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A SHORT ROUTE TO DEHYDRO (12) ANNULENES.
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24 Rue Lhomond, 75231 Paris Cedex 05 - France.
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Abstract - A novel synthesis of dchydro [12) anrulenes from 1,2-dibromobenzene is based on selective Pd{(0)-
Cu(1) coupling reactions of aryl and viny| halides with terminal acetylenes.

The dehydroannulenes are a class of compounds having interesting properties.]»2 They are usually
prepared in low or modest yield by heating copper(T) acetylides with iodoarenes and iodoalkenes in boiling
pyridine for several hours. 34

The palladium-copper catatysed reaction of acetylencs with aryl and viny! halides provides an efficient
synthesis of polyussaturated compounds.3:6.7 We now describe a synthesis of dehydro [12] annuleoas by
utilisation of this methodology which could be extended to the synthesis of other annulenes.

A two-step synthesis of 4 was based

(i) on the palladium-copper catalysed monosubstitution of 1,2-dibromobenzene by 2-methyl-3-butyn-2-ol in
triethylamine.8.9:10 4 % of the disubstituted product 2 was casily separated by column chromatography.11

(i) on the palladium-copper catalysed trimerisation of the bromoacetylene 3

Treatment of the alcohol 1 with aqueous sodium hydroxide and palladium-copper catalysts under
phase-transfer conditions!2 generated the bromoacetylene 3 which trimerised in situ to give the
tribenzoannulene 4 in 36 % yield.
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It was previously reported that (E) and (Z) enediynes can be prepared in high yield from (E) and (2)-
l,2-dichlormathylul:m:.‘5v7-l1-12 This procedure was now extended 1 the synthesis of the dehydroannulenes 9 and
14.
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The diacetylide S was prepared in 85 % yield from 1.2-dibromobenzene! 3 and
trimethylsilylacetylene (3 equiv.), in piperidine at 70°C. Desilylation with potassium fluoride-water in
dimethylformamide gave 1,2-dicthynylbenzene G in 98 % yleld. Treatment with (Z)-12-dichlorocthylene
afforded 56 % of (Z)-chloroenyne 7.

We expected to obtain directly the dehydroannulene 9 by reaction of acetylene with 1 under
palladium-copper catalysis. However, this reaction failed. 9 was prepared as follows : treatment of the dichloride
7 with trimethylsilylacetylene gave 56 % of 8a . Desilylation (78 %) and treatment under palladium-copper
catalysis in benzene at room temperature for 16h led to 916 in 21 % yield.
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The dehydroannulene 14 was synthesized by a similar sequence : the bromo compound 11 was
prepared (64 %) by monosubstitution of 1,2-dibromobenzene (1 equiv.) with trimethylsilylacetylene (2 equiv.) in
triethylamine at 70° in the presence of the palladium-copper catalysts. 3.5% of the disubstituted product § was
separated by distillation. The monosilylated compound 10 was obtained in 55 % yield from 1.2-diethylnyl
benzene 6 (1 equiv.) when treated with ethylmagnesium bromide (1.1 equiv.) and then trimethyichlorosilane (1.5
equiv.). Coupling of the two compounds 1Q and 11 under palladium-copper catalysis (4h at 80°C) gave (57 %)
the silylated triene 12 which was desilylated with potassium fluoride to afford (84 %) the triyne 13417
Treatment of 13 with (Z)-1,2-dichloroethylene in the presence of the palladium-copper catalysts gave the
dichloride 15!8 instead of the expected cyclic product 14.4 This product was finally obtained (11 %) when
treated with (Z)-1,2-diiodoethylene in benzene at room temperature for 20h. ’
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EXPERIMENTAL

All coupling reactions were carried out under an atmosphere of argon with dry freshly distilled solvents under
anhydrous conditions. Boiling and melting points are uncorrected. The purity of the described products kas been
checked by thin layer chromatography (silica gel 60F-254 Merck). G.L.C. analyses were performed using an
Intersmat model IGC 120 FL on a OV 17 % glass-packed column ].5m.

