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An efficient method for the synthesis of buta-1,3-diynes have been developed via copper(I) catalyzed homocoupling reaction of terminal

| acetylenes in presence of Cul and tetramethylethylenediamine (TMEDA) at 100 °C for 3.0 h under solvent-free conditions. This efficient
methodology allowed the homocoupling of five terminal alkynes in moderate to excellent yields.
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INTRODUCTION

Multicomponent reactions are those chemical reactions
in which more than three starting materials combine in a single
pot to generate a selective product of chemical interest [1-3].
Various multicomponent reactions were performed using
alkyne precursors as one component [4-7]. Aiming this in our
mind we targeted to synthesize imidazo[1,2-a]pyridine deriva-
tives (5) using 2-aminopyridine (1), 4-methylbenzaldehyde
(2) and terminal alkyne phenyl acetylene (3) in one pot multi-
component method. To develop an optimum reaction condition
we used copper(IT)chloride as a catalyst with TMEDA in DMF
at 100 °C and the reaction was monitored on TLC (Scheme-I).
After 3.0 h, adominant spot on TLC was found and after work-
up and purification the compound was characterized as bis
alkyne (3) and not imidazo[1,2-a]pyridine (5) as a required
product. Since, the synthesis of buta-1,3-diynes via Pd-catalyzed
homocoupling reactions of E-1,2-diiodoalkenes [8] is already
reported, however, the unprecedented reaction product buta-
1,3-diyne (4) and its derivatives have been found important
intermediates in the field of biological sciences as well as in
synthetic organic chemistry [9].

These moieties have been widely applied as intermediate
building blocks in organic transformations such as in the synth-
esis of natural products [10,11], pharmaceuticals [12-15] and
heterocyclic compounds [16-19]. As already discussed that

buta-1,3-diynes have been utilized for the construction of carbo-
cycles such as benzene [20] and naphthalene [21,22], nitrogen
containing 5/6-membered heterocycles such as pyrrole [23],
pyrazole [24], triazole [25], naphthtriazoles [26], benzo[a]-
phenanthridine [27], benzoquinolines [24], oxygen based hetero-
cycles such as furan [28], pyrone [29], selenium and sulphur
containing heterocycles selenothiophenes [30] and thiophenes
[31]. For the synthesis of buta-1,3-diynes several methodo-
logies have been described, employing the dimer formation
of starting materials, such as alkynylboronates [32], alkynyl-
silanes [33], alkynyl halides [34-36], alkynyl Grignard reagents
[37] and potassium alkyny] trifluoroborates [38]. The symme-
trical buta-1,3-diynes are formed as by product in Sonogashira
[39] cross-coupling reactions. The traditional method for the
synthesis of these diynes involves the self-coupling of terminal
acetylenes initially reported by Glaser [4-7]. Several improve-
ments to this methodology have been developed [40-43], inclu-
ding the Hay procedure, in which N,N,N’,N’-tetramethylethyl-
enediamine is employed as the ligand [44]. The synthesis of
buta-1,3-diynes from terminal acetylenes using environment-
friendly reaction conditions has gained a significant attention
[45.46]. Despite contributing some good noticeable part of reactions
this has drawbacks such as expensive metal catalysts and limited
substrate scope. To the best of our knowledge only few reports
are available in the literature using solvent free conditions for
the conversion of alkyne to buta-1,3-diyne [47,48]. Therefore,
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the development of a mild and economical strategy to synth-
esize buta-1,3-diynes is highly desirable. Herein, an efficient
method for the synthesis of buta-1,3-diynes have been developed
via copper(I) catalyzed homocoupling reaction of terminal
acetylenes in the presence of Cul and tetramethylethylene-
diamine at 100 °C under solvent-free conditions.

EXPERIMENTAL

All the reagents and solvents were used without purification
and purchased from commercial sources. NMR spectra were
recorded with 300/200 MHz spectrometers for 'H NMR, 75/
50 MHz for *C NMR. Chemical shifts § are given in ppm
relative to signals of TMS in CDCI; for 'H and "*C NMR. For
column chromatography silica gel (100-200 mesh) was used
as the stationary phase. All performed reactions were monitored
by thin layer chromatography (TLC).

