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ABSTRACT 

 

SYNTHESIS, STRUCTURAL CHARACTERIZATION AND CHEMISTRY 

OF TRIBENZOHETEROTRIQUINANE BASED MOLECULAR 

STRUCTURES 

 

 

 

Kepil, Dilay 

Master of Science, Chemistry 

Supervisor: Assoc. Prof. Dr. Emrullah Görkem Günbaş 

 

 

January 2020, 80 pages 

 

 

The synthesis of heteroatom containing derivatives of triquinane structure by the 

Mascal group represents an important development in the field of fundamental 

organic chemistry. Some derivatives of hererotriquinane structures showed unusual 

reactivity and structure properties. For example, oxonium ions are known as fleeting 

intermediates in certain reaction mechanisms. However, oxatriquinane, the oxygen 

containing analogue of heterotriquinane family, shows extreme stability. It can be 

chromatographed and survives in boiling water for a week. Additionally, a pure SN2 

on a tertiary center was showcased on a methylated derivative of oxatriquinane. 

Substituted oxatriquinanes were also shown to have extremely long C-O bond 

lengths, one derivate being the record holder in the literature. Moreover, 

azatriquinane which is nitrogen atom containing derivative of triquinane is known to 

be the most powerful simple trialkylamine base. Additionally, the tribenzotriquinane 

which is benzo derivative of triquinane has attracted much attention like the 

triquinane, and a variety studies have been performed on this scaffold in number of 

different fields, such as fundamental chemistry and material science. However, 
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heteroatom containing derivatives of this molecule have not been available in the 

literature and it was expected that tribenzoheterotriquinane structures will exhibit 

unusual reactivity and structural properties as in the case of heterotriquinane 

derivatives. In this study, in order to synthesize target molecule, a multi-step 

synthetic approach was utilized. First, an important core unit in this synthetic 

approach has been synthesized successfully and with the functionalizations of this 

core unit tribenzooxatriquinane, the oxo analogue of tribenzotriquinane, was 

synthesized successfully first time in the literature. Synthesis of this molecule 

represents an important development for the field of fundamental organic chemistry 

as it represents the first bis-benzylic oxonium ion derivative in the literature. 

Furthermore, due to having three benzene rings in the structure, 

tribenzooxatriquinane opens number of possibilities for functionalization of the 

structure so that new derivatives with interesting structural properties can be 

synthesized.  
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ÖZ 

 

TRİBENZOHETEROTRİKUİNAN TABANLI MOLEKÜLER YAPILARIN 

SENTEZİ, YAPISAL KARAKTERİZASYONU VE KİMYALARININ 

İNCELENMESİ 

 

 

 

Kepil, Dilay 

Yüksek Lisans, Kimya 

Tez Yöneticisi: Doç. Dr. Emrullah Görkem Günbaş 

 

 

Ocak 2020, 80 sayfa 

 

Trikuinan yapısının heteroatom içeren türevlerinin Mascal grubu tarafından 

sentezlenmesi temel organik kimya alanı için çok önemli bir gelişmeyi temsil 

etmektedir. Sentezlenen bazı türevler sıradışı reaktivite ve yapı özelliği göstermiştir. 

Örneğin, oksonyum iyonları reaksiyon mekanizmalarında geçici ara ürünler olarak 

bilinir. Ancak heterotrikuinan ailesinin analoğunu içeren oksotrikuinan sıradışı bir 

kararlılık gösterir. Yapı kromatografiye tabi tutulabilir ve bir hafta boyunca suda 

kaynatılabilir. Buna ek olarak, üçüncül bir merkezdeki SN2 reaksiyonu, metillenmiş 

bir oksatrikuinan üzerinde sergilenmiştir. Oksatrikuinan türevlerinin ayrıca son 

derece uzun C-O bağ uzunluklarına sahip oldukları gösterilmiştir. Hatta bir türev 

rekoru elinde tutmaktadır. Ayrıca trikuinanın azot atom içeren türevlerinden 

azatrikuinan ise bilinen en güçlü basit amin bazıdır. Bunlara ilaveten, trikuinan 

yapısının benzo türevi olan tribenzotrikuinan yapısı da trikuinan yapısı gibi çok ilgi 

çekmiştir ve bu yapı iskeleti üzerinde temel kimya ve malzeme bilimi gibi farklı 

alanlarda çeşitli çalışmalar yapılmıştır. Ancak bu yapının hetero atom içeren 

türevleri literatürde henüz bulunmamaktadır ve heteroatom içeren trikuinan 

örneklerinde olduğu gibi tribenzoheterotrikuinan yapılarının da sıradışı reaktivite ve 
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yapısal özellikler göstermesi beklenilmektedir. Bu çalışmada hedef molekülü 

sentezlemek için çok aşamalı sentetik bir yaklaşım kullanılmıştır. İlk olarak bu 

sentetik yaklaşımda önemli bir çekirdek birim başarıyla sentezlenmiştir ve be 

çekirdek birimin fonksiyonlandırılmalarıyla tribenzoheterotrikuinanın oksijen türevi 

olan tribenzooksotrikuinan literatürde ilk kez başarılı bir şekilde sentezlenmiştir. Bu 

molekülün sentezi, literatürdeki ilk bis-benzilik oksonyum iyon türevini temsil ettiği 

için çok önemli bir gelişmeyi temsil etmektedir. Ayrıca tribenzooksotrikuinan 

yapısının üç tane benzen halkasına sahip olması yapının fonksiyonlandırılabilmesi 

için birçok pozisyon açmaktadır ve bu sayede ilginç yapısal özelliklere sahip yeni 

türevler sentezlenebilecektir. 

Anahtar Kelimeler: Trikuinan, Olağandışı Yapı, Reaktivite, Tribenzooksatrikuinan 
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CHAPTER 1  

1 INTRODUCTION  

1.1 Discovery of Fullerenes 

Carbon is the one of the most common elements in the whole universe and it is the 

basis of life. However, studying pure carbon might not seem that exciting for many 

researchers, but with the discovery of fullerenes which is one of the allotropes of the 

carbon, Sir Harold Walter Kroto, Richard E. Smalley and Robert F. Curl, Jr. were 

awarded the 1996 Nobel Prize in Chemistry. Fullerene (C60) consists of closed 

hexagonal and pentagonal network of 60 carbon atoms bonded by single and double 

bonds [1]. The structure of this molecule seems like a soccer ball and it has 

icosahedral symmetry.  It was claimed to be the first example of a spherical aromatic 

molecule upon its discovery in 1985 [2]. 

 

Figure 1.1. The structure of fullerene (C60). 

With the discovery of fullerene, new fields of research have been opened, especially 

in the field of basic science [3] and structures of fullerene fragments became 

attractive synthetic targets. A number of fullerene fragments were synthesized since 

then [4]. There are other fullerene structures with different number of carbons and 

the smallest possible fullerene is C20 which consists of twelve pentagons. C20 is the 
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most strained and least electronically stabilized form of fullerene. It has only been 

observed by mass spectrometry [5]. 

1.2 Triquinacene 

 

Figure 1.2 The structures of acepentalene 1, dianion of acepentalene 2 and 

triquinacene 3. 

The smallest nonplanar fragment of C20 is acepentalene (1), C10H6 which is tricyclic 

compound [6]. Although acepentalene is an antiaromatic compound, the dianion of 

acepentalene (2) is a non-planar aromatic compound which was synthesized by 

dehydrogenation of triquinacene (3) [7]. Triquinacene was first synthesized by 

Woodward and his colleagues [8]. Since then, it holds an important position in 

structural and synthetic chemistry. Triquinacene chemistry has on the center of 

various areas such as possible presence of homoaromatic stabilization, 

rearrangement chemistry [9], metal complexation [10] and most importantly as a 

starting material for dodecahedrane synthesis [11]. Until now, a number of 

derivatives of triquinacene were synthesized (Figure 1.3.). 

 

 

Figure 1.3. The structures of some derivatives of triquinacene (4-7). 
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1.3 Heterotriquinanes and Heterotriqunacenes 

Although synthesis of triquinane, triquinacene and its derivatives have been the 

subject of many interesting studies, their derivatives which contain heteroatoms have 

not been studied for decades. In this section heteroatom containing triquinanes and 

triquinacenes will be discussed. 

1.3.1 Synthesis of Azatriquinane and Azatriquinacene 

In literature, Mascal group made the first studies on heteroatom containing 

derivatives of triquinane [12]. When they synthesized 8, it showed unique reactivity 

compared to triquinacene because it has reactive lone pair on nitrogen atom (Figure 

1.4.) [13]. 

