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Acidity-Controlled Indolylation of 3,3-Bis(ethylthio)acrylate
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Abstract The acidity controlled indolylation reaction of 3,3-bis(ethylthio)acrylates to selectively yield 3,3-di(indol-3-
yl)acrylates and 3-(indol-3-yl)-3-oxopropanoates was studied. It showed that 3,3-di(indol-3-yl)acrylates were obtained in good
yield under diluted acidity condition when 3,3-bis(ethylthio)acrylates reacted with indole derivatives, while the reaction per-
formed under concentrated acidity produced 3-ethylthio-3-(indol-3-yl)acrylate, which were easily hydrolyzed to supply
3-(indol-3-yl)-3-oxopropanoates in good yield under acid condition.

Keywords a-oxo ketene dithioacetals; 3,3-bis(ethylthio)acrylates; indole derivatives; necleophilic substitution
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CHg(Ar)

2
CHa(Ar) ) R
R R®=CHyan O
o TFA ) = CHgz(Ar)
| (20 equiv.) R RZ FeCly EtS
ES™ g — N N—R? g3/ N
CHs(Ar) \
N N, ) N ] R
R R o | R
Ets” “SEt
TFA
(4 equiv. 1a
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N N OEt(M
. \©:\> - m Me) o 2 (Me) EtO
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Table 1 Screening of reaction conditions

OEt
OEt o o
condition X0 \\ _condition | ~o H,0
— | * . Qj et ] OEt
Ets” “SEt N . | HN
1ba 2a H 4a
4'a
Yield/?

Entry 1ba : 2a : TFA (molar ratio) Temp./C Time/h E icld/% 7
a a
1 1:2:4 Reflux 2.0 90 —
2 1:1:20 Reflux 2.5 23 41
3 1:1:20 r.t 10 20 47
4 1:1:30 r.t 7.5 14 63
5 1:1:40 r.t 3.5 10 75
6 1:1:50 r.t 2.0 — 85
7 1:1:60 rt 15 — 86
8 1:1:50 Reflux 0.5 7 77

@ [ % 444 1ba (0.25 mmol), CH,Cl, (2 mL).
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1ba, 2a Ml TFA [ ELL 102 0 4 1), 1ba F12a
REA WOEAT RNV, e 20l 3,3- MWL NI IR & I
3a (3% 1, Entry 1). 4R, 4 1ba, 2a fl TFA 45 (1) &
LEoh 101220 W), [MIGAATTS, R4 41% 4a (1) [R]
WAIH] 23% 3a, BIAELEHWRSAE TR, 5 20% 3a
AERU(F 1, Entries 2, 3), FTUAAERFSTH E SR A R
da AL N 4. BRI, BEAE SN A R IR (1) 1
SR, PEY) da 1R RGN, 3a 07 R /(K 1, Entries 4,
5). 24 1ba, 2a fl TFA FI#)AEEEA 101 0 50 B, 4a
(= 2 il 85%, HAIREN 3a /(K 1, Entry 6).
GRARMIR I, RNV 25 RABUA KGR 1, Entry 7).
{R¥F 1ba, 2a FI TFA W)RAIELEA 101 050, [HlHi4&
PE R AT Z IRV, A5 77% 4a F11 7% 3a (£ 1, Entry
8). [XItt, 7F 1ba, 2a Al TFA IWIFIELL N 102 4
i, FERIRAME R, AR3,3- - WINEE N IAIRER3),  7F
1ba, 2a fIl TFA [ 101 0 50 I, S 44
T, il 3-MIIR L3-S AR N R TR (4).

