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Abstract: A new and easy synthesis ®farylethynyl-
indole and 2-arylethynyl-pyrrole is describedN-
deprotection and subsequent base-catalyzed elimina-
tion of N-tosylheteroaryl benzyl ketones are the key
steps of the process.
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The tosyl group has been one of the most commonly
used groups to protect, activate and chelate isdole
lithiation at position 2. In the course of one of our
1-tosyl-p~
methoxyphenylacetyl)indole 1§) was prepared in

synthetic programs,
excellent yields starting fronN-tosylindole by 2-
lithiation, transformation of the resulting 2-lithide-
rivative into the 2-trimethylstannylindSielerivative,
and finally, Pd(0) catalyzed cross-coupling with

methoxyphenylacetyl chlorid¢Scheme 1).
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However, our attempts at tié¢detosylation ofla to
the indolyl
MeOH-H,0 or in THFH,0O were unsuccessful: short

obtain ketone2a using KOH in
reaction times only furnished starting materiald an
stronger conditions, longer reaction times andigh-h

er temperatures led to degradatfonvhen the reac-
tion was run in DMF with KOH at 80 °C, an unex-
pected product was formed. THel-NMR of the
product showed the characteristic shifts of 2-igbol
and p-methoxyphenyl rings, the absence of the tosyl
group, and, surprisingly, the absence of the metteyl
singlet characteristic &fa. The lack of benzylic pro-
tons suggested that another transformation had oc-
curred in addition tdN-deprotection. Moreover, no
ketone absorption signal was observed by IR. The
mass spectrum (MS = 247) of the purified product
indicated loss of one molecule of® and loss of the
tosyl group in relation to the starting matedal The
aforementioned data, combined with the observation
of two quaternary carbons &t92.5 and 80.4 ppm in
the **C-NMR spectrum of the compound, led us to
identify it as 2-(4-methoxyphenylethynylHtindole
(3a).

A literature search for dehydrations of phenyl ynz

ketones to yield bisarylacetylenes only providddva
examples, all of which shared a common synthetic
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pathway: transformation of the ketone into an enol
derivative with a goodD-substituted leaving group,
followed by basic elimination to give the bisarngac
lene® No precedent was found for this type of reac-
tion with N-tosyl-2-indolyl ketones as substrate, en-
couraging us to investigate the scope and limitatio
of this new route to aryl-heteroaryl-acetyléhes
which are versatile synthetic intermediates for the

preparation of bioactive natural compoufds.

We envisaged transformation @& into 3a via two
both of which impl®-
activation of the enolatd followed by elimination,

possible mechanisms,

but which differ in their respective leaving groups
Hence enolatd could react with DMF to give an enol
formiate (Scheme 2, a) that loses both the tosyligr
and potasium formiate by KOH. Alternatively, intra
molecular O-tosylation of 4 to provide indole-
deprotection and the enol-leaving group intermediat
could also lead t8 (Scheme 2, b).

Me.
) N)kH
O base O \ Me /)2
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H OH
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viaa:Z=CHO
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Scheme 2

To discriminate between both mechanisms and inves-
tigate the importance of thé-tosyl group and/or the
reaction solvent, several experiments were caoigd
using the two sets of ketones shown in Figurdie

set 1 contains the modeld), heteroaryl benzyl ke-
tones without the tosyl protecting grouth(andic),

aryl benzyl ketoneslfl andle), and the aryl ketone
1f. The set 2 contains the-tosylheteroaryl benzyl
ketoneslg-o that differs in the heterocycle (pyrrole or

indole) and in the substituents on the benzyl ring.

Template for SYNLETT and SYNTHESIS © Thieme Stattg New York

The N-tosylindolyl ketoneslg-m were obtained using
the same method as that for compodagdindicated

in Scheme 1. However, the method did not work for
Thus, ketonds-o

were synthesized by direct condensation of the 2-

p-nitrophenylacetyl chloride.

lithioheterocycle with the acid chloride. Finalke-
tones1b and 1c, with unsubstituted pyrrole and-
methylindole, were prepared by direct acylatiorihef
heterocycle using AlGlor ELAICI® as catalysts, the
latter of which provided for a more facile work-up.

The results of the study are summarized in Table 1.
Ketoneslb-f, which do not contain aN-tosyl group,
were treated with KOH in DMF under similar condi-
tions to those used fdra. In all cases, the starting
material was recovered after 1-3 h of reaction,rethe
as decomposition compounds (entries 2-6) were ob-
tained with longer reaction times. Compoutidvas
used to test if increasing the acidity of thgrotons
favours enolate formation and/or subsequent formyla
tion. Again, the starting material was recovereraf
24 h of reaction at 80 °C. These results werditsie
indication of the importance of thi-tosyl group

(Scheme 2, b) for the success of the reaction.