 

Figure 1.4. The structure of azatriquinacene (8). 

Mascal group also became interested in the synthesis of the fully saturated 

derivatives of azatriquinacenes (Figure 1.5.), azatriquinane (9), a bowl-shaped 

heterocycle in terms of the concave/convex topology notion which was popularized 

by Cram [14]. Also, it was proved that 9 is the most basic trialkylamine in the 

literature since its pKa value is 0.5 units greater than quinuclidine [12]. 

 

Figure 1.5. The structures of azatriquinane (9) and azatriquinenamine (10). 
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In addition to this, it was observed that the molecules azatriquinane (9) and 

azatriquinacene (8) were stable under atmospheric conditions. However, when 

azatriquinenamine (10) (Figure 1.5.), an intermediate in the synthesis of 9, was 

heated up over 100 °C with the proton source, trimerization was observed (Figure 

1.6.). It was believed that this was a unique enamine trimerization because when N-

methyl-∆2- pyrroline enamine was trimerized, the central enamine first acts as 

enamine nucleophile, then after it acts as imine electrophile [16,17]. However, when 

azatriquinenamine was trimerized, the central enamine first acts as a nucleophile, 

after tautomerization it acts again as a nucleophile [18]. In addition to this unique 

reactivity, 11 is an extraordinary type of chiral and neutral superbase [18]. 

 

Figure 1.6. Trimerization of azatriquinenamine (10). 

1.3.1.1 Aromaticity in Heteroacepentalenes 

Although, 1, acepentalene is antiaromatic, its dehydrogenated form (dianion, 22-) is 

non- planar aromatic and it can be persistent in THF at -40 ºC [7, 19]. Therefore, 

azaacepentalenide anion, 12 was of interest. NICS calculations revealed that 12 is 

more aromatic than compound 2 according to the aromaticity criterion [20].  

 

Figure 1.7. The structures of 8 and 12. 
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When the aromatic anion 12 was synthesized, it was observed that electrons were 

highly delocalized within C3v symmetry group according to NMR analysis. 

Computational studies showed that total CNC angles were to be 325.9° and 353.5° 

for 8 and 12 respectively [21]. In addition, the deviations of N atoms from the planes 

for 8 and 12 were found to be 1.31 Å and 0.41 Å respectively [21]. These results 

showed that curvature was reduced by aromatization, however aromatic 12 was still 

not planar. On the other hand, unlike aza substitution at the central atom, peripheral 

aza substituted derivatives of triquinacene (Figure 1.8.) tends to have reduced 

aromaticity due to increase in curvature [22]. 

 

Figure 1.8. The structures of peripheral aza substitution derivatives of 

azatriquinacene (13-16). 

1.3.1.2 The Chemistry of Perchloroazatriquinacene 

Perchloroazatriquinacene (17) can be attained in one step with high yield by 

photochemical chlorination [23]. With the presence of bis-allylic functions in 17, the 

potential to produce cationic intermediates which are capable of alkylating electron 

rich  -systems was demonstrated and 18 and 19 was produced from 17 in high yields 

with Lewis acid catalyst (Figure 1.9.) [24]. 

 

Figure 1.9. Reagents and conditions: a. H2CCHCH2SiMe3, AlCl3, CH2Cl2, 90%; b. 

Me3SiCCSiMe3, AlCl3, CH2Cl2, 68%. 
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With the synthesis of 18 and 19, a new field for utilization of azatriquinacene has 

emerged. It was envisioned that the new derivative of azatriquinane 17 may be 

applied as scaffold for tripodal ligands [24]. In other words, alpha substitutions of 

central atom have formed novel and conformationally stable polydentate ligands (20 

and 21) (Figure 1.10.).  

 

 

Figure 1.10. The structures of molecule 20 and molecule 21. 

1.3.2 Oxatriquinane and Its Derivatives 

1.3.2.1 The Oxonium Ion 

The term oxonium means a cationic oxygen atom with three bonds. The simplest 

oxonium ion is hydronium ion, H3O
+. The oxonium ions which have trigonal 

pyramidal molecular shape are usually very reactive and unstable intermediates. 

Although most of the alkyl oxonium ions are highly reactive, they can be isolated. 

These are known as Meerwein salts (R3O
+X-) (Figure 1.11.) which can be stable 

when they contain an inert X- (like BF4
-, PF6

- ) and they can be used as strong 

alkylating agents [25].  
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Figure 1.11. Synthesis of Meerwein salt (23). 

1.3.2.2 Oxatriquinane 

The oxygen analogue of triquinane, oxatriquinane (26) was first synthesized by 

Mascal group [26]. Until the synthesis of oxatriquinane, there were a few examples 

of bicyclic and tricyclic oxonium ions in literature (24 [27] and 25 [28]). Although 

these derivatives are structurally interesting, their reactivity was similar to standard 

oxonium salts (Figure 1.12.).  

 

Figure 1.12. Structures of 24, 25 and oxatriquinane (26). 

When oxatriquinane was synthesized, it was called as extraordinary oxonium ion 

because it is stable in water (can be refluxed for 72 hours without decomposition) 

unlike a Meerwein salt. NMR spectrum could be obtained in D2O. Moreover, it can 

be purified by column chromatography on silica gel without undergoing hydrolysis. 

In addition, it was figured out that oxatriquinane can also be persistent in other 

solvents like alcohols, acetone, DMSO and DMF. However, it decomposes in the 

presence of strong nucleophiles. To understand this unusual stability of 26, X-ray 

structural analysis was performed. According to this, the bond length (1.54 Å) of 26 

is longer than the bond length (1.47 Å) of known oxonium salt (Me3O
+ AsF6

-) and it 

has lower C-O-C bond angle (109.8°) than Me3O
+ AsF6

- (113.1°) [26]. However, this 

did not explain the unusual stability. This was explained in a detailed computational 
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study with rigid tricyclic structure, with favorable orbital interactions and angle 

strain [26].  

1.3.2.3 Oxatriquinacene 

Oxatriquinacene (27) was also first synthesized by Mascal group [26].  Although 

oxatriquinacene is not as stable as oxatriquinane (decomposes in water), it is still an 

unusual molecule according to its NMR spectrum. It was shown that protons which 

are in the alpha position of O atom appear in the aromatic region (6.80 ppm) even 

they are not olefinic hydrogens [26]. 

 

Figure 1.13. Structure of oxatriquinacene. 

After the synthesisi of aromatic azaacepentalenide anion (12) by Mascal group, the 

possibility for the synthesis of the aromatic form of oxatriquinacene, 29 was 

investigated. NICS calculations of 29 showed that the aromaticity would be much 

higher than 12 [22]. Also, it was found that the new aromatic compound will be even 

more aromatic than benzene [22]. However no reported data was found in the 

literature for the synthesis of this highly interesting compound. In addition to this, 

Mascal group also studied on synthesis of oxonium ylide 28. However, direct 

deprotonation of 27 could not be stabilized and it decomposed [22]. 

 

Figure 1.14. Structures of ylide of oxatriquinacene (28) and aromatic form of 

oxatriquinacene (29). 
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1.3.2.4 1,4,7- Trimethyloxatriquinane 

Mascal group was synthesized special derivative of oxatriquinane called 1,4,7-

trimethyloxatriquinane, 31 [30]. It is special because at the tertiary carbon center of 

the molecule, can undergo SN2 type reaction unlike written in the textbooks [30]. It 

is well-known that at the tertiary center, SN1 reactions can occur. When 1,4,7-

trimethyloxatriquinane was refluxed in ethanol for many hours, there were no 

reaction [30]. It means that there were no substitution or elimination reaction (no 

unimolecular mechanism). However, when there were basic nucleophiles 

(methoxide, cyanide) in the reaction medium, reaction occurred and 32 was obtained 

[30] (Figure 1.15.). In addition to this, when there was tetrabutylammonium azide in 

the reaction medium, 30 was obtained by SN2 mechanism [30] (Figure 1.15.). 

 

Figure 1.15. Reactions of 1,4,7-trimethyloxatriquinane. 

1.3.2.5 C-O Bond Lengths 

Mascal group also studied on crystal structure of oxatriquinane and they discovered 

that the C-O bond of the molecule was 1.537 Å which was higher than the reported 

average C-O bond length in the literature (1.43 Å) [26]. In order to understand limits 

of covalency, Mascal group studied on derivatives (Figure 1.16.) of oxatriquinane 

and they found much longer bond lengths for C-O bond such as 1.622 Å (35) [31]. 

In addition to this, they set a new record in 2013 by synthesizing 37 (1.658 Å) [32]. 