1.2 3,3-ZZHi B A HERER R MBI VR 1k 5 T

AR N AE R, 1b 5 2 4 BT SR A% B .
1 1b. MWk 2 R TFA B9t 102 2 4 |, [H]
WAAER, Al mr A 3,3- M| AR IR IR T A2 )
3a~3h(E 2); 4 1b.W5|WE 2 A TFA (M FRIMRELE N 1 ¢
125006, HLAR BN AE AR i 3-M I L - 3 m ik 7 2 R i
4", 0 4 HEEATRE, 16fa BRI E TR AR, Sk
il B AR GE (1) 3-M5| WS -3- 48 fC T R I 4a~4h(3R 2).
1.3 RMNHIEHR

FRAE RT3 T AR ks g L, $ i R
HLEE(Scheme 2). 7ERRIER K, 1ba Ji A4 st 4A 1
Ja, HWIWE 2a [V, R EAE DL BFCRE, fERRTE
W, AEAEWIVE 2a, JRTARIINE A F1 2RI B 2
Iv1] (1) P47 (Scheme 3)1'1.

TERGIR YRR, W5IWE 2a =L ML B (B
SAEAE, AT D RsIVE 2a. AR R 2a HEX
AR T AR SRR T, Wi2: 20 E, 153 3.3-

IR SE N MR £ T (3a). EIRIRME MR, MWk 32
DUTEF A5 A TEAZ A, Bkt b 2a (%, HEdE—
SPREVR A T, A2 % 3a, 102 TIT ) S A6 44 T flid 25 5
T, R 3-MIRIE- 3Bt I NG IR OB 4'a. (ERRPES
PEF, 4'a RFE, B KA Rk 3-15 W E-3 -8 AR TN R 2. T8

(4a).
2 Fig

TE =S LIR(TFAVAE T, S R % S AR 2R I R
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fe e F AT B 3-g L3 A AR N TR B (4).

3 A4S
31 UESKFA

XRC-1 % B 5 o I 52 A (il P v R & R IE);
Unity-600 5% 400 #% #4341 (CDCL %57, TMS 4 N F5);
PE-2400 H2hICHE /M. B I 8 43 4l
3.2 KWHE
32,1 3,3-= v IK R BR B 69 6,

i) 25 mL B INA 1ba (55 mg, 0.25 mmol),
N5k 2a (59 mg, 0.50 mmol), 2 mL 5 e =3 £ 1R
(0.074 mL, 1 mmol). [A[% 2 h, TLC Y K5, 17
RV 20 mL 7K, I SUHBEA (5 mL X 3), £
HUAHH 10 mL NaHCO; WA bESE, MgSO, T4, 1
SENTIUEIGR: VO k) @ MR R =4 : 115, 153
F!éabé.fzt 3a (74 mg), F5H 90%. FMIF kA 3b~

h, 4il5 1K 2 .
322 3-7HRA-3- AR A BB 09 6

] 25 mL [REBSHH I 1ba (55 mg, 0.25 mmol),
5] 2a (30 mg, 0.25 mmol), 2 mL & T =4 2%
(0.93 mL, 12.5 mmol). A F: 2 h, TLC & R K
L, RSBmO 20 mL K, A TR ASE(S

g-n
l

N
Y
I
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Table 2

Indolylation of 3,3-bis(ethylthio)acrylates 1b

R2
N
i 2 LD
R2 N\ R
1
2R

[ ©
TFA (4 equiv.), reflux EtS~ “SEt

N N

/ \ . 1b

R R 1ba R = Et
3 1bb R = Me

R2
D .
N\ R2 R2
R1
2

X
‘ O H,0 O O
TFA (50 equiv.), r.t. | S | 58
N N
) /
R A R 4

3e 85% 3 89%
MeQ

0O O 0O O

] OEt ] OEt

HN HN

4a 85% 4b 85%
0O O 0O O

/ OEt / OMe

N HN
Bn
4e 89% 4£ 85%

3d 92%
OMe
-0
\ |
/N N
Bn \Bn
39 88% 3h 86%
Br
(o) 0 (0] (0]
/ OEt wo&
HN /N
4c 87% 4d 88%
(6] O (0] (0]
/ OMe / OMe
/N /N
Bn
49 88% 4h 87%

“Isolated yield.

mLX3). I 1 g #ER)G, EEBE 12 h 2HEFNE KRG,
KRN R VOa i) - MR Z B =6 : 1], 13
FIAM K 4a (49 mg), T2F 85%. FMF LG K
4b~4h, 5|1k 2 .