Treatment of pyrrolyl ketondg with KOH in DMF
afforded pyrrolylacetylen&g (entry 7) in only 19%
yield, whereas use of a stronger base (NaH) ineteas

the yield to 93% (entry 8). To determine if thiark
improvement was general, ketoteewas reacted with
NaH in DMF. Acetylene3a (entry 9) was thus ob-
tained in 82% yield, underscoring the importance of
the base. The ketondg-o are N-tosylheterocycles
that differ in their respective heterocyclic rirgsd in
their phenyl substituents: compouridgsand1g-i have
electron-donating groups, compouridso have elec-
tron-withdrawing groups, antj-k have unsubstituted
phenyl rings. The ketoneky-m were reacted with
NaH in DMF to give the acetylen&g-m in good to
excellent yields (entries 7-15). In contrast, tigacof
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Figurel

the ketonesln and lo, which have the strongest elec-ed the deprotected keton2s and 20 in 96% and 58%

tron-withdrawing substituents, gave the ketoBesand yield, respectively (entries 18, 19). The resolitained

20, respectively, and did not lead to any substantiédr the p-nitrobenzyl ketones could be imputed to the

amount of the desired acetylene derivatives (entti® strongly electron-withdrawing nitro group, which-de

17). Treatment oin andlo with KOH in DMF afford-

Template for SYNLETT and SYNTHESIS © Thieme Stattg New York

crease the nucleophilicity of the enolate and fasou
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nucleophilic attack on the sulphonyl group to praelu

the deprotection.

Tablel Synthesis of bisaryl acetylenes

3

R! 2 Base, DMF R 2 RI—R?
0 1 o 2 3
Entry
RY 2
R 2 3
Tf Base React. Timé
1 R®, yield R®, yield
1 a KOH 3h 2-indolyl, 69%
2 b KOH 3h SMP
3 c KOH 1h SMP
4 d KOH 2h SMP
5 e KOH 2h SMP
6 f KOH 3h SM
7 g KOH 1K 2-pyrrolyl, 19%
8 g NaH 1h 2-pyrrolyl, 93%
9 a NaH 35h 2-indolyl, 82%
10 h NaH 21 2-indolyl, 47%
11 i NaH 2h 2-pyrrolyl, 85%
12 j NaH 1R 2-indolyl, 37%
13 k NaH 1lh 2-pyrrolyl, 74%
14 | NaH 25h 2-indolyl, 93%
15 m NaH 2h 2-pyrrolyl, 66%
16 n NaH 4 h 2-indolyl, 28%
17 o] NaH 4h 2-pyrrolyl, 50% | ----
18 n KOH 2h 2-indolyl, 96%
19 o] KOH 2h 2-pyrrolyl, 58% | ----

a: reaction time was determined by monitoring camgtion of the starting material by TLC.
b: longer reaction times led to decomposition potsiu

mechanism in which the enolate reaction is soleknt

These results clearly showed the importance ofNhe

pendent (Scheme 2, a). Dimethyl sulfoxide (DMSO),

tosyl group for acetylene formation. We then asddiie

N,N-dimethylacetamide

reaction ofla with NaH in several solvents to rule out a

Template for SYNLETT and SYNTHESIS © Thieme Stattg New York
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(DMA),
(DCM), N-methyl-2-pyrrolidone (NMP), and dimethox-

dichloromethane
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yethane (DME) were thus evaluated as solvents. Thana. All starting ketones were prepared in ountatory
experiments were done at 80 °C, and monitored lexceptld-f, whichwere purchased from Aldrich.
HPLC® after 3 and 5 h. Only starting material was ob-
served when DCM and DME were used as solvent, but .
] ) ) General procedure for the preparation of the ketones
3a was produced using DMSO (product isolated in 64%}
a

yield), NMP (54%), and DMA (37%) after 5 h of reac- .
methoxyphenylacetyl)indole (1a)

and 1g-o. Preparation of N-tosyl-2-(4-

tion.

To a solution ofN-tosylindole (108 mg, 0.4 mmol) in
Conclusion dry THF (5 mL) at -78 °C, was added BulLi (2.5 M in
In summary, a new procedure for the synthesis of dtéxane, 17, 0.4 mmol) dropwise. The solution was
ylethynyl heterocyles has been developed. Theeprodtirred for 30 min at low temperature, and theméthyl-
dure comprises heating heteroaryl ketones—readity ofin chloride (1 M in THF, 44QiL, 0.4 mmol) was added.
tained in good yields—with NaH in DMF. The 1-tosyl The mixture was allowed to reach room temperature.
2-heteroaryl ketone general structure is essefuiahe After 2 h, the solution was quenched with sat.k#(5
elimination step, as none of the ketones lackiigsgl ML) The organic phase was separated, dried ovedan
group (b-1f) provided the corresponding acetyleneé\./lgsom filtered, and concentrated under vacuum. The
The acetylene formation is not solvent-dependeot- N tin derivative was then diluted in dry toluene (&)rand
withstanding, DMF was the highest yielding solvenfdded to a solution of 4-methoxyphenylacetyl clderi

tested for the formation of acetylea, followed by (128uL, 0.8 mmol) in dry toluene (5 mL). PAQPPh),
DMSO, NMP and DMA. (28 mg, 0.04 mmol) and Cul (15 mg, 0.08 mmol) were

then added, and the mixture was refluxed for 1&fter
cooling, the crude was washed with sat. agq. NaH@O
x 20 mL) and brine (20 mL), dried over anhyd. MgSO
Melting points (Mp) filtered, and concentrated under vacuum. Purificaby

were determined using a Buchi Melting Point B540 iﬂash chromatography on silica gel (95:5 hexane/&i0
open capillaries and are uncorrectét#-NMR and**C-

Reagents and solvents were purified accordirfutafi-
cation of Laboratory Chemicals.’

afforded the ketonga as a yellow solid (115 mg, 65%);

NMR spectra were recorded on a Varian Mercury 40r91p (MeOH) 117-119 °C.