Studies showed that 35 has longer C-O bond length due to steric effect [31] and 37 

has the longest C-O bond length because of electron donation of lone pairs of the 

oxygen atom on C-O antibonding orbital [32]. 
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Figure 1.16. The bond lengths of C-O bonds. 

1.4 Tribenzotriquinacene and Its Derivatives 

Tribenzotriquinacene is one of the derivatives of triquinacene. It belongs to C3v 

symmetry group and highly stable bowl-shaped structure. Until now, a lot of 

tribenzotriquinacene derivatives have been synthesized (Figure 1.17.) [33]. 

 

Figure 1.17. Some derivatives of tribenzotriquinacene (38-40). 

Tribenzotriquinacene and its derivatives are more stable than triquinacene because 

of three benzene rings. In addition to this, aromatic forms of tribenzotriquinacene 

were more stable than dianion of acepentalene (Figure 1.18.) [34]. 
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Figure 1.18. Some aromatic forms of tribenzotriquinacene (41-43). 

In tribenzotriquinacene chemistry, there are a lot of studies in the literature. Some of 

those; 

1.4.1 Regioselective Synthesis of Tribenzotriquinacene 

In the literature, Schneebeli and his colleagues first introduced chiral-assisted, 

enantioselective electrophilic aromatic nitration [35]. They synthesized tri-nitrated 

tribenzotriquinacene which have C3V symmetry group and 9:1 enantiomeric excess 

(figure 4) [35]. 

 

Figure 1.19. Structures of tri-nitrated tribenzotriquinacenes. 

1.4.2 Tribenzotriquinacene- Dimer 

There are many enantiomeric derivatives of tribenzotriquinacene which form nano-

cube [36] and molecular squares [37] because synthesis of three dimensional, 

enantiomerically pure derivatives of tribenzotriquinacene has been attracted the 
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attention of chemists. One example of these derivatives was syn-bi-concave 

tribenzotriquinacene dimer which was synthesized [38] by Ullman-type 

condensation (Figure 1.20.). 

 

Figure 1.20. Structure of syn-bi-concave tribenzotriquinacene dimer. 

1.4.3 Nano-squares From Derivative of Tribenzotriquinacene 

Tribenzotriquinacene and its derivatives can be used in supramolecular chemistry 

because of its orthogonal disposition [39]. Also, they are ideal organic ligands to 

form metallosquares (Figure 1.21.) [40]. 

 

Figure 1.21. Structure of metallosquare. 
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1.4.4 Tribenzotriquinacene as Fluorescent Chemosensor 

Synthesis of chemosensors which detects silver ion has been investigated for a long 

time [41] due to coordination ability of Ag+ ion and difficulty to detect compared to 

other heavy metal ions [42]. Because tribenzotriquinacene and its derivatives are 

ideal to form concave shape, they can be used as chemosensors (Figure 1.22.) [42]. 

 

Figure 1.22. Structure of chemosensor. 

1.5 Aim of the Study 

In the literature, there are many derivatives of heterotriquinane and 

heterotriquinacene. Some of these derivatives showed many unusual reactivity and 

structural properties. For example, oxatriquinane known as extraordinary oxonium 

ion can be refluxed for 72 hours without decomposition. Also, one derivative of 

oxatriquinane shows SN2 reaction at the tertiary carbon center of the molecule unlike 

written in the textbooks. In addition to these, the molecule having longest C-O bond 

in the literature is also an oxatriquinane derivative. As in the derivatives of 

heterotriquinane and heterotriquinacene, it is expected that hetero derivatives of 

tribenzotriquinane will also show unusual properties. The main aim in this study was 
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the synthesis of tribenzooxatriquinane which is one of the derivatives of 

tribenzoheterotriquinane and to investigate its potential unusual reactivity and 

properties. The target structure will also represent the first bis-benyzlic oxonium ion 

in the literature. 

 

Figure 1.23. Structure of Tribenzooxatriquinane. 

Since tribenzooxatriquinane has 3 benzene rings, it is also possible to add functional 

groups. Therefore, many derivatives of tribenzooxatriquinane could potentially be 

synthesized. Especially one derivative could be utilized to synthesize first isolable 

oxonium ylide (Figure 1.24.). 

 

Figure 1.24. Structure of oxonium ylide. 
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CHAPTER 2  

2 RESULTS AND DISCUSSION 

2.1 Theoretical Studies 

According to our calculations by Gaussian program, both tribenzooxatriquinane and 

tribenzooxoacepentalene which is the non-planar aromatic derivative of 

tribenzooxatriquinane are energetically favored ground state structures (Figure 2.1.). 

It was found that C-O bond length of tribenzooxatriquinane is 1.53 Å which is similar 

but shorter than oxatriquinane and its derivatives. Also, calculations of NICS 

(Nucleus-Independent Chemical Shifts) (RB3LYP 6-311+G(2d,p)) parameters 

showed that tribenzooxoacepentalene is highly aromatic (RB3LYP/6-31+G(d,p)) 

even more aromatic than benzene (NICS(1) = -10.22). Also, according to its NMR 

calculations, 2 different proton signals (8.00 ppm and 8.90 ppm) are expected in the 

spectrum. 

     

Figure 2.1. Structures of tribenzooxatriquinane (left) and tribenzooxoacepentalene 

(right). 

In addition to this, calculations were made for the compound oxonium ylide (Figure 

2.2.). DFT (Density Functional Theory) based calculations show that this target 
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molecule is energetically favorable. Optimizations proceeded smoothly and no 

virtual frequency was observed in frequency calculations. 

 

Figure 2.2. Structure of oxonium ylide. 

2.2 Retrosynthetic Analysis of Tribenzooxatriquinane 

In order to synthesize tribenzooxatriquinane, retrosynthetic analysis was performed 

(Figure 2.3.), and it was observed that there were two possible synthetic approaches. 

However, for both pathways it was crucial to synthesize 10,15-dihydro-5H-

tribenzo[a,d,g][9]annulene. 



 

 

17 

 

 

 

F
ig

u
re

 2
.3

. 
R

et
ro

sy
n
th

et
ic

 a
n
al

y
si

s 
o
f 

tr
ib

en
zo

o
x

at
ri

q
u
in

an
e.

 



 

 

18 

2.3 Synthesis of 10,15-dihydro-5H-tribenzo[a,d,g][9]annulene 

To synthesize central unit, Cansu İğci, a past member of Günbaş Research Group, 

tried to follow a synthetic pathway in the literature [43]. However, in the second step 

where a Grignard reaction is performed, there were serious issues as this reaction 

was very sensitive to conditions. Therefore, it was decided to synthesize the target 

molecule 10,15-dihydro-5H-tribenzo[a,d,g][9]annulene, 5 by another published 

method (Scheme 2.1.) [46]. 

 

Scheme 2. 1. Synthetic pathway to the molecule 5. 

In the first step of synthesis, commercially available 1 was reduced to 2 in high yield 

by using the system of AlCl3-LiAlH4. Because the high reactivity of LiAlH4, 

weighing and addition of it was done fast and to stop the reaction, excess LiAlH4 

quenched with distilled water which was added dropwise. In the second step, 

ozonolysis was performed. Because the reaction produces peroxide intermediates, 

solvent of the reaction was removed at low temperature and yellow oily product was 

obtained. Then, this product was reduced by using LiAlH4. To purify the product, 

benzene was used as recrystallization solvent in literature. However, it is known that 

benzene have harmful effects on health [29]. Therefore, other solvents have been 

tried and toluene was used as recrystallization solvent and target product 3 was 
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obtained in high yield (84%). To synthesize dibromo 4 from diol 3, HBr in AcOH 

was used. In the final step, although target molecule 5 is found in literature, there is 

no experimental part in the articles. Therefore, many optimizations were made and 

5 was obtained in 48% yield. In order to increase the product yield, it was decided to 

double the amount of benzene used in the reaction and the starting material 4 was 

added slowly by using dropping funnel. Reaction yield increased from 48% to 56%. 

2.4 Oxidation of 10,15-dihydro-5H-tribenzo[a,d,g][9]annulene 

In the literature, the oxidation products, monoketone and diketone were synthesized 

with the yields of 74% and 25% respectively [44] and diketone forms in 7 days. In 

order to increase reaction yield compared to literature, studies have been made and 

diketone was successfully obtained with a 29% yield in 3 days by a new method 

(Scheme 2.2.) [45]. 

 

Scheme 2. 2. Oxidation of molecule 5. 

