&953,%: UNIVERSITA
S v 13'”’1 DEGLI STUDI
| “ A]]Lr l O %ﬁ?ﬁﬁ% DI TORINO

AperTO - Archivio Istituzionale Open Access dell'Universita di Torino

Palladium-catalysed Heck reaction on 1,2-dien-1-ols: a stereoselective synthesis of alpha-
arylated alpha, beta-unsaturated aldehydes

This is the author's manuscript

Original Citation:

Availability:
This version is available http://hdl.handle.net/2318/51154 since 2016-10-27T11:57:44Z

Published version:
DOI:10.1016/j.tet.2008.08.081
Terms of use:

Open Access

Anyone can freely access the full text of works made available as "Open Access". Works made available
under a Creative Commons license can be used according to the terms and conditions of said license. Use
of all other works requires consent of the right holder (author or publisher) if not exempted from copyright
protection by the applicable law.

(Article begins on next page)

23 June 2024



CREATED USING THE RSC ARTICLE TEMPLATE (VER. 3.1) - SEE WWW.RSC.ORG/ELECTRONICFILES FOR DETAILS
ARTICLE TYPE WWW.ISC.Org/Xxxxxx | XXXXXXXX

Heck Reaction on Protected 3-Alkyl-1,2-dien-1-0ls: an Approach to
Substituted 3-Alkenylindoles, 2-Alkoxy 3-Alkylidene-2,3-
Dihydrobenzofuranes and —Indolidines’

s Tommaso Boi, Annamaria Deagostino,’ Cristina Prandi, Silvia Tabasso, Antonio Toppino and Paolo
Venturello

Received (in XXX, XXX) Xth XXXXXXXXX 200X, Accepted Xth XXXXXXXXX 200X
First published on the web Xth XXXXXXXXX 200X
DOI: 10.1039/b000000x

10 Abstract

A phosphine free annulation reaction has been exploited for the preparation of substituted 3-alkenylindoles, 2-alkoxy 3-alkylidene-2,3-
dihydrobenzofuranes and -indolidines in good to excellent yields. This has been done by reaction of protected 3-alkyl-1,2-dienols with o-
iodophenols or protected o-iodoanilines. Two different heterocyclic skeletons were obtained, this depends on the electrondonating
properties of the heteroatom involved in the annulation process.
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Introduction

The palladium catalysed annulation process is one of the most
useful methods to synthesise highly functionalised heterocycles.
In recent years this reaction has been exploited as a route to a
s wide variety of heterocycles and carbocycles using 1,2-, 1,3-, 1,4-
dienes, as well as internal alkynes, which were placed to react
with aryl or vinyl halides and triflates." > Allenes represent a very
attractive class of compounds due to their increased reactivity
with respect to other classes of dienic substrates.>” They undergo
10 carbopalladation very readily, and moreover many examples of
catalysed annulations involving 1,2-dienes have so far been
reported.®!?
Recently we have described the synthetic use of the Heck'*"'
coupling applied to 1-alkoxy-functionalised 1,3-dienes,'® " and
1s more recently we have addressed our attention to protected 3-
alkyl-1,2-dienols as synthetic precursors of a-arylated o,B-
unsaturated aldehydes.'® In particular alkoxy-substituted allenes
are characterised by unique reactivity, and they have been
exploited in different reactions with organometallic, nucleophilic,
w and electrophilic reagents.'” The synthesis of carbocycles and
heterocycles, exploiting lithiated alkoxyallenes have been
recently reviewed.” The reactivity of 1-alkoxy-m-allylpalladium
complexes, obtained from the corresponding alkoxyallenes, has
been explored, and the dramatic effect of the alkoxy group on the
25 regioselectivity of the Pd(0) catalysed coupling reactions has
been demonstrated. Actually, the most reactive position is that
adjacent to the alkoxy group.21
The indolic scaffold represents a privileged motif that is found in
various natural and synthetic products,? many efforts have been
30 consequently directed towards the synthesis of substituted
indoles.*? In particular, vinylindoles represent a valuable class
of precursors of biologically important derivatives, such as
alkaloids, carbazoles and carbolines.?*?’
As far as we know, few syntheses of alkenyl indoles have so far
35 been reported in the literature. Some procedures utilise the
suitable phosphorane and indole-3-carbaldehydes,® or the
gramine framework coupled with aldehydes.” The Heck coupling
has also been exploited.**** Since the proposed procedures resort
to the indol scaffold as starting reagent, their applicability to the
40 synthesis of variously substituted targets is limited, as few
functionalised indoles are commercially available.

85

As far as 3-alkylidene-2,3-dihydrobenzofuranes are concerned,
they can be the starting point to synthesise several biologically
relevant molecules as, for example, the rocaglates® *® that show

45 a potent antitumor activity.

by

Discussion

In this paper we report the synthesis of highly functionalised
so benzoheterocycles by Heck reaction using various phenols or
protected o-iodoanilines , and protected alkyl-1,2-dien-1-ols. 1,2-
Dienols were synthesised as previously described by the reaction
of the protected alkynes 1a-e with 2 equiv of BuLi, as shown in
Scheme 1.'® According to the literature, internal allenols afford a
mixture of 1,2-dienol and the starting alkyne.”’
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BulLi, THF \
-78°C,2h

OR?

5
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« 1a R'=Me, R2= CH,OEt
1b R'=Me, R2= THP
1c R'= n-Pr, R? = CH,OEt
1d R'= n-Pr, RZ= MEM
1e R'=Ph, RZ=MEM

2a R'=Me, R2= CH,OEt (66%)
2b R'= Me, R2=THP (60%)

2¢ R'= n-Pr, R? = CH,OFEt (62%)
2d R'= n-Pr, RZ= MEM ( 68%)
2e R'=Ph, RZ=MEM (51%)

Scheme 1 Synthesis of protected 1,2-dienols starting from
protected alkynols
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The reaction of 1-(ethoxymethoxy)hex-1,2-diene (2¢) with 2-

iodophenol was selected in order to optimise the process. This
70 was done by evaluating the effect of the catalyst, solvent, and
base, as well the influence of added phosphines and ionic
liquids on the coupling yield and the diastereoselectivity.
The E and Z configuration of the double bond of 3-butylidene-2-
(ethoxymethoxy)-2,3-dihydrobenzofuran (4a) was determined by
a NOESY experiment in which the correlation point between H,
(5.81 ppm) and Hy, (6.12 ppm), for the E isomer, or H, (6.12
ppm) and H, (7.19 ppm), for the Z isomer, was observed. The E/Z
ratio was determined by 'H NMR analysis on the crude reaction
mixture. In particular, the £/Z ratio was deduced by comparing
the integration area of the signal centred at 5.81 ppm, pertinent to
the H, proton of the E isomer, with the signal centred at 6.35
ppm, due to the Hy, proton of the Z isomer. The results are listed
in the Table 1.

