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a b s t r a c t

A facile approach to 1-(1-halovinyl)-1H-indoles from readily accessible 1-ethynyl-1 H-indoles with in situ 
generated HX is described. The simple protocol enables a regio- and stereosele ctive hydrohalogenation to 
the triple bonds in gram-scale, and provides a general entry for novel N-alkenylindole derivatives.

� 2013 Elsevier Ltd. All rights reserved.

Enamides are valuable intermediates in organic synthesis,1–3

because of their ability to serve as building blocks in a wide variety 
of functiona l group transformat ions.4 They have also been found as 
a substructur e in numerous bioactive natural products and phar- 
maceuticall y interesting compounds .5 In addition, they recently 
have emerged as a novel type of useful nucleophiles in stereoselec- 
tive C–C and C–N bond-forming reactions.6 From the synthetic 
point of view, haloenamid es are versatile variants of enamides.
Reactive bond between sp 2 carbon and halogen in haloenamid e
is advantag eous to chemical transformat ion, and this beneficial
point would expand the possibilities and importance of enamide 
structure. Iodoenamides are especially useful, as they are readily 
converted into various functional groups by halogen-metal 
exchange and are significant for carbon–carbon bond forming reac- 
tions by way of transition-metal catalyzed cross-coupl ing reac- 
tions.7–9 Thus, the weakly bonded iodide and electron-rich olefin
are highly reactive and potential ly useful toward the synthesized 
nitrogen-conta ining complex molecules.10,11 Despite the utility of 
iodoenamides , their synthetic availabili ty still remains a challenge,
because of the inherent difficulty in regio- and stereoselective 
hydrohaloge nation.12 The stoichiometric addition of hydrogen io- 
dide (HI) to ynamide is one way to prepare iodoenamides; however 
the hygroscopic and gaseous HI is inconvenien t, and this method 
often results in poor regio- and stereochemical control, and separa- 
tion of the resultant isomeric mixtures is laborious.13

The pioneering work for efficient synthesis of iodoenamide 
from ynamide via addition of HI was reported by Hsung and 
co-worke rs in 2003.14 The in situ generation of HI from MgI 2 and
H2O afforded a-iodoena mides with good selectivities of E/Z ratios.
The outcome of stereoselect ive addition is dictated by the polariza- 
tion of the triple bond caused by nitrogen.15 According to the nat- 
ure of the keteniminium resonance form, the iodine automaticall y
unites with the a-carbon. There was still room for improvement in 
the reaction efficiency, especially in terms of its scale and purity;
the prototype system worked using only 0.1 mmol of starting al- 
kynes and giving the products with E/Z mixtures. On the other 
hand, very recently we successfully performed a synthesis of a-
iodoenam ide as a single isomer in gram-scale (up to 2.62 g) using 
in situ generate d HX.16 The in situ HX (X = I, Br) was generated 
from halotrimeth ylsilane (TMSX) and H2O, and added to ynamide 
in nearly quantitative yields with perfect regio- and stereoselect iv- 
ities.14,17,18 The method completes the reaction quickly under rou- 
tine conditions, and showed extensive substrate compatibilit y.

Herein we present a facile vinyl halogenatio n of 1-ethynyl- 
1H-indoles,19,20 which regio- and stereoselect ively yields 
1-(1-halovinyl)-1H-indoles through the addition of the in situ 
generate d HX (Scheme 1). Our previously reported method was 
successfu lly applicabl e to the triple bond of 1-ethynyl-1 H-indoles:
to the best of our knowled ge, so far such a compound of 
1-(1-halovinyl)-1H-indole has not been reported. Thus, the proto- 
col provides a simple access to novel 1-(1-halovinyl)-1H-indole
moieties.

At the onset of our study, we focused on TMSI-media ted 
hydroiod ation of 1,21,22 based on our previous report.16,23 The
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mixture of 1 and TMSI 24 was stirred at �78 �C for 10 min, then 
water was added, and the reaction was allowed to warm to ambi- 
ent temperature . After workup and purification, the product was 
isolated without decomposition, and both 1H and 13C NMR analy- 
ses revealed it to be a single isomer. The molecular structure of 2
was determined by crystallograph ic analysis as shown in Figure
1,25 disclosing its stereochemi stry as a (E)-a-iodovinyl adduct.26

