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FeCls;-Catalyzed Friedel-Crafts Alkylation of a-Hydroxy Ketene
Dithioacetals with Indoles
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Abstract An inexpensive and environmentally friendly FeCl; catalyzed Friedel-Crafts alkylation of a-hydroxy ketene
dithioacetals with indoles including free-NH indoles and N or C(2)-substituted indoles has been developed. The reaction was
efficiently performed in the presence of FeCl; (2.5 mol%) at room temperature (25 ‘C) in CH,Cl,, affording a-indolyl ketene
dithioacetals in excellent yields. The procedure was characterized by lower amount of inexpensive catalyst, mild reaction

condition, environmentally benign and similicity.

Keywords iron (III) chloride; ketene dithioacetals; alcohols; indole derivatives; Friedel-Crafts alkylation
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PfE{l Friedel-Crafts [N V28 A% AT (1 HF 78 24 0
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ST, EH LA B %2 AR BRE . m] T
AR BB —REIMOEY), ZHEE RIFRIEE
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S K & B ™ L [cprircL, . pdlT
RuCL(PhP;),!"™. Cu(OTH),!"™. PTS®. DBSAR! Fik
H,SO, P24k (% 5051 M) Friedel-Crafts 34k s o 4
friE. SR, XEETPVERR S AE T, AU &S ECR #
(1) fRE A7) B Ak 2 ) 1 Bl ke A9, T LS REA) ) 3 FH Y
Bl LLAc AR, fE— 2R RS e I7E & s i S A
EESt BRI IFAFERIAS R Z A, Jana W FLAPIWE T T A
B G A3 FITCEE ) FeCls AL RE 5M5WE (1) Friedel-Crafts
bR [ . BEFLR I, R, I 10 mol%
(1) FeCly /EMEATT, “FEE. M P SE B AR N S B R 5
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NG|k Kz 1-8% 2-A BSR4 T Friedel-Crafts Je 34t
L, JRBESEAFIRAN  BEAE T P2 215, Jana SF A 5T
7o Ui B, FeCly J& E # HARRI A5 01 I 5 s 1k 1)
Friedel-Crafts %34 [ B Ao HEAL 7).

a- PRI (BRI e I i 2 2 RN RO A LG
Il N Eey A3 7 N NP SS 7 N T2 X7/ ey S E A
PRI IR B > BAE TSR AR B
JZ BRI, ST R A M R R A R )2 R A
WERTAED G B T, HEATIE T R4 A R I R R R L
SN FE A — TR A O AR, Lk, RIMRSR
W5t T FeCly B =4 ZIR(TFAWE I o-BrFE — 4 )a
i) 505 e 1) P B AR I S B2, BRI % B-W| W -, B-AS
WRBENAY) B, f-—WIWkH-0, S-NEAIRIEILE
Y 3-M5| kB3-S A M BRI 55— R A BT A s | kAT AR
/RS -3 VW 5 72 - S R 17 <1 O L == Y A Y8
i, FERTHA AR SR B, AT T FeCly ALY a-
F2IE B AE R S Y Friedel-Crafts e 4k [ B fiff
T, BIETFR P& R [ R O ) a-P5 W3 B 46 45
i (0 ORI S8 R AP v, DMERE— 2B R B AT B
F, B st F B AR AR 03 M R M| R AT A 4.

1 ZR5TR
1.1 REFHML

DL 1a il 2a [ N, TEEERQ2S CFLET, WA
5 FeCly B FIARIF P 7T, X B AFEAT AL
S5 1 PR, FeCly B H 10 mol%[% 2 2.5 mol %K,
fE 10 min P, 1% N ASREA AR e, JLT € =15
2|7=Y) 3a(F 1, Entries 1~3); 24 FeCl; FJ& A~ 1 mol%
I, &M 10 min J5, 3a 722408 65%(% 1, Entry 4),
1M A FeCLAZTERT, %R NMA KA (F 1, Entry 5). 1E75
KA EABRAE AT, 12 N RS B80T, (B2
K SN 18] (2 1, Entry 6). 18775 S N A 5 B 540,
W5t W] CH,ClL, Al CH3CN 2% SN [ I I iA IR 1,
Entries 7~10), M2 THF NEFIN, ZxNAKEGE
1, Entry 11). T FRSeIGEE B, FATHH @ e fE S v 4%
2 FeCly; KIE AN 2.5 mol%, 1 BES 8 5T A B K]
CH,Cl A R BEE .

