 57%7 = RIS 4 (AP 2, Entry 12). BATET
T I B W R A S R, TR %
PETRIAT T 66%r =21 H x4 3-MIWNE(R 2, Entry
13). IR 7045 SRR W12 s B 52 05 R AR R 11 5
R, AR AR JE ] BE X b 1) FEL T = 6 B P AR T R,
T R AN R 1 2N

BEW DR T A FRBRAT AR A &
BTN, i3k 3 FTR. B 50 R I R R H
178 ) S AL I8 VA w1 - I P 12 o O N W L 4 950
B, 3R T 83% 7RI B AR, WK EE M IE R R A

Chin. J. Org. Chem. 2015, 35, 1469~ 1474



Chinese Journal of Organic Chemistry

K2 AIE 2-Pedk Ty S U S R
Table 2 The reaction scope of different 2-alkynyl arylazides
R? OAc
Z
A
RT'—\ t-BuXPhosAuNTf, (2 mol%) R1€E\$7R2
A HOAc, 60 ° Z N
Ns c, 60 °C N
1 3

R'=H, CI, Me; R2 = alkyl, aryl

Entry Product t/h Yield/% | Entry Product t/h Yield/%
OAc OAc
NHT
1 N 0.75 80 8 N 0.75 75
H H
3a 3h
OAc OAc
DRaWe Co
2 N 0.75 88 9 N oBn 0.5 35¢
H H
3b 3i
OAc o OAc
A\
Cr o
3 N 0.75 88 10 N 2.0 89
H a "
3c
3j
OAc OAcC
4 N 0.75 87 1 C4Hg 1.0 —
3d Me
OAc
A\ C=H OAc
5 (j:}511 0.75 81 12 (j%\ 1.5 57
H Na
3e 4
OAc ol OAc
Me A\
N Me N c
6 N Mo 0.75 80 13 N 0.5 66
H Cl
3f
3k
OAc
\
7 [:IJ y 0.75 76
H
3g

“ Unless stated otherwise, all reactions were performed in 1 mL of HOAc with catalyst : 1a=0.02 : 1 under N, atmosphere. ® Isolated yield. ¢ Reaction was per-
formed at 100 ‘C. ¢ Reaction was performed at 80 “C.. ¢ Unknown compounds based on 'H NMR analysis of the crude mixture.

SN 75 TS 19 h A RESR N T84, 3RAF 176%™ %
(3 3, Entries 1~2). FAMEZEH ST BRI 58 1) =
IR, RINER T R NBEATF 53 BIZY, 5 min J5 RN
9, GAXMEAN TLC 73 M AE BN S %, i S BRI
WMEZR—10 °C, L =5 LRI m, SOSAK IR
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F0, RN RAAAE BN R /(R 3, Entry 3). A,
TEEHHE T IR AT 1,2- "R/ LFHHIH X
B2, RSN R %, A BERT I BB H AR,
T AN IR RT3 7056 8 P RR AE I o DA HEAT OIS,
RL[EFEARAR R 2%, ARBERI B HUY (3K 3, Entry 4).
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BT Wi
3 AFRRRN L ¢ fAul. ) 2a: HOAc
Table 3 The reaction scope of different carboxylic acids h . Fh (1au (\ [/31]
=4
0 — O—pnh —~ —
4 " t-BuXPhosAuNTf, (2 mol%) O% Q\{) N i N/ o
: : : Q_g\ 5 N, (N, N2
N RCOOH (2), 60 °C N~ Ph 1a A B
® H Carboxylic acid
1a 3 Trapping
R = H, alkyl, aryl
0 b OAc AcO 3
Entry Product t/hh  Yield’/% Al [Au] AcOH [Au]
: O — e
% H N N
1 1.5 83¢ . .
N B R B
Figure 1 Speculation of reaction mechanism
31 . P S N
502 LTR-3-M5| W BR AT AE D AE R 24 L R Ak o vp B
O‘(o Ao BERNHAIME. 7356, B a-TfEERER—
[ e E R 2 DI S S 2 LU 43 o
2 N~ Ph 19 76 -
N i,
3m 3 WS
O v oog —at
L 31 (UEBSHH
F
3 Sa: — SACHIN EF MK AR, JCEFA 2R
NP PSRN, WA &% TR BTh T %A .
'HNMR Fl °C NMR(A#5A TMS, #7148 CDCL)f#
(0]

