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Abstract

An effective, economic and green synthesis of carboxylic group substituted alkynes by
Sonogashira coupling of halogenated aromatic acids with phenylacetylene has been developed.
The coupling reaction proceeds well using Pd(OACc)/TPPTS-Cul as catalyst with K.COs3 as base
in water. It is worth noting that this procedure avoids the protection/deprotection steps of
carboxylic group and obtains the title compounds in good to excellent yields.
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Introduction

Carboxylic group substituted alkynes have found important applications in natural products,
bioactive compounds and advanced materials.’® In addition, substituted alkynes bearing
carboxylic group are useful intermediates which can be reduced for the preparation of some
simplified hybrid inhibitors,* and also may act as trapping sites to the metal ions.> In the
traditional strategy, these compounds were synthesized by the esterification of halogenated
aromatic acids, followed by Sonogashira coupling between the halogenated aromatic carboxylic
esters and terminal alkynes and then subsequently hydrolysis of the coupling products to release
the carboxylic group.®® As we know, protecting group introduction and removal has led to many
drawbacks such as loss of materials, unsatisfactory yields, cumbersome experimental and
formation of toxic byproducts.®

Recently, our group has reported an effective procedure for synthesis of
4-phenylethynylphthalic anhydride from 4-bromophthalic acid reacted with phenylacetylene by
Sonogashira coupling reaction using Pd(PPhs)Cl.-Cul/PPhs system in THF/EtsN,° which
avoided the additional protection/deprotection steps of carboxylic group. And to the best of our
knowledge, only a few publications have appeared employing the direct coupling between
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halogenated aromatic acids and terminal alkynes.'*? However, in all of the above catalytic
proceses, organic solvents were used as the reaction media.

Given the increasing concern about green and safe chemical processes, the application of
water instead of organic solvents as the reaction media has led to a tremendous interest in
Sonogashira coupling.3?2 Compared with organic solvents, water is inexpensive, nonflammable,
nontoxic, and environmental friendly. Therefore, considering the above subjects and aiming at a
simple and environmentally benign synthesis of carboxylic group substituted alkynes, we have
investigated the direct coupling reaction of phenylacetylene with a range of halogenated aromatic
acids catalyzed by available water-soluble palladium complexes in aqueous medium. Herein, we
report an effective, one-step and green Sonogashira coupling for the production of a series of
substituted alkynes bearing carboxylic group in water.

Results and Discussion

For the optimization of the reaction conditions, we chose the coupling of 4-bromobenzoic acid
with phenylacetylene as the model reaction using Pd(OACc)2 as catalyst, and the effect of various
reaction parameters was examined (Table 1). As shown in Table 1, the reaction was significantly
influenced by cocatalyst. Without Cul, the yield dropped from 78 to 21% (Table 1, entry 1 vs. 2).
It indicated that the role of Cul was important to facilitate the reaction. Considering that
phosphine ligand plays an important role in Sonogashira coupling reactions,?® the effect of
m-trisulfonated triphenylphosphine (TPPTS) on this reaction was investigated, and the results
suggested that the use of TPPTS as ligand provided an efficient catalytic system (Table 1, entry 2
vs. 3). Besides, the vyield increased slightly when a phase-transfer agent such as
tetrabutylammonium bromide (TBAB) was added (Table 1, entry 2 vs. 4), indicating that
addition of TBAB enhanced the reaction by transferring phenylacetylene to aqueous phase. The
influences of different bases were also screened. It was clear that the reaction proceeded well
when inorganic bases, such as NaOH, Na,COgz, K2CO3 and Cs.COz were used (Table 1, entries
4-7), and the best result was obtained in the case of K>COs as the base (Table 1, entry 4).
However, organic base (EtsN) gave an inferior result under the same conditions (Table 1, entry
8). Finally, reaction time and temperatures were evaluated (Table 1, entries 4, 11, 12 and 4, 9,
10). The results showed that the reaction time of 12 h at 100 °C gave a highest yield of 82%
(Table 1, entry 4).
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Table 1. Experimental conditions for the coupling of 4-bromobenzoic acid with phenylacetylene
in water?