12 FeCl XY o-BE MG KIS BIREH
Friedel-Crafts k&t & M

TEFAERIR B ZEAF T, X N S B EAT T 5,
HARGE RREFEER 2 . fFFERMA, 3-8 5E-2- LR sE
W3 TR T (1a) 515 Wk(2a)Fl 1 47, 2 Arek 5 AZER
M5 (2b~21) R REH RUIEAT Friedel-Crafts Hi3E4l [ M,
PSR R 3-M R -2- T AR A TR 4 R (3a~
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Table 1 Screening of reaction conditions

OH
)ICOZ Et @ FeCls
+ —
Ets” “SEt H solvent, 25 °C
1a 2a
EtS
" SEt
N | CO,Et
H 3a
Entry FeCly/mol% Solvent Time/min Yield/% of 3a
1 10 CH,Cl, 10 93
2 5 CH,Cl, 10 92
3 2.5 CH,Cl, 10 93
4 1 CH,Cl, 10 65
5 0 CH,Cl, 120 No reaction
6" 2.5 CH,Cl, 60 91
7 2.5 CH;CN 10 92
8 25 CHCl, 10 79
9 2.5 CCly 10 64
10 2.5 CICH,CH,C1 10 71
11 2.5 THF 10 No reaction

© 2015 Chinese Chemical Society & SIOC, CAS

“ [ Rk 1a (0.5 mmol), 2a (0.5 mmol), solvent (1 mL); * 77K & 54k A
AL 7.

3j) (3% 2, Entries 1~10). F5[W&[1) 2 fo7 BT 2 (a1 7 FH
YEHIXY Friedel-Crafts fed A S NAT B ZEEE0E, S BLIN 5
% 5 mol%F] FeCls fFE AL A 1 S BE |], I H.BE
IAREAARTR G R, [ NI (B 84 (% 2, Entries 5~10).
FEFRIBESAE R, 3-F23E-2- = 2B 3LV FH L -N- 75 FE (1 3)
TEEEZAb~1d)F1 3-FE-2- — Z B - T i (1e)
{8 55| BHEAT Friedel-Crafts ke 3fl, mroZR ARk
FHN. I 724 3k~3p(3E 2, Entries 11~16).

2 i

Mz, FAVEI T E. AN FeCly (2.5 mol%)
AL o-F23E IR 4E1EH 505 WERY Friedel-Crafts st
IR BL, = HA B a-M| W HE EBRARIAEH(3). ZRHE
BT BE S5 S S BREfRT B, B R4

SR URR.
3 XEHL
3.1 {EESE
X-4 H7 TR B AUE SO E AL (T HE); Unity-400 #%
REFLIRAL(CDCL, %5, TMS NP FR); AB-SCIEX Triple

TOF 4600 i 4- BT A, TR kAI1 Jo /b, $53ck
[221FI[28 14 a3 — TR R(L).
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K2 FeCly AL o-FHE “RR4AHATER 5151 W ¥ Friedel-Crafts FeHEf 5 B
Table 2 FeCls-catalyzed Friedel-Crafts alkylation of a-hydroxy ketene dithioacetals with indoles

