This article was downloaded by: [Stanford University Libraries]

On: 17 October 2012, At: 17:28

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic
Organic Chemistry

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

A Convenient One-Pot
Preparation of Benzo[b]-
tellurophenes,-selenophenes,
and -thiophenes from o-
Bromoethynylbenzenes

Haruki Sashida ® , Kunio Sadamori ® & Takashi
Tsuchiya ®

# Faculty of Pharmaceutical Sciences, Hokuriku
University Ho-3, Kanagawa-machi, Kanazawa,
920-11, Japan

Version of record first published: 02 Sep 2006.

To cite this article: Haruki Sashida, Kunio Sadamori & Takashi Tsuchiya (1998):

A Convenient One-Pot Preparation of Benzo[b]-tellurophenes,-selenophenes,

and -thiophenes from o-Bromoethynylbenzenes, Synthetic Communications: An
International Journal for Rapid Communication of Synthetic Organic Chemistry, 28:4,
713-727

To link to this article: http://dx.doi.org/10.1080/00397919808005944

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions



http://www.tandfonline.com/loi/lsyc20
http://dx.doi.org/10.1080/00397919808005944
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Stanford University Libraries] at 17:28 17 October 2012

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [Stanford University Libraries] at 17:28 17 October 2012

SYNTHETIC COMMUNICATIONS, 28(4), 713-727 (1998)

A CONVENIENT ONE-POT PREPARATION OF
BENZO|[b] -TELLUROPHENES, -SELENOPHENES,
AND -THIOPHENES FROM
0-BROMOETHYNYLBENZENES

Haruki Sashida,* Kunio Sadamori ,and Takashi Tsuchiya

Faculty of Pharmaceutical Sciences, Hokuriku University
Ho-3, Kanagawa-machi, Kanazawa 920-11, Japan

ABSTRACT: 2-Substituted and unsubstituted benzo[b]tellurophenes
(3Aa-e) were synthesized in one-pot from o-bromoethynylbenzenes
(2) via three steps in good yields. Similarly, benzo[b]-selenophenes
(3Ba-e) and -thiophenes (3Ca-e) were also obtained.

Considerable attention! has been directed toward the synthesis
and reactions of monocyclic and benzene ring fused heterocycles
containing a chalcogen element (Te, Se, and S) because of their
chemical reactivities and synthetic utilities. In particular, various
synthetic methods for preparation of five-membered heterocycles,
benzo(b] -thiophenes,? -sclenophenes,? and -tellurophenes* have

been provided. However, the synthetic techniques for these

*To whom correspondence should be addressed.
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compounds have always been applied with limited success and
generality in each case. We herein describe a versatile one-pot
preparation of the five-membered title compounds from o-
bromoethynylbenzenes (2) as common key starting materials.

The compounds 2 were readily obtained by palladium-catalyzed

coupling reaction of o-bromoiodobenzene (1)3> with 1-substituted

acetylenes according to the reported method® in excellent yields, as
shown in Scheme 1. They were lithiated with tert-butyllithium in
anhydrous ether, followed by treatment with Te, Se, or S powder,
and then ethanolyzed to afford the corresponding five-membered
heterocycles (3) as a sole product in good yields in one-pot. The
results are summarized in Table 1.

Trimethylsilyl (TMS) group is well known to be removed by
treatment with alkali in alcohol or fluoride anion containing water. In
the present case, reductive removal of TMS group was also effective.
Thus treatment of 2-TMS derivatives (3Ae-Ce) with sodium
borohydride in refluxing ethanol gave the corresponding 2-
unsubstituted (3Af-Cf) in good yields, respectively. The 'H-NMR

spectral data for these compounds (3) are listed in Tables 2, 3 and 4.

The high-resolution mass (MS) spectral and '3C-NMR spectral data
are shown in Tables 5, 6 and 7.