The 'H NMR spectra were recorded on a Cameca 250 Spectrometer ; 1H chemical shifts are given in d (ppm)
from intemal TMS. The BCNMRSQecmwcmordedonaBmcmw}{% MHz and a Brucker AL 100
MHz spectrometer. 13C obiemical shifts are given in d (ppm) from TMS with the solvent peaks as internal
standard. I R. spectra were recorded with a Perkin Elmer model 397 spoctrometer.

The mass spectra were recorded on a Nermag R10-10B spectrometer, with electronic impéact 70 ev (E.L) or
chemical ionisation wigh NH3 (C.1.).

Palladium-coppex camlysed preparation of 1 :

2-methyl-3-butyn-2-ol (5.04 g, 60 mmol) and copper(T) iodide (0.61g, 3.2 mmol) are added at 60°C to a stirred
suspension of t:,u'akis(u'iphe,nylphosphim:)pdladiuml9 (1.84g, 1.6 mmol) and 1.2-dibromobenzene (9.44g, 40
mmol) in triethylamine (100 ml). The mixure is stirred at 60°C for Sh. The amine is removed in vacuo, and a
saturated aqueous ammonium chloride solution (60 ml) is added. Afier extraction with ether (2x100 ml), the
organic phase is washed with water (100 ml) and dried over magnesium sulfate. The solvent is removed in
vacuo, and the crude product is purified by chromatography on silicagel (300g).

Elution with pentane gives unreacted 1,2-dibromobenzene (1.40g) ;

clution with ether/pentane (20/80) gives the bromo arylalkynol ] as a nearly colourless oil ; yield : 6.03g (63 %)

C11H11BrO (239.12) calc. : C5525:H4.64 ;Br33.42 found: C5540;H4.68; Br33.31

M.S. : m/e = 240 (M*, B1Br), 238 (M*, T9Br).IR (neat) : n = 3360, 2230 cm L.

1H.NMR (80 Mz, CDCI3/TMS) : d = 1.63 (s, 6) ; 2.72 (br.s, 1H); 6.92-7.22 (m, 2H); 7.22-7.47 ppm(m, 2H).
13c.NMR (CDCl3) : d = 31.25; 65.66 ; 80.80 ; 98.44 ; 124,74 ; 125.63 ; 126.90 ; 129.36; 132.27 ; 133.16
ppm. Elution with ether/pentane (50:50) gives 2 which is recristallized from isopropy! ether ; yield: 0.38g (4 %) ;
m.p. 73°C.C16H18072 (242.32) cale. C 79.30; H 7.49found C 79.18; H 7.39 M.S. : m/e = 242 (M*).
IR (KBr) : n = 3360, 2200 cm"!. IH-NMR (80 MHz, CDCI3/TMS) : d = 1.62 (s, 12H) ; 2.98 (br.s, 2H) ; 7.0-

7.37ppm (m, 4H). 13c.NMR (CDCl13) :d=31.40,;65.60; 80.78 ; 98.13 ; 125.48 ; 127.74 ; 131.20 ppm.

Palladium catalysed preparation of 1 :

2-Methyl-3-butyn-2-0l (0.63g, 7.5 mmol) is added at 80°C to a stirred suspension of tetrakis
(triphenylphosphine) palladium (0.115g, O.1 mmol) and 1,2-dibromobenzene (1.16g, S mmol) in piperidine (15
ml). The mixture is stirred at 80°C for 9h. After treatment as above, the crude product is purified by
chromatography on silicagel (80g). Elution with pentane gives unreacted 1,2-dibromobenzene (0.42 g) ; elution
with ether/pentane (20/80) gives 1, yield : 0.61g (51 %).