7:

&

8

S

Table 1 Coupling reaction between 1-(ethoxymethoxy)hex-1,2-diene (2¢) and 2-iodophenol®

ch Pr Ha
nPry . @OH Pd catalyst / Hb
OCH,OFEt | 110 °C o OCH,OEt
2c 4a
Entry Base Catalyst (%) Solvent Time (h) Yield (%)" E/z
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1 an. NaOAc Pd(OAc), (5)/PPh; DMSO 1.5 36 47/53
2 an. NaOAc Pd(OAc), (5) DMSO 3 92 66/34
3 an. NaOAc Pd(OAc), (2) DMSO 3 46 64/36
4 an. NaOAc Pd(OAc), (3) DMSO 1.5 91 64/36
5 an. NaOAc Pd(OAc), (3) DMF 3 35 75125
6 an. NaOAc Pd(OAc), (3) TBAB 1.5 57 99/1

7 an. K,CO, Pd(OAc), (3) DMSO 1.5 46 67/33¢
8 an. NaOAc Pd(OAc), (3) DMSO/TBAB 1 96 72/28
9 Et;N Pd(OAc), (3) DMSO/TBAB 1.5 75 84/16
10 an. K,CO, Pd(OAc), (3) DMSO/TBAB 1.5 95 72/28¢
11 TBAA Pd(OAc), (3) DMSO/TBAB 2 40 63/374
12 an. NaOAc Pd(OAc), (3)/PBu, DMSO/TBAB 1.5 68 75125
13 an. NaOAc Pd(OAc), (3)/PPh, DMSO/TBAB 1 98 71/29
14 an. NaOAc Pd(OAc), (3)/DPPP DMSO/TBAB 1.5 61 73/27
15 an. NaOAc Pd(PPh;), (3) DMSO/TBAB 1 87 72/28
16 an. NaOAc Pd,(dba); (3) DMSO/TBAB 1 98 74/26
17 an. NaOAc Pd(OAc), (3) DMSO/bmimBr 24 44 78/22
18 an. NaOAc Pd(OAc), (3) DMSO/TBAC 1 90 82/18
19 an. NaOAc Pd(OAc), (3) DMSO/TBAI 1 87 52/48

w
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@
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G

“Reactions conditions: PAIOH, 0.5 mmol; 2¢ 0.75 mmol; solvent 3 mL; ionic liquid 300 mg, base 0.5 mmol, T = 110 °C. *Isolated products, purified by

column chromatography. ¢ Determined by NMR analysis. ¢ Determined by GC analysis.

Examining the results reported in Table 1, it can be observed
that the highest stereoselectity is achieved when the reaction is
carried out in pure TBAB (entry 6), while a mixture of
DMSO/TBAB (entry 8) is the best compromise in order to
attain good yields with reasonable stereoselectivities. The
improvement of the reaction stereoselectivity which was
observed when changing from pure DMSO to pure TBAB,
might be attributed to the effect of the ionic liquid and to a
higher polarity of the reaction medium.

Several ionic liquids were tested, in each case either the cation
or the anion were changed, the TBA cation seems to be
necessary to obtain good reaction outcomes, actually the use of
DMSO/bmimBr (entry 17) decreases the yield. On the one
hand, reaction yield does not seem to be strongly influenced by
the nature of the anion in the ionic liquid, and good yields are
always observed, even if bromide appears to be the preferred
selection. On the other hand, data in Table 1 suggest that the
reaction stereoselectivity is favored by a small anion, in fact the
use of TBAC (E/Z ratio = 82/18, entry 18), favours a higher
stereoselectivity in comparison with TBAB ((E/Z ratio =
72/28,entry 8), and even more with respect to TBAI (E£/Z ratio
= 52/48.,entry 19). Moreover, the use of phosphines, PBu;
(entry 12), PPh; (entry 13), and DPPP (entry 14), does not
improve reaction results, on the contrary PBu; and DPPP lower
the reaction yields. Pd(OAc), (3% mol) was selected as the
catalyst, mainly for economical and stability reasons, even if
Pd(PPh;), and Pd,(dba); lead to comparable yield and
stereoselectivity. Finally, anhydrous NaOAc was selected as
the base, though anhydrous K,COs; (entry 10) produced
comparable results.

35

The coupling reaction was then attempted with o-
bromophenols, and no coupling product was recovered, despite
the use of phosphines,®® * and the presence of a greater
quantity of Pd(OAc), or Herrmann’s catalyst. The reactivity of
o-bromophenols is probably lowered by the steric hindrance of
the hydroxyl group in the ortho position. Furthermore, any
attempt to carry out the reaction with 1-(ethoxymethoxy)-hex-
1,2-diene (2¢ ) and unprotected 2-iodoaniline was unsuccessful.
The Heck coupling was therefore carried out using
functionalised 1,2-dienes and protected 2-iodoaniline, or 2-
iodophenols, which contain both electron-donating and electon-
withdrawing substituents. Surprinsingly, as shown in Scheme
2, the reaction led to two different scaffolds depending on the
nature of the nucleophile (oxygen or nitrogen), and of the N-
protecting function. Substituted 2-alkoxy-3-alkylidene-2,3-
dihydrobenzofuranes or -indolines 4 a-f in one case, and
substituted 3-alkenylindoles 5 a-g in the other, were isolated.

The hypothesised reactivity pattern is illustrated in scheme 2.
The addition of arylpalladium compounds to protected
alcoxyallenes 2a — e produced the m-allylpalladium
intermediate A. Then the following intramolecular nucleophilic
substitution afforded the products 4a — f. The elimination of
the OR? group, assisted by the nitrogen lone pair which gave
the intermediate B, could occur, depending on the
electrondonating properties of the heteroatom X. The final
deprotonation at the C* of the alkyl chain allowed the formation
of the 3-alkenylindoles 5a - g. It should be pointed out that the
last step is not possible in the case of terminal 1,2-allen-2-ols.
Moreover, when the coupling was carried out with 2-iodo-N-
acetylaniline (entry 6 in Table 2), the corresponding substituted
alkylideneindoline 4f was isolated first. Besides, when this

This journal is © The Royal Society of Chemistry [year]

Journal Name, [year], [vol], 00-00 | 3



reaction was not quenched just after the disappearance of the
starting materials, the indolidinic derivative 4f was converted

R1

into the corresponding N-acetylalkenylindole 5f (entry 12), that
was isolated as the sole pure product after 3 h.

5

R1

R4
< | OR?
R1 R1 ORZ \ \ . e
Pd(0) C - Pdl - R20: \ | H
\I\ _— X —_— X X+ X

2 I X N X | A\

> @XH > > > (X
2a-e Ral/ R3 R3 4a - f R3 R3 5a-g

- — B -

sa-m A X=0, NAc X = NAc, NMe, NBn

R' = Me, nPr, Ph

R4 =H, Et

Scheme 2 Proposal of reactivity pattern

10 The results of the reaction shown are reported in Table 2. The
effects on the reaction outcome of the substituents on the
aromatic ring , the protecting groups of allenols and the
nitrogen, R? and R?, have been evaluated. As far as the o-
iodophenols are concerned, good yields were obtained (entries

is 1-5), regardless of the nature of the R® substituents that,
moreover, slightly affect the stereoselectivity of the reaction.
Whereas when the 1-(ethoxymethoxy)but-1,2-diene (2a,
entries 2 and 5) was used better stereoselectivities were
obtained. In fact a £/Z ratio of 90/10 was observed in the case

20 of the products 4b and 4e. Unprotected 2-iodoaniline did not
react, and N-tosyl and N-acetyliodoanilines were tested first. In
the first case the coupling proceeded smoothly (1.5 h), and the
'H and '*C NMR spectra of the crude reaction mixture showed
the signals of the corresponding alkylideneindoline derivatives.