2
R EtS
OH R2
R A =3 FeCl3 (2.5 mol%) T SEt
\ + N CH,Cl,, 25 °C I R
EtS”™ “SEt R l\ll R3
)
1 2 R
3
Entry 1 2 Time/min 3 Yield‘/%
4 COOE ™
t
| D 7> SEt
1 N 10 | 93
EtS” “SEt 2a H N CO,Et
1a H 3a
Br,
B \ SEt
>
2 1a m 10 ‘ SEt 95
o H N CO,Et
H 3p
Hs;CO
H5CO \ SE
Y
3 1a m 10 ‘ SEt 94
5 H N CO,Et
H 3c
SEt
a
N
g\ /N CO,Et
3d
SEt
, N 7 SEt
5 la N 60 ‘ 93
9o H N CO,Et
H 3e
SEt
b N > SEt
6 la N 60 ‘ 95
2\ N CO,Et
/ 3f
cl SEt
cl \ P
SEt
7° 1a N 60 | 94
CO,Et
2g H N
H g
HCO
; > SEt
8" 1a 60 94

CO,Et
2h

Iz __
Iz
" _
=
12}
m
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BHLE ML
gk
Entry 1 2 Time/min 3 Yield“/%
SEt
9 1a N 120 [ Som 91
2
2 1 N “Pn
3i
SEt
10° 1a N 120 I Coget 93
\ N >ph
2j /
3j
OH SEt
CONHPh
=
SEt
1 | 2a 20 M 9
Ets” “SEt N CONHPh
1b Ho 3k
Br SEt
Skt
12 1b 2b 20 I Lonmen 94
N
H
3l
H3CO SEt
4
13 1b 2¢ 20 MSE‘ 95
CONHPh
N
H 3m
oH © SEt
Y
SEt
NH(4-CH3CgH
14 \ (4-CPaCefla) 2d 20 MHCHs 96
EtS” “SEt /N
1c an
OH SEt
CONHMe = SEt
15 | 20 I ConmeH, 95
EtS” “SEt N
1d 30
2a
CN 7 SEt
16 \ 10 [N 93
EtS” “SEt N
1e 3p

“Isolated yield. ® FeCl; (5 mol%) was used.
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3.2 FeCly 1LY a- R 45158 SmEIWERY Friedel-
Crafts & R R

DA 1a 505k (2a) [ SR 7] 25 mL el Ji& K o
A 1a (132 mg, 0.5 mmol), "5[(2a) (59 mg, 0.50 mmol),
57K FeCly (2 mg, 0.0125 mmol)F1 1 mL & Fke. #if
P+ 10 min, TLC AR K5, WRBE A 20
mL 7K, F & (5 mL X 3)AHL, AN MegSO, T
e, FEENTEM: VORI © (=4 . 1])5, 15
FIA MK 3a 168.8 mg, F2F 93%. FME LA K
3b~3p, SRV THK 2 H.

3.3 EMFRIE

a1 128, 322 3k~m®?, 3017, 3pPE E Ak
&%, 'THNMR 1 BC NMR 80 5 SCHkRIE — 3L

3-(5-VR-3-M5| W Jk)-2- — Z. Bt 2 . 2L T R B8 (3b):
R, mp. 129~130 ‘C; '"H NMR (400 MHz,
CDCly) 6: 0.93 (t, J=7.1 Hz, 3H), 1.22 (t, J=7.3 Hz, 3H),
1.33 (t, J=7.3 Hz, 3H), 1.57 (d, J=7.2 Hz, 3H), 2.71~
2.76 (m, 2H), 2.87~2.92 (m, 2H), 3.92~3.99 (m, 2H),
4.77~4.82 (m, 1H), 7.01 (s, 1H), 7.15 (d, J=8.6 Hz, 1H),
7.22 (d, J=8.6 Hz, 1H), 7.73 (s, 1H), 8.08 (br, 1H); "*C
NMR (100 MHz, CDCL3) d: 13.7, 14.6, 15.5, 19.3, 27.1,
27.8, 344, 60.4, 112.4, 112.5, 117.9, 122.2, 122.6, 124.7,
128.9, 1304, 134.7, 1489, 167.8. HRMS caled for
C1oH,sBINO,S, [M+H]" 442.0505, found 442.0493.

