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One-pot transformation of Me Si-/Ph,P(O)-protected ethynes to
unsymmetrical arylethynes
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Me,Si-/Ph,P(0)-protected ethynes were successfully transformed to unsymmetrical arylethynes via a one-pot Ph,P(0)-deprotection/
[Pd(dppf)Cl,]-catalysed coupling and one-pot Me,Si-deprotection/Sonogashira coupling under mild conditions and in high yield.
Unsymmetrical phenylethynes, unsymmetrical extended phenylene ethynylenes and unsymmetrical anthrylethynes were successfully
synthesised in good to excellent yields.
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Highly m-conjugated unsymmetrical arylethynes, which have
rigid structures and highly extended m-systems, are important
organic materials used in organic field-effect transistors,' organic
light-emitting diodes,>* liquid crystals’ and dye-sensitised solar
cells®”. The Sonogashira coupling is a powerful method for
synthesising arylethynes from the corresponding aryl halide and
terminal ethynes as starting materials. The traditional synthesis of
unsymmetrical arylethynes often suffers from severe drawbacks,
such as the difficult separation of the products that have similar
R, values to the starting materials and by-products as well as low
overall yields and long synthetic steps.® Although trialkylsilyl groups
such as trimethylsilyl (TMS) and #-butyldimethylsilyl (TBDMS)
and the 2-hydroxy-2-propyl group are routinely used as protecting
groups for terminal ethynes, the phosphoryl group (Ph,P(O)) has
been developed as a new protecting group.”™® The high polarity
of the phosphoryl group enables the easy separation of the desired
products from the less-polar hydrocarbon by-products.'®!? Recently,
a short one-pot synthesis of unsymmetrical arylethynes has been
developed involving dephosphorylation followed by Sonogashira
couplings. However, the isolation of products was tedious because

Table 1 Synthesis of unsymmetrical phenylethynes

Ph,P(O)

Ny

of the similar R, values of the products and by-products, and the
yields of products required improvement.'’

Therefore, a more efficient procedure leading to unsymmetrical
arylethynes under mild reaction conditions, with easy purification
and high yields was required. We now report our work on developing
an efficient route to unsymmetrical arylethynes from Me,Si-/
Ph,P(O)-protected arylethynes via a one-pot Ph,P(O)-deprotection
[Pd(dppf)CL,]-catalysed coupling followed by a one-pot Me,Si-
deprotection/Sonogashira coupling under mild conditions, with
easy purification and in high yield.

Results and discussion

First, we tried a selective Ph,P(O)-deprotection/[Pd(dppf)Cl,]-
catalysed coupling and Me,Si-deprotection/Sonogashira coupling
of the Me,Si-/Ph,P(O)-protected phenylethyne 1. When 1 was
treated successively with MeMgBr and then with the phenyl halide
2 and Pd catalyst, the corresponding Sonogashira coupling product
3 was obtained. The crude product 3 was subjected to a KOH-
catalysed desilylation/[Pd, Cu]-catalysed Sonogashira coupling to
afford product § as shown in Table 1. In the above procedure,

) [R

2
MeMgBr Pd(dppf)Cl,-CH,Cl,

=——SiMe; THF THF, toluene X
— 0°C-rt,3h <:\>—:—SiM93
1 One pot — 3
"fltration by a thin pad of silica gel"
Vs
Pd(PPhy),
TBAF Cul
THF, 0 °C - r.t. toluene, i-Pr,NH X \
60 °C, 15h — R’
One pot
5
Entry 1 (Ph,(O)PC=C) 2 (X;R) 4 (R) 5 (RCgH,C=C: R yield (%)?
1 1a(m-C=CP(O)Ph,) 2a(Br;OMe) 4a(CN)  5a(m-C=CCgH,OMe; CN) 86>
2 1b (p-C=CP(O)Ph,) 2b (I; ODMO) 4b (OMe) 5b (p-C=CC¢H,ODMO; OMe) 91
3 1c(0-C=CP(O)Ph,)  2¢(I; H) 4c (H) 5¢ (0-C=CCgHs; OMe) 87

ODMO: O-(3,7-dimethyloctyl)
dppf: 1,1'-bis(diphenylphosphino)ferrocene

dsolated yields.

"The temperature of [Pd(dppf)Cl,]-catalysed coupling was 0-80 (refers only to entry 1).
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a filtration of 3 through a thin pad of silica gel was required.
Otherwise, the residual oxidised transition metal catalyst(s)
affected the second one-pot step and produced a low yield of
5. m-, p- and o-substituted unsymmetrical phenyl ethynes were
successfully synthesised in excellent yields, and the products
were easily isolated (Table 1, Sa—c).

