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Propeller Typed 2,4,6-Tri(anthracen-9-yl)-1,3,5-

triazine 
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Yuana, Hui Hanb and Hua Wang*a,b

 

The novel propeller typed compound, 2,4,6-tri(anthracen-9-yl)-1,3,5-triazine (TAT) with C3 

symmetry was synthesized by using 9-anthryl lithium with 1,3,5-trichlorotriazine or 2-chloro-

4,6-dimethoxy-1,3,5-triazine in the presence of palladium catalyst in 22-48% yield. Another 

two propeller-liked compounds, 2-(anthracen-9-yl)-4,6-dimethoxy-1,3,5-triazine (3) and 2,4-

di(anthracen-9-yl)-6-methoxy-1,3,5-triazine (4) were obtained at same time. The propeller 

typed structures of TAT, 3 and 4 were confirmed by crystal analysis and theoretical 

calculations. The intramolecular C-C bond rotations between the anthryl groups and the 

triazine units in molecule TAT, 3 and 4 were regarded as the key factor to understand their 

spectroscopic behaviors in fluid mediate and rigid solution. 

 

 

Introduction 

As a versatile and readily available molecule, 1,3,5-triazine is 

well-known in organic chemistry. Such C3-symmetric molecule 

has been widely used for molecular construction in 

supramolecular chemistry[1], coordination chemistry[2] and drug 

synthesis.[3] Recently, the π-conjugated 1,3,5-triazine 

derivatives including small molecules, dendrimers[4] and 

polymers[5] have exhibited good optical and electrical 

properties and showed applications in organic light emitting 

diodes (OLED).[6] 

Among 1,3,5-triazine-based derivatives, triaryl triazine 

compounds are very attractive to organic chemists due to their 

C3-symmetric molecular structures. There are several methods 

including Friedel–Crafts reaction[7], Suzuki-coupling[8] and 

trimeric cyclization[2b,5a,9] of aromatic nitriles for the 

preparation of triaryl triazine compounds. 2,4-6-Triphenyl-

1,3,5-triazine (TPT, Fig. 1)[10] has received many reports 

including both syntheses and opt-electrical properties. In our 

previous work, 2,4-6-trinaphthan-1-yl-1,3,5-triazine (1-TNT) 

and 2,4-6-trinaphthan-2-yl-1,3,5-triazine (2-TNT) were 

synthesized via Suzuki reaction and their spectroscopic 

behaviors were studied in both solution and LB films[11]. 
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Fig. 1 The molecular structures of 2,4-6-triaryl-1,3,5-triazines  

In this paper, we try to report the synthesis of a novel 

compound, 2,4,6-tri(anthracen-9-yl)-1,3,5-triazine (TAT, Fig. 

1) with a structure of “propeller” in C3 symmetry, starting from 

9-anthryl lithium and 1,3,5-trichlorotriazine or 2-chloro-4,6-

dimethoxy-1,3,5-triazine in the presence of palladium catalyst. 

It is interesting to find that the rotation of C-C bond between 

anthryl ring and triazine ring is the key to understand the 

spectroscopic behaviors of TAT. In addition, the side-products, 

3 and 4 bearing one and two anthryl groups, respectively are 

also studied in both synthesis and photophysical behaviors. 

 

Results and discussion 

Scheme 1 shows the synthetic route to TAT. There are two steps in 

making TAT. The first one is Br/Li exchange between 9-

bromoanthracene and t-BuLi in dry THF at –78 °C. The second step 

is the coupling reaction of the obtained 9-anthryl lithium (2) with 

1,3,5-trichlorotriazine in the presence of palladium catalysts. In our 

case, aryl lithium (2) is employed, so the coupling step is a Kumada 

coupling-like reaction[12]. We have found that the coupling reaction 

can not be occurred without catalyst. We have also found that 

NiCl2(dppf)2 did not work as catalyst for this reaction. Palladium 

catalysts, including PdCl2(dppf)2, Pd(PPh3)4, Pd(PPh3)2Cl2 and 

Pd(OAc)2 are employed for the reaction (see Table 1). When 

PdCl2(dppf)2 is used as catalyst, the coupling reaction can occur 

smoothly at 80 °C with 48% yield of TAT. 
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Scheme 1. The first synthetic route to TAT 

