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Sonogashira Reaction Catalyzed by Palladium Isocyanide
Complex Modified in situ
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Abstract—Palladium isocyanide complex modified in situ by addition of benzohydrazide as nucleophile was
shown to catalyze Sonogashira reactions of phenylacetylene with iodobenzenes in refluxing ethanol in the
presence of potassium carbonate. The reactions were complete in 2 h, and neither preliminary degassing nor
protection from atmospheric moisture and oxygen was necessary. The yields of the cross-coupling products,
unsymmetrical diarylacetylenes were only slightly lower than those obtained with the preliminarily prepared
catalyst. The proposed procedure was used to synthesize a series of diarylacetylenes containing both electron-
donating and electron-withdrawing substituents in the benzene rings.
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Over the past decades catalysis has been the key
factor determining the development of new industrial
technologies. The reason is that catalysts allow
reactions to be carried out under milder conditions and
with higher selectivity. Furthermore, it often becomes
possible to synthesize in one step those compounds
which were previously available only via multistep
procedures. Large-scale efficient manufacture of che-
micals is necessary to satisfy demands of fuels, poly-
mers, energy, materials, agrochemicals, and many
other items. Homogeneous metal complex catalysis
conforms to so-called “green chemistry” principles con-
stituting a paradigm of the development of chemical
science in the XXIth century.

Transition metal complexes are extensively used to
catalyze organic reactions, in particular due to the
possibility of varying the catalytic activity by modify-
ing the ligand structure. Herein, a precatalyst rather
than true catalyst is added to the reaction mixture
[1-3]. Ligands coordinated to a metal are capable of
reacting with other organic and inorganic compounds,
thus changing their structure and hence properties of
the catalytic center which becomes the true catalyst.
This extends the potential of metal-complex catalysis
and allows relatively simple transition metal com-
plexes to be used as precatalysts; as a result, practical
implementation of catalytic process is facilitated.

The above stated fully applies to palladium(Il)-acyclic
diaminocarbene complexes (Pd-ADC) that are
nowadays among the most efficient cross-coupling
catalysts [4, 5]. The most widely used procedure for
the synthesis of such complexes is based on the reac-
tion of nitrogen nucleophiles with palladium bis(iso-
cyanide) complexes (Scheme 1) [6-12]. A number of
Pd-ADC complexes were previously synthesized in
our laboratory, and they turned out to be excellent
catalysts of the Suzuki reactions with haloarenes
[13, 14], haloalkenes [15], and benzyl halides [16] and
copperless Sonogashira reactions [17-21]. In these
studies, the catalysts were synthesized preliminarily by
reactions of palladium bis(isocyanide) complexes with
the corresponding nitrogen nucleophiles in boiling
chloroform or methylene chloride.

It has recently been shown that mild conditions of
the synthesis of the above complexes make it possible
to generate them in situ under the Suzuki reaction
conditions [22]. In this way, Suzuki cross-coupling
was carried out in the presence of dichlorobis(cyclo-
hexyl isocyanide)palladium(Il) (1) (Scheme 2) and
three different nitrogen nucleophiles (4-nitrophenyl-
hydrazine, benzohydrazide, and morpholine) as
modifying agents. The best results were obtained with
morpholine as modifier taken in a large excess with
respect to the palladium complex.
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In this work, the possibility of in situ modification
of a palladium bis(isocyanide) complex was studied in
the Sonogashira cross-coupling of 4-methoxy-1-iodo-
benzene (2a) with phenylacetylene (3) (Scheme 2) as a
model reaction. When the reaction was carried out
under the conditions reported previously for the cop-
perless Sonogashira reaction catalyzed by Pd-ADC
[19-21] but using a mixture of complex 1 with
morpholine (5) as the most efficient modifier in the
Suzuki reaction [22], the yield of cross-coupling pro-
duct 4a was low. Satisfactory results were obtained
with the use of another modifier, benzohydrazide (6).
In this case, the yield of 4a was comparable with that
reported for the catalysis with preliminarily syn-
thesized Pd-ADC complex [21]. Table 1 compares the
yields of 4a obtained using different catalytic systems.

The difference of the relative catalytic activities of
the examined systems in the Snogashira reaction from
their catalytic activities in the Suzuki reaction is likely
to be related to the presence in the reaction mixture of
compounds containing a triple bond [22]. The low
yield of 4a in the reaction catalyzed by the system
complex 1-morpholine may be rationalized assuming
that morpholine partially reacts (probably, in a
reversible manner) with the triple bond of initial
phenylacetylene (3) and/or cross-coupling product 4a.