36.11.12.17.18 Hexadehydro-ribenzo [a.c.il cyclododecent 4 :

5N aqueous solution of sodium hydroxide (3 mi) is added to a stirred mixture of bromo arylalkynol (1 ; 0.72g, 3
mmol), tetrakis-(triphenylphosphine)palladium (0.16g, 0.14 mmol), copper(l) iodide (0.03g, 0.14 mmol), and
benzyltricthylammonium chloride (0.03g, 0.11 mmol) in benzene (8 ml). The mixture is stirred at 85°C for 22h
and then allowed to room temperature. After quenching with aqueous ammonium chloride (20 ml) and
extraction with benzene (50 ml), the organic phase is dried over magnesium sulfate. The solvent is evaporated in
vacuo, and the crude product is purified by chromatography on silica gel [40g. ecluent methylene
chloride/pentane (20:80)). Crystallisation from isopropyl ether/pentane gives yellow crystals of 434, yield :
0.11g (36%); m.p. 210°C. M.S. : m/e = 300 (M*)L.R. (KBr) : n = 2225 cm™!. 1H-NMR (80 MHz, CDCI13/TMS) :
d = 6.90-7.32 ppm (m, 12H). 13C.NMR (CDCl3): d = 92.90 ; 126.78 ; 128.45 ; 131.98 ppm.
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1.2-Dicthynyl benzene 6 : _

A solution of 1,.2-ditrimethylsilylethynyl) benzene!S (5, 14g, 52 mmol), potassipm fluoride (4.53g, 78 mmol)
and watet (4.ml) in dimethylformamide (150 ml) is stirred at room temperatime for 4h. The mixture is poured oo
to ice (100 ). produoct is extracted with methylene chloride (2x100 ml), washed with water (4x100 ml),
dried over magnesium sulfase. After evaporation of the solveat in vacuo, the product is distilled through 8 12 cm
vigreux column o give 12-diethynylbenzene § as a colodess oil3 ; yield : 6.48g (98 %) : b.p. 32-35°C/O.5
torr.M.S. : m/e = 126 (M¥)LR. (neat) : 0 = 2120 cm"! |H-NMR (80 MHz, CDCI3/TMS) : d = 3.15 (s, 2H) ;
6.95-7.40 ppm (m, 4H). 13C-NMR (CDCI3) : d = 81.21 ; 81.69 ; 124.35 ; 128.38 ; 132.46 ppm.

Chloroenyne 7 :

A mixture of (Z) 1,2-dichloroethylene (6.37g, 66.4 mmol) and tetrakis (riphenylphosphine) palladium (1.15g, 1
mmol) in benzene (50 ml) is stirred at room temperature for 30 mn. 1,2-Diethynylbenzene (6 ; 2.1g, 16.6 mmof),
n-batylamine (3.65g, 50 mmol) &nd coppex(T) iodide (0.285g, 1.5 mmol) are added. The wemperature rises from
20°C 10 25°C. After stirring for 2h at 22°C, the mixture is tydrolyzed with water (40 mI), and extracted with
cther (2x40 ml). The organic extract is dricd over magnesiom solfste, and evaporated in vacuo. The residoe is
filtrated through siticagel (100g, clution with pentane) and gives 7 (yellowish oil) ; yield : 2.298 (36 %).
C14HgCl7 (247.13) Calc. C68.05;H3.26: Q288 found C68.70; H3.0:C1283

M.S. : m/e = 250 M+, 37c137cy) ; 248 (M*.37C135Cl) ; 246 (M*, 35C133C1) IR. (neat) : n= 2200 cm”). 1H-
NMR (80 MHz, CDCI13/TMS) : d = 6.0 (d, 2H, J=THz) ; 6.3 (d, 2H, JaTHz) ; 7.02-7.50 ppm (m, 4H). 13c.NMR
(CDCl3): 87.29,95.87; 112.11 ; 125.11 ; 128.41 ; 128.63 ; 132.09 ppm.