 

Table 1. The formation of TAT using 1,3,5-trichloro-triazine 

Entry Pd catalyst (0.03 eq) TAT (%) 

1 PdCl2(dppf)2 48 

2 Pd(PPh3)4 42 

3 Pd(PPh3)2Cl2 37 

4 Pd(OAc)2 22 

In order to study on the spectroscopic behaviors of TAT, a 

model compound, 2-(anthracen-9-yl)-4,6-dimethoxy-1,3,5-triazine 

(3) is necessary to be prepared. Firstly, we designed to synthesize 3 

with 2 and 2-chloro-4,6-dimethoxy-1,3,5-triazine in presence of 

PdCl2(dppf)2 (Scheme 2). When 1 equiv of 2 was employed, 3 was 

obtained in 33% yield. Unexpected side products, 4 and TAT were 

given in 28% yield and 6%, respectively at same time (Entry 1, 

Tabel 2). If 3 equiv of 2 was employed, only TAT was obtained in 

40% yield (Entry 3, Tabel 2). If 2 equiv of 2 was employed, the main 

products were TAT and 4 in 11% and 28% yields, respectively. 

Only trace amount of 3 could be observed in this case (Entry 2, 

Tabel 2). Other palladium catalysts, including Pd(PPh3)4, 

Pd(PPh3)2Cl2 and Pd(OAc)2 were also employed for this coupling 

reaction (see Table 2). On the whole, all four Pd catalysts show 

similar catalysis behaviors. However, PdCl2(dppf)2 shows better 

selectivity, and Pd(OAc)2 seems weaker catalytic efficiency.  

From above synthetic work, we have developed two efficient 

synthetic routes in making TAT in moderate yields. However, the 

second route (Scheme 2) shows more interests in generation of side 

products, 3 and 4.  
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Scheme 2 The second synthetic route to TAT 

 

Table 2 The formation of TAT, 3 and 4 using 2-chloro-

4,6-dimethoxy-1,3,5-triazine (Pd catalyst: 0.01 eq) 

Entry Pd catalyst 2  
(eq) 

TAT  

(%) 
3  

(%) 
4 

(%) 

1 PdCl2(dppf)2 1.0 6 33 28 

2 PdCl2(dppf)2 2.0 11 trace 28 

3 PdCl2(dppf)2 3.0 40 -- -- 

4 Pd(PPh3)4 1.0 16 37 35 

5 Pd(PPh3)4 2.0 15 12 29 

6 Pd(PPh3)4 3.0 39 6 25 

7 Pd(PPh3)2Cl2 1.0 12 36 32 

8 Pd(PPh3)2Cl2 2.0 11 12 35 

9 Pd(PPh3)2Cl2 3.0 36 20 6 

10 Pd(OAc)2 1.0 5 33 2 

11 Pd(OAc)2 2.0 10 16 22 

12 Pd(OAc)2 3.0 25 13 5 

 

 

Scheme 3. The possible mechanism for formation of Ar-Ar
1
 

 

    We speculate that the reaction follow a Pd-catalyzed 

Kumada-type mechanism[12] (Scheme 3), wherein oxidative 

addition of aryl halides to Pd(0) is faster than aryl-OMe. The 

latter features a much stronger bond strength which is normally 

inert to Pd(0). In our case, the highly electron-deficient triazine 

ring should significantly activate the C-O bond, and therefore 

promote the corresponding oxidative addition step. 

Consequently, production of 3 should be the most facile step.  

 

   

Fig. 2 The molecular configurations of 3 (a), 4 (b) and TAT (c). 
The top view of the 3 (a) and 4 (b) in their single crystals; The 
top view (c) of TAT optimized by theoretical calculations at 

B3LYP/6-31G(d) level. 
 