»s Unfortunately, any chromatographic purification was

40

unsuccessful. As reported above, with N-acetyliodoaniline both
the corresponding alkenylindolidine 4f (entry 6) and the 3-
alkenyl-N-acetylindole 5f (entry 12) were obtained at different
reaction times. N-methyl protected anilines were used next and

30 afforded the corresponding 3-alkenyl-N-methyl indoles 5b - e
(entries 8—11). The reactions were totally stereoselective and
fast, regardless of the R? protecting group (THP in entry 7,
MeOCH; in entries 8 and 12 and MEM in entries 9—11 and 13).
Finally, with the aim of confirming the electronic effects of the

35 N-protecting group, N-Benzyliodoaniline was used (entry 13),
and the corresponding 3-alkenylindole 5g was isolated. This
shows that the yield and stereoselectivity were comparable to
those obtained with N-methyliodoaniline.

Table 2 Annulation of protected 3-alkyl-1,2-dien-1-ols and 2-iodophenols and protected 2-iodoanilines®

4
1 R
R —
S DU S 2 e
+ OR“ and/or
Y4 J X Y4 X
OR2 R3 | 3 R3
4a-f Sa-g
2a-e 3a-m X = 0, NAc X = NMe, NBn, NAc
R'=Me, nPr, Ph R*=H, Et
Entry Allenol Iodophenol or Product Time (h) Yield® (%)b E/Z*
TIodoaniline

1 2¢ 3a @il 4a nPr 1 95 72/28

/)
OH C&OCHZOB

o

2 2a 3a @il 4b Me 1 93 90/10
/)

OH OCH,OEt

o
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4c nPr 1 99 60/40

3 2¢ 3b OHC |
\@[ OHC /
OH OCH,OEt
OMe 0
OMe
4 2e 3a | 4d Ph 1.5 94 76/24
X ]
OoH OMEM
(¢]
5 2a 3d MeOOC 1.5 96 90/10

MeOOC

OH OCH,0Et

&
3

6 2a 3e ©i| 4f ) 1 54 >99/<1
NHAc OCH,O0Et
N
COMe
7 2b 3f ©i| S5a AN 1.5 90 -
NHMe A\
N
Me
8 2¢ 3f I 5b Et 1.5 80 >99/<1
X {
NHMe
A\
N
Me
9 2d 3h NC | 5c Et 1.5 87 >99/<1
X {
NHMe NG
A\
N
Me
10 2d 3i | 5d Et 1.5 77 >99/<1
r {
cl NHMe
N
cl N
Me
11 2d 31 Cl I Se Et 1.5 76 >99/<1
N
NHMe ol
COOMe N\
N
MeooC ~ Me
12 2a 3e ©i| 5f N 3 85 -
NHAGc A\
N
13 2d 3m 5¢g 2.5 84 >99/<1

-

NHBn

o-

w-ZF % To

> <
(0]

“Reactions conditions: Arl, 0.5 mmol; protected allenol 0.75 mmol; DMSO 3 mL; TBAB 300 mg, NaOAc 0.5 mmol, T =110 °C. bIsolated products,
purified by column chromatography. ¢ Determined by NMR analysis. ¢ Determined by GC analysis.

Conclusions
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In summary a phosphine free Pd(0)-catalysed heteroannulation
process involving 2-alkyl-1,2-dienols and o-iodophenols, or o-
iodoanilines, has been proposed. Two different frameworks
have been achieved, which depend on the electronic features of
the nucleophile attacking the Pd m-allyl complex. When o-
iodophenols, or o-iodoanilines protected with an electron-
withdrawing group, are used, 2-alkoxy-3-alkylidene-2,3-
dihydrobenzofuranes or indolines, respectively, were obtained
in good yield. On the other hand, when N-methyl and N-
benzyliodoanilines were used, the nucleophile stercoselectively
promoted the eclimination of the alkoxy leaving group,
affording the corresponding substituted alkenylindoles.

Experimental
General

Flasks and all equipments used for the generation and reaction
of moisture-sensitive compounds were dried by electric heat
gun under Ar. THF and CH,Cl, were distilled from sodium
benzophenone ketyl and CaH, respectively. BuLi (1.6 M in
hexanes) was obtained from Aldrich. All commercially
obtained reagents and solvents were used as received. Products
were purified by preparative column chromatography on
Macherey Nagel silica-gel for flash chromatography, 0.04-
0,063 mm/ 230400 mesh. N-Acetyl, N-benzyl and N-
methylanilines were synthesised according to the literature
procedures.*’

Reactions were monitored by TLC using silica-gel on TLC-
PET foils Fluka, 2-25 pm, layer thickness 0.2 mm, medium
pore diameter 60 A. 'H NMR spectra were recorded at 200
MHz, *C NMR spectra at 50.2 MHz, in CDCIl;. Data were
reported as follows: chemical shifts in ppm from Me,Si as an
internal standard, integration, multiplicity, coupling constants
(Hz), and assignment. *C NMR spectra were measured with
complete proton decoupling. Chemical shifts were reported in
ppm from the residual pick solvent as an internal standard. GC-
MS spectra were obtained on a mass selective detector HP
5970 B instrument operating at an ionizing voltage of 70 eV
connected to a HP 5890 GC with a cross linked methy] silicone
capillary column (25 m % 0.2 mm x 0.33 um film tickness). IR
spectra were recorded on a Perkin Elmer BX FT-IR.

Procedure for the protection of alkynols* In a 250 mL
three-necked round bottom flask the alkynol (10.0 mmol)
was dissolved in anhydrous CH,Cl, (100 mL) and the
solution was cooled to 0° C. Then N-ethyldiisopropylamine
(2.0 eq., 20.0 mmol, 3.82 mL) followed by the alkyl
chloride (1.9 eq., 19.0 mmol) were added dropwise. The
reaction mixture was stirred overnight at r.t. under Ar, then
a 10% aqueous solution of NaHCO; was added. The mixture
was extracted with CH,Cl, then washed with a 5% aqueous
solution of HC1 (1 x 20 mL) and brine (1 x 20 mL), dried
over K,COj;, filtered and evaporated under reduced
pressure, to give the crude reaction product, that was used in
the subsequent step without further purification.