It has already been reported’ and well known that the stereo-
specific intermolecular trans-additions of unisolable phenyltelluroles
and relatives to acetylenic compounds proceeded to afford the vinyl
tellurides. In addition, we have previously presented the synthesis
of novel seven-membered heterocyclic systems, 1-benzotellurepines
and 1-benzoselenepines,® by an intramolecular ring closure of phenyl
-telluroles and -selenoles generated by sodium borohydride reduction
of the corresponding ditellurides and diselenides having a triple
bond, respectively. These results clearly support that a possible

mechanism for formation of 3 is that shown in Scheme 2.
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| HCEC"R a: R=Me
L — //
b: R=n-Bu
Br PdCl,(PPh;), B a: R =fert-Bu
r T
Cul d: R=Ph
1 2 e: R=TMS

Scheme 1

Experimental
Melting points were measured on a Yanagimoto micro melting
point hot stage apparatus and are uncorrected. [R spectra were
determined with a Hitachi 270-30 spectrometer. Mass spectra (MS)
and HR-MS were recorded on a JEOL JMS-DX300 instrument. NMR
spectra were determined with a JEOL PMX-60SI (60 MHz), JEOL
EX-90A (90 MHz) or JEOL JNM-GSX 400 (400 MHz) spectrometer

in CDCly using tetramethylsilane as internal standard.

Preparation of o-bromoethynylbenzenes (2);
General procedure:

In the literature,® this coupling reaction was carried out using
diethylamine as a solvent . However, when a mixed solution of
benzene and piperidine in stead of diethylamine was used, the
product yields were remarkably elevated. To a mixture of alkyne (b:
1-hexyne, c: terr-butylacetylene, d: phenylacetylene, e: trimethyl-
silylacetylene, 0O.11mol) and o-bromoiodobenzene (1, 28.3g,
0.1mol) in benzene (200ml) and piperidine (200ml) were added bis
[triphenylphosphine] palladium dichloride (II) (702mg, Immol) and
copper (I) iodide (400mg, 2.1mmol). The reaction mixture was
heated at 80-90 °C with stirring until disappearance of starting
material (about 10-15 h). After cooling, cold water (300ml) was

added to the mixture, and the resulting aqueous mixture was
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Table 1. Benzo[b]-tellurophenes(3 A), -selenophenes(3B)
and -thiophenes(3C)

Yield
Compd. X R Appearance
No. (%)™
colorless prismsb)
3Aa Te Me 72 mp 55-57 °C
(Lit.%¢ mp 58 °C)
3Ab Te n-Bu 70  pale yellow oil
3Ac Te tert-Bu 74  pale yellow oil
. c)
6 colorless prisms
3Ad Te Ph 7 mp 123-125 °C
3Ae Te TMS 45  pale yellow oil
colorless prisms®
3Ba Se Me 67 mp 54-56 °C
(Lit. 2> mp 63 °C)
3Bb Se n-Bu 77  pale yellow oil
3Be Se tert-Bu 64  colorless oil
' )
3Bd S P 7g  colorless prisms®
¢ h mp 160 °C
3Be Se T™S 57  colorless oil
colorless prismsb)
3Ca S Me 72 mp 51-52 °C
(Lit.2¢ mp 50 °C)
3Cb S n-Bu 58  colorless oil
3Ce S tert-Bu 77 yellow oil
colorless prisms b
3Cd S Ph 68 mp 173-176 °C
(Lit.2° mp 170-171 °C)
3Ce S TMS 70  yellow oil

a) isolated yields.

b) recrystallized from EtOH.

¢) recrystallized from n-hexane.

d) recrystallized from MeOH.

e) recrystallized from n-hexane-EtOH.
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Table 5. Spectral Data for the 3-Benzo[b]tellurophenes (3A)

HR-MS
Compd. Formula L3C.NMR
No. Calcd (100 MHz, CDCl,)
(Found)
CoHgTe 23.18 (q), 123.77 (d), 125.30 (d),
3Aa 2450680  126.54 (d), 132.07 (d), 132.65 (s),
(245.9687 134.54 (d), 138.07 (S), 144.66(8)
13.83 (q), 22.08 (1), 35.67 (1),
CioH 4Te
36.94 (1), 123.51 (d), 125.05 (d),
3ADb 288.0158  126.49 (d), 131.56 (s), 131.88 (d),
(288.0156) 133 51 (q), 146.68 (s), 148.21 (s)
oy g 3345(@.38.69(5), 123.56 (@),
12714°% 125,05 (d), 126.83 (d), 129.44 (d),
SAc 288.0158 131 06 (s), 131.67 (d), 148.69 (s),
(288.0160) 140,67 (5)
124.54 (d), 125,66 (d), 127.59 (d),
CiqHyoTe
ad 127.83 (d), 128.18 (d), 129.07 (d),
307.9845 131,95 (d), 140.38 (s), 143.30 (s),
(307.9844) 144,93 (s), 149.30 (s)
C,{H 4SiTe  0.46 (q), 124.16 (d), 124.94 (d),
3Ae 3039977  127.63 (d), 131.95 (d), 135.15 (s),
(303.9883)  142.45 (s), 142.58 (d), 150.69 (s)
CgH Te 120.55 (d), 124.27 (d), 125.12 (d),
127.64 (d), 132.08 (d), 132.71 (s).
3Af 231.9531 )