We succeeded in the synthesis of the unsymmetrical phenylene
ethynylene 8 with an extended 7-system using PhP(O)-
deprotection/[Pd(dppf)Cl,]-catalysed coupling and a Me,Si-
deprotection/Sonogashira  coupling procedure. Treatment
of 6 with MeMgBr, 1-bromo-4-methoxybenzene and a Pd
catalyst afforded the intermediate 7. After filtration, the crude
intermediate 7 was subjected to a KOH-catalysed desilylation/
[Pd, Cu]-catalysed Sonogashira coupling with 4-iodobenzonitrile
to afford product 8 in 78% yield as shown in Scheme 1.

The Ph,P(O)-deprotection/[Pd(dppf)Cl,]-catalysed coupling
and Me, Sl deprotection/Sonogashira coupling protocol was
also apphed to synthesise unsymmetrical anthrylethynes as
well as phenylethynes. Unsymmetrical anthryl ethynes 10a
and 10b were obtained in good yields from Me,Si-/Ph,P(O)-
protected anthrylethyne 9 through MeMgBr catalysed
dephosphination/[Pd(dppf)Cl,]-catalysed coupling followed by

P(O)Ph,

BrOOMe

MeMgBr Pd(dppf)Cl,-CH,Cl,

a KOH-catalysed desilylation/[Pd, Cu]-catalysed Sonogashira
coupling (Scheme 2).

Conclusion

We have developed an efficient procedure for the synthesis of
unsymmetrical ~ arylethynes from Me,Si-/Ph,P(O)-protected
arylethynes through a one-pot Ph,P(O)-deprotection/[Pd(dppf)Cl,]-
catalysed coupling and one-pot Me,Si-deprotection/Sonogashira
coupling. Unsymmetrical phenylethynes, unsymmetrical extended
phenylene ethynylenes and unsymmetrical anthrylethynes were
synthesised successfully in good to excellent yields. The mild
reaction conditions, short synthetic route, facile isolation of
products and excellent yields provide a convenient method to
prepare these important unsymmetrical arylethynes.

Experimental

Dry solvents, reagents and catalysts were purchased as analytical
grade and were used without further purification. Me,Si-/Ph,P(O)-
protected arylethynes la—c, 6 and 9 were synthesised according to
literature procedures." Analytical TLC was performed with silica
gel 60 F254 plates. Column chromatography was carried out using
silica gel 60 (200-300 mesh). Melting points were measured on a

One pot

THF  THF, toluene
0°C-80°C,3h

Pd(PPh;),
TBAF _ Cul
THF, 0 °C -r.t. toluene, i-ProNH
60 °C,15h
One pot
878%
Scheme 1 Synthesis of unsymmetrical extended phenylene ethynylene.
— R
g 2 \_7
. . MeMgBr Pd(dppf)Cl,-CH,Cl, o _ /xR
Me,Si—— P(O)Ph, THE Me Si—— \ /— \ />
One pot
Pd(PPhj),
/—\ R
TBAF Cul =R’ 7\ — == “\
THF, 0 °C -r.t. toluene, i-Pr,NH _ / \ 7
80°C,15h
One pot
10a: R = p-CN, R' = OMe, 83%
10b: R = m-CF3, R' = NPhy, 81%

Scheme 2 Synthesis of unsymmetrical anthrylethynes.



SGW X-4 (INESA) melting point apparatus and are uncorrected.
All NMR spectra were recorded on a Bruker AV-II 500 MHz NMR
spectrometer operating at 500 MHz for 'H and 125 MHz for “C.
Tetramethylsilane (TMS) was used as internal reference for 'H and
BC chemical shifts and CDCI, was used as solvent. Mass spectra (MS)
were obtained using EI mass spectrometer on a Bruker MicroTof 11
mass spectrometer.

Synthesis of unsymmetrical arylethynes Sa—c, 8, 10a and 10b; general
procedure (representative procedure for 5a)

A THF solution (10.0 mL) of 1a (1.0 mmol) was treated with
MeMgBr (1.0 mmol). After the mixture had been stirred for
30 min under nitrogen at 0 °C, 2a (1.0 mmol) and Pd(dppf)
Cl1,-CH,CI, (0.05 mmol) were added at 0 °C. The mixture was
stirred under nitrogen at 80 °C for 6 h. After workup with CH,CI,
and aqueous NH,Cl, the organic layer was washed with brine and
dried over MgSO,. After filtration, the solvents were evaporated.
The crude product was filtered through a thin pad of silica gel to
give the product 3 in sufficiently pure form for further reaction.
A THF solution (10.0 mL) of the crude product 3 was treated with
TBAF (1.0 mmol) at 0 °C. After the mixture had been stirred
for 4 h under nitrogen at room temperature, 4a (0.95 mmol),
Pd(PPh,), (0.05 mmol), Cul (0.05 mmol), toluene (15.0 mL) and
diisopropylamine (0.5 mL) were added sequentially. The mixture
was stirred under nitrogen at 60 °C for 15 h. After workup with
CH,CIl, and aqueous NH,Cl, the organic layer was washed with brine
and dried over MgSO,. After filtration, the solvents were evaporated.
The crude product was subjected to column chromatography on silica
gel (hexane/CH,Cl,, 3:1) to afford 5a in a pure form (yield 86%).