1-(Ethoxymethoxy)but-2-yne (1a) Following the general
procedure previously described 0.70 g of 2-butyn-1-o0l and

ss 1.97 g of chloromethoxyethane were dissolved in CH,Cl,,
1.96 g of a pale yellow oil were obtained (76%). Found C,
65.01; H, 9.50%. Calc. for C;H,,0,: C, 65.60; H, 9.44%.
Vmax (n€at)/ cm™' 2950, 1730, 1450, 1360, 1047. &y (200
MHz; CDCl;, Me,Si) 1.21 (3 H, t, J = 7.1 Hz, CH;), 1.82 (3

o H, bs, CH3), 3.60 (2 H, q, J= 7.1 Hz, CH, CH3), 4.20 (2 H,
s, CH;0), 4.72 (2 H, s, OCH,0); ¢ (50.2 MHz; CDCl;,
Me,Si) 2.79 (1 x q), 14.551 (1 x q), 53.97 (1 x t), 62.87 (1 x
t), 74.35 (1 x s), 83.00 (1 x s), 92.68 (1 x t). MS (EI, 70
eV): m/z (%) = 128 (1) [M'], 82 (19), 59 (18), 53 (100), 52

s (17).

1-(Ethoxymethoxy)hex-2-yne (1c¢) Following the general
procedure previously described 1.08 g of 2-hexyn-1-ol and
1.97 g of chloromethoxyethane were dissolved in CH,Cl,,
1.48 g of a pale yellow oil were obtained (95%). Found C,

70 69.75; H, 11.00%. Calc. for CyH;cO,: C, 69.19; H,
10.32%. &y (200 MHz; CDCl;, Me,Si) 0.93 3 H, t, J = 6.8
Hz, CH;), 1.09 3 H, t,J=7.1 Hz, CH;), 1.55 (2 H, sest, J =
7.0 Hz, CH;), 2.20 (2 H, t, J= 6.7 Hz, CH,), 3.57 2 H, q, J
= 6.0 Hz, CH,0), 4.16 (2 H, s, CH,), 4.69 (2 H, s,0CH,0);

715 Oc (50.2 MHz; CDCl;, Me,Si) 13.16 (1 x q), 14.81 (1 x q),
20.44 (1 x t), 21.74 (1 x t), 54.37 (1 x t), 63.18 (1 x t),
75.31 (1 x s), 86.38 (1 x s), 92.92 (1 x t). MS (EI 70 eV):
m/z (%) = 127 (2) [M" - Et], 97 (35), 81 (54), 67 (100), 59
(52).

s0 1-((2-methoxyethoxy)methoxy)hex-2-yne (1d) Following
the general procedure previously described 1.08 g of 2-
hexyn-1-o0l and 2.36 g of 2-methoxyethoxymethyl chloride
were dissolved in CH,Cl, 1.75 g of a pale yellow oil were
obtained (94%). Found C, 63.80; H, 9.61%. Calc. for
ss C1oH1303: C, 64.49; H, 9.74%. &y (200 MHz; CDCls,
Me,4Si) 0.94 (3 H, t, J = 6.9 Hz, CH;), 1.48 (2 H, sest, J =
7.1 Hz, CH,), 2.12 (2 H, t, J = 6.7 Hz, CH,), 3.48 3 H, s,
CH;0),3.52 (2 H, t, J = 4.8 Hz, CH,0),3.66 (2 H, t, J= 4.8
Hz, CH,0), 4.20 (2 H, t, J = 2.1 Hz, CH,), 528 (2 H,
s,0CH,0); 3¢ (50.2 MHz; CDCl;, Me,Si) 13.00 (1 x q),
20.20 (1 x t), 21.67 (1 x t), 54.25 (1 x q), 58.42 (1 x t),
66.64 (1 x t), 71.35 (1 x t), 75.17 (1 x s), 86.24 (1 x s),
93.10 (1 x t). MS (EI, 70 eV): m/z (%) = 127 (1) [M" -
CH;0CH,CHj,], 81 (68), 73 (28), 59 (100), 53 (40).

©
S

95 (3-((2-methoxyethoxy)methoxy)prop-1-ynyl)benzene (le)
Following the general procedure previously described 1.32
g of 3-phenylprop-2-yn-1-ol and 2.36 g of of 2-
methoxyethoxymethyl chloride were dissolved in CH,Cl,,
1.61 g of a pale yellow oil were obtained (98%). Found C,

100 70.72; H, 7.27%. Calc. for C;3H;05: C, 70.89; H, 7.32%.
dy (200 MHz; CDCl;, MesSi) 3.30 — 4.10 (7 H, m,
OCH,CH,0, CH30), 4.50 (2 H, s, CH,0), 490 (2 H, s,
OCH;0), 7.49 (5 H, m, Ar).

Procedure for the synthesis of 2-(But-2-
ynyloxy)tetrahydro-2H-pyran (1b) In a 100 mL three-
necked round bottom flask 0.70 g of 2-butyn-1-ol (10.0
mmol) were dissolved in 25 mL of anhydrous CH,Cl, at r.t.,
then DHP (1.5 eq., 15.0 mmol, 1.26 g) followed by PPTS

10:

b3
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(0.1 eq., 1.0 mmol, 0.25 g) were added. The reaction
mixture was stirred overnight at r.t. under Ar, then the
solvent was partly evaporated. The mixture was diluted with
Et,0 then washed with brine (2 x 20 mL), dried over
K,COs, filtered and evaporated under reduced pressure, to
give 1.43 g of a pale yellow oil (93%). The crude reaction
product, was used in the subsequent step without further
purification. Spectral data corresponded to those reported in
literature. *!

General procedure for the isomerization of alkynes to
allenes. In a Schlenk vessel alkynol (10.0 mmol) was dissolved
in anhydrous THF (20 mL) and cooled to —95 °C, then n-BuLi
(2.0 eq., 20.0 mmol, 12.5 mL) was added. The reaction mixture
was stirred for 2 h at —95 °C, then a solution of THF / H,O was
added (20 mL). The mixture was extracted with Et,0O (2 x 20
mL), then washed with brine (2 x 20 mL), dried (K,CO3),
filtered and evaporated under reduced pressure. The product
was purified by column chromatography.

1-(Ethoxymethoxy)but-1,2-diene (2a) (EP/EE 95/5,
Et;N) pale yellow oil (0.84 g, 66%). Spectral
corresponded to those reported in literature.'®

1%
data

2-(Buta-1,2-dienyloxy)tetrahydro-2H-pyran (2b) (EP/EE
98/2, 1% Et;N; diastereomeric mixture 60/40) pale yellow
oil (0.92 g, 60%). Spectral data corresponded to those
reported in literature.*'

1-(Ethoxymethoxy)hex-1,2-diene (2¢) (EP/EE 95/5, 1%
Et;N) pale yellow oil (0.96 g, 62%). Found C, 69.60; H,
10.25%. Calc. for CoH;50;,: C, 69.19; H, 10.32%. &y (200
MHz; CDCl;, Me,Si) 0.94 (3 H, t, J = 6.6 Hz, CH3), 1.23 (3
H, t, J = 7.1 Hz, CH;CH,0), 1.48 (2 H, sext, J = 7.5 Hz,
CH;CH,CH,), 2.08 (2 H, qd, , J = 5.4 Hz, 1.0 Hz,
CH,CH=C), 3.66 (2 H, q, J = 7.1 Hz, CH,0), 4.84 (2 H, s,
OCH,0), 5.81 (1 H, q, J = 5.3 Hz, CH,CH=C), 6.56 (1 H,
m, =CHO); 8¢ (50.2 MHz; CDCls, Me,Si) 13.5 (1 x q), 15.6
(1xq),21.5 xt),32.8(1 xt),64.0 (1 x1t),93.4 (1 xt),
105.9 (1 x d), 117.7 (1 x d), 193.3 (1 x s).