Oxidation of 5 was performed with KMnO4 and MnO2 and it was observed that when 

KMnO4 was grounded, the reaction yield was better. In addition to this, apart from 

these monoketone 6 and diketone 7, another product was obtained in very low yield 

and it was thought to be triketone 8. However, after NMR analysis, it was clearly 

seen that the product obtained was not compound 8 (Scheme 2.3.). Nevertheless, 

although the exact clarity of this structure could not be achieved, it was predicted as 

9 due to having only aromatic protons in proton NMR, observing two different peaks 

in carbon NMR and having appropriate peak in the mass spectrometer [51]. 
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Scheme 2. 3. Possible reaction mechanism for compound 9. 

2.5 Bromination of 6 and 7 

Brominations of both molecule 6 and molecule 7 were the most challenging part of 

the synthesis. Since radical bromination was aimed, NBS (N-Bromosuccinimide) 

was used as the source for bromine. To synthesize the target molecule, NBS and 

radical initiators (AIBN and benzoyl peroxide) were used. However, desired product 

could not be obtained. Additionally, although both reaction time and amount of NBS 

were increased, there were no product. Also, radical bromination was attempted by 

using 500W light and NBS in CCl4 with no success. Finally, 10 and 11 were 

synthesized by using Br2 and light (Scheme 2.4.). However, while 11 was obtained 

in pure form, 10 could not be purified. 
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Scheme 2. 4. Bromination of molecule 6 and molecule 7. 

After 11 was obtained in pure form, studies were carried out to increase the reaction 

yield. At the beginning, an alternative solvent was investigated instead of CCl4 due 

to carcinogenic properties and unavailability on the market. For these reasons, 

bromination was performed in different solvents like chloroform, DCM and 

cyclohexane. However, product 11 could not be synthesized and starting material 7 

was recovered. In addition to this, in the literature, a successful CCl4 alternative, 

α,α,α-trifluorotoluene, was successfully utilized in various transformations. In our 

hands, although various optimization studies were performed only a small amount 

of product was obtained. There was always major spot in the TLC which did not 

belong to either starting material or product. This major spot was identified as 12 

(Scheme 2.5.). 
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Scheme 2. 5. Structure of molecule 12. 

 

 

Figure 2.4. 1H Spectrum of 12. 
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Figure 2.5. 13C Spectrum of 12. 

Therefore, CCl4 was used as bromination solvent. However, 12 was still major 

product. In order to increase yield of 11, CCl4 was distilled over CaH2 and collected 

on 3 Å molecular sieves. Also, K2CO3 was used as weak base to neutralize HBr in 

the reaction medium. Finally, although starting material was not consumed 

completely in the reaction, target molecule 11 was obtained as major product.  

2.6 Synthesis of Tribenzooxatriquinane 

In order to synthesize target molecule, tribenzooxatriquinane various synthetic 

pathways were followed. 
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Scheme 2. 6. Synthetic pathway 1 for tribenzooxatriquinane. 

First approach started with the reduction of molecule 7. 13 was successfully 

synthesized by using LiAlH4 in THF. Then, in the acidic medium, target molecule 

14 was obtained. In order to synthesize 15, two different procedures were utilized. 

However, in both oxidations, instead of obtaining 15, diketone 7 was obtained in 

high yields (Scheme 2.6.). 

 

After this failed attempt (Scheme 2.6.), synthetic pathway 2 was designed (Scheme 

2.7.). 
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Scheme 2. 7. Synthetic pathway 2 for tribenzooxatriquinane. 

In order not to reduce bromide in 11, NaBH4 which is a mild reducing agent was 

chosen. However, according to NMR spectrum, bromide was reduced. It was thought 

that since the reaction was carried out in EtOH, bromide was reduced by SN1 type 

reaction. Therefore, it was decided to replace the solvent with an aprotic one. 

However, NaBH4 does not dissolve in aprotic solvents. Thus, LiAlH4 was selected 

as reducing agent and THF as solvent. In order not to reduce bromide in the molecule, 

substoichiometric amounts of LiAlH4 were used. However, different products were 

obtained based on the amount of LiAlH4 used in the reaction and reaction times.  

Characterization of most of these products has not been fruitful. Nonetheless, one 

product was clearly characterized as the compound 19. 
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Scheme 2. 8. Reduction of 11. 

 

 

Figure 2.6. 1H NMR Spectrum of 19. 
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Figure 2.7. 13C NMR Spectrum of 19. 

 

 

 



 

 

28 

  

Figure 2.8. HRMS Spectrum of 19. 

 

Although one can envision pathways for the synthesis of tribenzooxatriquinane using 

19, it was not used to synthesize tribenzooxatriquinane due to reproducibility issues 

related to synthesis of 19. 

In our final synthetic approach, tribenzooxatriquinane was synthesized successfully 

(Scheme 2.9.). 

 

Scheme 2. 9. Synthetic pathway 3 for tribenzooxatriquinane. 
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In the first step, DIBAL-H (Diisobutyl Aluminum Hydride) which is a strong and 

bulky reducing agent was used in order to reduce 11. The reduction mechanism of 

DIBAL-H differs from NaBH4 because while NaBH4 directly donates a hydride, 

DIBAL-H first coordinates to lone pairs of the carbonyl group, then delivers the 

hydride. Therefore, it was thought that bromine in the compound 11 would not be 

reduced and 17 (Figure 2.11) would be obtained. When the spot of starting material 

11 was disappeared in the TLC, a number of spots were observed in the TLC and we 

attributed this to the possibility of generating numerous diastereomers due to 

different orientation that are possible after the reduction. Since the next step is 

formation of THF ring and all the diastereomers will collapse into two possible 

products. Hence, a standard work-up procedure was applied, and the residue was 

used in the next step without purification. In the next step, cyclization was attempted 

in the acidic medium and after purification of the compound with major spot in the 

TLC and NMR analyses, it was found that compound 15 was obtained in moderate 

yield. This was surprising since the expected product was compound 18 (Scheme 

2.8.). There are two possible explanations for this observation. First, compound 15 

was formed in the first step, second, compound 19 was formed which converted into 

compound 15 during acid treatment. To synthesize 16, standard reduction conditions 

were utilized. However, no change was observed in TLC in both reduction reactions 

using NaBH4 or LiAlH4 (+ZnCl2). DIBAL-H was used as reducing agent again and 

we were able to obtain alcohol 16. Since diastereomers could not be separated from 

each other, crude product was used in the final step without purification. In the final 

step, triflic acid (TfOH), which is one of the super acids was used in acetonitrile and 

after purification by precipitation in ether, target molecule tribenzooxatriquinane 

was obtained in 78% yield.  
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Figure 2.9. 1H NMR Spectrum of Tribenzooxatriquinane in d3-MeCN. 

 

2.7 Reactivity of Tribenzooxatriquinane 

Tribenzooxatriquinane is the first isolated and characterized bis-benzylic oxonium 

ion in the literature. Therefore, it represents an important development in the field of 

fundamental organic chemistry. NMR spectrum was recorded in non-nucleophilic 

solvent d3-MeCN. NMR analyses in d4-MeOH showed significant decomposition. In 

order to understand how long the tribenzooxatriquinane structure persists in MeCN 

with weak nucleophiles, tribenzooxatriquinane: MeOH (1:10) by mass was prepared 

in d3-MeCN and NMR spectrum was recorded after 10 minutes, 1 hour, 2 hours, 4 

hours and 1 day and it was observed that tribenzooxatriquinane, was not completely 

decomposed at the end of 24 hours (Figure 2.9.) One other interesting feature 

observed in tribenzooxatriquinane was the extreme chemical environment of the 
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bridgehead protons. These aliphatic protons appear at 8.01 ppm in the NMR 

spectrum. To best of our knowledge this is one of the lowest field shifted, if not the 

highest, shift recorded for an aliphatic proton in NMR spectroscopy. 

 

Figure 2.10. 1H NMR Spectrums of Tribenzooxatriquinane: MeOH (1:10) by mass. 
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2.8 Studies on Synthesis of Aromatic Derivative of Tribenzooxatriquinane 

 

Scheme 2. 10. Synthetic pathway for molecule 20. 

In order to synthesize aromatic derivative of tribenzooxatriquinane, synthetic 

pathway in Scheme 2.10. was designed. However, chlorination in the first step could 

not be achieved and the starting material was completely recovered. We believe 

electron density donation from the perfectly situated oxygen atom in the structure 

diminished the reactivity of the ketone significantly. Hence stronger electrophilic 

reagent will be utilized in the future. 

2.9 Studies on Synthesis of Oxonium Ylide 

Since tribenzooxatriquinane has 3 benzene rings, it is possible to add functional 

groups and it is thought that these modifications to benzene rings are expected to 

influence structure and reactivity in a significant manner. Firstly, studies were 

carried out on nitration because the product of nitrification is planned to be used for 

the synthesis of first isolable oxonium ylide (22). 
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Scheme 2. 11. Studies on synthesis of oxonium ylide 22. 