To estimate the scope of the proposed procedure,
phenylacetylene (3) was reacted with substituted
iodobenzenes 2b-2g under the given conditions
(Scheme 3). In all cases, the corresponding cross-
coupling products 4b—4g were obtained (Table 2).
Regardless of the substituent nature in the initial
iodobenzene, the cross-coupling products were isolated
in satisfactory yields, which provides one more
evidence for the efficiency of the proposed catalytic
system in the copperless Sonogashira reaction. The
presence of a substituent in the ortho position with
respect to iodine did not interfere with the reaction

provided that this substituent is incapable of
Scheme 3.
\ I + =—Ph
b )
X
2b-2g 3
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_— ——Ph
K,COs3, X/
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X = 4-Me (b); X = 4-CHO (¢); X = 2,6-Me; (d); X =
4-NH, (e); X =2-NH, (f); X =2,4,6-Cl; (g).
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SONOGASHIRA REACTION CATALYZED BY PALLADIUM ISOCYANIDE COMPLEX

Table 1. Sonogashira reaction of 1-iodo-4-methoxybenzene (2a) with phenylacetylene (3) in different catalytic systems
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a

Catalyst (0.001 mol per mole of 2a) Ad(iffﬂg;gg;g ug}ezozghile Yield of 4a,” %
Pd-ADC [21] - 93"
1+5 0.5 15
1+6 0.5 86 (80°)

* Reaction conditions: 2a, 0.3 mmol; 3, 0.5 mmol; K,COs, 0.7 mmol; EtOH, 2 mL; 80°C, 2 h. ® GC/MS data. © Isolated yield.

specifically interacting with the metal center. The low
yield of 4f in the reaction with 2-iodoaniline (2f) is
likely to be determined by the formation of strong
acetylene amine chelate complex 7, which hampers
further reaction.

Ph
// N L
Pd
/ L
NH,
7

In summary, the possibility of carrying out copper-
less Sonogashira cross coupling catalyzed by palla-
dium(II) bis(isocyanide) complex modified by addition
of a nitrogen nucleophile has been demonstrated for
the first time. The proposed procedure is advantageous
due to mild conditions (reflux in ethanol in the
presence of potassium carbonate without preliminary
degassing and protection from atmospheric moisture
and oxygen) and the use of a simple catalytic system.

EXPERIMENTAL

The 'H NMR spectra were recorded on a Bruker
Avance II+ spectrometer (400.13 MHz) at room
temperature using CDCI; as solvent. Gas chromato-
graphic—mass spectrometric analysis was performed
with a Shimadzu GCMS QP-2010 SE instrument
[electron impact, 70 eV; a.m.u. range 35-500; detector
temperature 200°C; Rtx-5MS column, 30 mx0.32 mm,
film thickness 0.25 pum; carrier gas argon, flow rate
0.8 mL/min; oven temperature programming from
50 (2 min) to 250°C at a rate of 25 deg/min and 20 min
at 250°C].

Sonogashira reaction (general procedure). A
solution of comple 1 in ethanol with a required con-
centration was added with stirring to a mixture of iodo-
arene 2a—2g (0.3 mmol), phenylacetylene (3, 0.5 mmol),
potassium carbonate (0.7 mmol), and ethanol (2 mL).

The mixture was heated for 2 h on an oil bath at a bath
temperature of 80°C. After cooling to room tem-
perature, the mixture was diluted with 10 mL of water
and extracted with hexane-methylene chloride (5:1,
2x5 mL), and the combined extracts were dried over
anhydrous sodium sulfate and analyzed by GC/MS.
The solvent was evaporated, and the product was
isolated by silica gel column chromatography using
n-hexane as eluent.

The properties of the isolated compounds were in
agreement with the data given in [23-27].

1-Methoxy-4-(phenylethynyl)benzene (4a). Yield
166 mg (80%), colorless solid, mp 57°C. '"H NMR
spectrum, o, ppm: 3.86 s (3H, OCH3;), 6.91 d 2H, J =
8.8 Hz), 7.33-7.39 m (3H), 7.51 d (2H, J = 8.8 Hz),
7.51-7.55 m (2H).

1-Methyl-4-(phenylethynyl)benzene (4b). Yield
157 mg (82%), colorless solid, mp 71°C. 'H NMR
spectrum, §, ppm: 2.40 s (3H, CH;), 7.18 d (2H, J =
7.8 Hz), 7.34-7.38 m (3H), 7.45 d (2H, J = 7.8 Hz),
7.53-7.56 m (2H).