1-((2-methoxyethoxy)methoxy)hexa-1,2-diene (2d)
(EP/EE 95/5, 1% Et;N) pale yellow oil (1.26 g, 68%).
Found C, 69.60; H, 10.25%. Calc. for CoH;¢0,: C, 69.19; H,
10.32%. &y (200 MHz; CDCl;s, MeySi) 094 B H, t, J=17.5
Hz, CH;), 1.48 (2 H, sext, J = 7.5 Hz, CH,CH,), 2.08 (2 H,
qm, , J = 5.4 Hz, CH,CH=C), 3.40 (3 H, s, CH;0), 3.55 (2
H, m, OCH,CH,0), 3.71 (2 H, m, OCH,CH,0), 4.84 (2 H,
s, OCH,0), 5.81 (1 H, q, J = 5.3 Hz, CH,CH=C), 6.56 (1 H,
bs, =CHO); d¢ (50.2 MHz; CDCl;, Me,4Si) 14.3 (1 x q), 25.6
(1 x1),38.0(1xt),59.3( xq),69.5 (1 xt),71.9 (1 xt),
952 (1 xt),110.2 (1 x d), 134.2 (1 x d), 189.9 (1 x s).

(3-((2-Methoxyethoxy)methoxy)propa-1,2-

dienyl)benzene (2¢) (EP/EE 95/5, 1% Et;N) pale yellow oil
(1.12 g, 51%). Found C, 70.95; H, 7.34%. Calc. for
Ci3H,405: C, 70.89; H, 7.32%. viax(neat)/ cm' 3446, 2928,
2359, 2339, 758. 8y (200 MHz; CDCl;, Me,Si) 3.36 (3 H, s,

CH;0), 3.57 (2 H, t, J = 5.1 Hz, CH,CH,), 3.71 2 H, t, J =

5.0 Hz, CH,CH,), 4.93 (2 H, s, OCH,0), 6.71 (1 H, d, J =
s 5.5 Hz, CH,CH=C), 6.96 (1 H, d, J = 5.5 Hz, PhCH=C),
7.31 (5 H, m, Ar). 8¢ (50.2 MHz; CDCls, Me,Si) 58.7 (1 x
qQ), 67.7 (1 x 1), 71.4 (1 x t), 93.8 (1 x 1), 107.6 (I x d),
120.6 (1 x d), 127.3 (2 x d), 127.7 (1 x d), 128.4 (2 x d),
134.4 (1 x s), 195.3 (1 x s). MS (EL 70 eV): m/z (%) = 220
(5) [M'], 146 (21), 115 (100), 77 (53), 63 (27).

=y
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Typical procedure for the Heck couplings between
protected allenols and iodoarenes. Pd(OAc), (3% mol, 0.015
mmol, 3.4 mg) was dissolved in anhydrous DMSO (3 mL) and
300 mg of TBAB, the solution so obtained was degassed with
Ar for 10 min. at r.t. Then NaAcO (0.5 mmol, 41 mg),
iodoarene (0.5 mmol), and protected allenol (0.75 mmol) were
subsequently added. The reaction was stirred in a sealed tube at
110 °C until the disappearance of the allenol was observed by
TLC and GC on a sample taken and partitioned between Et,O
0 and H,O. Then H,0 was added and the mixture was
extracted with Et,0 (2 x 20 mL), then washed with brine (2
x 20 mL), dried (K,COs3), filtered and evaporated under
reduced pressure.

o
S

(E)-3-butylidene-2-(ethoxymethoxy)-2,3-dihydrobenzofuran
75 (4a) (EP/EE 93/7, 1% Et;N) pale yellow oil (85 mg, 68%).
Found C, 72.80; H, 8.13%. Calc. for C,;5sH,,05: C, 72.55; H,
8.15%. vmax(neat)/ cm' 2978, 2357, 1721, 1587, 1463, 922.
Sy (200 MHz; CDCl3, Me,Si) 1.02 (3 H, t, J= 7.1 Hz, CH3),
1.19 3 H, t, J= 6.9 Hz, CH;), 1.59 (2 H, sext, J = 7.3 Hz,
s0o CH3CH,), 2. 48 (2 H, q, J = 6.9 Hz, CH;CH,CH,), 3.75 (2
H, m, CH;CH,0), 4.84 (1 H, d, J = 6.9 Hz, OCH,,0), 5.12
(1 H, d, J = 6.9 Hz, OCH»,0), 6.12 (1 H, bt, J = 7.5 Hz,
CH,CH=C), 6.35 (1 H, s, OCHO), 6.89 (2 H, m, Ar), 7.19
(1 H, m, Ar), 7.50 (1 H, d, J = 7.4, Ar); d¢ (50.2 MHz;
ss CDCl3, MeySi) 13.7 (1 x q), 14.9 (1 x q), 22.5 (1 x t), 31.0
(1 xt),642 (1 xt),924 (1 xt),101.1 (1 xd), 110.1 (1 x
d), 119.9 (1 x d), 121.0 (1 x d), 124.6 (1 x d), 125.3 (1 x d),
129.1 (1 x s), 135.0 (1 x s), 159.9 (1 x s). MS (EI, 70 eV):
m/z (%) = 248 (34) [M'], 173 (36), 131 (44), 91 (25), 59
9% (100).

(Z)-3-butylidene-2-(ethoxymethoxy)-2,3-dihydrobenzofuran
(4a) (EP/EE 93/7, 1% Et;N) pale yellow oil (34 mg, 27%).
Found C, 73.01; H, 8.12%. Calc. for C,;5sH,,05: C, 72.55; H,
8.15%. vmax(neat)/ cm™' 2978, 2357, 1748, 1532, 1419, 922.

