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Large scale synthesis of cycloparaphenyleneacetylenes has been 

challenging due to low macrocyclization yields and harsh 

aromatization methods that often decompose strained alkynes. 

Herein, a cis-stilbene-based building block is subjected to alkyne 

metathesis macrocylization. The following sequence of alkene-

selective bromination and dehydrobromination afforded a 

[8]cycloparaphenyleneacetylene derivative in high yield with good 

scalability. X-ray crystal structure and computational analysis 

revealed a unique same-rim conformation for the eight methyl 

groups on the nanohoop. 

The successful synthesis of cycloparaphenylene (CPP) 

macrocycles by Jasti,1 Itami,2 and Yamago3 prompted vast 

amounts carbon nanohoops4 research. Myriad CPP derivatives 

with various aryl groups and diameters5 have been reported since 

their emergence. Furthermore, improved synthetic methods6, 7 

and gram-scale syntheses8-11 of CPPs allowed researchers to 

explore their molecular topologies,12 supramolecular 

complexes,11, 13  as well as their electronic,14 biological,15 and 

materials applications.16 While great focus has been dedicated to 

CPPs, cycloparaphenyleneacetylenes (CPPA) have received 

relatively less attention due to their instability and poor 

scalability. The first CPPA was synthesized by Kawase and Oda 

in 1996 (Scheme 1)17, 18 by implementing McMurry coupling for 

macrocyclization and converting the alkenes to alkynes via 

sequential bromination and dehydrobromination. However, the 

macrocyclization was often the yield-limiting step since ring size 

could not be easily controlled, requiring meticulous separation. 

In recent years, CPPAs have garnered more attention19 due to 

their supramolecular assemblies20 and chemical reactivities 

stemming from their strained alkynes.21-23 

 Recently, alternative methods for preparing CPPA 

derivatives have been reported. Miki and Ohe24 used a series of 

Sonogashira coupling reactions to construct various triangular 

arylene-acetylene macrocycles (15–35% yield), which were 

subjected to reductive aromatization using H2SnCl4 or SnCl2 to 

give several CPPA derivatives in good yields (27–87%). Jasti23 

and co-workers utilized a high-yielding (66–76%), gram-scale 

Pd-catalyzed aryl-aryl coupling reaction to prepare triangular 

macrocycles. The final desilylation and aromatization (H2SnCl4) 

resulted in carbon nanohoops with single strained alkynes. They 

were able to demonstrate strain-promoted azide-alkyne 

cycloadditions21 (SPAAC) with benzyl azide and 

[2+2]cycloaddition–retrocyclization with tetracyanoethylene 

(TCNE).25 On the other hand, Lee and Moore22 used Mo(VI)-

catalyzed alkyne metathesis26-31 to synthesize a triangular 

macrocycle in gram-scale with a near-quantitative yield. The 
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Scheme 1. Syntheses of CPPA derivatives. 
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following reductive aromatization using sodium naphthalenide 

(NaNaph) resulted in [3]CPP3A in high yield (70%). [3]CPP3A 

was able to undergo three SPAAC reactions with an azido 

compound. Later, Zhou and Lee32 synthesized larger [3]CPP4A 

and [3]CPP5A using similar methods in good yield (85–88%). 

 We note that the CPPA syntheses mentioned above have not 

demonstrated reductive aromatization in a scalable manner 

beyond 100 mg per reaction. For instance, aromatization using 

NaNaph to synthesize [3]CPPnA (n = 3, 4, 5) resulted large 

amounts of insoluble byproducts when the reaction was 

performed with more than 100 mg of the triangular macrocycle. 

Dadley33 and Levin34, 35 have previously reported that 

diphenylacetylene derivatives can be reduced to radical anions 

that further convert into stilbene derivatives under strong 

reducing conditions. Unfortunately, the alternative aromatization 

method developed by Yamago6 using H2SnCl4 failed to give the 

desired [3]CPP4A and [3]CPP5A compounds.32 Therefore, we 

decided to forgo reductive aromatization, rather combining the 

benefits of alkyne metathesis with Kawase and Oda’s 

bromination/dehydrobromination to achieve a scalable synthetic 

method to prepare CPPA derivatives. 

 A cis-stilbene-based dipropynyl building block (4, Scheme 

2) was designed for four reasons: (i) The bent angle of cis-

stilbene facilitates macrocyclization. (ii) Alkenes are known to 

be orthogonal to Mo(VI)-catalyzed alkyne metathesis.  

Therefore, they are unlikely to react during macrocyclization. 

(iii) The alkene can be converted to a strained alkyne using 

sequential bromination/dehydrobromination. (iv) The two 

methyl groups aided in the solubility of the macrocycle after 

alkyne metathesis. The dibromo-cis-stilbene precursor (3) was 

synthesized via a Wittig reaction between a phosphonium salt (1) 

and an aldehyde (2). The crude reaction mixture contained a cis-

to-trans ratio of 5:2. Column chromatography was used to isolate 

the cis-isomer in 60% yield. Pd-catalyzed Kumada coupling with 

1-propynylmagnesium bromide resulted in the dipropynyl 

building block (4). Mo(VI)-catalyzed alkyne metathesis 

provided the tetrameric macrocycle 5 almost exclusively in 90% 

yield. The crude reaction mixture also contained miniscule 

amounts of macrocycles ranging from trimeric to nonameric 

species that were detected by MALDI mass spectrometry (Fig. 