In order to synthesize compound 21, two standard nitration conditions have been 

utilized (Scheme 2.11.). However, desired product could not be observed in NMR 

analysis. The decomposition of the tricyclic oxonium core was observed in both 

cases. We are going to concentrate our efforts on the nitration of intermediates before 

the tricyclic oxonium ring formation. 

 

 

Scheme 2. 12. Nitration reactions. 
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CHAPTER 3  

3 CONCLUSION 

In order to achieve the synthesis of tribenzooxatriquinane, various synthetic 

pathways were envisioned. For all these pathways it was crucial to synthesize 10,15-

dihydro-5H-tribenzo[a,d,g][9]annulene (5). This compound was successfully 

synthesized in five steps and in relatively high yields. Then, oxidation products of 

compound 5 (6 and 7) were obtained. Bromination of the diketo core 7 became the 

most important step in the synthesis since other methods towards functionalization 

of the bisbenzylic carbon did not give fruitful results. Although many attempts have 

been realized and failed, pure compound 11 has been successfully synthesized using 

Br2 and light with CCl4 as the solvent. Reduction of 11 towards realization of diol 

17 without reducing the bromo substituent was not fruitful under standard 

conditions. However, strong and bulky reducing agent DIBAL-H was able to reduce 

a ketone in compound 11 DIBAL-H without interfering with the bromo substituent. 

Treatment of the crude with acid resulted in formation of bicyclic ketone 15. Finally, 

reduction followed by super acid treatment gave the desire product in good yield. 

Tribenzooxatriquinane is the first isolated and characterized bis-benzylic oxonium 

ion in the literature.  NMR spectrum was recorded in non-nucleophilic solvent d3-

MeCN. One interesting feature observed in tribenzooxatriquinane was the extreme 

chemical environment of the bridgehead protons. These aliphatic protons appear at 

8.01 ppm in the NMR spectrum. To best of our knowledge this is one of the highest, 

if not the highest downfield shift recorded for an aliphatic proton in NMR 

spectroscopy. 

To sum up, in this study tribenzooxatriquinane which is one derivative of 

tribenzoheterotriquinane was successfully synthesized and its reactivity was 

investigated. Tribenzooxatriquinane is the first characterized bis-benzylic oxonium 
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ion in the literature and therefore we believe its synthesis represents an important 

development in the field of fundamental organic chemistry.  
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CHAPTER 4  

4 EXPERIMENTAL 

4.1 Materials and Methods 

Most of the reactions were carried out under inert atmosphere (argon) and reaction 

solvents which are DCM, THF, Et2O and toluene were used directly solvent drying 

system (Mbraun MBSPS5). CCl4 was dried over CaCl2 and freshly distilled before 

use. For all chromatographic purifications on silica gel, Merck Silica Gel 60 (230-

400 mesh) was used and for Thin Layer Chromatography (TLC), Merck Silica 60 

F254 was used. 

4.2 Equipments 

NMR analysis (1H and 13C) was carried on Bruker Spectrospin Avance DPX-400 

Spectrometer (tetramethylsilane as internal reference) and as solvents CDCl3, d6-

DMSO and d3-CD3CN were used. High Resolution Mass Spectroscopy (HRMS) was 

performed using Waters Synapt MS System at METU Central Laboratory. 

4.3 Synthesis of Tribenzooxatriquinane 

4.3.1 Synthesis of Molecule 2 

 

Scheme 4. 1. Synthesis of molecule 2. 
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Synthesized with small modifications to published procedure [46]. 

To a solution of LiAlH4 (2.00 g, 52 mmol) in dry Et2O (38 mL) in two-neck balloon, 

a solution of AlCl3 (7.10 g, 54 mmol) in dry diethyl ether (25 mL) was added slowly. 

The mixture was stirred 15 minutes at room temperature. Then, a solution of 5- 

dibenzosuberenone, 1 (10.00 g, 48 mmol) in dry THF (56 mL) was added into the 

mixture slowly at 0 °C. After heating the mixture for 3 hours at reflux temperature 

(75 °C), the reaction was stirred overnight at room temperature. The reaction was 

diluted with Et2O (120 mL) and distilled water (2 mL) was added at 0 °C followed 

by addition of 15% aq NaOH solution (2 mL) and distilled water (6 mL). After 

addition of anhydrous MgSO4, the mixture was filtered through Celite and washed 

thoroughly with Et2O. Solvent was removed under reduced pressure to obtain pure 

white crystals (9.0 g, 97%). 1H NMR (400 MHz, CDCl3) δ 7.32 – 7.24 (m, 6H), 7.22 

– 7.15 (m, 2H), 7.01 (s, 2H), 3.72 (s, 2H).13C NMR (100 MHz, CDCl3) δ 138.3, 

135.3, 131.7, 128.5, 128.2, 128.0, 126.2, 41.8.  

4.3.2 Synthesis of Molecule 3 

 

Scheme 4. 2. Synthesis of molecule 3. 

Synthesized with small modifications to published procedure [46]. 

To produce molecule 3, starting material (2.5 g, 13 mmol) was suspended with 

methanol (100 mL) at 0 °C and ozone gas was bubbled through it for 7 hours. The 

ozonolysis was finished by checking TLC (1 EtOAc: 3 Hexane). After purging argon 

gas for 40 minutes at room temperature, methanol was removed from reaction 

medium under reduced pressure and yellow oily substance was obtained. Then, this 
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substance was dissolved in dry Et2O (40 mL) and added to the solution of LiAlH4 

(2.484, 65 mmol) in dry Et2O (46 mL) by dropwise. After addition was complete, 

the mixture was heated to reflux (55 °C) for 3 hours and then reaction was stirred 

overnight at room temperature. To work up, the reaction was diluted with Et2O (90 

mL). Then, distilled water (2.5 mL) was added at 0 °C and then added 15% aq NaOH 

solution (2.5 mL) and distilled water (7.5 mL) into reaction respectively. After 

addition of anhydrous MgSO4, the mixture was filtered through celite and washed 

with Et2O (500 mL) and EtOH (500 mL). Solvent was removed under reduced 

pressure and obtained yellow substance. To purify crude product, recrystallization 

was performed with toluene (50 mL) and pure white product was obtained (2.5 g, 

84%).1H NMR (400 MHz, DMSO) δ 7.44 (d, J = 7.5 Hz, 2H), 7.18 (dt, 4H), 6.85 

(d, J = 7.4 Hz, 2H), 5.18 (s, 2H), 4.48 (s, 4H), 3.98 (s, 2H). 13C NMR (100 MHz, 

DMSO) δ 140.3, 137.3, 128.9, 126.9, 126.8, 125.9, 60.1, 33.5. 

4.3.3 Synthesis of Molecule 4 

 

Scheme 4. 3. Synthesis of molecule 4. 

Synthesized with small modifications to published procedure [47]. 

To synthesize 4, starting material, 3 (1.44 g, 6.32 mmol) was stirred with 33 wt. % 

HBr in acetic acid (29 mL) for 3 hours. The reaction was finished by adding DCM 

(60 mL) and extracted with saturated NaHCO3 solution. The organic phase was dried 

over anhydrous Na2SO4 and filtered. Then, by evaporating solvent under reduced 

pressure, yellow product was obtained (2.16 g, 96%).1H NMR (400 MHz, CDCl3) δ 

7.30 – 7.25 (m, 2H), 7.16 – 7.07 (m, 4H), 6.87 – 6.80 (m, 2H), 4.38 (s, 4H), 4.17 (s, 
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2H).13C NMR (100 MHz, CDCl3) δ 138.8, 136.1, 130.8, 130.4, 129.3, 127.3, 34.7, 

31.9. 

4.3.4 Synthesis of Molecule 5 

 

Scheme 4. 4. Synthesis of molecule 5. 

Synthesized with small modifications to published procedure [48]. 

After preparation of AlCl3 (1.37 g, 10.2 mmol) solution with dry benzene (71.2 mL) 

and CH3NO2 (3.6 mL), the solution of starting material, 4 (1.78 g, 5.0 mmol) in dry 

benzene (260 mL) was added into this solution by using dropping funnel at room 

temperature and the reaction was stirred overnight. 1% HCl solution (309 mL) was 

added into the reaction and extracted with Et2O. Organic layer was dried over 

anhydrous MgSO4 and solvent was removed under reduced pressure. To purify crude 

product, column chromatography (silica gel, DCM: Petroleum Ether- 1: 6) was 

performed and white product was obtained. (726 mg, 56%).1H NMR (400 MHz, 

CDCl3) δ 7.40 (dd, J = 9.1 Hz, 6H), 7.11 (dd, J = 9.1 Hz, 6H), 4.93 (d, J = 13.3 Hz, 

3H), 3.78 (d, J = 13.4 Hz, 3H).13C NMR (100 MHz, CDCl3) δ 139.6, 130.2, 127.1, 

37.9. 
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4.3.5 Synthesis of Molecule 6, Molecule 7 and Molecule 9 

 

Scheme 4. 5. Synthesis of molecule 6, molecule 7 and molecule 9. 