9s 8y (200 MHz; CDCl3, Me,Si) 1.02 (3 H, t, J= 7.1 Hz, CH;),
1.19 3 H, t, J = 6.9 Hz, CH;), 1.59 (2 H, sext, J = 7.4 Hz,
CH;CH,), 2. 48 (2 H, q, J = 6.9 Hz, CH;CH,CH,), 3.75 (2
H, m, CH;CH,0), 4.84 (1 H, d, J = 6.9 Hz, OCH,,0), 5.12
(1 H, d, J = 6.9 Hz, OCH,,0), 5.81 (1 H, bt, J = 7.6 Hz,

10 CH,CH=C), 6.12 (1 H, s, OCHO), 6.89 (2 H, m, Ar), 7.19
(1 H, m, Ar), 7.50 (1 H, d, J = 7.4 Hz, Ar); 3¢ (50.2 MHz;
CDCl;, Me,Si) 13.8 (1 x q), 14.9 (1 x q), 22.3 (1 x t), 30.4
(1 xt), 63.9 (1 xt),92.8 (1 xt), 103.5(1 xd), 110.2 (1 x
d), 120.9 (1 x d), 124.0 (1 x d), 124.1 (1 x d), 128.3 (1 x d),

105 129.3 (1 x s), 134.8 (1 x 8), 161.0 (1 x s). MS (EI, 70 eV):
m/z (%) = 248 (34) [M'], 173 (36), 131 (44), 91 (25), 59
(100).
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(E)- and (Z)-2-(ethoxymethoxy)-3-ethylidene-2,3-
dihydrobenzofuran (4b) (EP/EE 93/7, 1% Et;N) pale yellow
oil (102.4 mg, 93%). Found C, 71.35; H, 7.29%. Calc. for
Cy5sH005: C, 70.89; H, 7.32%. vpa(neat)/ em! 2982, 1730,
1588, 1465, 925. 8y major isomer (200 MHz; CDCl;, Me,Si)
0.90 3H,t,J=7.1Hz, CH;), 1.95(3H,dd, J =73, 1.5
Hz, CH;CH=C), 3.63 (2 H, quint, J = 7.1 Hz, CH;CH,,0),
3.82 (2 H, quint, J = 7.1 Hz, CH;CH,,0), 4.83 (1 H, d, J =
6.8 Hz, OCH,,0), 5.11 (1 H, d, J = 6.8 Hz, OCH,,0), 5.90
(1 H, qd, J=7.4, 1.5 Hz, CH;CH=C), 6.12 (1 H, quint, J =
1.4 Hz, OCHO), 6.89 (2 H, m, Ar), 7.20 (1 H, td, J = 7.3,
1.5 Hz, Ar), 7.52 (1 H, d, J = 7.3 Hz, Ar); 8¢ major isomer
(50.2 MHz; CDCl;, Me,Si) 14.2 (1 x q), 14.9 (1 x q), 63.9
(1 x1t),92.7 (1 xt),103.3 (1 xd), 110.2 (1 x d), 120.9 (1 x
d), 122.2 (1 x s), 124.2 (2 x d), 129.3 (1 x d), 135.7 (1 x s),
161.1 (1 x s). MS (Z) (EL, 70 eV): m/z (%) = 220 (18) [M'],
147 (25), 145 (43), 115 (30), 59 (100). MS (E) (EI, 70 eV):
m/z (%) = 220 (15) [M'], 147 (20), 145 (38), 115 (33), 59
(100).

(E)- and (Z)-3-Butylidene-2-(ethoxymethoxy)-7-methoxy-
2,3-dihydrobenzofuran-5-carbaldehyde (4c) (EP/EE 93/7,
1% Et;N) (E/Z=60/40) pale yellow oil (147 mg, 99%).
Found C, 66.48; H, 7.29%. Calc. for C{;H»,05: C, 66.65; H,
7.24%. Vpax(neat)) cm™' 3010, 2902, 1725, 1583, 1455,
1030, 935, 747. 8y (200 MHz; CDCl;, MeySi) 0.98 (3 H, m,
CH,;CH,), 1.25 (3 H, m, CH;CH,0), 1.60 (2 H, sext, J= 6.3
HZ, CH3CH2CH2), 2.28 (2 H, t, J=11 HZ, CH3CH2CH2,
isomer Z), 2.52 (2 H, q, J = 7.1 Hz, CH3;CH,CH,, isomer E),
3.63 (1 H, m, CH;CH,,0), 3.80 (1 H, m, CH;CH,,0), 3.93
(3 H, s, CH;0), 4.81 (1 H, d, J = 5.5 Hz, OCH,,0, isomer
E), 483 (1 H, d, J=5.5 Hz, OCH,,0, isomer Z), 5.17 (1 H,
d, J = 5.5 Hz, OCH,,0, isomer Z), 5.19 (1 H, d, J = 5.5 Hz,
OCH»,0, isomer E), 5.08 (1 H, d, J = 7.0 Hz, OCH,,0),
5.85 (1 H, t,J= 7.8 Hz, CH=C, isomer Z), 6.25 (1 H, t, J =
7.8 Hz, CH=C, isomer FE), 6.29 (1 H, s, OCHO, isomer Z),
6.51 (1 H, s, OCHO, isomer E), 7.36 (1 H, s, Ar, isomer Z
and E), 7.48 (1 H, s, Ar), 7.62 (1 H, s, Ar), 9.84 (1 H, s,
CHO, isomer Z), 9.84 (1 H, s, CHO, isomer E); ¢ (50.2
MHz; CDCl;, MeySi) 13.7 (1 x q), 14.8 (1 x q), 22.2 (1 x t),
22.4 (1 xt),30.4 (1 xt),30.9 (1 xt),56.0 (1 xq),64.1 (1 x
t), 64.4 (1 xt),92.9 (1 xt),93.1(1 xt), 103.1 (1 xd), 105.2
(1 xd), 111.5 (1 xd), 111.8 (1 x d), 116.6 (1 x d), 120.4 (1
x d),. 125.5 (1 x d),. 127.6 (1 x d), 128.3 (1 x s), 129.0 (1 x
s), 130.4 (1 x d), 131.2 (1 x d), 131.4 (1 x d), 133.3 (1 x s),
133.4 (1 x s), 145.1 (1 x s), 157.5 (1 x s), 158.8 (1 x s),
190.5 (1 x s), 190.6 (1 x s). MS (2) (EI, 70 eV): m/z (%) =
306 (25) [M'], 231 (10), 189 (19), 77 (9), 59 (100). MS (E)
(E1, 70 eV): m/z (%) = 306 (10) [M], 216 (12), 205 (13),
189 (24), 59 (100).

(E)- and (Z)-3-benzylidene-2-((2-methoxyethoxy)methoxy)-
2,3-dihydrobenzofuran (4d) (EP/EE 93/7, 1% EtN)
(E/Z=76/24) pale yellow oil (147 mg, 94%). Found C,
73.33; H, 6.44%. Calc. for C;oH,004: C, 73.06; H, 6.45%.
Vmax(neat)/ cm™' 3014, 2893, 1588, 1460, 1028, 938, 747,
697. 6y (200 MHz; CDCl;, Me,Si) 3.44 (3 H, s, OCHy),
3.64 2 H, t, J =59 Hz, OCH,CH,0), 3. 85 (2 H, m,
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OCH,CH,0), 4.96 (1 H, d, J = 6.7 Hz, OCH,,0), 5.26 (1 H,
d, J= 6.7 Hz, OCH»,0), 6.31 (1 H, s, OCHO), 6.74 (2 H, m,
Ar), 7.45 (6 H, m, Ar, CH=C); 8¢ (50.2 MHz; CDCl,,
Me,Si) 58.9 (1 x q), 67.6 (1 x ), 71.5 (1 x t), 93.4 (I x 1),
104.0 (1 x d), 110.4 (2 x d), 120.6 (2 x d), 122.6 (1 x s),
123.4 (1 x d), 125.7 (1 x d), 127.7 (1 x d), 128.2 (2 x d),.
128.3 (1 x d),. 130.5 (1 x d),. 136.0 (1 x s),. 136.2 (1 x s),
161.9 (1 x s). MS (EL, 70 eV): m/z (%) = 312 (3) [M'], 207
(9), 178 (12), 89 (50), 59 (100).