Chloroenyne 8a :

To a stirred mixtuze of 7 (0.90g, 3.6 mmal) and tetrakis (triphenylpbosphine) palladium (0.18g, 0.15 mmol) in
benzene (20 ml) are added trimethylsilylacetylene (0.44g, 4.50 mmol), n-butylamine (0.40g, 5.5 mmol) and
copper(T) iodide (0.06g, 0.3 mmol). After stirring for 16b at room tempesature and working up in usual manner,
the residue is flash-chromatographed on silicagel. Elution with pentane gives Ba as a yellowish oil ; yield : 0.62g
(56 %).

C19H)7CISi (308.89) Calc C 73.88; H5.55;Cl11.483.0 Found C 74.20 HS5.70 ; C110.80. M.S:
m/e = 310 (M*,37CI) ; 308 (M*,35CI) LR. (neat) : n = 2200, 2150 cm). 'H-NMR (250 MHz, CDCI3/TMS) : d
= 0.22 (s, 9H) ; 5.94 (d, 1H, J=11Hz) ; 6.16 (d, 1H, J=11Hz) ; 6.18 (d, 1H, J=THz) ; 6.48 (d, 1H, J=THz) ; 7.40-
7.28 (m,2H) ; 7.50-7760 ppm (m, 2H). 13C.NMR (CDCl3) : 0.20 ; 8729 ; 91.01 ; 95774 ; 95.81 ; 102.15 ;
103.46 ; 112.10; 119.25: 120.60 ; 125.03 ; 125.49 ; 128.27 ; 128.35 ; 128.87 ; 132.05 ; 132.22 ppm.

Chiloroenyne &b :

A solution of 8a (0.50g, 1.62 mmol), potassium fluoride (0.28g, 4.82 mmol) and water (0.5 ml) in
dimethylformamide (5 ml) is stirred at room temperatyre for 4h, The mixture is poured oato ice (5g), extracted
with methylenechloride (2x30 ml), washed with water (4x30 ml) and dried over magnesium sulfate. After
evaporation of the solvent in vacuo, the residue is purificd by chromatography on silicagel.

Elution with pentane gives 8b (yellowish oil), yield : 0.30g (78 %).

C16H9Cl (236.70) Cak. C81.19; H38Found C 81.50; H 3.7S M.S. : m/e = 238 (M* 37C)) ;
236 (M*,35C1) LR. (neat) : n = 3300, 2180, 2130 cm!. |H-NMR (250 MHz, CDCI3/TMS) : d = 342 (dd, H,
J=2.5Hz, J=0.5Hz) ; .5.92 (dd, 1H, J=11.5Hz, J=2.5Hz) ; 6.20 (d,1H, J=7.5Hz2) ; 6.24 (dd, 1H, J=11.5Hz,
J=0.5Hz) ; 6.52 (d, 1H, }=17.5Hz) ; 7.28-7.42 (m, 2H) ; 7.52-7.62 ppm (m,2H). 13C.NMR (CDCI3): d = 80.78 ;
8;.2206 87.29;90.43;95.75; 9581 ; 112.22: 118.52 (2c) ; 121.56; 125.17; 125.29 ; 128.43 ;: 128.65: 132.16 ;
132.40 ppm.
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3.6.2.10.13.14-Hexadehydrobenzocyclododecant 9 :

To a mixture of ietrakis (triphenylphosphine) palladium (0.18g, 0.15mmol) and 8b (0.45g, 1.9 mmof) in benzene
(10 ml) are added sequentially with stirring at room temperature n-butylamine (0.21g, 2.9mmol) and copper(T)
iodide (0.03g, 0.15 mmol). Afier stirring Tor 16h, a saturated aqaeous solution of ammonium chloride (10 ml) is
added. After extraction with cther (2x30 ml), the organic layer is dried over magnesium salfate. The solvent is
then evaporated in vacuo, the residoe is purified by chromatography on silica gel (10g, elution pentane). The
orange cristals onl2 arc crystallised from pentane, yield : 0.08g (21%); m.p. 94-95°C. M.S. : m/e = 200 (M™).
LR. (KBr) : n = 2180, 2160 cm"1. U.V. (C2HSOH) : Imax (¢) = 250 (36.000) ; 265 (38.600) ; 271 (40.000) ; 280
(85.600) nm. TH.NMR (250 MHz, CDCI3/TMS) : d = 5.0 (d, 4H, J=8.5Hz) ; 6.50-6.60 (m 2H) ; 6.6-7.62 ppm
(m, 2H). 13C-NMR (CDCl3) : d = 92.46 ; 96.95 ; 97.72 ; 12193 ; 123.16; 128.06 ; 129.37 ; 132.16 ppm.