3-(5- F AR k-3 15| W 3 )-2- — ZU B 6 WP 3L T iR 2T
(3¢): Ef AR, mp. 83~84 C; 'H NMR (400 MHz,
CDCly) 6: 0.88 (t, J=7.1 Hz, 3H), 1.20 (t, J=7.3 Hz, 3H),
1.32 (t, J=7.3 Hz, 3H), 1.59 (d, J=7.1 Hz, 3H), 2.71~
2.74 (m, 2H), 2.85~2.89 (m, 2H), 3.83 (s, 3 H), 3.91~
3.94 (m, 2 H), 4.78~4.84 (m, 1 H), 6.82 (d, J=8.3 Hz,
1H), 7.00 (s, 1 H), 7.04 (s, 1 H), 7.18 (d, J=8.8 Hz, 1 H),
7.91 (br, 1 H); *C NMR (100 MHz, CDCl;) §: 13.7, 14.6,
15.1,19.4,27.0, 27.7, 34.6, 55.8, 60.3, 101.2, 111.6, 112.2,
117.8, 122.1, 127.6, 129.6, 131.3, 149.9, 153.8, 167.8.
HRMS caled for C,0HxsNO5S, [M+H]" 394.1505, found
394.1501.

3-(1- A L -3-05] Wk )-2- — Z B L 7 PR 3L TR 2
(3d): A A, mp. 143~144 C; 'H NMR (400 MHz,
CDCly) 6: 0.88 (t, J=7.1 Hz, 3H), 1.20 (t, J=7.3 Hz, 3H),
1.31 (t, J=7.3 Hz, 3H), 1.59 (d, J=7.2 Hz, 3H), 2.70~
2.75 (m, 2H), 2.85~2.90 (m, 2H), 3.72 (s, 3H), 3.91~
3.96 (m, 2H), 4.83~4.88 (m, 1H), 6.90 (s, 1H), 7.05~
7.09 (m, 1H), 7.16~7.20 (m, 1H), 7.24 (d, J=8.0 Hz,
1H), 7.59 (d, J=7.9 Hz, 1H); *C NMR (100 MHz, CDCl,)
5:13.6, 14.5,15.4,19.7, 27.0, 27.7, 32.7, 34.5, 60.2, 108.9,
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116.6, 118.7, 119.6, 121.4, 126.2, 127.7, 129.6, 136.9,
149.8, 167.9. HRMS caled for C,0H,sNO,S, [M+H]"
378.1556, found 378.1556.

3-(2- F L -3-M5| e 3 )-2- — Z B L T 3 T R 2 g
(3e): A 1A, mp. 153~154 “C; '"H NMR (400 MHz,
CDCl) 6: 0.88 (t, J=7.1 Hz, 3H), 1.19 (t, J=7.3 Hz, 3H),
1.29 (t, J=7.3 Hz, 3 H), 1.76 (d, J=7.5 Hz, 3H), 2.37 (s, 3
H), 2.64~2.74 (m, 2H), 2.82~2.88 (m, 2H), 3.80~3.88
(m, 2H), 4.74~4.80 (m, 1H), 6.98~7.06 (m, 2H), 7.20 (d,
J=7.6 Hz, 1H), 7.67 (d, J=17.7 Hz, 1H), 7.75 (br, 1H); *C
NMR (100 MHz, CDCL3) d: 12.6, 13.6, 14.4, 15.5, 19.4,
26.9, 27.7, 35.6, 60.6, 110.1, 112.1, 119.0, 119.7, 120.5,
128.0, 128.3, 131.9, 135.1, 150.0, 168.2. HRMS calcd for
C0HsNO,S, [M+H]" 378.1556, found 378.1543.