=
o O e -
N~ “Ph
H

“ Unless stated otherwise, all reactions were performed at 60 ‘C in 0.5 mL of
acid with catalyst : 1a=0.02 : 1 under N, atmosphere . ° Isolated yield.
¢ Reaction was performed at room temperature.  Reaction was performed at
—10 °C in 0.5 mL of TFA. ¢ Unknown compounds based on 'H NMR analysis
of the crude mixture.’ Reaction was performed at 125 °C in benzoyic acid and

(CH,Cl), was used as solvent.

1.3 TIRERI R AL

W4 Gagosz 5 Zhang P PR ZH 5 DA S A S S0
S5O, MEFE N I B REBEAT T HED. i 1 PR, JERE
la B ANG1L, BRHLOGHRIMIZ A, R )51
ER AN o- TG4 R B HEEk, hiEfkB 5 LRk
RIJERCC, AR C 451588 2 AT 1) 3-15] b
fis 3a.

2 Zhig

TEPH B A7) -BuXPhosAuNTS, [k 461
N, RIS T 2- I B RS R R A i 3-8 Wk TR 1) ER B
KN RPN, VG, W R, % T
TEW R EIE M 2-REBEE o TE R R SRR
1 ER BB S B, A T AT BE G S BEERE, A 3R]
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AVANCE III 600 M 1 400 M # i 3LIRACM 5 ; HRMS
fii F Agilent 6540 UHD Q-TOF w43 i A I 5 .
32 TWHE

7£ 5 mL fFUAE F, KO 0.1 mmol 2-Hke S
BAEW 1, 2 mol% -BuXPhosAuNTE, BALK 1 mL 2,
BARYTT, 60 CoAF T HiHE R, TLC Wl e MgEFE,
RN~ 1 h, JRFGERE, JEIE 2K R, Flsk
MAEFEENT ORE VA HE) - (LR OHE) =20 @ 1~
10 : 11347 7> B3R A3 2 724 3a~3m UL 4.

C TR -2- K FE 35| Wk G (3a): AR (DR AR, 77
80%. 'H NMR (CDCls, 600 MHz) §: 2.41 (s, 3H), 7.12~
7.14 (m, 1H), 7.19~7.22 (m, 1H), 7.33~7.35 (m, 2H),
7.40~741 (d, J=17.8 Hz, 1H), 7.43~7.46 (m, 2H),
7.63~7.65 (d, J=7.8 Hz, 2H), 8.18 (br, 1H); >*C NMR
(CDCL, 100 MHz) d: 20.8, 114.4, 117.7, 120.4, 122.1,
123.0, 126.0, 126.1, 129.0, 130.6, 133.5, 169.4; IR (neat)
v: 3377, 3062, 2251, 1758, 1606, 1064, 740 cm™'; HRMS
(ESI) caled for CigH142NO, [M+H]": 252.1025, found
252.1022.

LR -2-(4-F R 5 | WA FiE (3b): AR R Ak, 77
# 88%. 'H NMR (CDCl;, 600 MHz) o: 2.42 (s, 3H),
7.12~7.14 (m, 1H), 7.16~7.17 (m, 2H), 7.31~7.32 (m,