Pregamation of 10 :

Ethylmagnesium bromide in tetrahydrofuran (38 ml, 60 mmal) is added dropwise with stirring, at 5°C, 10 1,2-
diethynylbenzene § (6.30g, 50mmol) in tetrahydrofuran (40 ml). The cooling bath is then removed and the
stirred solution is allowed to reach 20°C, and kept 1.5h ai this temperatuwre. Trimethylchlorosilane (8.1g, 75
mmol) is added at 0°C. The mixture is stirred for 1.5h at room temperature, then quenched with water (110 ml)
at 0°C and extracted with ether (100 ml). The organic layer is washed with ammonium chloride solution (2x50
ml) and dried over magnesium sulfate.

Evaporation of the solvent and distillation through a 15 cm Vigreux column gives a) 1,2-diethynylbenzene §
(0.82g) b.p. 40°C/0.1 toxr.

b) 10 as a colourless oil ; yield : 6746g (55 %) ; b.p. 80-82°C/0.1 torr.

C13H 1451 (198.34) calc. C7872:H7.11; found C78.60;H 7.05.

M.S.: m/e = 198 (M*). LR (film) : n = 3300, 2180, 2120 cm™!. |H-NMR (80 MHz, CDCI3/TMS) : d = 0.18 (s,
9H); 3.12 (s, 1H) ; 6.90-7.40ppm (m, 4H).

13c.NMR (CDCl3) : d = 81.10 ; 81.92; 98.37 ; 103.02 ; 125.00 ; 126.07 ; 128.08 ; 128.34 ; 132.00 ; 132.35
ppm.

¢) 5 as a colourless oil ; yield : 0.33g (20 %) ; b.p. 100°CA.1 torr, m.p. 50°C.

Prepamtion of 11 :

To a stirred solution of 1,2-dibromobenzene (11.8g, 50 mmol), in triethylamine (150 mI), trimethylsilylacetylene
(9.7g, 100 mmol) tetrakis (triphenylphosphine) palladium (2.3g, 2 mmol) and copper(T) iodide (0.76g, 4 mmol)
are added. The mixture is beated for 7h at 70°C. After cooling the tricthylamine is removed in vacuo. Ether is
added, the organic phase is washed with water (2x200 ml), dried over magnesium sulfate. After evaporation of
the solvent, the crude product is fractionated through a 15 cm Vigreux column 1o give successively :

a) 11 as a colorless oil ; yield : 8.00g (64 %) ; b.p. 85°CA.1 torr.

C1)H)3BrSi(253.2)  cak. CS52.18;HS5.17;Br31.56 found C51.93;HS5.10; Br31.90.
M.S.: m/e = 254 (M*, 81Br) ; 252 (M*, 79B1). IR. (neat) : n = 2160 cm™}. 1H-NMR (CDCI3/TMS) : d = 0.30
(s, 9H) ; 6.82-7.20 (m, 2H) ; 7.2-7.5 ppm (m, 2H). 13C-NMR (CDC13) : ¢ = 0.18 ; 99.60 ; 103.00 ; 125.22 ;
125.73: 126.85; 129.52 ; 132.33 ; 133.56 ppm.

b) 5 yield : 0.48g (3.5 %) ; b.p. 100°C/0.1 torr ; m.p. 50°C.