3.3 WEYRIE

&4 1b, 3a, 3d, 4a, 4d 2 C4ILAEY, 'H NMR
A1 PC NMR A5 5 SCR[29] 408 — 3.

3,3- . (5- W AR L g e ) N I IR L BB (3b): I (1 i
£, m.p. 84~86 C; 'H NMR (600 MHz, CDCl;) §: 1.14
(t, J=7.1 Hz, 3H), 3.65 (s, 3H), 3.77 (s, 3H), 4.07~4.11
(q, J=7.1 Hz, 2H), 6.43 (s, 1H), 6.72 (d, J=8.8 Hz, 1H),
6.76 (s, 1H), 6.81 (s, 1H), 6.85 (d, J=8.8 Hz, 1H), 6.89 (s,
1H), 7.02 (d, J=8.8 Hz, 1H), 7.15 (s, J=8.8 Hz, 1H), 7.21
(s, 1H), 8.42 (s, 1H), 8.55 (s, 1H); *C NMR (150 MHz,

Chin. J. Org. Chem. 2014, 34, 956~961
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CDCly) §: 14.3, 55.8, 56.0, 59.8, 102.3, 103.3, 110.6,
112.2, 112.2, 112.3, 112.4, 115.1, 118.7, 126.2, 127.5,
127.6, 129.7, 131.1, 132.2, 145.3, 154.2, 155.0, 168.1.
Anal. caled for Cy;H»N,04: C 70.75, H 5.68, N 7.17;
found C 70.88, H 5.71, N 7.25.

3,3- (S-IRMINEI) IR IR £ BE(3e): A A, mup.
109~111 °C; 'H NMR (600 MHz, CDCLy) 6: 1.23 (t, J=
7.1 Hz, 3H), 4.13~4.16 (q, J=7.1 Hz, 2H), 6.47 (s, 1H),
7.00 (s, 1H), 7.11 (d, J=8.5 Hz, 1H), 7.12 (s, 1H), 7.18 (d,
J=8.7 Hz, 1H), 7.25 (d, J=8.7 Hz, 1H), 7.34 (d, J=8.5
Hz, 1H), 7.39 (s, 1H), 7.94 (s, 1H), 8.45 (s, 1H), 8.59 (s
1H); “C NMR (150 MHz, CDCly) d: 14.3, 60.0, 112.9,
113.0, 113.1, 113.4, 114.5, 114.6, 118.7, 122.7, 123.2,
125.0, 125.9, 127.0, 127.4, 128.6, 129.3, 134.5, 135.6,

http://sioc-journal.cn/ 959
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143.0, 167.3. Anal. caled for C,;H;4Br,N,O,: C 51.67, H
3.30, N 5.74; found C 51.78, H 3.24, N 5.66.

3,3- (1= LN WL ) A7 TR £ 16 (3e): 11660 i 44,
m.p. 127~129 °C; '"H NMR (600 MHz, CDCl5) &: 1.02 (t,
J=7.1 Hz, 3H), 4.01~4.04 (q, J=7.1 Hz, 2H), 5.21 (s,
1H), 5.33 (s, 1H), 6.48 (s, 1H), 7.04 (t, J=7.5 Hz, 1H),
7.06 (d, J=7.5 Hz, 1H), 7.12 (s, 1H), 7.14~7.21 (m, 6H),
7.24~7.29 (m, 8H), 7.32 (s, 1H), 7.36 (d, J=8.0 Hz, 1H),
7.77 (d, J=8.0 Hz, 1H); *C NMR (150 MHz, CDCl;) ¢:
13.8, 49.9, 50.0, 59.2, 109.6, 109.9, 111.9, 114.5, 118.3,
119.6, 120.5, 120.6, 120.8, 121.6, 122.3, 126.3, 126.4
(20), 126.5 (2C), 127.3, 127.5, 127.9, 128.4 (2C), 128.5
(20), 130.2, 131.6, 136.0, 136.3, 136.9, 137.1, 143.2,
167.0. Anal. caled for Cs;sH;3N,O,: C 82.33, H 592, N
5.49; found C 82.18, H 5.99, N 5.40.