Pd(OAc),
HOOC Br + =— ——————————» HOOC O — O

Entry  Catalyst system Additive Base ;I;iz:r;]perature Time (h) Yield (%) °
1 Pd(OAC)2, TPPTS K2COs 100 12 21
2 Pd(OAC),, TPPTS,Cul K2COs3 100 12 78
3 Pd(OAC)2,Cul K>COs 100 12 41
4 Pd(OAC), TPPTS,Cul TBAB  K2COs 100 12 82
5 Pd(OACc),, TPPTS,Cul TBAB NaOH 100 12 54
6 Pd(OAC),, TPPTS,Cul TBAB NaCO3 100 12 69
7 Pd(OAC), TPPTS,Cul TBAB  Cs;COs 100 12 77
8 Pd(OACc),, TPPTS,Cul TBAB EtsN 100 12 9
9 Pd(OAc),, TPPTS,Cul TBAB K2COs3 80 12 70
10 Pd(OAC), TPPTS,Cul TBAB  K,COs 60 12 32
11 Pd(OACc),, TPPTS,Cul TBAB K2COs3 100 16 82
12 Pd(OAc),, TPPTS,Cul TBAB K>COs3 100 8 76

&Reaction conditions: 4-bromobenzoic acid (10 mmol), phenylacetylene (15 mmol), Pd(OAc): (2
mol%), TPPTS (8 mol%), Cul (2 mol%), TBAB (6 mol%), base (20 mmol) and H20 (20 ml).
b|solated yield.

Having optimized the reaction conditions of phenylacetylene with 4-bromobenzoic acid, we
designed and carried out some new Sonogashira coupling of halogenated aromatic acids with
phenylacetylene in water (Table 2). All the reactions were completed under the above conditions
except 3-hydroxy-5-iodobenzoic acid and 3-hydroxy-5-bromobenzoic acid, and the amount of
K2COz was increased as their hydroxyl group would also react with KoCOs (Table 2, entry 5 and
6).
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Table 2. Synthesis of carboxylic group substituted alkynes by Sonogashira coupling of
halogenated aromatic acids with phenylacetylene in water?

HOOC ./~ Pd(OAc),, Cul, TPPTS HOOC —
\ / X + ——Ph > / ——Ph
K,CO3, TBAB, H,0
K K
1 2 3

X=I,Br  R=H, OH, NH,, NO,

Entry  Aryl halide Product Yield (%)°
1 4-1CsH4COOH 3a 87 (86)¢
2 4-BrC¢H4COOH 3a 82 (70)¢
3 3-1C6H4COOH 3b 85
4 3-BrC¢H4COOH 3b 78
5¢ 3-OH-5-1CsH3COOH 3c 80
6° 3-OH-5-BrCsHsCOOH 3c 73
7 3-NH.-5-1CsH3COOH 3d 81
8 3-NH2-5-BrCsH3sCOOH 3d 76
9 3-1-5-NO,CsH3COOH 3e 90
10 3-Br-5-NO,CsH3COOH 3e 85

aReaction conditions: 1 (10 mmol), 2 (15 mmol), Pd(OACc). (2 mol%), TPPTS (8 mol%), Cul (2
mol%), TBAB (6 mol%), K2CO3 (20 mmol) and H20 (20 ml) at 100 °C for 12 h.

b Average isolated yield from two independent trials.

“The molar ratio of the substrates to K.COz was 1:3.

dAt 80 °C.