4-(Phenylethynyl)benzaldehyde (4¢). Yield 161
mg (78%), colorless solid, mp 95°C. "H NMR spec-
trum, 8, ppm: 7.39-7.41 m (3H), 7.57-7.60 m (2H),
7.70 d (2H, J= 8.2 Hz), 7.89 d (2H, J = 8.4 Hz), 10.04
s (1H, CHO).

Table 2. Sonogashira reactions of iodobenzenes 2b-2g"

Substrate X Yield of 4,° %
2b 4-Me 82
2¢ 4-CHO 78
2d 2,6-Me, 72
2e 4-NH, 62
2f 2-NH, 33
2g 2,4,6-Cl; 73

 Reaction conditions: 2a, 0.3 mmol; 3, 0.5 mmol; K,COs;, 0.7 mmol;
EtOH, 2 mL; 80°C, 2 h. ° Isolated yield.
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1,3-Dimethyl-2-(phenylethynyl)benzene (4d). Yield
148 mg (72%), light yellow oily material. '"H NMR
spectrum, J, ppm: 2.58 s (6H, CH3), 7.11-7.18 m (3H),
7.39-7.41 m (3H), 7.59-7.61 m (2H).

4-(Phenylethynyl)aniline (4e). Yield 120 mg (62%).
"H NMR spectrum, 8, ppm: 3.89 br.s (2H, NH,), 6.66 d
(2H, J = 8.5 Hz), 7.33-7.37 m (5H), 7.53 d (2H, J =
9.5 Hz).

2-(Phenylethynyl)aniline (4f). Yield 58 mg (33%),
colorless solid, mp 87°C. 'H NMR spectrum, 3, ppm:
4.30 br.s (2H, NH,), 6.76 d (1H, J = 8.0 Hz), 7.15-7.19
m (1H), 7.34-7.40 m (5H), 7.55-7.57 m (2H).

1,3,5-Trichloro-2-(phenylethynyl)benzene (4g). Yield
211 mg (75%), colorless solid, mp 120°C. 'H NMR spec-
trum, §, ppm: 7.40-7.42 m (5H), 7.62—7.64 m (2H).

ACKNOWLEDGMENTS

Synthesis of the palladium isocyanide complex was
performed under financial support by the Russian
Science Foundation (project no. 14-43-00017-P) using
the facilities of the Magnetic Resonance Research
Center and Chemistry Educational Center at the St.
Petersburg State University. Determination of catalytic
activity was funded by the St. Petersburg State
University (project no. 12.37.214.2016).

REFERENCES

1. Stracke, J.J. and Finke, R.G., ACS Catal., 2014, vol. 4,
no. 3, p. 909. doi 10.1021/cs4011716

2. Sonnenberg, J.F. and Morris, R.H., Catal. Sci. Technol.,
2014, vol. 4, no. 10, p. 3426. doi 10.1039/C4CY00468]

3. Eremin, D.B. and Ananikov, V.P., Coord. Chem. Rev.,
2017, vol. 346, p. 2. doi 10.1016/j.ccr.2016.12.021

4. Boyarskiy, V.P., Luzyanin, K.V.; and Kukushkin, V.Yu.,
Coord. Chem. Rev., 2012, vol. 256, p. 2029. doi
10.1016/j.ccr.2012.04.022

5. Slaughter, L.M., ACS Catal., 2012, vol. 2, p. 1802. doi
10.1021/cs300300y

6. Boyarskiy, V.P., Bokach, N.A., Luzyanin, K.V., and
Kukushkin, V.Y., Chem. Rev., 2015, vol. 115, p. 2698.
doi 10.1021/¢r500380d

7. Lothschuetz, C., Wurm, T., Zeiler, A., Freiherr von
Falkenhausen, A., Rudolph, M., Rominger, F., and
Hashmi, A.S.K., Chem. Asian J., 2016, vol. 11, no. 3,
p- 342. doi 10.1002/asia. 201500353

8. Riedel, D., Wurm, T., Graf, K., Rudolph, M., Rominger, F.,
and Hashmi, A.S.K., Adv. Synth. Catal., 2015, vol. 357,
no. 7, p. 1515. doi 10.1002/adsc.201401131

9. Kinzhalov, M.A. and Boyarskiy, V.P., Russ. J. Gen.
Chem., 2015, vol. 85, no. 10, p. 2313. doi 10.1134/
S1070363215100175