As summarized in Table 1, the reactivity of 1 conducted via 
Scheme 1 was evaluated. More than 1.5 equiv of TMSI was needed 
for completion (entries 1–3), and a wide range of temperature was 
tolerated (entries 3–6). For entry 8, deuterioiodation of 1 was car- 
ried out with D2O, and deuterium was incorporate d in 96%. The 
concentratio n was increased in entries 9 and 10, and high yielding 
transformat ions were achieved. For entries 11 and 12, addition of 
H2O to the solvent in advance yielded 99% at �78 �C and 61% at 
room temperature , respectively . Other solvents of toluene, cyclo- 
pentyl methyl ether, and THF gave an acceptable yield of (E)-2
although some unreacted 1 remained (entries 13–15). For entry 
18, methanol was used as a proton source in place of H2O, however ,
9% of the starting 1 remained. For entries 19 and 20, (CH3)3SiBr and 
(CH3)3SiCl were used instead of TMSI; the former quantitative ly 
yielded the correspondi ng (E)-a-bromov inyl, while the latter 
resulted in 0%. The respective bond energies of Si–Cl, Si–Br, and 
Si–I are 113, 96, and 77 kcal/mol:27 the obstinate bond of Si–Cl
would be difficult to activate. It is worth noting that any (Z)- or 
b-isomer of 2 was not observed on NMR spectra and TLC analyses 
from entry 1 through entry 20.

On the other hand, as shown in Table 2, the hydrohalogenati on 
of 3 and 5 conducted via Scheme 1 afforded the E/Z isomeric mix- 
tures of 4 and 6, in high yields. For entries 1–5, small amounts of 
(Z)-4 and (Z)-6 were observed at a wide range of temperature s.
Addition of 20 equiv water in advance (entries 6 and 7), and the 
employment of methano l (entries 8 and 9), and the increased 

concentr ation (entries 11–13) did not afford 4 or 6 as a single 
isomer. For entry 15, surprisingly, the hydrobrom ination of 5
exclusivel y gave (E)-6 in quantitative yield. Noteworthy is 
that highly stereochem ical controls were achieved at all entries 
in Table 2.

Figure 1. ORTEP drawing of 2 with thermal ellipsoids at the 50% probability 
level. Hydrogen atoms are omitted for clarity. Selected bond lengths (Å):
N(2)–C(9) = 1.415, C(9)–I(1) = 2.125, C(9)–C(10) = 1.327, C(10)–C(11) = 1.479.

Table 1
Evaluation of the reactivity of 1 conducted via Scheme 1a

Entry TMSI (equiv) Temp (�C) Solvent Yield b (%)

(E)-2 1

1 1.2 �78 CH 2Cl2 73 12 
2 1.5 �78 CH 2Cl2 99 0
3 2.0 �78 CH 2Cl2 Quant. 0
4 2.0 �45 CH 2Cl2 95 0
5 2.0 0 CH 2Cl2 94 0
6 2.0 rt CH 2Cl2 97 0
7c 2.0 �78 CH 2Cl2 97 0
8d 2.0 �78 CH 2Cl2 99 (96)e 0
9f 2.0 0g CH2Cl2 Quant. 0
10 h 2.0 0g CH2Cl2 95 0
11 2.0 �78 CH 2Cl2/H2O (4% v/v) 99 0
12 2.0 rt CH 2Cl2/H2O (4% v/v) 61 39 
13 2.0 �78 Toluene 92 4
14 2.0 �78 CPME 96 4
15 2.0 �78 THF 68 31 
16 2.0 �78 Hexane <1 99
17 2.0 �20 CH 3CN 0 >99 
18 i 2.0 �78 CH 2Cl2 88 9
19 j 2.0 �78 CH 2Cl2 Quant. 0
20 k 2.0 �78 CH 2Cl2 0 99

a Reaction conditions: 1 (1 mmol), solvent (8 mL), 1 M (CH3)3SiI in CH 2Cl2, H2O
(20 mmol).

b Isolated yields of 2 and recovered 1.
c After addition of H2O, the reaction was conducted at 0 �C.
d D2O was used instead of H2O.
e % D in parenthesis.
f 4 mL of CH 2Cl2 was used.
g For dissolving 1 in CH 2Cl2, the reaction was performed at 0 �C.
h 1 mL of CH 2Cl2 was used.
i CH3OH was used instead of H2O.
j (CH3)3SiBr was used instead of (CH3)3SiI.
k (CH3)3SiCl was used instead of (CH3)3SiI.

Table 2
Evaluation of the reactivity of 3 and 5 conducted via Scheme 1a

Entry Substrate Solvent Temp (�C) Yield b (%)

4 or 6 (E/Z) 3 or 5

1 3 CH2Cl2 �78 95/4 Trace 
2 5 CH2Cl2 �78 95/5 0
3 3 CH2Cl2 0 97/3 0
4 5 CH2Cl2 0 93/7 0
5c 5 CH2Cl2 rt 53/4 0
6 3 CH2Cl2/H2O (4% v/v) �78 95/4 Trace 
7 5 CH2Cl2/H2O (4% v/v) �78 94/6 0
8d 3 CH2Cl2 0 98/2 0
9d 5 CH2Cl2 0 98/2 0
10 e 3 CH2Cl2 0 97/3 0
11f 3 CH2Cl2 0 96/4 0
12 f 5 CH2Cl2 0 98/2 0
13 g 3 CH2Cl2 0 91/9 0
14 h 3 CH2Cl2 �78 93/4 3
15 h 5 CH2Cl2 �78 Quant./0 0

a Reaction conditions: 3 or 5 (0.5 mmol), solvent (4 mL), 1 M (CH3)3SiI in CH 2Cl2