S11, ESI). Further purification can be performed through 

recrystallization in 1,2-dichloroethane. 

 Macrocycle 5 contains four alkenes and four alkynes. The 

planned CPPA synthesis route required selective bromination on 

the alkenes over the alkynes. Generally, alkenes undergo 

bromination faster than alkynes.36 For instance, Iyoda and 

coworkers prepared arylene-ethynylene macrocycles by 

selective bromination of alkenes with Br2 in the presence of 

alkynes.37 However, bromination of macrocycle 5 using Br2 

yielded a complex mixture with partially brominated alkynes. 

Therefore, tetrabutylammonium tribromide (TBABr3) was 

chosen as a milder and more selective brominating reagent.38, 39 

Treatment of macrocycle 5 with TBABr3 overnight at room 

temperature resulted in a clean conversation to the desired octa-

brominated macrocycle. Without further purification, the 

brominated macrocycle was subjected to dehydrobromination 

using potassium tert-butoxide. Removal of the solvent (THF) 

and filtering through a pad of neutral alumina using toluene 

resulted in [8]CPPA-Me8 in 80% yield over two steps. To date, 

we have been able to scale the reaction enough to synthesize 580 

mg of the carbon nanohoop in a single batch. We note that the 

reaction and work-up were performed in a nitrogen-filled 

glovebox considering the instability of [8]CPPA-Me8 in air, 

which is consistent with observations made by Kawase and Oda 

on [8]CPPA.  

 Single crystals of [8]CPPA-Me8 suitable for  X-ray 

crystallographic analysis were obtained by slow diffusion of 

pentane into a concentrated solution of [8]CPPA-Me8 in toluene 
Scheme 2. Synthesis of [8]CPPA-Me8 carbon nanohoop.a 

a[Mo]: tris(tert-butyl(3,5-dimethylphenyl)amino)(propylidyne) 

molybdenum(VI) with 6 equivalents of Ph3SiOH. 

 

Figure 1. (a) X-ray crystal structure of [8]CPPA-Me8 with an elliptic shape. 
Two pairs of disordered methyl groups with populations of 56% (blue, 

down) and 44% (red, up). (b) Two CH interactions between two 

nanohoops. (c) Zig-zag packing pattern along the a-axis. Disordered methyl 

groups were omitted for clarity. 
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(Pnma space group). The solid-state [8]CPPA-Me8 formed an 

ellipse with a major axis length of 18.512 Å and a minor axis 

length of 16.246 Å. These values were comparable to those of 

[8]CPPA reported by Kawase and Oda (major: 18.394 Å, minor: 

16.261 Å).40 Six out of eight methyl groups were facing the same 

“up” direction (Fig. 1a). Two methyl groups close to the major 

axis were disordered either up or down with a population ratio of 

44:56, respectively. The nanohoops exhibited intermolecular C-

H···π interactions where one pair of methyl groups on phenylene 

A and A’ are in close contact to phenylene D’ and D of another 

nanohoop, respectively (Fig. 1b). The C-H to phenylene centroid 

distance was 2.898 Å. Additionally, while six phenylenes (B, B’, 

C, C’, D, D’) were nearly perpendicular (90  10)  to the plane 

of the nanohoop, phenylenes A and A’ were leaning outwards by 

112 (Fig. S13, ESI) to strengthen the C-Hπ interaction. The 

nanohoops were packed in a zig-zag fashion along the a-axis, 

connected by the aforementioned C-Hπ interactions (Fig. 1c). 

 In order to further understand the conformational states of 

[8]CPPA-Me8, we performed gas-phase DFT calculations on 18 

of the 43 possible conformations that are accessible by different 

“up” (u) or “down” (d) orientations of the methyl groups (see 

Fig. S14 and S15 in ESI for detailed stereochemical analysis). 

Unlike the dudududu conformation with fully alternating methyl 

groups (Fig. 2a, left), the uuuuuuuu conformation with all methyl 

groups located on the same rim (Fig. 2a, right) exhibits attractive 

hydrogen-hydrogen bonding41, 42 interactions between adjacent 

methyl groups.  Overall, the DFT calculations agree with the 

conformations observed in solid state, where the most stable 

conformers are those with most (uuuuuudd, uuuuuuud) or all 

(uuuuuuuu) of the methyl groups being located on the same rim 

of the macrocycle (Fig. 2b). 

 In summary, alkyne metathesis was implemented to 

selectively synthesize a tetrameric macrocycle in high yield. 

Installation of strained-alkynes via bromination and subsequent 

dehydrobromination of cis-stilbenes provided the desired 

nanohoop in a scalable manner with high yields. Notably, this 

synthetic strategy allowed us to circumvent the reductive 

aromatization which previously limited the scalability of CPPA 

syntheses. We envision the synthetic method described here can 

be adapted for the modular synthesis of other CPPA derivatives 

with various substituents and enable further investigations on the 

strain-induced reactivity43-46 of the alkynes. 
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