3-(1, 2- - HE-3-M5| WS- 2- — 2 BE W L TR 4
fie3f): A 1A, mp. 99~100 ‘C; '"H NMR (400 MHz,
CDCly) 6: 0.87 (t, J=7.2 Hz, 3H), 1.20 (t, J=7.3 Hz, 3H),
1.29 (t, J=7.3 Hz, 3H), 1.78 (d, J=7.5 Hz, 3H), 2.38 (s,
3H), 2.62~2.77 (m, 2H), 2.80~2.92 (m, 2H), 3.62 (s,
3H), 3.80~3.86 (m, 2H), 4.79~4.84 (m, 1H), 7.01 (t, J=
8.0 Hz, 1H), 7.09 (t, J=8.0 Hz, 1H), 7.20 (d, J=8.0 Hz,
1H), 7.71 (d, J=8.0 Hz, 1H); *C NMR (100 MHz, CDCl5)
0:10.8, 13.6, 14.4, 15.4, 19.6, 26.9, 27.7, 29.5, 36.0, 60.6,
108.4, 111.4, 1185, 119.8, 120.1, 126.9, 127.9, 133.9,
136.6, 150.2, 168.1. HRMS calcd for C,;H3NO,S, [M+
H]" 392.1712, found 392.1710.

3-(2- 1 J-5- 50 -3- M| e i )-2- — 2L 3k 0 F R TR
ZIEGBg): AR, mp. 154~155 C; '"H NMR (400
MHz, CDCl3) 6: 1.04 (t, J=7.2 Hz, 3H), 1.20 (t, J=7.3
Hz, 3H), 1.29 (t, J=7.3 Hz, 3H), 1.71 (d, J=7.5 Hz, 3H),
2.30 (s, 3 H), 2.65~2.90 (m, 4H), 3.90~3.97 (m, 2 H),
4.67~4.73 (m, 1H), 6.98 (d, J=8.5 Hz, 1H), 7.08 (d, J=
8.5 Hz, 1H), 7.65 (s, 1H), 7.90 (br, 1H); *C NMR (100
MHz, CDCly) d: 12.5, 13.7, 14.4, 15.5, 19.4, 26.9, 27.8,
35.3,60.9, 111.1, 112.0, 119.1, 120.6, 124.6, 128.9, 129.1,
133.5, 133.7, 1494, 168.2. HRMS caled for
C,0H,7CINO,S, [M+H]" 412.1166, found 412.1178.

3-(2- F Jik-5- P A k-3 - M W 5 )-2- - i ik I P
TR ZE@3Eh): Ak, mp. 131~132 ‘C; '"H NMR
(400 MHz, CDCL3) 6: 0.93 (t, J=7.1 Hz, 3H), 1.19 (t, J=
7.3 Hz, 3H), 1.26 (t, J=7.3 Hz, 3H), 1.72 (d, J=7.5 Hz,
3H), 2.33 (s, 3H), 2.65~2.70 (m, 2H), 2.82~2.85 (m,
2H), 3.83 (s, 3H), 3.89~3.91 (m, 2H), 4.67~4.73 (m,
1H), 6.71 (d, J=8.7 Hz, 1H), 7.07 (d, J=8.7 Hz, 1H), 7.20
(s, 1H), 7.66 (br, 1H); *C NMR (100 MHz, CDCl;) o:
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12.7, 13.7, 14.4, 15.4, 19.3, 26.9, 27.1, 35.4, 55.9, 60.6,
102.1, 110.3, 110.6, 112.1, 128.4, 128.5, 130.2, 132.8,
149.9, 153.5, 168.3. HRMS calcd for C»H3NO;S, [M+
H]" 408.1662; found 408.1645.