MHz spectrometer in automatic mode. Multiplicity of

- { Formatted: English (U.K.)

. RPN 3, 1, . .
periments. Multiplicities of*C and'H-NMR are indi- . o B /{Formatted: English (UK.)
H-NMR (CDCl): § =,8.09 (d,J = 8.3 Hz, 1 H, H-4),

cated with the usual abbreviations according to off ATEEASE L o EE oS S 4”*‘[Formatted: English (U.K.)

7.74 (d,J=8.4 Hz, 2 H, Ts), 7.49 (d,= 8.3 Hz, 1 H, H-
7), 7.41 (tJ = 8.3 Hz, 1 H, H-6), 7.26-7.21 (m, 3 H, H-
5,H-2',6’), 7.15 (dJ= 8.4 Hz, 2 H, Ts), 6.97 (s, 1 H, H-

enced to an appropriate residual solvent peak (@DCI?’)’ 6.85(dJ=8.7 Hz, 2H, H-3'5), 4.23 (s, 2 H, GH
B-76 (s, 3 H, OCH}, 2.30 (s, 3 H, Cb).

resonance {C-NMR) decoupling: (s) singlet, (d) dou-
blet, (t) triplet, (q) quadruplet, and also, fi-NMR,
(m) multiplet and (bs) broad singlet. Spectra wefer-

IR spectra were obtained on a Thermo Nicolet FT-I

spectrometer. HRMS were performed on an AgilenI3C_NMR (CDCl): & = 193.1 (s), 158.6 (s), 145.0 (s)

LC/MSD-TOF high resolution mass spectrometer usini;?)9 4(5), 138.3 (5), 134.4 (5), 130.7 (), 126)4128.7

ESI-MS ionization in positive/negative mode by the
Mass Spectrometry Service of the University of Barc

Template for SYNLETT and SYNTHESIS © Thieme Stattg New York 2013-05-13 page 5 of 13
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(s), 127.3 (d), 127.2 (d), 126.0 (s), 124.4 (d)2.62d),
116.8 (d), 115.6 (d), 114.0 (d), 55.2 (q), 48.520).5 (q).

HRMS (ESI-TOF):m/z [M + H]" calcd for G4H»;NO,S:
420.1191; found: 420.1261.

N-Tosyl-2-(4-methoxyphenylacetyl)pyrrole (1g)

IR (KBr): 3124, 2937, 1720, 1514, 1246 tm

'H-NMR (CDCL): = 7.87 (d, J = 8.2 Hz, 2 H, Ts),
7.78 (dd,J = 3.5 and 1.7 Hz, 1 H, H-5), 7.27 @= 8.2

Hz, 2 H, Ts), 7.07-7.05 (m, 3 H, H-3, H-2',6), 6.7d,J

= 8.7 Hz, 2 H, H-3',5), 6.31 (t) = 3.5 Hz, 1 H, H-4),
3.90 (s, 2 H, Ch), 3.77 (s, 3 H, OCH), 2.41 (s, 3 H,
CHg).

BC.NMR (CDCE): & = 186.2 (s), 158.5 (s), 144.7 (s)
135.8 (s), 132.9 (s), 130.3 (d), 130.1 (d), 126)3128.3
(d), 126.6 (s), 124.0 (d), 114.1 (d), 110.3 (d),256),
45.6 (1), 21.7 (q).

HRMS (ESI-TOF): m'z [M + Na]' calcd for
C,oH19NO,S: 392.1035; found: 392.0927.

N-Tosyl-2-(4-talylacetyl)indole (1h)

Mp (MeOH) 121-124 °C.

A

IR (KBr): 2919, 1685, 1362, 1170 ¢m

'H-NMR (CDCL): & = 8.11 (d,J = 8.2 Hz, 1 H, H-4),
7.77 (d,J = 8.8 Hz, 2 H, Ts), 7.50 (d,= 8.2 Hz, 1 H, H-
7), 7.43 (tJ = 8.2 Hz, 1 H, H-6), 7.25 (] = 8.2 Hz, 1
H, H-5), 7.20 (dJ = 8.1 Hz, 2 H, H-2',6’), 7.18 (d] =
8.8 Hz, 2 H, Ts), 7.13 (d,= 8.1 Hz, 2 H, H-3',5)), 6.98
(s, 1 H, H-3), 4.26 (s, 2 H, GH 2.33 (s, 6 H, 2 Ch.

Template for SYNLETT and SYNTHESIS © Thieme Stattg New York

3C-NMR (CDC): & = 192.9 (s), 144.9 (s), 139.5 (s),
136.7 (s), 134.6 (s), 131.0 (s), 129.5 (d), 129)5%29.4
(d), 129.3 (d), 128.7 (s), 127.4 (d), 127.3 (d)4.22(d),
122.7 (d), 116.8 (d), 115.7 (d), 49.1 (t), 21.6, @).1
(@)

HRMS (ESI-TOF):m/z[M + H]" calcd for GsH»NOsS:
404.1242; found: 404.1375.

(dd,J = 3.4 and 1.7 Hz, 1 H, H-5), 7.28 (= 8.2 Hz, 2
H, Ts), 7.07 (m, 3 H, H-3, H-3',5"), 7.02 (d= 8.1 Hz, 2
H, H-2',6"), 6.30 (t,J = 3.4 Hz, 1 H, H-4), 3.92 (s, 2 H,
'CH,), 2.41 (s, 3 H, CK), 2.29 (s, 3 H, CH.