(231.9533)

136.81 (d), 148.15 (s)
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Table 6. Spectral Data for the Benzo[b]selenophenes (3B)

HR-MS
Compd. Formula 13C.NMR
No. Caled (100 MHz, CDCl;)
(Found)
CoHgSe 18.72 (q), 123.63 (d), 124.23 (d),
3Ba 195.9791 124.41 (d), 125.31 (d), 125.37 (d),
(195.9799) 141.29 (s), 142.81 (s), 144.50 (s)
13.82 22.17 (1), 32.99 (1),
Cp,H 4Se (9, (1, 3 (v
34.00 (t), 123.57 (d), 123.95 (d),
3Bb 238.0261
124.24 (d), 124.35 (d), 125.38 (d),
238.0
(238.0252) 44071 (s), 142.58 (s), 151.22 (s)
€ pH 4Se 32.65 (q), 36.56 (s), 121.03 (d),
123.62 (d), 124.30 (d), 124.58 (d),
3Bc 238.0261
025 125.22 (d), 140.18 (s), 142.58 (s),
(238.0252) 163 30 (s)
C14H oS¢ 123.02 (d), 124.48 (d), 124.83 (d),
125.35 (d), 125.38 (d), 126.86 (d),
3Bd 257.9948
<7 004 128.23 (d), 128.93 (d), 136.17 (s),
257.
( D 140.03 (s), 143.23 (s), 147.67 (s)
CyH48iSe  0.01 (q), 124.29 (d), 124.32 (d),
3Be 206.0586 125.22 (d), 125.44 (d), 134.51 (d),
(206.0590)  143.73 (s), 144.50 (s), 147.19 (s)
CgHgSe 124.35 (d), 124.46 (d), 125.35 (d),
3Bf 181.9635 125.63 (d), 127.73 (d), 128.62 (d),

(181.9633)

141.23 (s), 142.02 (s)




Downloaded by [Stanford University Libraries] at 17:28 17 October 2012

722 SASHIDA, SADAMORI, AND TSUCHIYA
Table 7. Spectral Data for the Benzo[b]thiophenes (3C)
HR-MS
Compd. Formula 13c.NMR
No. Calcd (100 MHz,CDCl,)
(Found)
CoHgS
3Ca 148.0347 reported in ref. 2c
(148.0350)
13.76 (q), 22.51 (1), 30.40 (1),
CiaH4S
33.16 (t), 120.32 (d), 122.01 (d),
3Cb 190.0816
122.57 (d), 123.24 (d), 123.91 (d),
.0
(190.0826) 139.26 (s), 140.18 (s), 146.65 (s)
H 32.12 (q), 34.83 (s), 117.63 (d),
CiaHy4S
122.04 (d), 122.83 (d), 123.37 (d),
3Ce 190.0816
90.08 123.92 (d), 138.87 (s), 140.02 (s),
(190.0819) 158.08 (s)
C14H10S
3Cd 210.0503 reported in ref. 2c
(210.0500)
Cy11H 4818 0.00 (q), 122.17 (d), 123.38 (d),
3Ce 206.0586 123.97 (d), 124.11 (d), 130.81 (d),
(206.0590) 141.07 (s), 142.17 (s), 143.52 (s)
3Cf 134.0190 reported in ref. 2e

(134.0185)




Downloaded by [Stanford University Libraries] at 17:28 17 October 2012

0-BROMOETHYNYLBENZENES 723

R
// i) tert-BuLi ©\/>— R=TMS m
g D Tox NaBH,
2 iii ) EtOH 3 3f

A:X=Te a:R=Me

R R :
FZ Z B:X=Se b:R=n-Bu
—_—> C:X=S 4a:R=tert-Bu
XH d:R=Ph

4 5 e: R=TMS

Scheme 2

extracted with benzene (200 x 3). The combined organic extract was
washed with water (200 x 5), 5% H,80, (200 x 3), sat. NaHCO;4

(200 ml x 2) and brine (200 x 2), then dried over MgSO, . Benzene
was removed in vacuo. The red residual oil was purified by
distillation under reduced pressure to give pure 2. In the case of 2a,
a slow current of methylacetylene, which was prepared from 1,2-

dibromopropane and KOH in refluxing n-butanol, was immediately

passed through the reaction mixture without isolation.