(2 equiv), H2O (10 mmol).
b Determined by 1H NMR after column chromatography.
c Compound 6 was purified with short-plug column chromatography.
d CH3OH was added instead of H2O.
e 1.5 equiv of (CH3)3SiI was used.
f 2 mL of CH 2Cl2 was used.
g 0.5 mL of CH 2Cl2 was used.
h (CH3)3SiBr was used instead of (CH3)3SiI.

Scheme 1. Hydroiodation of 1, 3, and 5.
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With optimized conditions in hand for the TMSX-med iated syn- 
thesis of 1-(1-halovinyl)-1 H-indoles, we next turned our attention 
to the scope of this reaction. The results are summarized in Table 3.
The reactions at gram-scale successfully performed in synthesizing 
2 of 3.15 g and 8a of 1.47 g without any isomers, respectively.28,29

Recrystal lization of acetyl 4 on a E/Z = 98/2 mixture afforded a
single (E)-isomer of 1.24 g in 80% yield. Methyl indole 8b as only 
E-form was suitably obtained in 97% yield. The ester group at 
2-positio n of the indole frame was accepted for the hydrohaloge n- 
ation in high yields (8c and 8d), and the substrate derived from ali- 
phatic alkynes was converted into the correspondi ng halovinyls 
with perfect stereo-control (8e and 8f). In the presence of func- 
tional groups such as OMe and CN (8g–8j) the transformat ion 
worked well with high stereoselectivity , although 8j was produced 
along with 37% of the unreacted 7j. Notably, all the 1-(1-halovi-
nyl)-1H-indoles in Table 3 were stable without decomposition,
whereas the similar stability of the vinyl halides was not observed 
in (E)-a-haloenamides and (1-iodovinyl)arene.16

The mechanism resulting in high stereochem ical control to pro- 
duce predominantly (E)-adducts is not yet fully known. Prelimin- 
ary mechanistic investiga tions were performed through the 
deuterioiod ation of 1 (Table 1, entry 8) and competitive reactions 
(Table 4). The deuterioiodati on of 1 was carried out with D2O,
and the deuterium was thoroughly incorporate d for H of (E)-2.
As for competitive reactions, 5 dominated over 1 in reactivity 
(run 1 and 2): 5 was quantitative ly transformed into 6, while ca.
80% of 1 was unreacte d. These indicate that the hydrohaloge nation 
does not follow a stepwise path, and carbonyl substituents such as 
ester or ketone on indole did not affect the selectivities: the nitro- 
gen atom of indole scaffold likely coordina te to the silicon atom,
involving the exact syn-addition of HBr.14,30–32 Actually, diphenyl -
acetylene was tested on this hydrohaloge nation system, and no 
reaction was observed.16a

In summary , a simple procedure for regio- and stereoselect ive 
hydrohaloge nation of 1-ethynyl-1 H-indoles has been developed.
This approach afforded a variety of new and potential ly useful 
1-(1-halovinyl)-1H-indoles in high yields along with the practi- 
cally perfect stereochemical outcome s. The method quickly com- 
pletes the reaction under routine conditions, and was readily 
amenable to scale-up. Mechanisticall y, nitrogen of indole scaffold 
likely coordinates to silicon, involving the exact syn-addition of 
HI. We hope this reliable methodology finds widespread use in 
organic synthesis. Application and mechanistic elucidation are 
ongoing for further developmen t of this reaction and will be re- 
ported in due course.

Table 3
Scope of the reaction a

a Reaction conditions: 7 (1 equiv), CH 2Cl2 (8 mL/mmol of 7), 1 M (CH3)3SiX in 
CH 2Cl2 (2 equiv).
b Recrystallization from ethanol.
c Reaction was conducted at �20 �C.
d Determined by 1H NMR. 37% of unreacted 7j was observed.

Table 4
Competitive experim ents of hydrobromination between 1 and 5

Run Conditions Amount (mmol)

1 2 5 6

1 (1) CH 2Cl2 (8 mL), �78 �C, 10 min; then 1 M TMSBr (1.5 equiv) 0.41 0.09 0 0.50 
(2) H2O (0.4 mL), rt, 50 min 

2 (1) CH 2Cl2 (8 mL)/H2O (0.4 mL), �78 �C, 10 min; then 1 M TMSBr (1.5 equiv) 0.40 0.10 0 0.50 
(2) rt, 50 min 
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