3C-NMR (CDCk): & = 186.1 (s), 144.7 (s), 136.4 (s),
135.8 (s), 132.9 (s), 131.5 (s), 130.3 (d), 126)3129.3
(d), 128.9 (d), 128.3 (d), 124.1 (d), 110.3 (d),14@),
21.7 (), 21.0 (q).

HRMS (ESI-TOF):m/z[M + H]" calcd for GgH1gNOsS:
354.1086; found: 354.1168.

N-Tosyl=2-(phenylacetyhindole (1j) ~——~—~~~~~~ -
IR (film): 1686, 1370, 1174 cth

'H-NMR (CDCk): & = 8.10 (d,J = 8.2 Hz, 1 H, H-4),

7.75(dJ=8.4Hz, 2 H,Ts), 7.49 (d,= 8.2 Hz, 1 H, H-

7), 7.42 (tJ = 8.2 Hz, 1 H, H-6), 7.31 (d| = 8.4 Hz, 4

H, H-3',5", and Ts), 7.27-7.23 (m, 2 H, H-5 and H;4

7.16 (d,J = 8.4 Hz, 2 H, H-2,6), 6.98 (s, 1 H, H-3),
4.30(s,2 H, CH, 2.31 (s, 3H, Ch.

2013-05-13 page 6 of 13
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3C-NMR (CDC}): & = 192.7 (s), 145.0 (s), 139.4 (s),"*C-NMR (CDCk): & = 192.4 (s), 145.1 (s), 139.3 (s),
138.4 (s), 134.5 (s), 134.1 (s), 129.7 (d), 126)4128.7 138.3 (s), 134.2 (s), 133.0 (s), 132.5 (s), 13d)1%29.5
(s), 128.6 (d), 127.4 (d), 127.3 (d), 127.0 (d}¥.22(d), (d), 128.7 (s), 128.7 (d), 127.5 (d), 127.4 (d}4.52(d),
122.7 (d), 117.0 (d), 115.7 (d), 49.4 (t), 21.6 (q) 122.7 (d), 117.1 (d), 115.7 (d), 48.7 (t), 21.6 (q)

HRMS (ESI-TOF):mz [M + H] " calcd for GsH1gNOsS:  HRMS  (ESI-TOF): miz [M + H]* caled for
390.1086; found: 390.1157. C,3H1gCINO;S: 424.0696; found: 424.0755.
N-Tosyl-2-(phenylacetyl)pyrrole (1k) N-Tosyl-2-(4-chlorophenylacetyl)pyrrole (1m)

Mp (MeOH) 116-119 °C.

- { Formatted: English (U.K.)

P { Formatted: English (U.K.)

(dd,J=3.5and 1.7 Hz, 1 H, H-5), 7.27 (= 8.3 Hz, 2 (dd,J = 3.4 and 1.7 Hz, 1 H, H-5), 7.28 (= 8.3 Hz, 2
H, Ts), 7.25-7.20 (m, 3 H, H-3'4'5)), 7.15 (d,= 8.2 H, Ts), 7.22 (dJ = 6.5 Hz, 2 H, H-3',5"), 7.06 (m, 3 H,
Hz, 2 H, H-2',6’), 7.07 (ddJ = 3.5 and 1.7 Hz, 1 H, H- H-3, H-2',6)), 6.33 (t,J = 3.4 Hz, 1 H, H-4), 3.93 (s, 2
3), 6.30 (t,J = 3.5 Hz, 1 H, H-4), 3.96 (s, 2 H, GH H, CHy), 2.41 (s, 3 H, CH.

2.40 (s, 3 H, Ch.
3C-NMR (CDC}): & = 185.3 (s), 144.9 (s), 135.6 (s),

B3C-NMR (CDCk): 8= 185.8 (s), 144.7 (s), 135.7 (s),132.9 (s), 132.8 (s), 132.7 (s), 130.7 (d), 136)5129.3
134.6 (s), 132.9 (s), 130.4 (d), 129.3 (d), 126)1128.6 (d), 128.7 (d), 128.4 (d), 124.1 (d), 110.4 (d),648),
(d), 128.3 (d), 126.8 (d), 124.2 (d), 110.3 (d),4@), 21.7 ().

21.7 (q).
HRMS (ESI-TOF): miz [M + H]* caled for

HRMS (ESI-TOF): mz [M + H]" caled for CygH;CINOsS: 374.0539; found: 374.0609.
C19H17NO5S: 340.0929; found: 340.1003.

General procedure for the preparation of ketones 1n

N-Tosyl-2-(4-chlor ophenylacetyl)indole (11) and lo. Preparation of N-Tosyl-2-(4-

Formatted: Spanish (International

nitrophenylacetyl)indole (1n)
_- ){Sort)

A solution of N-tosylindole (444 mg, 1.6 mmol) in dry
THF (5 mL) was cooled to —78 °C, an8uLi (1.7 M in

hexane, 1.1 mL, 1.8 mmol) was added dropwise. The

IR (KBr): 3050, 2904, 1703, 1370, 1170, 1089°cm

'H-NMR (CDCL): & = 8.10 (d,J = 8.4 Hz, 1 H, H-4),
7.72 (d,J =85 Hz, 2 H, Ts), 7.50 (d,= 8.4 Hz, 1 H, H-
7), 7.43 (tJ = 8.4 Hz, 1 H, H-6), 7.30-7.23 (m, 5 H, H-
5, H-3'5, and Ts), 7.16 (d] = 8.1 Hz, 2 H, H-2',6),
6.98 (s, 1 H, H-3), 4.27 (s, 2 H, @H2.31 (s, 3 H, CH.