We have also obtained the crystal structures of 3 and 4, which 

are shown in Fig. 2-a and Fig. 2-b. The crystal 3 belongs to triclinic 

space group P-1. The two methoxyl groups are planar to the centre 

triazine ring. The torsion angles of C16-N3-O1-C18 and C15-N2-

O2-C19 are 0.09° and 0.43°, respectively. The interplanar angle 

between the anthryl ring and triazine ring is observed as 68.67°. The 

crystal 4 belongs to monoclinic space group P2(1)/n. Similar to the 

case of 3, the methoxyl group is also planar to the triazine ring in 4. 

The torsion angle of N1-C16-O1-C18 is 1.11°. The interplanar 

angles between the anthryl rings and triazine ring are observed as 

89.77° and 54.43°, respectively. The interplanar angle between the 

two anthryl rings is observed as 66.26°. Unfortunately, we have not 

obtained the crystal of TAT, but its theoretical calculations were 

undertaken at B3LYP/6-31G(d) level. Calculations have provided 

some insight into the structural differences among the structures of 

3, 4 and TAT (Fig. 2-c). In molecule TAT, the average interplanar 

angle between the anthryl ring and triazine ring is measured as 

55.32°. The average interplanar angle between neighbouring two 

anthryl rings is measured as 89.17°. Compared with the structures of 

3 and 4, molecule TAT clearly shows the “Propeller” typed 

framework with C3 symmetry. 
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UV-vis absorption spectrum of TAT shows absorption band 

with fine structure at long wavelength, and the maximum peak 

is at 387 nm (ε = 1.25×104 M–1·cm–1, Fig. 3) in THF. At 

meanwhile, 3 and 4 show their maximum peaks at 383 nm (ε = 

6.11×103 M–1·cm–1) and 385 nm (ε = 8.62×103 M–1·cm–1), 

respectively. Compound 3, 4 and TAT have similar absorption 

behaviors due to their similar molecular structures with same 

anthryl chromophore. Their molar extinction coefficient 

difference is due to their different quantities of anthryl groups. 

The symmetric molecular structures imply that 3, 4 and TAT 

show weak polarities, which make small difference in their 

absorption behaviors in different polarity of organic solvents 

(Table 3). 250 300 350 400 450 500
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Fig. 3 UV-vis spectra of 3, 4 and TAT in THF ([C] = 1E-5 M) 

 

Table 3.  Date of UV-vis spectra and fluorescence spectra of 3, 4 and TAT in organic solvents. 

 Compd n-hexane chloroform tetrahydrofuran ethyl acetate acetonitrile 

λmax
abs (nm) TAT 385 388 387 386 386 

λmax
em (nm) TAT 495 504 509 511 513 

Φf TAT 0.58 0.30 0.18 0.13 0.06 

λmax
abs (nm) 3 380 384 383 382 382 

λmax
em (nm) 3 489 502 503 511 515 

Φf 3 0.58 0.31 0.23 0.15 0.08 

λmax
abs (nm) 4 383 386 385 384 384 

λmax
em (nm) 4 491 503 506 506 510 

Φf 4 0.46 0.26 0.20 0.17 0.01 
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Fig. 4 Fluorescene spectra of 3, 4 and TAT in THF  
([C] = 1E-5 M, λex = 385 nm, slit: 4/4) 
 

In the excited state, 3, 4 and TAT show similar flourescence 

emission as single peaks at 503, 506 and 509 nm, respectively 

without fine structure in THF (Fig. 4) , which is ascribed to the 

intramolecular charge transfer (ICT) state emission[13,14]. Their 

lifetimes were measured in THF solution ([C] = 1E-5 M) as 3.51, 

2.92 and 2.70 ns for 3, 4 and TAT, respectively. The co-planarity 

between anthryl and triazine moieties can be formed by rotation of 

C-C bond. In this case, the π-electron clouds of two moieties are 

overlap and the process of ICT between anthryl and triazine moieties 

can be occurred in the excited state. From the data in Table 3, we can 

clearly find that the ICT emission peaks show slightly bathochromic 

shift when the polarity of solvent increased. Normally, ICT emission 

is heavily dependent on the polarity of solvent. Large polar solvent 

may stabilize the excited polar D-A molecule by solvation. ICT 

emission shows large bathochromic shift when the polarity of 

solvent increased. The slightly bathochromic shift behaviors of ICT 

emission for 3, 4 and TAT can be attributable to their symmetric 

molecular structures, which make small changes of the dipole 

moments of molecules in excited state compared with that in ground 

state.  