3,3- 5|k R N U IR R IR (30): T B AR AR, mup.
182~184 °C; 'H NMR (600 MHz, CDCl5) d: 3.63 (s, 3H),
6.55 (s, 1H), 6.95~6.97 (m, 2H), 7.00~7.03 (m, 2H),
7.12~7.20 (m, 3H), 7.28~7.33 (m, 3H), 8.31 (s, 1H),
8.33 (s, 1H); '*C NMR (150 MHz, CDCLy) 8: 51.0, 111.1,
111.3, 111.6, 119.1, 119.7, 120.0, 120.6, 120.8, 121.1,
121.8 (2C), 122.1, 122.9, 126.5, 135.9, 136.6, 137.0,
144.8, 167.7. Anal. calcd for C,0H ¢N,O,: C 75.93, H 5.10,
N 8.86; found C 76.01, H 5.03, N 8.94.

3,3- Z(1- R IR B Y I IR T R (Bg): 1 A i A,
m.p. 131~133 “C; '"H NMR (600 MHz, CDCl3) §: 3.59
(s, 3H), 3.66 (s, 3H), 3.81 (s, 3H), 6.47 (s, 1H), 6.98 (s,
1H), 7.02 (t, J=7.3 Hz, 1H), 7.16~7.21 (m, 2H), 7.25 (s,
1H), 7.28~7.33 (m, 4H), 7.83 (d, J=7.3 Hz, 1H); "*C
NMR (150 MHz, CDCl;) d: 33.1, 33.1, 50.9, 109.5, 109.8,
110.9, 113.8, 118.1, 119.8, 120.8, 120.8, 121.0, 121.7,
122.5, 126.4, 128.0, 131.2, 133.0, 136.8, 137.9, 144.6,
167.6. Anal. caled for CyH,)N,O,: C 76.72, H 5.85, N
8.13; found C 76.51, H 5.75, N 8.05.

3,3- (1R AW R EL ) N 8 B (3h): £ A
m.p. 60~62 °C; '"H NMR (600 MHz, CDCls) 6: 3.57 (s,
3H), 5.20 (s, 2H), 5.33 (s, 2H), 6.49 (s, 1H), 7.02~7.36
(m, 19H), 7.80 (s, 1H); *C NMR (150 MHz, CDCl;) &:
50.3, 50.4, 50.9, 110.0, 110.3, 111.6, 114.4, 118.5, 120.0,
120.9, 121.0, 121.1, 121.9, 122.7, 126.7, 126.8 (2C), 126.9
(20), 127.7, 127.9, 128.2, 128.8 (2C), 128.9 (2C), 130.8,
132.2, 136.4, 136.7, 137.3, 137.4, 144.1, 167.7. Anal. calcd
for C34,H,sN,0,: C 82.23, H 5.68, N 5.64; found C 82.30,
H 5.59, N 5.71.

3-(5- F AR FE G 3 )-3- 3R FE N TR £ Ti5 (4b): 11 4

960 http://sioc-journal.cn/
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£, m.p. 122~124 °C; '"H NMR (400 MHz, DMSO-d;) o:
1.19 (t, J=7.2 Hz, 3H), 3.78 (s, 3H), 3.96 (s, 2H), 4.08~
4.13 (q, J=7.2 Hz, 2H), 6.85~6.88 (d, J=8.8 Hz, 1H),
7.80 (d, J=8.8 Hz, 1H), 7.66 (s, 1H), 8.29 (s, 1H), 11.95
(s, 1H); °C NMR (100 MHz, DMSO-dy) J: 14.1, 46.1,
55.2, 60.4, 102.9, 113.0, 113.0, 115.9, 126.1, 131.5, 135.4,
155.6, 168.2, 187.1. Anal. caled for C,4H;sNO,: C 64.36,
H 5.79, N 5.36; found C 64.51, H 5.81, N 5.30.