reaction mixture was stirred for 30 min, and then 4
nitrophenylacetyl chloride (659 mg, 3.3 mmol) wasl-a

ed dropwise. The solution was allowed to reach room
temperature, and stirring was maintained for 3The
crude was quenched with sat. ag. /8H(5 mL) and
extracted with EtOAc (3 x 5 mL). The organic phases

Template for SYNLETT and SYNTHESIS © Thieme Stattg New York 2013-05-13 page 7 of 13
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dried over anhyd. MgSg filtered, and concentrated

under vacuum. Purification by flash chromatography 1H-2-(4-Methoxyphenylacetyl)pyrrole (1b)

silica gel (85:15 hexane/EtOAc) affordéd as a yellow

solid (479 mg, 67%); mp (MeOH) 162-167 °C. ELAICI (1 M in hexane, 11.2 mL, 11.2 mmol) was added

to a solution of 4-methoxyphenylacetyl chloride3(2. {F tted: English (UK)
- ‘'ormatted: Englisi K.

IR (KBr): 3077, 2906, 1702, 1522, 1345, 1170°m 11 149 mmol) in dry DCM30.mL). The solution was

cooled to 0 °C and stirred for 5 min. Pyrrole (347, ,{Formatted: English (U.K.)

8.10 (d,J = 8.4 Hz, 1 H, H-4), 7.70 (d, = 8.3 Hz, 2 H,
Ts), 7.51 (m, 1 H, H-7), 7.51 (d,= 8.8 Hz, 2 H, H-
2',6"), 7.45 (t,J = 8.4 Hz, 1 H, H-6), 7.28 (1 = 8.4 Hz, _ _

was quenched with water (30 mL). The organic phase
1 H, H-5), 7.17 (d) =8.3 Hz, 2 H, Ts), 7.04 (s, 1 H, H- )

was separated, and then washed with 2N aq HCI2@ x
3),4.43 (s,2H, Ch), 2.31 (s, 3H, CH. .

mL), sat. ag NaHC®(3 x 20 mL) and brine (20 mL).
3C.NMR (CDCh): & = 191.6 (s), 147.1 (s), 145.3 (S),The organic phase was then dried over anhyd. MgSO
1415 (s), 139.2 (), 138.4 (s), 133.8 (s), 136)8129.5 filtered, and concentrated under vacuum. Purificalby
(d), 128.8 (s), 127.7 (d), 127.3 (d), 124.8 (d)3.72(d), flash chromatography on silica gel (94:6 hexaneA&O

122.8 (d), 117.5 (d), 115.8 (d), 49.0 (t), 21.6 (q) affordedlb as a brown oil (402 mg, 25%).

7.5 mmol) and 2,6-latidine (1.7 mL, 14.9 mmol) were
then added. The solution was allowed to reach room
temperature and then stirred for 8 h. The crudetien

_ { Formatted: English (U.K.)

HRMS (ESI'TOF) mz [M + H]+ caled for A|R (KBr) 3264, 2933, 1636, 1511, 1248-(1:m

C,3H18N>05S: 435.0936; found: 435.1000. » { Formatted: English (U.K.)

8.7 Hz, 2 H, H-2',6"), 7.01-6.98 (m, 2 H, H-3 and3},
N-Tosyl-2-(4-nitrophenylacetyl)pyrrole (10) 6.86 (d,J = 8.7 Hz, 2 H, H-3',5"), 6.28 (td] = 3.7 and
2.51 Hz, 1 H, H-4), 4.00 (s, 2 H, GH3.78 (s, 3 H,

- o]
Mp (MeOH) 125-127 °C. OCHY.

- { Formatted: English (U.K.)

7.86 (d,J = 8.7 Hz, 2 H, Ts), 7.83 (dd,= 3.6 and 1.7 (5): 55.2(a), 44.0 (9).
Hz, 1 H, H-5), 7.31 (d) = 8.7 Hz, 2 H, Ts), 7.28 (d,=
8.9 Hz, 2 H, H-2'6"), 7.12 (ddJ = 3.6 and 1.7 Hz, 1 H,
H-3), 6.36 (tJ = 3.6 Hz, 1 H, H-4), 4.09 (s, 2 H, GH
2.41 (s, 3 H, Ch.

HRMS (ESI-TOF):m/z [M + H]" calcd for GsHiaNOy:
216.0946; found: 216.1011.

3-(4-Methoxyphenylacetyl)-N-methylindole (1c)
3C-NMR (CDC}): 5 = 184.1 (s), 145.0 (s), 141.8 (s),
135.4 (s), 132.4 (s), 131.0 (d), 130.4 (s), 136)3129.4 ELAICI (1 M in hexane, 11.6 mL, 11.6 mmol) was added

(d), 128.4 (d), 124.3 (d), 123.7 (d), 110.5 (d), 74R), to a solution of 4-methoxyphenylacetyl chloride4(2.
21.7 (q). mL, 15.4 mmol) in dry DCM20 mL). The solution was

cooled to 0 °C and stirred for 5 miN-methylindole (1
HRMS (ESI-TOF): mz [M + H]® caled for g, 7.7 mmol) in dry DCM (20 mL) was then added, and
C19H16N>05S: 385.0780; found: 385.0851. the solution was allowed to reach room temperaanc:
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then stirred for 24 h. The crude reaction was gedc matography on silica gel (96:4 hexane/EtOAc) aford
with water (20 mL). The organic phase was separate®h as a white solid (49 mg, 82%); mp (MeOH) 163-165
and then washed with sat. aq. NaHG® x 15 mL) and °C.

brine (15 mL). The organic phase was dried oveydnh
MgSQ,, filtered, and concentrated under vacuum. Purifll-R (film): 3419, 2361, 2336, 1028 cm
cation by flash chromatography on silica gel (8(h28-
ane/EtOAc) gavelc as a brown solid (624 mg, 29%);

mp (MeOH) 101-104 °C.