10. Knorn, M., Lutsker, E., and Reiser, O., Organo-

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

BOYARSKII

metallics, 2015, vol. 10.1021/
acs.organomet.5b00516

Mikhaylov, V.N., Sorokoumov, V.N., Korvinson, K.A.,
Novikov, A.S., and Balova, I.A., Organometallics, 2016,
vol. 35, no. 11, p. 1684. doi 10.1021/acs.organomet.6b00144
Anisimova, T.B., Guedes da Silva, M.F.C., Kukush-
kin, V.Yu.,, Pombeiro, A.J.L., and Luzyanin, K.V.,
Dalton Trans., 2014, vol. 43, p. 15861. doi 10.1039/
C4DT01917B

Luzyanin, K.V., Tskhovrebov, A.G., Carias, M.C,,
Guedes da Silva, M.F.C., Pombeiro, A.J.L., and Kukush-
kin, VY., Organometallics, 2009, vol. 28, p. 6559. doi
10.1021/0m900682v

Kinzhalov, M.A., Luzyanin, K.V., Boyarskiy, V.P,
Haukka, M., and Kukushkin, V.Y., Organometallics,
2013, vol. 32, p. 5212. doi 10.1021/0m4007592

Miltsov, S.A., Karavan, V.S., Boyarsky, V.P., Gomez-de
Pedro, S., Alonso-Chamarro, J., and Puyol, M.,
Tetrahedron Lett., 2013, vol. 54, p. 1202. doi 10.1016/
j.tetlet.2012.12.060

Kras’ko, S.A., Zlotskii, S.S., and Boyarskii, V.P., Russ.
J. Gen. Chem., 2015, vol. 85, no. 11, p. 2541. doi
10.1134/S1070363215110079

Khaibulova, T.Sh., Boyarskaya, [.A., and Boyarskii, V.P.,
Russ. J. Org. Chem., 2013, vol. 49, no. 3, p. 360. doi
10.1134/S1070428013030081

Ryabukhin, D.S., Sorokoumov, V.N., Savicheva, E.A.,
Boyarskiy, V.P., Balova, I.A., and Vasilyev, A.V,
Tetrahedron Lett., 2013, vol. 54, p. 2369. doi 10.1016/
j.tetlet.2013.02.086

Savicheva, E.A., Kurandina, D.V., Nikiforov, V.A., and
Boyarskiy, V.P., Tetrahedron Lett., 2014, vol. 55,
p- 2101. doi 10.1016/j.tetlet. 2014.02.044

Valishina, E.A., Guedes da Silva, M.F.C., Kinzha-
lov, M.A., Timofeeva, S.A., Buslaeva, T.M., Haukka, M.,
Pombeiro, A.J.L., Boyarskiy, V.P., Kukushkin, V.Y., and
Luzyanin, K.V., J. Mol. Catal. A: Chem., 2014, vol. 395,
p- 162. doi 10.1016/j.molcata.2014. 08.018

Timofeeva, S.A., Kinzhalov, M.A., Valishina, E.A.,
Luzyanin, K.V., Boyarskiy, V.P., Buslaecva, T.M.,
Haukka, M., and Kukushkin, V.Y., J Catal., 2015,
vol. 329, p. 449. doi 10.1016/j.jcat.2015.06.001
Boyarskaya, D.V. and Boyarskii, V.P., Russ. J. Gen.
Chem., 2016, vol. 86, no. 9, p. 2033. doi 10.1134/
S1070363216090085

Pu, X., Li, H., and Colacot, T.J., J. Org. Chem., 2013,
vol. 78, no. 2, p. 568. d0i.1021/j0302195y

He, C., Ke, J., Xu, H., and Lei, A., Angew. Chem. Int.
Ed., 2013, vol. 52, p.1527. doi 10.1002/anie.201207970
Tolosa, J., Kub, C., and Bunz, U.H.F., Angew. Chem.
Int. Ed., 2009, vol. 48, p. 4610. doi 10.1002/anie.200900980
Carpita, A. and Ribecai, A., Tetrahedron Lett., 2009,
vol. 50, no. 2, p. 204. doi 10.1016/j.tetlet.2008.10.130
Vavilala, C., Byrne, N., Kraml, C.M., Ho, D.M., and
Pascal, R.A.J., J. Am. Chem. Soc., 2008, vol. 130,
no. 41, p. 13549. doi 10.1021/ja803413f

34, p. 4515. doi

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 87 No. 8 2017



		2017-09-08T14:06:21+0300
	Preflight Ticket Signature