As previously, literature suggested, aryl iodides are more reactive than aryl bromides in
Pd-Catalyzed Sonogashira coupling reactions.?* Results of our experiments were in accordance
with the literature. Under the optimal conditions, the coupling reactions between aryl iodides and
phenylacetylene produced higher yields than aryl bromides counterparts (Table 2, entry 1 vs. 2, 3
vs. 4, 5 vs. 6, 7 vs. 8, 9 vs. 10). And when the reaction temperature dropped to 80 °C, the
coupling reaction between 4-iodobenzoic acid and phenylacetylene gave the desired product in
86% vyield, while 4-bromobenzoic acid only gave a 70% yield (Table 2, entry 19 vs. 29).
Unfortunately, the coupling of aryl chlorides (such as p-chlorobenzoic acid) with
phenylacetylene failed to provide the desired products.
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The effect of substituted groups was studied in this reaction. According to the results
obtained, halogenated aromatic acids with electron-withdrawing group, such as
3-iodo-5-nitrobenzoic acid and 3-bromo-5-nitrobenzoic acid, gave excellent yields of 85% and
90%, respectively (Table 2, entry 9 and 10). In contrast, halogenated aromatic acids with
electron-donating groups, such as 3-hydroxy-5-iodobenzoic acid, 3-hydroxy-5-bromobenzoic
acid, 3-amino-5-iodobenzoic acid and 3-amino-5-bromobenzoic acid, gave the coupling products
in 80%, 73%, 81% and 76% vyields, respectively (Table 2, entries 5-8). The results are in
agreement with the past reports showing that aryl halides containing electron-withdrawing
groups are more reactive than aryl halides containing electron-donating groups in Sonogashira
coupling reactions.?>?" In addition, it was observed that there was no considerable difference in
yields between para-substituted and meta-substituted halogenated aromatic acids (Table 2, entry
3vs.land4vs. 2).

In order to show the advantage of using water compared with organic solvents, we have
studied the reaction of 4-bromobenzoic acid as a model compound with phenylacetylene using
Pd(PPh3)Cl,-Cul/PPhs system in THF/EtsN*° and also Pd(OAC).-Cul/TPPTS system in water. As
we have observed, using Pd(OACc)2-Cul/TPPTS system in water for this reaction afforded the
product in a higher yield than using Pd(PPhs)Cl>-Cul/PPhs system in THF/EtaN. It showed that
this method was more effective and green for the coupling reactions between halogenated
aromatic acids and phenylacetylene.

The results suggested that phenylacetylene was effective for this reaction. Under the simple
and environmentally benign reaction conditions, a series of substituted alkynes bearing
carboxylic group were synthesized via one-step Sonogashira coupling between phenylacetylene
and halogenated aromatic acids in good to excellent yields.

Conclusions

In summary, we have developed an effective, economic and green reaction condition for
protecting-group-free synthesis of carboxylic group substituted alkynes for the first time.
Moreover, a variety of important functional groups could be tolerated under the reaction
conditions. In comparison to conventional synthetic methods, the novel method has wide
potential prospects for the advantages of green economics, convenient manipulations and high
yields, which makes it an attractive alternative for the cross-coupling reaction of halogenated
aromatic acids with phenylacetylene.

Experimental Section

General. All reactions and manipulations were run under argon atmosphere. Melting points were
determined on XRC melting point apparatus and uncorrected. *H NMR (400 MHz) and *C
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NMR (100 MHz) spectra were recorded on a Perkin-Elmer R32 spectrometer in DMSO-ds or
CDCIs solvents with TMS as an internal standard. FTIR spectra were recorded on a PK1600
FTIR-type spectrophotometer using KBr pellets. Elemental analysis was recorded on Euro EA
3000 apparatus. Chemicals were obtained from commercial sources as analytical reagents and
were, in general, used without further purification.

General procedure for the Sonogashira coupling reaction

To a stirred solution of halogenated aromatic acid (10 mmol) and K>COz (20 mmol ) in 20 ml
H>0 were added Pd(OAc)2(0.045 g, 0.20 mmol ), TPPTS (0.46 g, 0.80 mmol), TBAB (0.19 g,
0.60 mmol) and Cul (0.038 g, 0.20 mmol) under argon atmosphere. After stirred at 40 °C for 20
min, phenylacetylene (15 mmol) was added, and the mixture was heated at 100 °C for 8-16 h.
Then the mixture was neutralized by concentrated HCI to pH = 2-3 and extracted with EtOACc
(3x10 mL). The organic layer was washed with water, dried on MgSO4 and after filtration, the
solvent was removed. Further purification was performed by column chromatography
(EtOACc/MeOH) to obtain the desired coupling product.