"H-NMR (CDCly): & = 8.20 (bs, 1 H, NH), 7.60 (d,=
7.6 Hz, 1 H, H-4), 7.50 (d) = 8.8 Hz, 2 H, H-2",6),
7.35(d,d = 7.6 Hz, 1 H, H-7), 7.22 (§ = 7.6 Hz, 1 H,

IR (KBr): 3101, 2933, 1647, 1526, 1249°tm H-6), 7.18 (tJ= 7.6 Hz, 1 H, H-5), 6.90 (dl = 8.8 Hz, _ - { Formatted: Engiish (U.)

2 H, H-3',5), 6.80 (s, 1 H, H-3), 3.81 (s, 3 H, €.

3C-NMR (CDC): & = 159.9 (s), 136.1 (s), 133.0 (d),
"H-NMR (CDCk): & = 8.39 (d,J = 6.1 Hz, 1 H, H-4), 1979 (), 123.3 (d), 120.7 (d), 120.4 (d), 118)2 114.6

7.07 (s, 1 H, H-2), 7.30-7.26 (m, 3 H, H-7, H-5da#  (5) 114.1 (d), 110.6 (d), 108.3 (d), 92.5 (s)498), 55.3
6),7.23 (d)=8.7 Hz, 2 H, H-3'5), 6.83 (A= 8.7 Hz, (q).

2 H, H-2",6"), 4.05 (s, 2 H, Ch), 3.78 (s, 3 H, OCH,

HRMS (ESI-TOF):m/z [M + H]" calcd for G/H.sNO:
3.75 (s, 3 H, CH. ( ) [ ] 7Ha3l

248.0997; found: 248.1074.
3C-NMR (CDC}): & = 193.1 (s), 158.3 (s), 137.4 (s),
135.7 (d), 130.4 (d), 127.9 (s), 126.6 (s), 128)4122.7
(d), 122.6 (d), 116.0 (s), 114.0 (d), 109.5 (d),256),

2-(4-Methoxyphenylethynyl)-1H-pyrrole (3g)

- { Formatted: English (U.S.)

46.0 (t), 33.5 (q). JR (KBr): 3381, 2206, 1900, 1246 ¢in .

P { Formatted: English (U.S.)

HRMS (ESI-TOF): mz [M + H]* calcd for GgH;-NO,:  *H-NMR (CDCl) §8.38 (bs, 1 H, NH), 7.42 (d,= 8.9 _

280.1259; found: 280.1320. Hz, 2 H, H-2',6"), 6.87 (dJ = 8.9 Hz, 2 H, H-3'5),
6.78 (td,J = 2.7 and 1.5 Hz, 1 H, H-5), 6.50 (ddbl=
3.6,2.7, and 1.5 Hz, 1 H, H-3), 6.22 (dd; 3.6 and 2.7
Hz, 1 H, H-4), 3.82 (s, 3 H, OGM

General procedure for the arylethynyl-heterocycles
for mation. Preparation of 2-(4-

methoxyphenylethynyl)-1H-indole (3a) BC-NMR (CDCh): & = 159.5 (s), 132.7 (d), 119.3 (d),

NaH (60% in mineral oil, 77 mg, 1.9 mmol) was addeé'il‘r"3 (s). 114.4 (d), 114.0 (d), 109.3 (d), 9011 §8.4

to a solution ofla (100 mg, 0.2 mmol) in dry DMF (5 (s). 55.3 ().
mL) at room temperature. The mixture was stirre80at HRMS (ESI-TOF):m/z [M + H]* calcd for GaH1NO:
°C until the starting material was consumed (maoimtp 198.0841: found: 198.0916.

by TLC). Water (3 mL) was added, and the DMF was

evaporated under vacuum. The crude was diluted in

DCM (10 mL) and water (10 mL), neutralized with 2 N2-(4-Tolylethynyl)-1H-indole (3h)

ag. HCI, and then extracted with DGBIx 10 mL). The

Mp (MeOH) 178-182 °C.
organic layer was dried over anhyd. MgSfitered, and

- { Formatted: English (U.K.)
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P { Formatted: English (U.K.)

