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Abstract A simple method is described for the synthesis of 1-arylprop-
1-ynes directly from aromatic aldehyde p-tosylhydrazones by using cal-
cium carbide as an acetylene source. The salient features of this proto-
col are its use of a readily available and easily handled source of acety-
lene, its operational simplicity, its high yield, and its broad substrate
scope.
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Alkynes are important synthons for syntheses of phar-
maceuticals and agrochemicals,' and are also used in the
materials industry.? As typical examples, 1-arylprop-1-ynes
are fine organic synthetic intermediates with high applica-
tion value and high reactivity that have been widely used in
the synthesis of polysubstituted alkenes by addition or
alkenylation,®> multifunctional heterocycles by cycloaddi-
tion,* arylallylic heterocycles by allylation,> 1,2-diketones
by oxidation,® persubstituted benzenes by cyclotrimeriza-
tion,” and chiral alcohols by hydration and hydrogenation.?

Various synthetically viable procedures have been used
for the construction of 1-arylprop-1-ynes.® Some recently
reported methods include: (i) the palladium-catalyzed Ku-
mada cross-coupling of phenylethynyl iodide with methyl
Grignard reagent,'© (ii) the palladium-catalyzed methyla-
tion of the phenylethyne C(sp)-H bond with dimethyl sul-
fonium ylides,' (iii) the Colvin rearrangement of acetophe-
none by reaction with (trimethylsilyl)diazomethane,'? (iv)
the Fritsch-Buttenberg-Wiechell rearrangement of 2-phe-
nyl-1,1-dihaloprop-1-enes by using lanthanum metal and a
catalytic amount of iodine,'? (v) the copper-catalyzed oxi-
dative transformation of propiophenone N-tosylhydra-
zones;'# (vi) the palladium-catalyzed tandem decarboxyl-

ation/elimination of (E)-enol triflates;'> and (vii) the rhodi-
um-catalyzed decarbonylation of conjugated ynones
through carbon-alkyne bond activation'® (Scheme 1).

Previous work
Pd(PPh3),~TMEDA
THF,70°C, 12 h

Ph \"/\s ~ Pd(MeCN)Clz

CsF, toluene, 100 °C

(o} i .
)k . TMSVNZ ("Pr)oNLi, THF
Ph reflux

j . ix La, I
o/ THF,67°C,3h

X=1,Br

Ph

| + MeMgBr

AN

NNHTs CuCl, O,
DABCO, DMSO, 100 °C

O3 O 7
PN Pdo(dba)s, PPhs
EtgN, THF, rt.

OTf

o)
)‘\ [Rh(COD).ClL
P N ——
XU PhEt, 150°C
This work

AN SNNHTs Cul, 'BUOK, Hy0 x
R—v + S A
N DMF, 90 °C, 6 h R

=

Ph

Scheme 1 Syntheses of 1-arylprop-1-ynes

However, existing synthetic methods have several
drawbacks; these include low yields and the use of valuable
transition metals, difficult-to-obtain substrates, or mois-
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ture-sensitive reagents, and the need for harsh reaction
conditions or complex procedures.

In recent years, in comparison with acetylene gas, calci-
um carbide has been shown to provide surprising and satis-
factory performance in organic syntheses. Its most striking
advantages over acetylene gas are its freedom from the risk
of explosion, and the lack of a requirement for complex
equipment; moreover, it is commercially available, easy to
handle, and environmentally benign. There are several re-
ports in the literature on the use of calcium carbide as an
inexpensive and easily available source of acetylene.!” Our
group has recently made great efforts to investigate the di-
rect use of calcium carbide in organic synthesis, and has re-
ported syntheses of triarylacrylonitriles,'® diarylethynes,!®
2-methylbenzofurans,®® N-propargyl tert-amines,?! and
1,3,5-triaroylcyclohexanes.??

Here, we report a novel method for the direct synthesis
of 1-arylprop-1-ynes by using cheap calcium carbide, as a
source of acetylene, together with commercially available
or readily prepared aromatic aldehyde p-tosylhydrazones as
substrates.

We started our investigations by studying the reaction
of benzaldehyde p-tosylhydrazone (1a) with calcium car-
bide in DMF in the presence of ‘BuOK as a base at 90 °C (Ta-
ble 1). The reaction did not give any product in the absence
of a mediator (Table 1, entry 1). When CuCl, was used as a
mediator, only a trace of product was obtained (entry 2). To
our delight, however, various amounts of CuCl (0.12-2.0
equiv) as a mediator gave the desired prop-1-yn-1-ylben-
zene (2a) in yields of 16-65% (entries 3-6). The reaction
worked better with CuBr and Cul as mediators (entries 7
and 8), and the best result (72% yield) was obtained with
the Cul-mediated reaction (entry 8). In addition, ‘BuOK,
KOH, K,CO,, Cs,C0O;, KOAc, DMAP, and Et;N as bases were
also tested (entries 8-14), and it was found that ‘BuOK was
the most efficient base (entry 8). The solvent also plays an
important role in the reaction. Owing to the poor solubility
of calcium carbide in CCl,, EtOH, THF, or toluene, 2a was not
obtained in these media (entries 15-18). In comparison,
DMF, DMSO, and MeCN were suitable solvents, and gave
various amounts of 2a (entries 8, 19, and 20), with DMF
giving the highest yield (entry 8). The reaction temperature
also affected the reaction (entries 8, 21-23), and 90 °C was
found to be optimal. In addition, the addition of four equiv-
alents of water based on 1a was found to be the appropriate
amount for the reaction (entry 8). Larger or smaller
amounts of water both produced a drop in the yield (entries
24 and 25).

