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Abstract: The 4,17,30-trithia-[73](1,3,5)eyclophane (1) has been prepared by a two- 
stage, palladium assisted coupling of propargylOTHP with 1,3,5-tribromobenzene, 
followed by sulfide ring closure. The intermediate (8) on deprotection, followed by 
bromination and reaction with Na2S gives 1 in 58% yield. 
Copyright © 1996 Elsevier Science Ltd 

Interest in high carbon containing macromolecules has led us to investigate synthetic routes to 

thiacyclophanes containing multiple acetylenic bridges. The 1,3,5-cyclophane 1 (7,19,28-trithiatetracyclo- 

[ 11.11.7.13.z3.1 l~'~5]tritriaconta- 1,3 (32), 11,13,15(33),23-hexaene-4,9,16,21,25,30-hexayne) is appealing not 

only due to its symmetry, but because it contains a C3o skeleton possessing two sets of 18 conjugated r~ 

electrons. Extrusion of sulfur from I could produce a C3oH6 hydrocarbon spheroid having no sp 3 carbon 

atoms. ~ Utilizing the palladium and copper(l) mediated coupling of acetylenes and aryl halides, 2 compound 1 

can be prepared in good yield. The attempted six fold coupling of hexaiodobenzene with acetylenes is also 

discussed. 

The reaction of alkyl halides and mercaptans in the presence of cesium ion has been extensively 

employed in the preparation of various thiacyclophanes. 3 This process involves the addition of the two 

reactants into a suspension of cesium carbonate under high dilution conditions. The three fold coupling of 

1,3,5-tribromobenzene with the tetrahydropyranyl ether of propargyl alcohol (propargylOTHP) in the presence 

of cuprous iodide (6.5 mole %), bistriphenylphosphine palladium chloride (1.7 mole %), and DBU (4 eq.) in 

refluxing benzene is complete in 4 hours to give the symmetrical triacetylenic derivative (96% yield), which on 

deprotection followed by bromination yielded the tribromide 2 in an overall yield of 78%. 

Treatment of 2 with excess potassium thioacetate (in methanol) and acid catalyzed hydrolysis gave the 

trithioi 3. The reaction of 2 with 3, however proved inapplicable to the synthesis of 1 due to the instability of 

3 under conditions required for the cyclization. Treatment of 2 with 1.5 eq. of sodium sulfide (in THF:H20; 

2:1) under high dilution conditions yielded less than 1% of 1, with the rest of the material forming a polymeric 

mixture of sulfides. Reaction of 2 with 0.2 eq. of sodium sulfide (in THF:H20; 2:1), on the other hand, 
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produced compound 4 in 890 yield based on recovered starting material, and only small amounts of oligomeric 

products. In addition, unreacted starting material could be recovered and reused for the same transformation. 

Further treatment of 4 with 2 equivalents of sodium sulfide (THF : H20; 2:1) under high dilution conditions 

gave the desired cyclophane I in a yield of 80°/0. 

While this methodology was effective in the synthesis of 1, complete conversion of the tribromide to 4 

is impossible and the purification of  the reaction mixture is tedious on a large scale. Because of  these 
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drawbacks, a different approach involving the sequential introduction of the acetylenic substituents was 

undertaken. The reaction of 1,3,5-tribromobenzene with one equivalent ofpropargylOTHP (1 hr) gives an 

easily separable mixture of compounds 5 and 6 (60 and 20°/0 yields, respectively), Scheme I. The successively 

slower rates of coupling of 5 and 6 with respect to tribromobenzene are in accordance with earlier observations 

that electron withdrawing groups assist the reaction while electron donating groups retard the coupling 

process. 4 

Hydrolysis of  the TI-IP protecting group of S, followed by further coupling of the dihalide with 

propargyiOTHP gave 7. Compound 7 was also obtained by the palladium catalyzed coupling of 6 with 

propargyl alcohol. Tosylation of 7 followed by treatment with sodium sulfide produces 8 in high yields. The 

trithiacyclophane 1 is obtained in a yield of 58% after deprotection of the hydroxyl groups, bromination of the 

resulting free alcohols, and nucleophilic displacement by sulfide. The structure of 1 has been confirmed by X- 

ray crystallography.S 

The sixfold coupling of hexabromobenzene and acetylenes in poor to fair yields has been reported. ~ 

Several attempts to couple hexabromobenzene with propargyiOTHP failed and the only isolable product, albeit 

in 15% yield was 9, resulting from reduction at the para positions of the aromatic ring. ~ ~ 
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a) leq. propargyiOTHP, PdCl2(PPh3h (0.5 mole°/,), CuI (3.3 mole°/,), DBU, CeLI6, reflux, 30 min. b) CSA 
(cat.)/MeOH. c) excess propargyl alcohol, PdCI2P(Ph3) 2 (0.8 mole%), CuI (7.7 mole%), DBU, C6H6, reflux, 60 
hr. d) excess propargylOTHP, PdCI2P(Ph3) 2 (1.6 mole%), CuI (15 mole*/,), DBU, C~I6, reflux, 10 hr. e) Nail, 
TsCi, THF. f) Na2S'gH20 , THF/I-I20. g) PBh, THF. h) 2eq. Na2S'gH20, TI-IF/McOH. 
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Increasing the quantity of copper iodide in such 

cross coupling reactions has been found to improve 

yields in cases where the aromatic ring has electron 

donating substituents. This has been rationalized by the 

more efficient displacement of the halide in the oxidative 

adduct (PPh3)2PdAr(X), due to the greater 

concentrations of  the cuprous acetylide present in the reaction mixture. ~ While copper acetyiides are known to 

substitute aryl halides at temperatures greater than 100°(2, this process is greatly facilitated in the presence of 

palladium and proceeds smoothly at room temperature. 4~8 

When hexabromobenzene is treated with the cuprous acetylide of propargylOTHP (CAUTION! 9) in 

pyridine in the presence of bistriphenylphosphine palladium chloride, the desired hexaacetylene is obtained in a 

10% yield, this is greatly improved with hexaiodobenzene and 10 is obtained in a yield of 70%. The reaction 

may be performed using a slight excess of the acetylide as opposed to those where the free acetylene is used, 

and the absence of viscous byproducts ¢~ greatly simplifies isolation of the reaction product. A typical 

experiment is as follows: 5 g hexaiodobenzene (5.99 mmole), 8.5 g of the cuprous acetylide (42 mmole, 7eq.), 

and 300 mg bistriphenylphosphine palladium dichloride (7.1 mole %) are placed in a 200 mL, 2 neck round 

bottomed flask The system is placed under a nitrogen atmosphere and 100 mL anhydrous, degassed pyridine 



6258 

OTHP 

zl/5~ 11 CuCCC~OTHP,~PdCI,(m~), 

OTItP 

/OTHP 

OTIS' < 
OTHP 

OTHP 

10 

is added with vigorous stirring. On 

completion of the reaction, all the 

solvent is evaporated at reduced 

pressures, and the mixture dissolved 

in methanol and filtered to separate 

the inorganic material present. 

Evaporation of the methanol and 

flash chromatography gave 10 as 

colorless crystals, 3.12 g (57%).1° 
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