5a: Pale yellow powder; m.p. 170-172 °C (lit.” 169-171 °C); '"H NMR
(500 MHz, CDCL,): 6 3.86 (s, 3H), 6.89 (d, J = 9.0 Hz, 2H), 7.35 (t,
J = 8.0 Hz, 1H), 7.47-7.53 (m, 4H), 7.601-7.67 (m, 4H), 7.71 (s, 1H);
C NMR (125 MHz, CDCL,): 8 55.29, 86.97, 88.09, 90.37, 92.96,
111.59, 114.00, 114.07, 114.85, 118.48, 122.46, 124.18, 127.97, 128.58,
131.04, 131.95, 132.09, 133.13, 134.56, 159.81.

5b: White powder; m.p. 150-152 °C (lit."’ 151-153 °C); '"H NMR
(500 MHz, CDCl,): & 0.88 (d, J = 6.75 Hz, 6H), 0.94 (d, J = 6.45
Hz, 3H), 1.15-1.36 (m, 6H), 1.52-1.62 (m, 2H), 1.67-1.68 (m, 1H),
1.81-1.87 (m, 1H), 3.83 (s, 3H), 3.97-4.06 (m, 2H), 6.87-6.89 (m, 4H),
7.44-7.48 (m, 8H); *C NMR (125 MHz, CDCL,): § 19.62, 22.59, 22.65,
24.64, 27.97, 29.82, 36.08, 37.26, 39.21, 55.23, 66.39, 87.85, 87.94,
91.12, 91.26, 114.02, 114.56, 114.85, 115.17, 122.99, 123.12, 131.28,
133.05, 133.07, 159.34, 159.72.

Sc: Colourless oil (lit." colourless oil); '"H NMR (500 MHz, CDCL,):
4 3.83 (s, 3H), 6.87 (d, J = 8.7 Hz, 2H), 7.26-7.28 (m, 2H), 7.33-7.36
(m, 3H), 7.53 (d, J = 8.7 Hz, 2H), 7.54-7.58 (m, 4H); “C NMR (125
MHz, CDCl,): & 55.32, 87.11, 88.54, 93.42, 93.83, 114.01, 115.55,
123.43, 125.61, 126.27, 127.66, 128.07, 128.42, 131.63, 131.72, 131.85,
133.11, 159.80.

8: White powder; m.p. 216-218 °C; 'H NMR (500 MHz, CDCl,): )
3.84 (s, 3H), 6.89 (d, J = 8.6 Hz, 2H), 7.31-7.38 (m, 2H), 7.46-7.48 (m,
3H), 7.50-7.55 (m, 3H), 7.60-7.68 (m, 5H), 7.71 (s, 1H); *C NMR (125
MHz, CDCl,): § 55.34, 74.06, 74.70, 80.44, 81.26, 86.86, 88.52, 90.47,
92.39, 111.80, 114.02, 114.09, 114.86, 118.44, 121.85, 122.36, 122.81,
124.23, 127.77, 131.77, 132.10, 132.15, 132.92, 133.13, 133.17, 135.23,
135.53, 159.85; HRMS (ESI) m/z caled for C,H NO: [M + HJ*
458.1467; found: 458.1471.
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10a: White powder; m.p. 235-236 °C (lit."> 234-235 °C); '"H NMR
(500 MHz, CDCL,): & 3.88 (s, 3H), 6.97 (d, J = 8.8 Hz, 2H), 7.61-7.66
(m, 4H), 7.69-7.73 (m, 4H), 7.81 (d, J = 8.2 Hz, 2H), 8.56-8.62 (m, 2H),
8.66-8.71 (m, 2H); *C NMR (125 MHz, CDCl,): § 55.35, 85.18, 91.01,
100.18, 103.42, 111.56, 114.22, 115.28, 116.36, 118.58, 120.28, 126.73,
127.17,127.48, 128.27, 131.76, 131.97, 132.18, 132.26, 133.25, 160.12.

10b: White powder; m.p. 192-193 °C (lit.”? 190-191 °C); 'H NMR
(500 MHz, CDCL): § 7.08-7.11 (m, 4H), 7.19 (d, J = 7.6 Hz, 4H), 7.33 (¢,
J =79 Hz, 4H), 7.57-7.68 (m, 8H), 7.96 (d, J = 7.6 Hz, 1H), 8.01 (s, 1H),
8.66-8.67 (m, 2H), 8.69-8.71 (m, 2H); C NMR (125 MHz, CDClS):
4 85.76, 88.08, 100.29, 103.43, 115.85, 116.82, 119.72, 122.16, 122.21,
123.76, 12376 (q, J = 272.3 Hz), 124.39, 125.12 (q, J = 2.1 Hz), 126.66,
126.93, 127.04, 127.42, 128.26 (q, J = 3.6 Hz), 129.06, 129.46 (m), 131.12
(d,J=32.5Hz), 132.79, 132.20, 132.68, 134.69, 147.05, 148.38.
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