2a: 93% yield, coloriess oil, bp 104-108 °C (10mm Hg). IR (neat):
2232 (C=C) em™!. 1H-NMR (60 MHz) : 2.40 (3H, s, Me),7.02-
7.97 (4H, m, Ar-H). HR-MS m/z;

M* caled for CoH,Br: 193.9731, 195.9711. Found: 193.9735,

195.9719.
2b: 78% yield, colorless oil, bp 135-138 °C (8mm Hg). IR (neat):

2236 (C=C) cm™!. 'H-NMR (60 MHz) 6: 0.95, 1.37-1.63, 2.29
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(3H, t, J=7 Hz, 4H, m, 2H, t, J=6 Hz, n-Bu), 6.85-8.00 (4H, m,
Ar-H). HR-MS m/z; M¥ Calcd for C,,H3Br: 236.0201, 238.0180.

Found: 236.0202, 238.0188.
2¢: 81% yield, colorless oil, bp 112-115 °C (9mm Hg). IR (neat):

2244 (C=C) cm™!. 'H-NMR (60 MHz) 6 : 1.33 (9H, s, tert-Bu),
6.92-7.62 (4H, m, Ar-H). HR-MS m/z; MY Calcd for C,,H3Br :

236.0201, 238.0180. Found: 236.0206, 238.0189.
2d: 91% yield, colorless oil, bp 154-156 °C (3mm Hg). IR (neat):

2200 (C=0) cm™ !, IH-NMR (60 MHz) § : 7.00-7.75 (9H, m, Ar-H).
HR-MS m/z; M+ Caled for C14HgBr: 255.9888, 257.9867. Found:

255.9873, 257.9849.
2e: 80% yield, colorless oil, bp 100-102 °C (5Smm Hg). IR (neat):

2164 (C=C) cm™!. TH-NMR (60 MHz) 6 : 0.28 (9H, s, TMS), 7.03-
7.97 (4H, m, Ar-H). HR-MS m/z, M¥ Caled for C, H,;BrSi:

251.9970, 253.9949. Found: 251.9938, 253.9893.
Preparation of Benzo[b]tellurophenes (3A);
General procedure:

To a stirring solution of o-bromoethynylbenzenes (2; 5 mmol) in
anhydrous ether (50 ml) at -80 °C under an argon atmosphere was
slowly added tert-BuLi (1.5 mol in pentane solution, 3.5 ml, 5.2
mmol). The reaction mixture was stirred at same temperature for 1 h
and then allowed warm to -30 °C for further 1 h. Powdered tellurium
was added to the reaction mixture all at one portion, then the cooing
bath was removed and the mixture was allowed to rise to room
temperature during 1-2 h. Freshly distillated ethanol (10 ml) was
added to the mixture. The resulting mixture was further stirred for 3
h under the same conditions, poured into ice-water, and extracted
with ether (50 ml x 3). The etheral extract was washed with brine (50

ml x 2), dried over MgSO,, and concentrated ir vacuo. The residue
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was purified by silica gel chromatography using n-hexane as an
eluent to give pure tellurophenes (3).

Benzo[b]selenophenes (3B) and benzo[b]thiophenes (3C) were
prepared in an analogous manner using selenium or sulfur instead of
tellurium.

Preparation of 2-Unsubstituted Benzo[b]-tellurophene
(3Af), -Selenophene (3Bf), and -Thiophene (3Cf) from
Corresponding 2-TMS derivatives (3Ae, 3Be, and 3Ce).

To a solution of 2-TMS compound (3e, 1mmol) in EtOH (30 ml)
at room temperature under an argon atmosphere was added NaBH,
(270 mg) in a small portions. The reaction mixture was heated at 80
°C with stirring for 12 h. After cooling, the mixture was poured into
water and extracted with n-hexane (50 ml x 3). The organic layers
were washed with brine (50 ml x 2), dried over MgSO, and
evaporated. The resulting residues were chromatographed on silica
gel using n-hexane as an eluent to give 2-unsubstituted derivatives
(3f), which were recrystallized from n-pentane.
3Af: 172 mg, 74 % yield, colorless prisms, mp 67-68 °C (Lit.%f mp.
65-66 °C).
3Bf: 98 mg, 54 % yield, colorless prisms, mp 48-51 °C (Lit. 2P mp.
51 °C).
3Cf: 48 mg, 36 % yield, colorless prisms, mp 29-32 °C
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