8.1 Hz, 1 H, H-4), 7.50-7.54 (M, 2 H, H-2,6), 8335 [ Formatted: English (UK.

—————————————————————— {(m; 3 H; H-3' 445", 7:34-(dJ = 8:1 Hz, 1 H,H-7), 7-25~
8.1 Hz, 1 H, H-4), 7.45 () =80 Hz, 2 H, H2'6).  1_g1 11y 1 1. Hee), 704 (0= 8.1 Hz, 1 H, H-5),
733 (d)=81Hz, 1H,H7), 724 @=8.1HzZ LH, gan gy g
H-6), 7.19 (dJ = 8.0 Hz, 2 H, H-3',5"), 7.14 () = 8.1
Hz, 1 H, H-5), 6.84 (s, 1 H, H-3), 2.39 (s, 3 H, f/H *C-NMR (CDCE): & = 136.1 (s), 131.4 (d), 128.6 (d),
128.4 (d), 127.8 (s), 123.5 (d), 122.6 (s), 126)8120.5

(d), 118.8 (s), 110.7 (d), 108.8 (d), 92.5 (s)8gS).
3C-NMR (CDC}): 8 = 138.8 (s), 136.1 (s), 131.3 (d),

129.2 (d), 127.8 (s), 123.4 (d), 120.8 (d), 1204 {19.5 HRMS (ESI-TOF):m/z [M + H]* calcd for GeHuN:
(s), 119.0 (s), 110.7 (d), 108.5 (d), 92.7 (s)1§8), 21.5 218.0891; found: 218.0960.
(@).

HRMS (ESI-TOF):mz [M + H]* calcd for GHyN:  2-(Phenylethynyl)-1H-pyrrole (3k)

232.1048; found: 232.1118. . B
IR (film): 3425, 2204 crf.

'H-NMR (CDCL): 3 = 8.40 (bs, 1 H, NH), 7.48 (m, 2 H,

H-2',6"), 7.33 (m, 3 H, H-3',4’5'), 6.80 (tdJ = 2.7 and

Mp (MeOH) 88-90 °C. 15 Hz, 1 H, H-5), 6.55 (ddd,= 3.7, 2.7, and 1.5 Hz, 1

2-(4-Tolylethynyl)-1H-pyrrole (3i)

H, H-3), 6.23 (ddJ = 3.7 and 2.7 Hz, 1 H, H-4). _{ Formatted: English (UX)

"C-NMR (CDCH): & = 131.2 (s), 131.1 (d), 128.3 (d), _{ Formatted: English (UK.)

************* - 128.0(d), 123.2(s); 119:6 (d); 114.9 (), 10&F 903
8.0 Hz, 2 H, H-2,6"), 7.12 (d) = 8.0 Hz, 2 H, H-3',5), ©, 818 (8)

6.74 (td,J = 2.6 and 1.6 Hz, 1 H, H-5), 6.51 (ddHz
3.6, 2.6, and 1.6 Hz, 1 H, H-3), 6.20 (dd; 3.6 and 2.6 HRMS (ESI-TOF):mVz [M + H]" calcd for GoHgN:
Hz, 1 H, H-4), 2.34 (s, 3 H, G} 168.0735; found: 168.0800.

13CNMR (CDCh): & = 138.1 (s), 131.1 (d), 120.1 (d), > Chiorophenylethynyl)-1H-indole (3l)

120.1 (s), 119.4 (d), 114.6 (d), 113.1 (s), 10€)3 90.4 Mp (MeOH)178-181 °C.
(s), 81.1 (s), 21.4 (q).

- { Formatted: English (U.K.)

HRMS (ESI-TOF):m/z [M + H]* calc for GaHyN:

- { Formatted: English (U.K.)

182.0891; found: 182.0960. 'H-NMR (CDCk): § = 8.23 (bs, 1 H, NH), 7.61 (d, 1 H, -
J=8.1Hz, H-4), 7.47 (d, 2 H,= 8.6 Hz, H-2",6"), 7.35
, _ (m, 3 H, H-7, H-3, 5), 7.25 (t, 1 H] = 8.1 Hz, H-6),
2-(Phenylethynyl)-1H-indole (3j)
7.14 (t, 1 HJ = 8.1 Hz, H-5), 6.85 (s, 1 H, H-3).

Mp (MeOH) 149-152 °C.
3C-NMR (CDC): 5 = 136.2 (s), 134.6 (s), 132.6 (d),

(d), 118.4 (s), 110.7 (d), 109.2 (d), 91.5 (s)78®).
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HRMS (ESI-TOF):miz [M + H]* calcd for GeHiCIN:  Mp (MeOH)155-157 °C.

252.0502; found: 252.0574. > { Formatted: English (U.S.)

P { Formatted: English (U.S.)

2-(4-Chlorophenylethynyl)-1H-pyrrole (3m) 'H-NMR (CDCk): §= 9.57 (bs, 1 H, NH), 8.18 (d, 2 H, -
J=8.8 Hz, H-3'\5), 7.47 (d, 2 H] = 8.8 Hz, H-2",6"),
Mp (MeOH) 100-102 °C. 7.07 (ddd, 1 HJ = 3.9, 2.6, and 1.3 Hz, H-5), 7.03 (ddd,

131.2 (s), 130.4 (d), 125.8 (d), 123.7 (d), 11@)3 {11.2
(d), 44.3 (1).

6.81 (td, 1 HJ = 2.6 and 1.5 Hz, H-5), 6.55 (ddd, 1H,
= 3.6, 2.6, and 1.5 Hz, H-3), 6.23 (dd, 1.H; 3.6 and

2.6 Hz, H-4). HRMS (ESI-TOF):miz [M + H]" calcd for GaHioN,Os:

231.0691; found: 231.0765.
BC.NMR (CDCE): & = 145.7 (s), 133.9 (s), 132.3 (d),

1287 (d), 121.7 (s), 119.8 (d), 115.2 (d), 1086 89.4 A cynowledgments

(5), 82.9 (5). This work was partially supported by CICYT

HRMS (ESI-TOF):mz [M + H]" caled for GoHCIN:  (BQU2003-00089 and BQU2006-03794), tBenerali-
202.0345; found: 202.0386. tat de Catalunya, and the Barcelona Science Park. R.S.
thanks MCYT for a predoctoral fellowship (BES-2005-

2-(4-Nitr ophenylacetyl)-1H-indole (2n) 6825)

Mp (MeOH) 168-171 °C. References

(1) (a) Gribble, G. W.; Fletcher, G. L.; Ketcha,; [Ra- //{Formatted: English (U.K.)