General procedure for the synthesis of buta-1,3-diynes
(4a-e): A mixture of terminal alkynes 3a-e (0.2 g, 1.0 equiv.)
Cul (10 mol%), TMEDA (0.75 mmol were placed in round
bottom flask containing a stirring bar. The reaction mixture
was heated and stirred at 100 °C for 3.0 h. After cooling reaction
mixture at ambient temperature and quenching with distilled
water and aqueous layer was extracted with ethyl acetate. The
extracted organic layer was dried over anhydrous Na,SO, and
the organic layer solvent was removed in vacuo. The crude
material obtained after removal of solvent was purified on a
silica gel using ethyl acetate/hexane (1:9 v/v) as an eluent to
afford 4a-e.

1,4-Bis(phenyl)buta-1,3-diyne (4a): Yield: 81%; white
solid, m.p.: 84-86 °C, IR (KBr, Vi, cm™): 3458, 2980, 1736,
1642, 1466; 'H NMR (CDCl;, 200 MHz): 8 7.55-7.51 (m,
4H), 7.36-7.28 (m, 6H). *C NMR (CDCls, 50 MHz): § 132.6,
129.3, 128.6, 121.9, 81.7, 73.9 ppm. mass (ES*) m/z 315.2
(M* + 1). Anal. calcd. for C;¢H,o: C, 95.02; H, 4.98 Found: C,
95.04; H, 4.96.

1,4-Bis(4-tert-butylphenyl)buta-1,3-diyne (4b): Yield
(85%), white solid, m.p.: 190-192 °C, R¢= 0.70 (hexane), IR
(KB, Vinax, cm™): 3458, 2959, 1716, 1653, 1464, 1397, 1262,
1101, 832; "H NMR (300 MHz, CDCl;): 8 7.45 (4H,d,J=8.3
Hz, ArH), 7.34 (4H, d, J = 8.3 Hz, ArH), 1.31 (18H, s, CHj3).

BC NMR (75 MHz, CDCl;) § = 152.7, 132.4, 125.6, 119.0,
81.6, 73.7, 35.0, 31.2 ppm. mass (ES*) m/z 315.2 (M* + 1).
Anal. calcd for C,yHys: C, 91.67; H, 8.33 Found: C, 91.65; H,
8.34.

1,4-Bis(4-methyphenyl)buta-1,3-diyne (4c¢): Yield
(84%), white solid, m.p.: 180-182 °C, R¢ = 0.68 (hexane), IR
(KBr, Vinas, cm™): 3442, 2865, 1648, 1470, 1101, 830; 'H NMR
(300 MHz, CDCl;) 6 =7.14 (4H, d, J=8.0 Hz, ArH), 6 = 7.42
(4H, d, J = 8.0 Hz, ArH), 2.36 (6H, s, CH3), *C NMR (75
MHz, CDCl;) 6 = 139.5, 132.4,129.2, 118.7, 81.5,73.4, 21.6
ppm. Mass (ES™) m/z 231.2 (M™ + 1). Anal. calcd. for CisHa:
C, 93.87; H, 6.13 Found: C, 93.88; H, 6.12.

1,4-Bis(4-methoxyphenyl)buta-1,3-diyne (4d): Yield
(81%), white solid, m.p.: 136-138 °C, R¢ = 0.78 (hexane), IR
(KBr, Vinax, cm™): 2844, 2140, 1589, 1510, 1290, 1262, 1168,
1040, 844, 820; '"H NMR (300 MHz, CDCl;) & = 7.45 (4H, d,
J=8.8Hz,ArH), =6.84 (4H, d, J= 8.8 Hz, ArH), 3.82 (6H,
s, OCH3), “*C NMR (75 MHz, CDCls) § = 160.2, 134.0, 114.1,
113.8, 81.2, 72.9, 55.3 ppm. Mass (ES*) m/z 263.2 (M™ + 1).
Anal. calcd. for C;3sH,,0,: C, 82.42; H, 5.38; O, 12.20 Found:
C, 82.40; H, 5.40; O, 12.20.

1,4-Bis(cyclohex-1en-1yl)buta-1,3-diyne (4e): Yield
(46%), white solid, m.p.: 66-68 °C, R¢ = 0.58 (hexane), IR
(KBr, Vinax, cm™): 2130, 1430, 1420, 1280, 1256, 1160, 1044,
840, 818; '"H NMR (300 MHz, CDCl;) § = 6.23 (2H, s, CH), &
=2.11-2.10 (8H, m, CH,), 1.63-1.53 (8H, m, CH,), “C NMR
(75 MHz, CDCl;) & = 137.6, 120.1, 82.7, 71.7, 28.8, 25.8,
22.4,21.4, ppm. Mass (ES*) m/z 211.2 (M" + 1). Anal. calcd.
for Ci¢His: C, 91.37; H, 8.63, Found: C, 91.38; H, 8.62.