By using these optimized conditions, a range of 1-aryl-
prop-1-ynes were prepared by the reaction of various aro-
matic aldehyde p-tosylhydrazones with calcium carbide at
90 °Cin undried DMF with Cul as a mediator and ‘BuOK as a
base (Scheme 2).23 The reactions worked well for a wide
range of substrates bearing both electron-donating groups

Table 1 Optimization of the Reaction Conditions?

(jANNHTs @ Mediator, base
= * Solvent temp.

1a

Entry  Mediator (equiv) Base Solvent Temp (°C)  Yield® (%)

1 - BuOK DMF 90 0

2 Cudl, (1.2) BuOK DMF 90 trace

3 Cucl (0.12) BuOK DMF 90 16

4 cucl (0. ) BuOK DMF 90 35

5 CuCl (1.2 BuOK DMF 90 65

6 Cudl (2) BuOK DMF 90 62

7 CuBr (1.2) ‘BuOK DMF 90 67

8 Cul(1.2) BuOK DMF 90 72

9 Cul(1.2) KOH DMF 90 0
10 Cul(1.2) K,CO4 DMF 90 0
11 Cul (1.2) Cs,C0;, DMF 90 33
12 Cul (1.2) KOAc DMF 90 trace
13 Cul (1.2) DMAP DMF 90 trace
14 cul(1.2) EtN DMF 90 trace
15 Cul (1.2) ‘BUOK ccl, 90 trace
16 Cul(1.2) BuOK EtOH 90 0
17 Cul (1.2) BuOK THF 90 trace
18 Cul (1.2) BuOK toluene 90 0
19 Cul (1.2) ‘BUOK MeCN 90 15
20 Cul(1.2) BuOK DMSO 90 53
21 Cul (1.2) BuOK DMF 70 45
22 Cul (1.2) BuOK DMF 80 65
23 Cul (1.2) ‘BUOK DMF 100 68
24 cul(1.2) BuOK DMF 90 51¢
25 Cul (1.2) BuOK DMF 90 454

2 Reaction conditions: 1a (1 mmol), calcium carbide (3 mmol), H,O (4
mmol), mediator, base (2 mmol), undried solvent (4 mL), 6 h.

b Isolated yield.

¢H,0 (2 mmol).

4H,0 (8 mmol).

(Me, Et, iPr, '‘Bu, NH,) or electron-withdrawing groups (F, Cl,
Br) on the aromatic ring, and the desired products 2a-q
were obtained in satisfactory yields with no obvious elec-
tronic effects (Scheme 2). In particular, the reaction tolerat-
ed an NH, group (2h). Exceptionally, a substrate with a
strongly electron-withdrawing CF; group on the aromatic
ring gave a low yield of 2r. In addition, the reaction was also
suitable for substrates bearing polycyclic and heterocyclic
aromatic rings, and afforded the desired products 2s-v in
good yields. The di(prop-1-yn-yl)benzenes 2w and 2x were
also obtained in moderate to good yields by a similar reaction.
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Scheme 2 Synthesis of 1-arylprop-1-ynes. Reaction conditions: 1a-x (1 mmol), CaC, (3 mmol), H,0 (4 mmol), Cul (1.2 mmol), ‘BuOK (2 mmol), un-

dried DMF (4 mL), 90 °C, 6 h.

Note that in the synthesis of 2-prop-1-yn-1-ylthiophene
(2v), 3-prop-1-yn-1-ylthiophene (3v), an isomer of 2v, was
also isolated as a minor product in 12% yield (2v/3v =13:2)
(Scheme 3).
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Scheme 3 Synthesis of isomers 2v and 3v
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To gain insight into the reaction mechanism, control ex-
periments were conducted (Scheme 4). When the reaction
of 1a with calcium carbide was carried out at lower tem-
perature (60 °C) for a short time (1 h), propa-1,2-dien-1-yl-
benzene (2a’) was isolated in low yield (27%). Diene 2a' was

subsequently converted into 2a in 75% yield under the stan-
dard conditions. This result implies that 2a’ is an intermedi-
ate for the formation of 2a.
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Scheme 4 Control experiments

On the basis of above results and our experimental ob-
servations, a plausible mechanism is proposed for the syn-
thesis of 2a (Scheme 5). Initially, 2-(diazomethyl)benzene is
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formed in situ by the reaction of 1a with ‘BuOK (the Bam-
ford-Stevens reaction).>* Simultaneously, calcium carbide
reacts with water to form calcium acetylide hydroxide,!7#17¢
which then transformed into copper calcium acetylide in
the presence of cuprous iodide.?> This acetylide then reacts
with 2-(diazomethyl)benzene to form the copper carbene
species A.1426 A reductive elimination reaction of A gives
intermediate B,> which abstracts a hydrogen ion from wa-
ter present in the reaction system to afford propa-1,2-dien-
1-ylbenzene (2') with loss of copper(I) and calcium hydrox-
ide. Diene 2a’ undergoes hydrogen rearrangement to give
the conjugated product 2a, which is more stable than the
nonconjugated isomer prop-2-yn-1-ylbenzene (C).
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Scheme 5 Proposed mechanism for the synthesis of 2a

In conclusion, we have developed a safe, efficient, and
simple method for the synthesis of 1-arylpropa-1-ynes by
using calcium carbide as an inexpensive and readily obtain-

able source of acetylene. The synthetic method tolerates a
wide range of substrates and provides a good alternative for
the synthesis of internal alkynes.
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