(E)- and (Z)-Methyl-3-ethylidene-2-(ethoxymethoxy)-2,3-
dihydrobenzofuran-5-carboxylate (4e) (EP/EE 90/10, 1%
Et;N) (E/Z=60/40) pale yellow oil (133 mg, 96%). Found C,
65.01; H, 6.51%. Calc. for C;5H;30s5: C, 64.74; H, 6.52%.
Vmax(neat)/ em™' 3020, 2901, 1601, 1455, 1025, 941, 750,
700. 8y major isomer (200 MHz; CDCl;, Me,Si) 1.27 (3 H, t,
J = 7.1 Hz, CH;CH,), 2.14 (3 H, dd, J = 7.4, 1.4 Hz,
CH;CH=C), 3.70 (2 H, m, CH5CH,0), 3.89 (3 H, s, CH;0),
4.84 (1 H,d, J=6.8 Hz, OCH,,0), 5.12 (1 H, d, /= 6.8 Hz,
OCH,,0), 596 (1 H, qd, J=7.4, 1.4 Hz, CH=C), 6.21 (1 H,
bs, OCHO), 6.88 (1 H, d, /J=8.5Hz, Ar), 7.94 (1 H, dd, J =
8.5, 1.5 Hz, Ar), 821 (1 H, d, J = 1.5 Hz, Ar); ¢ major
isomer (50.2 MHz; CDCls, Me,Si) 14.3 (1 x q), 14.9 (1 x q),
51.8 (1 x q), 64.0 (1 xt),92.9 (1 xt), 104.3 (1 x d), 109.8
(1 x d), 123.1 (1 x s), 124.0 (1 x d), 124.5 (1 x q), 125.8 (1
x d), 131.8 (1 x d), 134.3 (1 x s), 164.5 (1 x s), 166.6 (1 x
s). MS (2) (E1, 70 eV): m/z (%) = 278 (37) [M], 203 (62),
159 (23), 59 (100), 31 (25). MS (£) (EL 70 eV): m/z (%) =
278 (37) [M'], 205 (26), 203 (67), 115 (23), 59 (100).

(E)-1-(2-(ethoxymethoxy)-3-ethylideneindolin-1-yl)ethanone
(4f) (EP/EE 93/7, 1% Et;N) pale yellow oil (70 mg, 54%).
Found C, 68.48; H, 7.31%. Calc. for C;sH;sNOs: C, 68.94;
H, 7.33%. Vmex(neat)/ cm™ 3015, 2891, 1590, 1460, 1031,
940, 748, 700. &y (200 MHz; CDCl;, Me,Si) 1.16 (3 H, t, J
= 7.1 Hz, CH;CH,), 2.10 (3 H, d, J = 7.3 Hz, CH;CH=C),
241 (3 H, s, CH;CON), 359 (2 H, q, J = 7.1 Hz,
CH;CH,0), 4.65 (1 H, m, OCH,,0), 4.81 (1 H, d, J= 6.9
Hz, OCH,,0), 5.99 (1 H, m, OCHN), 6.09 (1 H, q, J=17.3
Hz, CH=C), 7.09 (1 H, t, J= 7.6 Hz, Ar), 7.27 (1 H, t, J =
7.8 Hz, Ar), 7.55 (1 H, d, J= 7.6 Hz, Ar), 8.27 (1 H, m, Ar).
Sc (50.2 MHz; CDCls, Me,Si) 14.2 (1 x q), 14.7 (1 x q),
23.2 (1 x q), 64.1 (1 x t), 88.8 (1 xd), 89.5 (1 xt), 116.9 (1
x d), 123.6 (1 x d), 123.9 (1 x d), 124.9 (1 x d), 126.0 (1 x
s), 128.8 (1 x d), 133.3 (1 x s), 143.0 (1 x s), 169.1 (1 x s).
MS (2) (EI, 70 eV): m/z (%) = 261 (20) [M"], 187 (31), 144
(100), 130 (35), 59 (21).

1-methyl-3-vinyl-1H-indole (5a) (EP/EE 93/7, 1% Et;N)
pale yellow oil (71 mg, 90%). Found C, 83.351; H, 8.96%.
Calc. for C;;H|N: C, 84.04; H, 7.05, N, 8.91%. Spectral
data corresponded to those reported in literature.?*

(E)-3-(but-1-enyl)-1-methyl-1H-indole (5b) (EP/EE 93/7,
1% Et3N) pale yellow oil (74 mg, 80%). Found C, 84.31; H,
8.08, N, 7.61%. Calc. for C;3HsN: C, 84.28; H, 8.16, N,
7.56%. Vmax(neat)/ e 2961, 1711, 1468, 1070, 1013, 738.
8y (200 MHz; CDCl;, Me,Si) 1.13 (3 H, t, J = 7.1 Hz,
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CH,CH,), 2.27 (2 H, quint, J = 7.1 Hz, CH;CH,), 3.71 (3 H,
s, CH;N), 6.19 (1 H, dt, J = 16.4, 6.8 Hz, CH,CH=CH), 6.53
(1 H, d, J=16.2 Hz, CH,CH=CH), 7.08 (1 H, s, CHN), 7.29
(3 H, m, Ar), 7.87 (1 H, d, J = 6.7 Hz, Ar). 8¢ (50.2 MHz;
CDCly, Me,Si) 14.1 (1 x q), 26.5 (1 x 1), 32.5 (1 x q), 109.2
(1 xd), 113.9 (1 x s), 119.3 (1 x d), 119.9 (1 x d), 120.9 (1
x d), 121.7 (1 x d), 126.0 (1 x s), 126.6 (1 x d), 129.0 (1 x
d), 137.3 (1 x s). MS (2) (EL, 70 eV): m/z (%) = 185 (78)
[M*], 170 (100), 154 (21), 144 (23), 115 (13).

(E)-3-(But-1-enyl)-1-methyl-1H-indole-5-carbonitrile

(5¢) (EP/EE 95/5, 1% Et;N) pale yellow oil (91 mg, 87%).
Found C, 80.22; H, 6.75, N, 13.40%. Calc. for C;4H4N,: C,
79.97; H, 6.71, N, 13.32%. v.x(neat)/ em™! 2940, 2260,
1720, 1477, 1068, 1013, 803. oy (200 MHz; CDCl;, Me,Si)
1.13 3 H, t, J = 6.9 Hz, CH5CH,), 2.28 (2 H, quint, J = 7.1
Hz, CH;CH,), 3.79 (3 H, s, CH3N), 6.20 (1 H, dt, J = 17.1,
6.9 Hz, CH,CH=CH), 6.49 (1 H, bd, J = 17.0 Hgz,
CH,CH=CH), 7.13 (1 H, s, CHN), 7.31 (1 H, m, Ar), 7.44
(1 H, d, J=17.3 Hz, Ar), 8.16 (1 H, s, Ar). ¢ (50.2 MHz;
CDCl;, MeySi) 13.7 (1 x q), 26.3 (1 x t), 32.7 (1 x q), 102.2
(1 xs),109.9 (1 xd), 115.0 (1 xs), 119.4 (1 x d), 120.7 (1
x8), 124.5 (1 x d), 125.5 (1 x d), 125.8 (1 x s), 128.3 (1 x
d), 131.2 (1 x d), 170.9 (1 x s). MS (2) (EL, 70 eV): m/z (%)
=210 (59) [M'], 195 (100), 179 (14), 169 (21), 154 (14).