3-(2-H8 Hh 315 W 3 )-0- — Z B L W O TR 2l
(3i): AR, mp. 111~112 °C; '"H NMR (400 MHz,
CDCly) d: 0.86 (t, J=7.1 Hz, 3H), 1.15 (t, J=7.3 Hz, 3H),
1.22 (t, J=7.3 Hz, 3H), 1.76 (d, J=7.5 Hz, 3H), 2.65~
2.77 (m, 4H), 3.77~3.80 (m, 2H), 4.71~4.74 (m, 1H),
7.05 (t, J=8.1 Hz, 1H), 7.12 (t, J=8.1 Hz, 1H), 7.29 (d,
J=8.0 Hz, 1H), 7.37 (d, J=8.6 Hz, 1H), 7.44 (t, J=8.6
Hz, 2H), 7.50 (d, J=8.4 Hz, 2H), 7.85 (d, J=8.0 Hz, 1H),
8.04 (br, 1 H); >C NMR (100 MHz, CDCl5) d: 13.6, 14.5,
15.1, 20.2, 27.0, 27.8, 35.9, 60.7, 110.8, 113.4, 119.3,
121.7, 121.8, 127.7, 127.9, 128.5 (2C), 128.6 (2C), 129.0,
1333, 135.8, 136.0, 150.5, 168.4. HRMS calcd for
CasH3oNO,S, [M+H]" 440.1712, found 440.1725.

3-(1-F2E-2 FRHE-3-M5| W JE)-2- — Z B BE 0 B T 1R
ZHE@G3)): Ak, mp. 91~92 C; 'H NMR (400
MHz, CDCl3) 6: 0.87 (t, J=7.1 Hz, 3H), 1.03 (t, J=7.3
Hz, 3H), 1.18 (t, J=7.3 Hz, 3H), 1.72 (d, J=7.5 Hz, 3H),
2.52~2.72 (m, 4H), 3.50 (s, 3H), 3.73~3.81 (m, 2H),
4.50~4.56 (m, 1H), 7.07 (t, J=8.0 Hz, 1H), 7.18 (t, J=
8.0 Hz, 1H), 7.27 (t, J=8.2 Hz, 1H), 7.39~7.47 (m, 5 H),
7.85 (d, J=8.0 Hz, 1 H); >C NMR (100 MHz, CDCl;) ¢:
13.6, 14.5, 15.0, 20.1, 26.9, 27.6, 30.7, 36.2, 60.6, 109.2,
113.0, 118.9, 121.2, 121.3, 126.5, 127.9, 128.1 (2C), 128.3
(20), 131.0, 132.2, 137.2, 138.9, 150.7, 168.3. HRMS
caled for C,HNO,S, [M+]1" 454.1869, found 454.1859.

3-(1-F 5L -3-15] Ik 3K )-2- — Z i L W HF - N-(4- FI 2K
) TEZEn): Af&EA, mp. 117~118 'C; 'H NMR
(400 MHz, CDCls) 6: 1.18 (t, J=7.2 Hz, 3H), 1.38 (t, J=
7.3 Hz, 3H), 1.65 (d, J=7.2 Hz, 3H), 2.21 (s, 3H), 2.67~
2.71 (m, 1H), 2.81~2.85 (m, 1H), 2.93~2.99 (m, 2H),
3.61 (s, 3H), 5.02~5.04 (m, 1H), 6.08 (s, 1H), 6.63 (d, J=
8.2 Hz, 2H), 6.91 (t, J=7.9 Hz, 3H), 7.13~7.17 (m, 1H),
7.24~7.32 (m, 3H), 7.60 (d, J=7.9 Hz, 1H); °*C NMR
(100 MHz, CDCl3) d: 14.8, 15.6, 18.6, 20.8, 27.3, 27.6,
32.7, 349, 109.7, 116.1, 118.6, 119.5, 119.7 (2C), 122.0,
126.7, 127.3, 129.1, 129.3, 129.4, 133.3, 134.7, 137.2,
152.3, 166.2. HRMS caled for CpsHyN,S, [M+H]"
439.1872, found 439.1862.
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