Synthesized with small modifications to published procedure [45]. 

Starting material, 5 (0.800 g, 2.96 mmol), finely ground KMnO4 (19 g, 120 mmol) 

and MnO2 (21 g, 242 mmol) was dissolved in dry pyridine (40 mL) and heated to 

reflux (130 °C) for 48 hours. Then, the mixture was filtered through Celite while it 

was still hot and washed with EtOAc (500 mL) and DCM (500 mL). Solvent was 

removed under reduced pressure. Column chromatography (silica gel, DCM: Hexane 

- 5: 1) was performed and white products (6, 7, 9) was obtained.  

Molecule 6 (400 mg, 47%)1H NMR (400 MHz, CDCl3) δ 8.00 (m, J = 9.4 Hz, 2H), 

7.48 – 7.35 (s, 4H), 7.26 (s, 4H), 7.16 (d, J = 9.1 Hz, 2H), 3.89 (s, 4H). 13C NMR 

(100 MHz, CDCl3) δ 195.3, 140.7, 139.9, 138.0, 132.7, 131.5, 130.5, 129.5, 127.3, 

127.1, 37.8. 

Molecule 7 (255 mg, 29%) 1H NMR (400 MHz, CDCl3) δ 7.57 (d, J = 6.1 Hz, 2H), 

7.48 (ddd, J = 27.4, 5.8, 3.4 Hz, 4H), 7.33 – 7.16 (m, 4H), 7.02 (d, J = 7.5 Hz, 2H), 

3.87 (s, 2H).13C NMR (100 MHz, CDCl3) δ 198.2, 140.4, 139.9, 139.4, 132.4, 130.9, 

130.4, 129.2, 128.1, 127.4, 37.8.  

Molecule 9 1H NMR (400 MHz, CDCl3) δ 7.65 (d, J = 7.2 Hz, 2H), 7.60 – 7.33 (m, 

6H), 7.29 (t, J = 7.7 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 195.6, 194.8, 139.9, 

137.8, 135.9, 131.9, 130.0, 129.6, 128.9, 128.7, 127.9, 127.3. 
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4.3.6 Synthesis of Molecule 10 

 

Scheme 4. 6. Synthesis of molecule 10. 

Synthesized with small modifications to published procedure [49]. 

Starting material, 6 (100 mg, 0.35 mmol) was suspended in freshly distilled CCl4 (18 

mL). Br2 solution (1 M, 0.7 mL) was prepared in dry CCl4 and added dropwise into 

reaction balloon at 50 ºC. The solution was exposed to 500 W lights for 9 hours. The 

reaction was finished by checking TLC (3 DCM: 1 Hexane) and the solvent of 

reaction was removed under reduced pressure. Column chromatography (silica gel, 

DCM: Hexane - 3: 1) was performed and white product was obtained. (33 mg, 21 

%).1H NMR (400 MHz, CDCl3) δ 7.86 (dd, J = 9.1 Hz, 2H), 7.75 (d, J = 7.5 Hz, 

2H), 7.48 – 7.42 (m, 4H), 7.36 – 7.32 (m, 4H), 6.47 (s, 2H). 13C NMR (100 MHz, 

CDCl3) δ 194.0, 139.3, 137.9, 136.9, 133.0, 131.6, 129.5, 129.1, 129.0, 128.8, 48.6. 

4.3.7 Synthesis of Molecule 11 

 

Scheme 4. 7. Synthesis of molecule 11. 

Synthesized with small modifications to published procedure [49]. 
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Starting material, 7 (421 mg, 1.41 mmol) was suspended in freshly distilled CCl4 (56 

mL) and K2CO3 (0.99 g, 7.16 mmol). Br2 solution (1 M, 1.8 mL) was added dropwise 

into reaction balloon. The solution was exposed to 500 W lights for 12 hours. The 

reaction was finished by checking TLC (3 DCM: 1 Hexane) and the solvent of 

reaction was removed under reduced pressure. The residue was dissolved in DCM 

and extracted with NAHSO3. Column chromatography (silica gel, DCM: Hexane - 

3: 1) was performed and light pink product was obtained. (153 mg, 29 %).1H NMR 

(400 MHz, CDCl3) δ 7.69-7.66 (m, 2H), 7.61 – 7.54 (m, 6H), 7.49 (td, J = 7.7, 1.5 

Hz, 2H), 7.38 (td, J = 6.8 Hz, 2H), 6.78 (s, 1H). 13C NMR (100 MHz, CDCl3) δ 

197.7, 140.5, 139.7, 138.3, 132.7, 131.6, 129.9, 128.8, 128.5, 47.9. 

Synthesis of Molecule 14 

 

Scheme 4. 8. Synthesis of molecule 14. 

In the first step of the reaction, starting material (100 mg, 0.34 mmol) dissolved in 

dry THF (17 mL). LiAlH4 (38 mg, 1.01 mmol) was put into reaction medium at 0 ºC 

and reaction stirred 2.5 h at room temperature. The reaction was diluted with THF 

(17 mL). Then, distilled water (0.1 mL) and 15% aq NaOH solution (0.1 mL) were 

added into reaction respectively. After addition of anhydrous MgSO4, the mixture 

was filtered through Celite and washed with THF (100 mL). Solvent was removed 

under reduced pressure and obtained yellow substance. The crude product was used 

in second step without purification. It (80 mg) was dissolved in dry toluene (112 mL) 

and p- toluenesulfonic acid (p- TsOH) (24 mg, 0.15 mmol) was added into reaction. 

Then, the mixture was heated to 135 °C for 3 hours. For this reaction Dean- Stark 

Apparatus was used. When starting material was finished by checking TLC, the 

reaction was finished by adding distilled water at room temperature and extracted 
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with toluene, NaHCO3 and brine respectively. The solvent was evaporated under 

reduced pressure and red crude product was obtained. Column chromatography 

(silica gel, DCM: Hexane - 2: 1) was performed and white product (55 mg, 73%) 

was obtained. 1H NMR (400 MHz, Chloroform-d) δ 7.44 – 7.38 (m, 2H), 7.34 (dd, 

J = 8.5 Hz, 2H), 7.27 – 7.19 (m, 8H), 6.27 (s, 2H), 3.37 – 3.29 (m, 1H), 3.20 (s, 1H). 

13C NMR (100 MHz, Chloroform-d) δ 141.0, 132.7, 128.8, 128.6, 126.8, 121.3, 88.9, 

39.3. HRMS C21H17O, calculated: 285.1279, found: 285.1279. 

 

4.3.8 Synthesis of Molecule 15 

 

Scheme 4. 9. Synthetic of molecule 15. 

For the reaction 1, starting material (120 mg, 0.318 mmol) was put into 50 mL- two- 

neck balloon and dry toluene (12 mL) was added into it in Argon atmosphere. 

Diisobutylaluminium hydride (DIBAL-H) (0.6 mL) was added into reaction very 

slowly at – 30 °C and it was stirred overnight in room temperature. The reaction was 

finished by applying TLC (DCM: Hexane- 3:1). To work up the reaction, distilled 

water (10 mL) was added at 0 °C and extracted with toluene. The solvent was 

evaporated under reduced pressure and yellow crude product (118 mg, 98%) was 

obtained and it was used without purification for next step. Second step was 

synthesized small changes with literature [50].  It (118 mg, 0.31 mmol) was dissolved 

in dry toluene (67 mL) in 250 mL- two- neck balloon in Argon atmosphere and p- 

toluenesulfonic acid (p- TsOH) (28 mg, 0.16 mmol) was added into reaction. Then, 

the mixture was heated to 135 °C for 3.5 hours. For this reaction Dean- Stark 

Apparatus was used. When starting material was finished by checking TLC, the 
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reaction was finished by adding distilled water at room temperature and extracted 

with toluene, NaHCO3 and brine respectively. The solvent was evaporated under 

reduced pressure and red crude product was obtained. Column chromatography 

(silica gel, DCM: Hexane - 2: 1) was performed and white product (43 mg, 47 %) 

was obtained. 1H NMR (400 MHz, CDCl3) δ 8.02 – 7.97 (m, 2H), 7.49 – 7.45 (m, 

2H), 7.39 – 7.31 (m, 6H), 7.28 – 7.20 (m, 4H), 6.34 (s, 1H), 6.23 (s, 2H).13C NMR 

(100 MHz, CDCl3) δ 208.0, 140.9, 140.5, 140.0, 129.8, 128.9, 128.0, 127.3, 124.0, 

121.9, 84.3. HRMS C21H15O2, calculated: 299.1072, found: 299.1074. 