3-(5- VRN W L )-3- i 3 T TR £ TR (de): 1 £ it A
m.p. 100~102 C; '"H NMR (400 MHz, DMSO-d;) J:
1.19 (t, J=7.8 Hz, 3H), 3.98 (s, 2H), 4.08~4.13 (q, J=
7.8 Hz, 2H), 7.37 (d, J=8.4 Hz, 1H), 7.47 (d, J=8.4 Hz,
1H), 8.28 (s, 1H), 8.41 (s, 1H), 12.24 (s, 1H); *C NMR
(100 MHz, DMSO-dg) 6: 14.07, 46.14, 60.48, 114.42,
114.85, 115.50, 123.33, 125.74, 127.05, 135.47, 136.46,
168.02, 187.39. Anal. calcd for C;3H;,BrNO;: C 50.34, H
3.90, N 4.52; found C 50.22, H 3.81, N 4.62.

3-(1-F M5 R I )-3- R IE N R £ I (de): 11 (4 i Ak,
m.p. 133~135 C; 'H NMR (400 MHz, DMSO-d,) J:
1.18 (t, J=7.8 Hz, 3H), 3.98 (s, 2H), 4.09~4.14 (q, J=
7.2 Hz, 2H), 5.52 (s, 2H), 7.23~7.36 (m, 7H), 7.56 (d, J=
8.8 Hz, 1H), 8.18 (d, J=8.4 Hz, 1H), 8.56 (s, 1H), 11.64
(s, 1H); “C NMR (100 MHz, DMSO-dy) J: 14.1, 46.3,
49.9,60.5,111.3, 115.4, 115.5, 121.5, 122.5, 123.3, 126.0,
127.3 (2C), 127.8, 128.7, 136.7, 136.9, 138.3, 168.1,
186.9. Anal. caled for C,y)H;\NOs: C 74.75, H 5.96, N
4.36; found C 74.85, H 6.01, N 4.27.

3- M| W Rk -3- i Rk TN R P IR (4f): 11 €8 4 4, mup.
133~135 °C; 'H NMR (600 MHz, CDCl;) d: 3.73 (s, 3
H), 3.89 (s, 2H), 7.26~7.31 (m, 2H), 7.42 (d, J=7.4 Hz,
1H), 7.87 (s, 1H), 8.36 (d, J=7.4 Hz, 1H), 9.37 (s, 1H);
BC NMR (150 MHz, CDCLy) d: 46.9, 52.5, 111.8, 117.2,
122.2, 123.0, 124.1, 125.4, 133.0, 136.5, 168.7, 187.1.
Anal. calcd for C;,H;NOs: C 66.35, H 5.10, N 6.45; found
C 66.52, H5.01, N 6.39.

3-(1- FF I I IR )-3- B i 1A 1 T (4g): 1 €0 A,
m.p. 97~98 °C; 'H NMR (600 MHz, CDCl;) 8: 3.73 (s,
3H), 3.83 (s, 3H), 3.85 (s, 2H), 7.31~7.33 (m, 3H), 7.74
(s, 1H), 8.35~8.37 (m, 1H); °C NMR (150 MHz, CDCl;)
d: 3377, 472, 52.5, 109.8, 115.9, 122.6, 123.0, 123.8,
126.3, 136.5, 137.6, 168.6, 186.0. Anal. caled for
C3sH;3NOs: C 67.52, H 5.67, N 6.06; found C 67.38, H
5.77,N 6.01.

3-(1-"F FE M| W 5L )-3- i 56 T4 1R Y 196 (4h): I B0 k5
WA, "H NMR (600 MHz, CDCl;) : 3.54 (s, 2H), 3.80 (s,

Chin. J. Org. Chem. 2014, 34, 956~961
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3H), 5.36 (s, 2H), 7.15~7.18 (m, 4H). 7.31~7.36 (m,
5H), 7.89 (d, J=7.8 Hz, 1H); °C NMR (150 MHz, CDCl;)
8 503, 51.0, 65.9, 110.2, 114.3, 120.4, 121.0, 122.9,
126.6, 126.9 (2C), 128.2, 129.0, 129.9 (2C), 136.6, 136.7,
153.5, 166.7. Anal. caled for CoH,;NO;: C 74.25, H 5.58,
N 4.56; found C 74.38, H 5.67, N 4.52.
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