Preparation of the tiyne 12 :

A solution of 11 (1.92g, 7.62 mmol) and tetrakis (triphenylphosphine) palladium (0.35g, 0.3 mmol) in
triethylamine (25 ml) is heated at 80°C. To this solution are added the acetylenic compound 10 (1.50g, 7.57

mmol) and copper(l) iodide (0.08g, 0.4 mmol). The mixture is heated for 4h at 80°C. Triethylamine is removed

in vacuo, and water (20 ml) is added. After extraction with ether (2x50 m!), the organic extracts are washed with
water (50 ml) and dried over magnesium sulfate. The solvent is removed in vacuo and the crude product is
purified by chromatography on silicagel (100g). Elution with pentane gives 12 which is crystallised from
ether/pentane ; yield : 1.60g (57 %) . m.p. 118-120°C. Ca4H2¢Si2 (370083 C 77.77 ; H
7.08 Found C77.62;H7.10

M.S.: m/e = 370 (M*).IR. (KBr) : n = 2160 cm"!. IH-NMR (80 MHz, CDCI3/TMS) = d = 0.28 (s, 18H) ; 7.05-
7.62 ppm (m, 8H). 13c.NMR (CDCl3) : -0.03 ; 92.09 ; 98.83 ; 103,44 : 125,56 ; 126.11 ; 127.96; 128.07 ;
131.88;132.14 ppm.
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Prepanation of the triyes 13 :

A solutlon of the triyne 12 (0.8g, 2.16 mmol), potassiom fluoride (0.5g. 8.6 mmol) and water (0.1 ml) in
dimethylformamide (15 1) is stirred at room temperature for 4h. The mixture is poured over ice (20g). The
product is extracsed with methylene chioride (2x30 ml), washed with water (4x40 ml), dried over magnesiam
sulfate. After evaporation of the solvent in vacuo, the residue is crystallised from pentane ; yield : 0.44g (84 %) ;

m.p. 15-76°C. (L4 m.p. 73-75°C).
CigHj0 (22628)Cak. C95.55; H4.45 Found C 95.60 ; H 4.40.

M.S. : m/e = 226 (M*). LR. (KBr) : n = 3280, 2150, 2100 cm"1. H-NMR (80 MHz, CDC13/TMS) : d = 3.30 (s,
2H) ; 7.10-7.55 ppm (m, 8H). 13c.NMR (CDCl3) : d = 81.38 ; 82.10; 91.89 ; 124.41 ; 126.08 ; 128.13 ; 12847
: 132.23; 132.56 ppm.

3.6.11.12.15,16- Hexadehydro-dibenzo [a.c] cyclododacene 14 :

(2) 1.2-diiodo ethylenc* (0.28g, 1 mmol) and n-butylamine (0.22g, 3 mmol) in benzene (8 mi) are added & room
temperature 10 a mixture of tetrakis (triphenylphosphine) palladium (0.12g, 0.1 mmol), copper iodide (0.019g,
0.1 mmol) and 2,2-diethynyldiphenylacetylene 13 (0.23g, 1 mmol) in bemzene (5 ml). Afiee 20h, the reaction is
quenched with watez, extracted with ether (2x50 ml), and the organic layer is dried over magnesium sulfate. The
crude product, obtained afier evaporation of the solvent in vacuo is purified by filtration through a silica gel
column (20g, pentane as cluent) and then crystallised from pemmane to give yellow crystalsof 144 ; yield : 0.03g
(11 %) ; mp. 112°C. M.S. : m/e = 250 (M*). LR. (KBr) : n = 2220, 2200 cm"!, I1H-NMR (80 MHz,
CDCI3/TMS) : d = 5.52 (s, 2H); 6.80-7.15 (m 8H) ppm. 13C-NMR (CDC13) : d = 92.47 ; 92.88 ; 97.39 ; 121.57
;126,83 127.59; 128.69 ; 12898 ; 131.87; 132.19 ppm.
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