4.3.9 Synthesis of Molecule 16 

 

Scheme 4. 10. Synthesis of molecule 16. 

To produce molecule 16, starting material (18 mg, 0.06 mmol) was put into 10 mL 

Schlenk tube and dry toluene (2 mL) was added into it in argon atmosphere. 

Diisobutylaluminium hydride (DIBAL-H) (0.1 mL) was added into reaction very 

slowly at – 30 °C and it was stirred overnight in room temperature. The reaction was 

finished by applying TLC (DCM: Hexane- 3:1). Distilled water (2 mL) was added 

at 0°C and extracted with toluene. The solvent was evaporated under reduced 

pressure and yellow crude product (18 mg, 76%) was obtained. The crude product 

was used without purification. 



 

 

46 

4.3.10 End Game: Synthesis of Tribenzooxatriquinane 

 

Scheme 4. 11. Synthetic route of Tribenzooxatriquinane. 

Starting material (23 mg, 0.08mmol) was dissolved in CH3CN (1 mL) and 

Trifluoromethanesulfonic acid (CF3SO3H) (0.05 mL) was put into this solution at 

room temperature. After 1 h stirring, white crystals were formed. The solution was 

poured into dry diethyl ether (3.5 mL) in argon atmosphere at 0 °C. After the solution 

was stirred 30 minutes at room temperature, it was put in the freezer. Then, pure, 

white product (17 mg, 78%) were collected. 1H NMR (400 MHz, CD3CN) δ 8.01 (s, 

3H), 7.76 (dd, J = 8.9 Hz, 6H), 7.59 (dd, J = 8.9 Hz, 6H). 13C NMR (100 MHz, 

Acetonitrile-d3) δ 133.9, 131.6, 122.0, 107.9. HRMS C21H15O
+, calculated: 

283.1123, found: 283.1115. 

 



 

 

47 

REFERENCES 

[1] H. W. Kroto, A. W. Allaf, and S. P. Balm, “C60: Buckminsterfullerene,” 

Chem. Rev., vol. 91, no. 6, pp. 1213–1235, 1991. 

[2] M. Bühl and A. Hirsch, “Spherical aromaticity of fullerenes, ”Chem. Rev., 

vol. 101, no. 5. 2001. 

[3] A. A. Popov, S. Yang, and L. Dunsch, “Endohedral fullerenes,” Chem. Rev., 

vol. 113, no. 8, pp. 5989–6113, 2013. 

[4] Z. Chen, H. Jiao, M. Bühl, A. Hirsch, and W. Thiel, “Theoretical investigation 

into structures and magnetic properties of smaller fullerenes and their 

heteroanalogues,” Theor. Chem. Acc., vol. 106, no. 5, pp. 352–363, 2001. 

[5] H. Prinzbach, A. Weiler, P. Landenberger, “Gas-Phase Production And 

Photoelectron Spectroscopy Of The Smallest Fullerene, C20,” Nature, vol. 

407, no. 6800, pp. 60–63, 2000. 

[6] R. Haag, D, Schröder, T. Zywietz, H. Jiao, H. Schwarz,“The long elusive 

acepentalene - Experimental and theoretical evidence for its existence,” 

Angew. Chemie-Int. Ed., vol. 35, no. 12, pp. 1317–1319, 1996. 

[7] B. T. Lendvai, T. Friedl, H. Butenschon, T. Clark, and A. De Meijere, 

“Dihydroacepentalenediide, The Dianion Of Acepentalene. Angew. Chemie- 

Int. Ed., vol. 25, no. 8, pp. 719–720, 1986. 

[8] R. B. Woodward, T. Fukunaga, and R. C. Kelly, “Triquinacene,” J. Am. Chem. 

Soc., vol. 86, no. 15, pp. 3162–3164, 1964. 

[9] D. Bosse, “Photoisomerisierungen und Cycloaddititionen,”  Chem Ber., vol. 

2242, pp. 2223–2242, 1978. 

[10] Butenschön, H. and de Meijere, A, "The first carbonyl iron complexes with 

dihydroacepentalene ligands", Tetrahedron, vol. 42, pp.1721-1729, 1986. 

[11] L. A. Paquette, “Dodecahedranes and Allied Spherical Molecules,” Chem. 

Rev., vol. 89, no. 5, pp. 1051–1065, 1989. 

[12] N. M. Hext, J. Hansen, A. Blake, D. Hibbs, M. Hursthouse, O. Shishkin, M. 

Mascal,“Azatriquinanes: Synthesis, Structure, and Reactivity,” J. Org. Chem., 

vol. 63, no. 17, pp. 6016–6020, 1998. 

[13] H. Jiao, J. F. Halet, and J. A. Gladysz, “Structures and energies of 10-

azatriquinacene and its hydrogenation products: A computational study,” J. 

Org. Chem., vol. 66, no. 11, pp. 3902–3905, 2001. 

[14] Cram, D. “Cavitands: Organic Hosts With Enforced Cavities.,” Science, vol.  

219, no. 4589, pp. 1177-1183, 1983. 

[15] M. Lera, A. J. Blake, C. Wilson, and M. Mascal, “Azatriquinanes. Part 4. The     



 

 

48 

chemistry of azatriquinenamine and its bromination products,” J. Chem. Soc. 

Perkin 1, vol. 1, no. 23, pp. 3145–3149, 2001. 

[16] N. J. Leonard and A. G. Cook, “Unsaturated Amines. XIV. The Mercuric 

Acetate Oxidation of Substituted Pyrrolidines,” J. Am. Chem. Soc., vol. 81, 

no. 21, pp. 5627–5631, 1959. 

[17]  Swan, G.; Wilcock, J. Cheminform Abstract: Reduction of Some N-Alkyl- 

And N-Aryl-Pyrrolidin-2-Ones And -Piperidin-2-Ones by Lithium 

Aluminium Hydride. Chem. Inform., vol. 5 no. 27, 1974. 

[18] M. Mascal, M. Lera, A. Blake, M. Czaja, A. Kozak, M. Makowski, L. 

Chmurzynski,“The azatriquinenamine trimer - A novel proton chelate,” 

Angew. Chemie - Int. Ed., vol. 40, no. 19, pp. 3696–3698, 2001. 

[19]  Haag, R.; Fleischer, R.; Stalke, D.; de Meijere, A. Dilithium 

Acepentalenediide: An Unusual Dimer of Contact Ion Triplets with Bowl-

Shaped Dianions. Angew. Chemie- Int. Ed., vol. 34, no.1314, pp. 1492-1495, 

1995. 

[20] T. K. Zywietz, H. Jiao, P. V. R. Schleyer, and A. De Meijere, “Aromaticity 

and Antiaromaticity in Oligocyclic Annelated Five-Membered Ring 

Systems,” J. Org. Chem., vol. 63, no. 10, pp. 3417–3422, 1998. 

[21] M. Mascal and J. C. Bertran, “The azaacepentalenide anion: A new aromatic, 

bowl-shaped heterocycle,” J. Am. Chem. Soc., vol. 127, no. 5, pp. 1352–1353, 

2005. 

[22] M. Mascal, “Aromaticity and curvature in heteroacepentalenes,” J. Org. 

Chem., vol. 72, no. 12, pp. 4323–4327, 2007. 

[23] M. Mascal, M. Lera, and A. J. Blake, “Azatriquinanes. 2.1 Synthesis of 

azatriquinadiene and azatriquinacene,” J. Org. Chem., vol. 65, no. 21, pp. 

7253–7255, 2000. 

[24] M. Jevric, T. Zheng, N. K. Meher, J. C. Fettinger, and M. Mascal, 

“Azatriquinane as a platform for tripodal metal complexes and calixiform 

scaffolds,” Angew. Chemie - Int. Ed., vol. 50, no. 3, pp. 717–719, 2011. 

[25]  Meerwein, H.; Bodenbenner, K.; Borner, P.; Kunert, F.; Wunderlich, K. 

“Über Tertiäre Carboxoniumsalze,” Justus Liebigs Ann.  Chem., vol. 632, no. 

1, pp. 38-55, 1960. 