RESULTS AND DISCUSSION

To establish the reaction method for the synthesis of 1,4-
bis(phenyl)buta-1,3-diyne (4a) we treated phenylacetylene
(3a) alone as a standard substrate under the various reaction
conditions using Na,COj; and Cs,COs as bases, CuCl,, CuCl,
Cul as catalysts and N,N,N’,N’-tetramethylethylenediamine
(TMEDA) as additive and dimethylformamide (DMF) as
solvent (Scheme-II). The activity of the catalysts was firstly
evaluated in detail as shown in Table-1 (entries 1-9). For instance,
when copper(Il)chloride was used alone and with Na,COj; and
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TABLE-1
OPTIMIZATION OF REACTION CONDITIONS
(a) FOR THE CONVERSION OF 3a TO 4a

. %
Entry Catalyst Base  Additive Solvent L™°  Yield
(h) of 4a

T CucCl — TMEDA DMF 30 _ 36

2> CuCl, NaCO, TMEDA DMF 35 56

3 CuCl, Cs,CO, TMEDA DMF 30 58

4  CuCl  NaCO, TMEDA DMF 20 6l

5  CuCl Cs,CO, TMEDA DMF 25 65

6 Cul  Cs,CO, TMEDA DMF 20 69

7 Cul - - DMF 45 39

8 Cul - TMEDA DMF 35 68

9 Ccul TMEDA - - 30 8l

Cs,COs bases, corresponding products were prepared in 36%,
56% and 58% yields, respectively to entries 1,2 and 3. On the
other hand, the catalytic activity of copper(I) was significantly
appreciating with base and additives (entries 4-9). It is note-
worthy that when Cu(I) catalysts were used the desired product
was achieved in more than 60% yields in all cases except one
reaction condition (entry 7). When homocoupling reaction was
performed with CuCl using Na,COj; and Cs,CO;, TMEDA and
DMF as solvent, significant increase in the yield was observed
(entry 4-6). Thus, further experiments were carried out in
absence of TMEDA and Cs,COj; reaction proceeds slowly and
yields dropped to 39% (entries 7). When the reaction was per-
formed without Cs,CO; using TMEDA as catalyst in DMF
and the yield was obtained 68% (entry 8).

A very encouraging result was obtained when phenyl-
acetylene (3a) was treated with Cul/TMEDA without solvent
as the desired product was synthesized in 81% yield (entry 9)
with in 3.0 h. We screened other parameters also such as time,
temperature, catalyst loading and the optimum amount of
TMEDA. When 10 mol% of Cul was employed with TMEDA,
the reaction was completed in 3.5 h and desired buta- 1,3-diyne
(4a) was afforded in 68% yield (entry 8) (Table-1). The optimal
condition that led to the synthesis of 4a in 81% isolated yield
(entry 9) involved treatment of 3a with 10 mol % Cul/TMEDA
at 100 °C for 3.0 h without solvent.

The generality of the method for the synthesis of buta-1,3-
diynes 4 was established by treating terminal alkynes 3a-e
with copper(l)iodide (10 mol %), N,N,N’,N -tetramethylethylene-
diamine (TMEDA) as base and additive at 100 °C for 3.0 h
(Scheme-III).

The crude products after work up were purified on a silica
gel column chromatography using ethyl acetate/hexane to
afford 4a-e in 46-85% isolated yields (Table-2).

10 mol % Cul/TMEDA

RI—= > Rl—=——=——R!
3a-e 100 °C for 3 h, air 4a-e

Scheme-III: Synthesis of buta-1,3-diynes

TABLE-2
SYNTHESIS OF BUTA-1,3-DIYNES
Entry Substrate (1) Product (2) ﬁgzl)d
3
1 a/ i 4a o1
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3b
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3 3 H 4c "
/@/
3d
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= \ -
G rO==Cn
O
3e
H 4e
ot 60 *
Conclusion

In conclusion, an efficient solvent free approach for the
conversion of terminal alkynes into very useful scaffolds buta-
1,3-diynes using Cul/TMEDA as catalyst is developed.
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