4-(Phenylethynyl)benzoic acid (3a). White solid, mp 218-220 °C (lit.?® mp 218-219 °C). 'H
NMR (400 MHz, DMSO-ds, 6 ppm): 13.18 (s, 1H), 7.98 (d, J = 5.6, 2H), 7.68 (d, J = 5.2, 2H),
7.60-7.61 (m, 2H), 7.46-7.47 (m, 3H). 3C NMR (100 MHz, CDCls, & ppm): 166.6, 131.5, 131.5,
130.6, 129.5, 129.2, 128.8, 126.6, 121.8, 91.9, 88.6.

3-(Phenylethynyl)benzoic acid (3b). White solid, mp 160-162 °C (lit.*® mp 160-161 °C). *H
NMR (400 MHz, DMSO-ds, & ppm): 13.28 (s, 1H), 8.07 (s, 1H), 7.97 (d, J = 7.6, 1H), 7.81 (d, J
= 7.2, 1H), 7.56-7.60 (m, 3H), 7.45-7.46 (m, 3H). *C NMR (100 MHz, DMSO-ds, & ppm):
167.0, 135.8, 132.4, 132.0, 129.9, 129.7, 129.5, 129.2, 123.2, 122.4, 90.5, 88.8.
3-Hydroxy-5-(phenylethynyl)benzoic acid (3c). Brown solid, mp 198-200 °C. *H NMR (400
MHz, DMSO-ds, 6 ppm): 13.14 (s, 1H), 10.17 (s, 1H), 7.57-7.60 (m, 2H), 7.52 (s, 1H), 7.43-7.45
(m, 3H), 7.38 (s, 1H), 7.14 (s, 1H). 3C NMR (100 MHz, DMSO-ds, & ppm): 166.5, 157.6, 132.7,
131.4, 128.9, 128.7, 123.5, 123.0, 122.0, 121.7, 116.6, 114.6, 89.4, 88.4; IR (KBr, cm™): 3287
(O-H), 3085 (C-H), 2849, 2666 (COO-H), 2214 (C =C), 1714 (C = 0), 1250 (C-0O); Anal. Calcd
for C15H1003: C, 75.62; H, 4.23. Found: C, 75.44; H, 4.25.

3-Amino-5-(phenylethynyl)benzoic acid (3d). Pale-brown solid, mp 176-178 °C. *H NMR (400
MHz, DMSO-ds, 6 ppm): 7.51-7.53 (m, 2H), 7.40-7.44 (m, 3H), 7.23 (s, 1H), 7.18 (s, 1H), 6.66
(s, 1H), 5.10 (s, 2H). *C NMR (100 MHz, DMSO-dg, & ppm): 170.3 (COOH), 148.5, 141.8,
131.7, 129.2, 128.8, 123.3, 121.4, 121.2, 116.9, 116.7, 91.4, 87.7; IR (KBr, cm™): 3462, 3371
(N-H), 2922, 2852 (COO-H), 2202 (C = C), 1698 (C = O), 1250 (C-O); Anal. Calcd for
C1sH11NO2: C, 75.94; H, 4.67; N, 5.90. Found: C, 75.82; H, 4.70; N, 5.92.
3-Nitro-5-(phenylethynyl)benzoic acid (3e). Yellow solid, mp 208-210 °C. *H NMR (400 MHz,
DMSO-ds, 6 ppm): 14.00 (s, 1H), 8.58 (s, 2H), 8.41 (s, 1H), 7.66-7.68 (m, 2H), 7.48-7.49 (m,
3H). 3C NMR (100 MHz, DMSO-ds, 5 ppm): 165.3, 148.6, 137.7, 133.6, 132.2, 130.1, 129.8,
129.3, 125.0, 123.8, 121.7, 92.8, 86.8; IR (KBr, cm™): 3094 (C-H), 2543, 2845 (COO-H), 2214
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(C

= C), 1698 (C = O), 1535, 1352 (N-0), 1286 (C-O); Anal. Calcd for C1sHoNO4: C, 67.42; H,

3.39: N, 5.24. Found: C, 67.29; H, 3.42; N, 5.26.
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