[26] M. Mascal, N. Hafezi, N. K. Meher, and J. C. Fettinger, “Oxatriquinane and 

oxatriquinacene: Extraordinary oxonium ions,” J. Am. Chem. Soc., vol. 130, 

no. 41, pp. 13532–13533, 2008. 

[27] M. Etzkorn, R. Aniszfeld, H. Buchholz, G. Rasul, G. Prakash, G. Olah, “1-

Oxoniaadamantane,” European J. Org. Chem., no. 27, pp. 4555–4558, 2008. 

[28] Klages, F.; Jung, H.; Wagner, H. Synthese Und Eigenschaften “Eines 



 

 

49 

Bicyclischen Oxoniumsalzes.” Chem. Ber., vol. 3748, pp. 3757–3764, 1965. 

[29] Agency for Toxic Substances and Disease Registry. Public Health Statement 

for Benzene. CDC Div. Toxicol. Environmrntal medicine CAS# 71-43, 1–7 

(2007). 

[30] Y. Q. Zhang, C. Poppel, A. Panfilova, F. Bohle, S. Grimme, and A. Gansäuer, 

“S N 2 Reactions at Tertiary Carbon Centers in Epoxides,” Angew. Chemie - 

Int. Ed., vol. 56, no. 33, pp. 9719–9722, 2017. 

[31] G. Gunbas, N. Hafezi, W. Sheppard, M. Olmstead, I. Stoyanova, M. Meyer, 

M. Mascal, “Extreme oxatriquinanes and a record C-O bond length,” Nat. 

Chem., vol. 4, no. 12, pp. 1018–1023, 2012. 

[32] G. Gunbas, W. L. Sheppard, J. C. Fettinger, M. M. Olmstead, and M. Mascal, 

“Extreme oxatriquinanes: Structural characterization of α-oxyoxonium 

species with extraordinarily long carbon-oxygen bonds,” J. Am. Chem. Soc., 

vol. 135, no. 22, pp. 8173–8176, 2013. 

[33] R. Haag, “Tribenzacepentalene Dianion and 4, 7-Disubstituted 

Tribenzodihydroacepentalene Derivatives: Formation, Reactions, and 

Structural Properties of Potential Tribenzacepentalene Precursors,” J. Am. 

Chem. Soc., vol. 117, no. 42, pp. 10474–10485, 1995. 

[34] D. Kuck, A. Schuster, B. Ohlhorst, V. Sinnwell, and A. de Meijere, “Towards 

Tribenzoacepentalene: Tribenzotriquinacene, Dihydrotribenzo‐

acepentalenediide, and the Tribenzoacepentalene Radical Anion,” Angew. 

Chemie Int. Ed., vol. 28, no. 5, pp. 595–597, 1989. 

[35] J. P. Campbell, S. Rajappan, T. Jaynes, M. Sharafi, S. Schneebeli, 

“Enantioselective Electrophilic Aromatic Nitration: A Chiral Auxiliary 

Approach,” Angew. Chemie - Int. Ed., vol. 58, no. 4, pp. 1035–1040, 2019. 

[36] J. Strübe, B. Neumann, H. G. Stammler, and D. Kuck, “Solid-state 

enantiopure organic nanocubes formed by self organization of a C3-

symmetrical tribenzotriquinacene,” Chem. - A Eur. J., vol. 15, no. 10, pp. 

2256–2260, 2009. 

[37] W. R. Xu, H. F. Chow, X. P. Cao, and D. Kuck, “Regiocontrolled synthesis 

and optical resolution of mono-, di-, and trisubstituted tribenzotriquinacene 

derivatives: Key building blocks for further assembly into molecular squares 

and cubes,” J. Org. Chem., vol. 79, no. 19, pp. 9335–9346, 2014. 

[38] P. Rommelmann, W. Greschner, S. Ihrig, B. Neumann, H. Stammler, H. 

Gröger, D. Kuck, “Combining Stereoselective Enzyme Catalysis with 

Chirality-Assisted Synthesis in Tribenzotriquinacene Chemistry,” European 

J. Org. Chem., vol. 2018, no. 29, pp. 3891–3899, 2018. 

[39] D. Kuck, “Three-dimensional hydrocarbon cores based on multiply fused 

cyclopentane and indane units: Centropolyindanes,” Chem. Rev., vol. 106, no. 



 

 

50 

12, pp. 4885–4925, 2006. 

[40] W. R. Xu, G. J. Xia, H. F. Chow, X. P. Cao, and D. Kuck, “Facile Assembly 

of Chiral Metallosquares by Using Enantiopure Tribenzotriquinacene Corner 

Motifs,” Chem. - A Eur. J., vol. 21, no. 34, pp. 12011–12017, 2015. 

[41] J. F. Zhang, Y. Zhou, J. Yoon, and J. S. Kim, “Recent progress in fluorescent 

and colorimetric chemosensors for detection of precious metal ions (silver, 

gold and platinum ions),” Chem. Soc. Rev., vol. 40, no. 7, pp. 3416–3429, 

2011. 

[42] Z. M. Li, X. Cao, H. Chow, D. Kuck, D. Hu, J. Wei, Q. Qi, “An Efficient Ag 

+ -Selective Fluorescent Chemosensor Derived from Tribenzotriquinacene,” 

Synth., vol. 50, no. 7, pp. 1457–1461, 2018. 

[43] W. Y. Lee, W. Sim, and K. Do Choi, “Biscyclophanes. Part 1: Synthesis of a 

common-nuclear bis[1.1.1]orthocyclophane, first member of a new family of 

cyclophanes,” J. Chem. Soc. Perkin Trans. 1, no. 7, pp. 881–885, 1992. 

[44] T. Yamato and N. Sakaue, “Electrophilic Substitution and Conformational 

Properties of 10 , 15-Dihydro-5 H -tribenzo [ a , d , g ] cyclononenes and Their 

Analogues,” no. 440, pp. 440–441, 1997. 

[45] S. R. S. Sarsah, M. R. Lutz, M. Zeller, D. S. Crumrine, and D. P. Becker, 

“Rearrangement of cyclotriveratrylene (CTV) diketone: 9,10-

diarylanthracenes with OLED applications,” J. Org. Chem., vol. 78, no. 5, pp. 

2051–2058, 2013. 

[46] C. Schmuck and W. Wienand, “The first efficient synthesis and optical 

resolution of monosubstituted cyclotribenzylenes,” Synthesis (Stuttg)., no. 5, 

pp. 655–663, 2002. 

[47] W. Y. Lee and C. H. Park, “Orthocyclophanes. 2. Starands, a New Family of 

Macrocycles of Spirobicyclic Polyketals with a 2n-Crown-n Moiety,” J. Org. 

Chem., vol. 58, no. 25, pp. 7149–7157, 1993. 

[48] A. Rueda-Zubiaurre, N. Herrero-García, M. Del Rosario Torres, I. Fernández, 

and J. Osío Barcina, “Rational design of a nonbasic molecular receptor for 

selective NH 4+/K+ complexation in the gas phase,” Chem. - A Eur. J., vol. 

18, no. 52, pp. 16884–16889, 2012. 

[49] B. Klenke, C. Näther, and W. Friedrichsen, “Selective side-chain 

functionalization of a calix[4]arene -2,8,14,20- tetrabromo-25,26,27,28-

tetramethoxycalix[4]arene-,” Tetrahedron Lett., vol. 39, no. 49, pp. 8967–

8968, 1998. 

[50] H. Mansilla and D. Regás, “Simple method for the preparation of dimethyl 

acetals from ketones with montmorillonite K 10 and p-toluenesulfonic acid,” 

Synth. Commun., vol. 36, no. 15, pp. 2195–2201, 2006. 



 

 

51 

[51] İğci, C. “From Supramolecular Chemistry to Fundamental Chemistry,” M.Sc. 

Thesis, Middle East Technical University, 2016. 

 





 

 

53 

APPENDICES 

A. NMR Spectra 

NMR analysis both 1H and 13C was carried on Bruker Spectrospin Avance DPX-400 

Spectrometer and tetramethylsilane was used as internal reference. CDCl3, d6-

DMSO and CD3CN were used as NMR solvents Add appendix here. 
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B. HRMS Result 

High Resolution Mass Spectroscopy (HRMS) was performed using Waters Synapt 

MS System at METU Central Laboratory. 

 

 

Figure B. 1. HRMS Spectrum of Molecule 14. 

 

 

 

Figure B. 2.HRMS Spectrum of Molecule 15. 
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Figure B. 3. HRMS Spectrum of Tribenzooxatriquinane. 

 

 

 

 

 

 