Chin. J. Org. Chem. 2015, 35, 1469~ 1474
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2H), 7.39 (d, J=8.2 Hz, 1H), 7.44~7.46 (m, 2H), 8.16
(br, 1H); “C NMR (CDCl;, 150 MHz) o: 20.8, 111.5,
117.6, 120.5, 121.9, 123.3, 124.9, 127.1, 127.2, 129.0,
129.1, 133.5, 133.6, 169.5; IR (neat) v: 3387, 2923, 2852,
1735, 1637 1068, 669 cm '; HRMS (ESI) caled for
CH3CINO, [M+H]": 286.0635, found 286.0637.
LR-2-(4-FHAR B IR ) M| R i (Be): KR Tt IRV,
P~ 88%. 'H NMR (CDCl;, 600 MHz) J: 2.42 (s, 3H),
3.87 (s, 3H), 7.00 (d, J=9.0 Hz, 2H), 7.14~7.16 (m, 1H),
7.19~7.21 (m, 1H), 7.32 (d, J=7.8 Hz, 1H), 7.41 (d, J=
7.8 Hz, 1H), 7.56 (d, J=8.4 Hz, 2H), 8.04 (br, 1H); "*C
NMR (CDCls, 150 MHz) &: 20.8, 55.3, 111.3, 114.5,
117.5, 120.3, 122.3, 122.7, 123.2, 125.5, 126.2, 127.6,
133.3, 159.3, 169.4; IR (neat) v: 3383, 2925, 1735, 1654,
1064, 742 cm™'; HRMS (ESI) caled for C7;H;¢NO3; [M+
H]": 282.1130, found 282.1131.
ZR-2-1E T 3E-3-W5| Wk (3d): B¢ (iR, =%
87%. '"H NMR (CDCls, 600 MHz) 6: 0.92 (t, J=7.4 Hz,
3H), 1.37~1.39 (m, 2H), 1.63~1.66 (m, 2H), 2.38 (s,
3H), 2.66 (t, J=7.6 Hz, 2H), 7.07~7.10 (m, 1H), 7.11~
7.14 (m, 1H), 7.23 (d, J=8.0 Hz, 1H), 7.32 (d, J/=7.8 Hz,
1H), 7.72 (br, 1H); *C NMR (CDCl;, 150 MHz) 6: 13.7,
20.6, 22.3, 24.6, 30.8, 110.9, 116.8, 119.8, 121.5, 121.7,
126.4, 128.1, 132.8, 169.5; IR (neat) v: 3322, 2959, 2610,
1693, 1607, 1233, 756 cm™'; HRMS (ESI) caled for
C4HsNO, [M+H]": 232.1338, found 232.1322.
ZR-2-1E R 5 -3-M| WE iR (3e): ¥ D IR A4, F=%
81%. '"H NMR (CDCls;, 600 MHz) §: 1.42 (s, 9H), 2.38 (s,
3H), 7.06~7.09 (m, 1H), 7.12~7.14 (m, 1H), 7.26~7.28
(m, 2H), 7.73 (br, 1H); *C NMR (CDCls;, 150 MHz) o:
13.9, 20.6, 22.4, 24.9, 28.3, 31.4, 110.9, 116.8, 119.8,
121.5, 121.6, 126.3, 128.2, 132.8, 169.5; IR (neat) v: 3386,
2925, 2365, 1701, 1654, 1081, 756 cm '; HRMS (ESI)
caled for C1sHyNO, [M+H]": 246.1489, found 246.1485.
LR -2- 0T K= -3-W5| Wk g (36): o € [ A4, e
80%. m.p. 115~120 °C; 'H NMR (CDCls, 600 MHz) o:
0.90 (t, J=7.4 Hz, 9H), 1.27~1.43 (m, 4H), 1.64~1.65
(m, 2H), 2.38 (s, 3H), 2.64 (t, J=7.5 Hz, 2H), 7.07~7.10
(m, 1H), 7.11~7.14 (m, 1H), 7.23 (d, J=7.9 Hz, 1H),
7.33 (d, J=7.5 Hz, 1H), 7.73 (br, 1H); *C NMR (CDCl;,
150 MHz) J: 20.8, 29.4, 31.9, 111.0, 116.9, 119.9, 121.8,
122.1, 131.8, 134.4, 169.6; IR (neat) v: 3396, 2919, 2850,
1746, 1462, 1219, 740 cm~'; HRMS (ESI) calcd for
C4H,sNO, [M+H]": 232.1338, found 232.1322.
ZIR-2-FR TR 3E-3-W5| Wk fis (3g): AR lPIRAA, 7=