 

Fig. 5 The highest occupied molecular orbitals (HOMO), the lowest 
unoccupied molecular orbitals (LUMO) and natural of bond orbitals 
charges (NBO) of 3, 4 and TAT. 

 

ICT flourescence is an emission from excited state of 

conjugated D-A compound. In our case, anthracene moiety is the 

electron donor (D) and the triazine moiety is the electron acceptor 

(A). The HOMO (highest occupied molecular orbits), LUMO 

(lowest unoccupied molecular orbits) and NBO (natural of bond 
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orbitals) charges of 3, 4 and TAT, which are optimized by 

theoretical calculations at B3LYP/6-31G(d) level are shown in Fig. 

5. We can see clearly that the electron cloud distribution on 1,3,5-

triazin unit increase from HOMO to LUMO for all three compounds. 

The NBO charges are all positive for the anthryl units in these 

compounds, which illustrate the intramolecular charge transfer 

between anthryl and 1,3,5-triazine units. 
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Fig. 6 Fluorescene spectra of TAT, 3 and 4 in 2-MTHF at 77K 
([C] = 1E-5 M, λex = 360 nm for 3, λex = 380 nm for 4 and TAT, 
slit: 2/2 ). 
 

However, no ICT state emission could be observed at 77 K in a 

glass solution of 2-methyl tetrahydrofuran (2-MTHF), only 

anthracene-like emission with fine structure was found for 3, 4 and 

TAT (Fig. 6). In the rigid solution, the anthryl group and the triazine 

moiety are frozen, no ICT state emission observed implies that the 

intramolecular C-C bond rotations between anthryl and triazine 

moietis are frozen, and non-conjugation could be formed between 

the two moieties. The reason is due to the big interplanar angles 

between the anthryl ring and triazine ring, which can clearly be 

observed from their crystal structures (Fig. 2). For example, in 

molecule 3, the interplanar angle between the anthryl ring and 

triazine ring is observed as 68.67° (Fig. 2), which could be kept in 

both ground state and excited state in rigid solution (77 K). Two 

moieties are not conjugated in this case, only anthryl group 

(chromophore) itself gives anthryl-like fluorescene emission for 3, 4 

and TAT.  

With the increase of anthryl groups, the emission shows 

bathochromic shift from 3, 4 to TAT (Fig. 6). Compound 3, 4 and 

TAT are D-A compounds, although no conjugation in rigid solution 

(77 K), the intramolecular electron induced effect should exist in 

these D-A compounds. We can found that the NBO charges are all 

positive for the anthryl units in these compounds (Fig. 5), which 

partially means the existence of intramolecular electron induced 

effect. Therefore, with the increase of anthryl groups, stronger 

intramolecular electron induced effect occurred to TAT than that to 

both 4 and 3. TAT shows lower energy gap in the excited state, 

which gives longer wavelength emission (bathochromic shift) 

compared with that of 3 and 4. 

Conclusions 

In conclusion, we have efficiently synthesized the novel 

propeller typed compound, TAT by using 9-bromoanthracene 

and 1,3,5-trichlorotriazine or 2-chloro-4,6-dimethoxy-1,3,5-

triazine as raw materials in the presence of palladium catalysts. 

Another two propeller typed compounds 3 and 4 were also 

obtained as side products. Their propeller typed structures are 

confirmed by crystal analysis and theoretical calculations. The 

intramolecular C-C bond rotation between anthryl group and 

triazine moiety in these three compounds is the key factor to 

understand their spectroscopic behaviors difference in fluid 

mediate and rigid solution. Our work gives a good example to 

comprehend the photophysical behaviors from these novel 

propeller-typed molecular structures. In addition, such 

functionalized compounds, 3, 4 and TAT might be applied in 

organic functional materials,[6] such as EL, NLO etc. 
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