P { Formatted: English (U.K.)

J=8.8 Hz, H-3'5"), 7.74 (d, 1 H] = 8.1 Hz, H-4), 7.52 (c) Sundberg, R. J.; Russell, H. E.Org. Chem.

(d, 2 H,J = 8.8 Hz, H-2',6"), 7.39 (m, 2 H, H-7 and H- 1973, 38, 3324-3330.

6),7.32(s, 1 H, H-3), 7.18 (t, 1 B~ 8.1 Hz, H-5), 436 (2) Hodson, F. M.; Madge, D. J.; Slawin, A. N. Z.

(s,2H, CH). Widdowson, D. A.; Williams, D. JTetrahedron
1994, 50, 1899-1906.

3C-NMR (CDC}): & = 188.4 (s), 141.9 (s), 137.6 (s),
134.3 (s), 130.5 (d), 129.5 (s), 127.5 (s), 12@)0123.8
(d), 123.2 (d), 121.4 (d), 112.2 (d), 110.4 (d).644).

(3) (a) Tedesco, R.; Youngman, M. K.; Wilson, S; R.
Katzenellenbogen, J. ABioorg. Med. Chem. Lett.
2001, 11, 1281-1284; (b) Stille, J. K.; Labadie, J. W.

HRMS (ESI-TOF):mz [M + H]* calc for GeHiN.Os: J. Am. Chem. Soc. 1983, 105, 6129-6137.

281.0848; found: 281.0925. (4) Several procedures have been described to ®mov

the protecting group. See: (a) Joule, J. Adrence

2-(4-Nitr ophenylacetyl)-1H-pyrrole (20) of Synthesis, Vol 10; Thomas, E. J., Ed.; Thieme:
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Stuttgart,2000, 361; (b) Bowman, R. E.; Evans, D.
D.; Islip, P. J.Chemistry and Industry 1971, 53, 33-

B to 100% B in 15 minutes was used . The retention
times ofl and3 were 9.1 and 8.4 min, respectively.

34. (10) Armarego, W. L. F; Chai, C. L. L. IRurification

(5) (@) Dunne, J. P.; Aiken, S.; Duckett, S. B.;nka,
D.; Almeida Lefiero, K. Q.; Drent, B. Am. Chem.
Soc. 2004, 126, 16708-16709; (b) Kodomari, M.;
Nagaoka, T.; Furusawa, Yetrahedron Lett. 2001,
42, 3105-3107; (c) Hendrickson, J. B.; Hussoin, M.
S. Synthesis 1989, 217-218; (d) Trickes, G.; Braun,
H. P.; Meier, H.Justus Lieb. Ann.. Chem. 1977,
1347-1353.

(6) Several procedures can be found in: Tyrrell AE.
kynes, In Comprehensive Organic Functional Group
Transformations |1, Vol 1; Katritzky, A. R.; Richard,
J. K., Ed.; Elsevier Ltd.: Oxfor@005, 1083.

(7

~

(a) Banwell, M.; Flynn, B.; Hockless, DBChem.
Commun. 1997, 2259-2260. (b) Hiroya, K.; Suzuky,

N.; Yasuhara, A.; Egawa, Y.; Kasano, A.; Sakamoto,

T. J. Chem. Soc., Perkin Trans. 1, 2000, 4339-4346.
(c) Ridley, C. P.; Reddy, M. V. R.; Rocha, G;
Bushman, F. D.; Faulkner, D. Bioorg. Med. Chem.
2002, 10, 3285-3290; (d) Cironi, P.; Manzanares, |.;
Albericio, F.; Alvarez, M.Org. Lett. 2003, 5, 2959-
2962; (e) TardyC.; Facompré, M.Laine,W.; Bal-
deyrou,B.; Garcia-GravalosD.; FranceschF.; Ma-
teo, C.; PastorA.; JiménezJ. A.; Manzanares|.;
Cuevas C.; Bailly, C. Bioorg. Med. Chem. 2004,

12, 1697-1712; (f) Chen, Q-H.; Praveen Rao, P. N.;

Knaus, E. EBioorg. Med. Chem. 2005, 13, 6425-
6434.

(8) Okauchi, T.; ltonaga, M.; Minami, T.; Owa, Kitoh,
K.; Yoshino, H.Org. Lett. 2000, 2, 1485-1487.

(9) Reverse phase analytical HPLC was performed on

Waters Alliance 2695 separation module using a

Waters Xterra MS ¢ column (150 x 4.6 mm, 5

pm) and a Waters 996 PDA detector at 254 nm. The

solvent system used was: A:,B{0.045%TFA,
B:MeCN/0.036%TFA. A linear gradient from 50%
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Novel Synthesis of Bisaryl Acetylenes

N o H H

R = H, OMe, CH3, Cl
Ts Base, DMF
or
80°C
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