Chin. J. Org. Chem. 2015, 35, 1469~1474
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76%. '"H NMR (CDCls, 600 MHz) d: 0.77~0.80 (m, 2H),
0.92~0.96 (m, 2H), 1.89~1.93 (m, 1H), 2.39 (s, 3H),
7.07~7.09 (m, 1H), 7.11~7.13 (m, 1H), 7.20 (d, J=8.0
Hz, 1H), 7.32 (d, J=7.8 Hz, 1H), 7.65 (br, 1H); °C NMR
(CDClLs, 150 MHz) d: 5.9, 6.4, 20.6, 110.9, 116.6, 120.0,
121.7,121.9, 125.5, 128.5, 132.4, 169.5; IR (neat) v: 3387,
2923, 2853, 1735, 1637, 1055, 742 cm™'; HRMS (ESI)
calcd for C3sH,NO, [M+H]": 216.1025, found 216.1026.

LR-2-5% R R Pk M 5 PR e gl DR R (3h): - S (i
IRVBAE, 772 75%. 'H NMR (CDCls, 400 MHz) 6: 2.29
(s, 3H), 2.41 (s, 3H), 4.09 (d, J=6.3 Hz, 2H), 5.35 (br,
1H), 7.07~7.11 (m, 1H), 7.16~7.20 (m, 1H), 7.24~7.29
(m, 3H), 7.36 (d, J=7.9 Hz, 2H), 8.51 (br, 1H); °C NMR
(CDClLs, 100 MHz) 8: 20.6, 21.5, 37.5, 111.6, 117.2, 120.1,
120.5, 122.4, 123.1, 127.2, 129.8, 133.5, 136.6, 143.8,
169.7; IR (neat) v: 3363, 2923, 2854, 1746, 1658, 1210,
742 cm™'; HRMS (ESI) caled for Ci5H sN,O4S [M+H] "
359.1066, found 359.1066.

LR -2- 2B % W T Tk g | W 8 (31): A C IR A,
FZ 35%. '"H NMR (CDCls, 400 MHz) §: 2.36 (s, 3H),
2.95 (t, J=5.6 Hz, 2H), 3.79 (t, J=5.6 Hz, 2H), 4.58 (s,
2H), 7.06~7.09 (m, 1H), 7.11~7.15 (m, 1H), 7.23(d, J=
8.0 Hz, 1H), 7.32~7.41 (m, 6H), 8.46 (br, 1H); *C NMR
(CDClLs, 100 MHz) &: 20.6, 25.1, 69.3, 73.4, 111.1, 116.8,
119.7, 120.9, 121.8, 124.1, 126.5, 127.8, 127.9, 128.6,
132.9, 137.9, 169.5; IR (neat) v: 3377, 2923, 2853, 1746,
1668, 1208, 739 cm™'; HRMS (ESI) caled for C19H,0NO5
[M—+H]": 310.1443, found 310.1423.

LR-2-1E T F-5,7- G Wk BE (3j): A (PR AR,
P Z 89%. 'H NMR (CDCls, 400 MHz) 6: 0.94 (t, J=7.4
Hz, 3H), 1.33~1.40 (m, 2H), 1.61~1.67 (m, 2H), 2.37 (s,
3H), 7.13 (s, 1H), 7.23 (s, 1H), 7.98 (br, 1H); *C NMR
(CDClLs, 100 MHz) d: 13.7, 20.5, 22.3, 24.7, 30.6, 115.4,
116.8, 121.1, 123.3, 125.6, 126.3, 128.3, 131.0, 169.2; IR
(neat) v: 3319, 2925, 2854, 1744, 1615, 1218, 741 cm™';
HRMS (ESI) caled for C4H;sCILNO, [M+H]": 300.0558,
found 300.0556.