(E)-3-(but-1-enyl)-4-chloro-1-methyl-1H-indole (5d)
(EP/EE 95/5, 1% Et;N) pale yellow oil (85 mg, 77%). Found
C, 71.69; H, 6.47, N, 6.41%. Calc. for C;3H4CIN: C, 71.07;
H, 6.42, N, 6.38%. Vmax(neat)/ cm™' 2930, 1719, 1610, 1068,
960, 854. 8y (200 MHz; CDCl3, Me,Si) 1.13 3 H, t, J=17.4
Hz, CH;CH,), 2.27 (2 H, quint, J = 6.4 Hz, CH;CH,), 3.71
(3 H, s, CH3N), 6.19 (1 H, dt, J = 16.4, 6.9 Hz,
CH,CH=CH), 6.51 (1 H, bd, J = 16.7 Hz, CH,CH=CH),
7.02 (1 H, s, CHN), 7.12 (1 H, d, J= 6.7 Hz, Ar), 7.28 (1 H,
s, Ar), 7.73 (1 H, d, J = 9.0 Hz, Ar). ¢ (50.2 MHz; CDCl;,
Me,Si) 13.9 (1 x q), 26.4 (1 x t), 32.5 (1 x q), 109.2 (1 x d),
114.1 (1 x s), 119.9 (1 x d), 120.3 (1 x d), 120.7 (1 x d),
124.6 (1 x s), 127.1 (1 x s), 127.7 (1 x d), 129.7 (1 x d),
137.6 (1 x s). MS (Z) (EL, 70 eV): m/z (%) = 221 (25) [M'],
204 (83), 178 (27), 169 (100), 168 (57).

(E)-Methyl 3-(but-1-enyl)-5-chloro-1-methyl-1H-indole-
7-carboxylate (5¢) (EP/EE 95/5, 1% Et;N) pale yellow oil
(105.3 mg, 76%). Found C, 80.22; H, 6.75, N, 4.99%. Calc.
for C;sH4CINO,: C, 64.87; H, 5.81, N, 5.04%. Va(neat)/
em™' 2961, 1718, 1540, 1457, 1075. 8 (200 MHz; CDCls,
Me,Si) 1.13 (3 H, t, J = 6.9 Hz, CH3CH,), 2.26 (2 H, quint,
J = 6.8 Hz, CH;CH,), 3.79 (3 H, s, CH;N), 3.97 (3 H, s,
CH;0), 6.15 (1 H, dt, J = 16.0, 6.8 Hz, CH,CH=CH), 6.49
(1 H, bd, J = 16.0 Hz, CH,CH=CH), 7.08 (1 H, s, CHN),
7.61 (1 H, s, Ar), 7.27 (1 H, s, Ar). ¢ (50.2 MHz; CDCl;,
Me,Si) 13.7 (1 x q), 26.3 (1 x 1), 37.1 (1 x q), 52.2 (1 x q),
114.0 (1 x d), 116.7 (1 x s), 119.1 (1 x d), 123.1 (1 x s),
124.0 (1 x d), 124.6 (1 x s), 130.0 (1 x s), 130.4 (1 x s),
130.8 (2 x d), 166.6 (1 x s). MS (2) (EI, 70 eV): m/z (%) =
279 (36) [M" + 2], 277 (100) [M'], 262 (91), 227 (25), 203
(22).

1-(3-vinyl-1H-indol-1-yl)ethanone (5f) EP/EE 93/7, 1%
Et;N) pale yellow oil (110 mg, 85%). Found C, 77.65; H,
6.01, N, 7.61%. Calc. for C,;sH;sNOs: C, 77.81; H, 5.99, H,
7.56%. vmax(neat)/ cm™' 3134, 2927, 1702, 1452, 1129, 989,

60 746, 645. 3y (200 MHz; CDCl;, Me,Si) 2.62 (3 H, s, CH;),
538 (1 H,dd, /=113, 1.2 Hz, CH,,=C), 5.85 (1 H, dd, J =
17.8, 1.2 Hz, CH,,=C), 6.79 (1 H, dd, J = 17.8, 11.3 Hz,
CH,=CH), 7.36 (3 H, m, Ar, CHN), 7.81 (1 H, J = 6.7 Hz,
Ar), 851 (1 H, d, J = 6.7 Hz, Ar). ¢ (50.2 MHz; CDCl;,

6s MegSi) 23.8 (1 x q), 115.2 (1 x d), 116.5 (1 x s), 119.7 (1 x
d), 120.7 (1 x t), 122.9 (1 x d), 123.7 (1 x d), 125.3 (1 x d),
127.6 (1 x d), 128.5 (1 x s), 136.1 (1 x s), 168.3 (1 x 5). MS
(2) (E1, 70 eV): m/z (%) = 185 (25) [M'], 143 (100), 115
(50), 89 (21), 63 (23).

70 (E)-1-benzyl-3-(but-1-enyl)-1H-indole (5g) (EP/EE 95/5,
1% Et;N) pale yellow oil (110 mg, 84%). Found C, 86.97;
H, 7.29, N, 5.38%. Calc. for C;9HoN: C, 87.31; H, 7.33, N,
5.36%. Vmax(neat)/ cm™' 3032, 2974, 1717, 161540, 1456,
1352, 1117. 84 (200 MHz; CDCl;, Me,Si) 1.13 3 H, t, J =

15 7.0 Hz, CH;CH,), 2.28 (2 H, quint, J = 7.0 Hz, CH;CH,),
528 (2 H, s, ArtCH)N), 6.25 (1 H, dt, J = 16.0, 6.4 Hz,
CH,CH=CH), 6.49 (1 H, dt, J = 16.0, 0.6 Hz, CH,CH=CH),
7.08 — 7.41 (9 H, m, CHN, Ar), 7.90 (1 H, m, Ar). &¢ (50.2
MHz; CDCl;, MeySi) 13.9 (1 x q), 26.4 (1 x t),49.7 (1 x t),

80 109.6 (1 x d), 114.5 (1 x s), 119.5 (1 x d), 120.0 (1 x d),
120.7 (1 x d), 121.9 (1 x d), 126.0 (1 x s), 126.3 (1 x d),
126.6 (2 x d), 127.4 (1 x d), 128.6 (2 x d), 129.4 (1 x d),
136.9 (1 x s), 137.1 (1 x s). MS (2) (EL, 70 eV): m/z (%) =
261 (17) [M'], 246 (17), 92 (9), 91 (100), 65 (30).

ss Acknowledgments We thank REGIONE PIEMONTE for
foundings (CIPE 2007)
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