L WR-5,7- A WS (3K): IR 4L R Ak, P
89%. '"H NMR (CDCl;, 600 MHz) 6: 2.36 (s, 3H ), 7.23 (d,
J=1.8 Hz, 1H), 7.45 (d, J=3.0 Hz, 1H), 7.46 (d, J=2.4
Hz, 1H), 8.11 (s, 1H); *C NMR (CDCl;, 150 MHz) ¢:
209, 115.5, 116.1, 117.4, 121.8, 122.4, 125.7, 128.7,
130.5, 168.3; IR (neat) v: 3448, 2924, 2346, 1735, 1637,
1075, 766 cm '; HRMS (ESI) caled for C,,H,CLLNO,
[M~+H]": 243.9932, found 243.9930.
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FHR-2- R LM R TR (3L): KR IRV AR, 72 83%.
'H NMR (CDCl;, 400 MHz) J: 6.95~6.98 (m, 1H),
7.02~7.06 (m, 2H), 7.13~7.18 (m, 2H), 7.24~7.28 (m,
2H), 7.46~7.48 (m, 2H), 7.98 (br, 1H), 8.21 (s, 1H); °C
NMR (CDCls, 100 MHz) o: 111.5, 117.5, 120.8, 121.9,
123.4, 125.5, 126.4, 1282, 129.1, 130.0, 133.4, 135.7,
159.8; IR (neat) v: 3394, 2924, 2854, 1743, 1605, 1232,
738 cm '; HRMS (ESI) caled for CisH;,NO, [M+H]":
238.0868, found 238.0865.

OV R -2- 28 L 15| W i (3m): o €0 IR VAR, 72
76%. '"H NMR (CDCls, 400 MHz) d: 0.89~0.92 (m, 3H),
1.31~1.35 (m, 2H), 1.40~1.48 (m, 2H), 1.61~1.68 (m,
2H), 2.35 (t, J=7.5 Hz, 2H), 7.11~7.15 (m, 1H), 7.19~
7.22 (m, 1H), 7.32~7.35 (m, 2H), 7.38 (d, J=7.9 Hz,
1H), 7.42~7.45 (m, 2H), 7.63 (d, J=8.1 Hz, 1H), 8.10
(br, 1H); °C NMR (CDCls, 100 MHz) &: 13.9, 22.3, 24.4,
31.2,31.2,33.9, 111.4, 117.8, 120.4, 122.3, 123.0, 126.1,
126.2, 127.8, 128.7, 130.7, 132.6, 133.6, 172.1; IR (necat)
v: 3360, 2925, 2855, 1711, 1621, 1258, 739 cm™'; HRMS
(ESI) calcd for C,yH»,NO, [M+H]+: 308.1651, found
308.1633.

LTR-1- O -2- B HOR R (4): iRk, ™
# 57%. '"H NMR (CDCl;, 600 MHz) d: 2.20 (s, 3H), 5.21
(d, J=1.7 Hz, 1H), 5.41 (d, J=1.7 Hz, 1H), 7.12~7.18
(m, 2H), 7.35~7.40 (m, 2H); “C NMR (CDCl;, 125
MHz) 6: 21.0, 107.2, 118.9, 124.7, 126.8, 129.4, 130.0,
137.2, 149.9, 168.9; IR (neat) v: 3395, 2926, 2853, 2130,
1745, 1645, 1202, 758 cm '; HRMS (ESI) caled for
C1oH N30, [M+H]": 204.0773, found 204.0771.

¥ Bh#1 Kl (Supporting  Information) L&) 3a~3m
PAJ 4 ff) "H NMR A1 °C NMR % . i sept ) m] DL G 2%
AT 355 (http://sioc-journal.cn/)_E %K.
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