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Abstract  

The one-pot reaction of  1,3-Cyclohexanedione with cyanogen bromide and different aldehydes in 

the presence of sodium autoxide and in methanol solvent lead to selective production of xanthene 
derivatives with high efficiencies. In this research, the formation mechanism of this derivatives is 

described and the structure of all derivatives obtained with using techniques IR, H-NMR and C-

NMR is investigated.  
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1- Introduction  

Carboxyl compounds are cyclic molecules in which ring is formed only from carbon atoms. While 

heterocyclic compounds are cyclic compounds in which one or more heteroatoms (that is atom 

other than carbon) are substituted. More than one half of well-known organic compounds at least 

have one heterocyclic component. Heterocyclic compounds are extensively used and among the 

variety of pharmaceutical and herbal compounds contributes a significant component. They are 

used as optical brighteners, anti-oxidation, anti-corrosion, additives, and many other factors [1]. 

Among other applications of heterocycles, can be mentioned the herbicides, fungicides, 

insecticides, paints, organic conductors, and pharmaceutical products [2]. Heterocycles chemistry 

is the unlimited source of ion compounds. The unlimited compounds of carbon, hydrogen and 

heteroatom can be designed such that new heterocycles are produced with physical, chemical and 

biological properties [3]. One reason for the widespread use of heterocyclic compounds is that 

their structure can be changed for achieving other desirable structures. Many heterocycles can be 

placed in a similar structural group, there is major difference in the group, such differenced include 

difference in acidic and basic properties, difference in the ability to attack by electrophiles or 

nucleophiles, and difference in polarity. The structural difference include the replacement of one 

heteroatom with another heteroatom in one ring and different positions of the same heteroatom 

within ring. For example, how to use heterocycles is to investigate preparation process of an anti-

fungus [4]. Since natural materials are present in small quantities in nature and it is difficult to 

separate them in large quantities from natural resources, and organic chemists have solved this 

problem with their synthesis measures. Many heterocyclic compounds are synthesized in the 

laboratory. The synthetic heterocycles have a wide range of applications including the preparation 

of herbicides, insecticides, fungicides and plant growth regulators, paints and in many diseases 

such as cancers (fig. 1) [1.2]. 
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Figure1: Synthetic heterocylces.  

Due to the extent performance heterocycle compounds and the specific importance of these 

compounds in chemistry, always and especially in recent decades, numerous efforts are made to 

provide and design procedures for synthesis of these compounds. Heterocycles are classified in 

two aromatic and nonaromatic categories. The heterocycle chemistry indebted to three discoveries:  

1- Isolation of several furans derivatives from plant materials (1780) 

2- Discovery of pyrrole from dry distillation of bone and horn by Rongi (1834) 

3- Isolation of picoline from coal tar by Anderson Scottish chemist (1846) 

The study of heterocycle chemistry is indebted to ongoing effort of many chemists, physicists 

and biologists.  

The chemical behavior of many heterocyclic compounds can be explained based on to cyclic 

systems:  

 Compounds that are obtained from substituting one or more CH groups of 

cyclopentadienyl carbanion with heteroatoms such as O,S, Se, Te, N, or P . 

 Aromatic heterocyclic compounds which are obtained from substituting one or more 

CH  groups in benzene.  

Heterocyclic compounds are different in many chemical properties such as the strength of 

acid / base, affinity to attack electrophile or nucleophile and polarity. The important 

structural difference is in replacement of heteroatom with another one or replacement of 

heteroatom position in the ring. The important structural properties of heterocyclic 

compounds is that factor groups can be appeared as substituent or part of ring system itself. 

For example, the basic nitrogen can both placed as substituent and part of aromatic ring. 

Heterocyclic compounds have a key role in biologic processes. For example, the main food 

components such as thiamine (vitamin B1), Niacin, riboflavin (vitamin B2), pyroxole 
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(vitamin B6), Nicotinamide (vitamin B3) and Ascorbic acid (vitamin C) are heterocyclic 

compounds. The importance and chemical applications of hetrocylces has led to many 

theories and synthesis in this area [1,2,5].  

 

2. Literature review 

2-1- Cyclohexanedione 

1,3- Cyclohexanedione (28) is a beta dicarbonyl compound that is as a white solid. Its 

molecular formula is C6H8O2 and molecular mass is 13.122. This compound has melting point 

102.8-105 ℃ and boiling point 235.06 ℃ and its density is 101.0 g/cm3. 1,3- Cyclohexanedione 

is solved well in water, chloroform, hot benzene, carbon disulfide and organic solvents such 

methnaol and ethanol. It is stable compound but it may be sensitive to light. It also unstable 

against oxidants [8.9]. The structure of 1,3- Cyclohexanedione is shown in figure 2.  

 

Figure 2.  

 

 

 

1,3- Cyclohexanedione due to having exchangeable acidic hydrogen include a tautomeric form. 

Many factors such as the nature of solvent and medium acidity can affect the equilibrium. Different 

procedures to investigate the effect of these factors are reported that among them can be mentioned 

to instrumental procedures H-NMR and dynamic NMR and infrared [1,11]. Among other factors 

that can stabilize the enolic form can be mentioned to the formation of conjugated bond C=C with 

C=O and the formation of intermolecular hydrogen bond [12]. 

 

2-2- Cyanogen bromide 

Cyanogen bromide [29] is an chemical compound with molecular formula CNBr. The IUPAC 

name of this compound is cyanic bromide. Other names that are available for this compound 

include: Cyanobromide, bromo cyanide, cyanogen mono bromide, bromocyanogen and other 
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names that are less used. Although its molecular formula is written as CNBr but in fact carbon  

atom is linked with simple bond to brome and with triple bond to nitrogen atom. The compound 

is linear and is highly polar. The structure of cyanogen bromide is shown in figure 3. This 

crystalline solid is white with sharp smell. Its molecular weight is 105.93 gr/mol and its density is 

obtained in different phases such that in solid phase it is equal to 2.015 [13]. The melting point is 

52 ℃ and boiling point is 61.4 ℃. This compound in UV spectroscopy has absorption spectra in 

the region 184-254 nm [14]. Its vapor pressure in 20 ℃ is equal to 92 mmHg [15]. The compound 

is easily solved in water, alcohol, ether and other polar solvents. In chromatography the suitable 

solvents for work with this compound are: 2-methoxyethanol DMSO, and N methylpyrrolidine 

[16]. Since the cyanogen bromide is very toxic, it should be careful when working with it, and all 

safety precautions must be observed. All experiments and activities involved with cyanogen 

bromide must be carried out under hood. This compound is very active and its maintenance is very 

difficult. Due to low melting point and boiling point, it must be maintained in the refrigerator and 

low temperature. Cyanogen bromide is usually prepared from oxidation of cyanide sodium by 

brome. This reaction is promoted by the intermediate formation of cyanogen (31) (figure 4) [17].  

 

Figure 3.  

figure 4.  

3-Discussion  

3-1-Reaction of 1,3-Cyclohexanedione (28) with cyanogen bromide and different 

aldehydes in the presence of sodium autoxide and in methanol solvent 
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Because of the biological and pharmaceutical importance of derivatives of 1,3-

Cyclohexanedione that has dihydrofuran format, we are determined to synthetize new 

derivatives from these compounds. The schematic diagram of reaction 1,3-Cyclohexanedione 

with cyanogen bromide and different aldehydes in the presence of sodium autoxide and in 

methanol solvent is shown in figure 5. 

 

Figure 5.  

3-2- Reaction 1-3 -Cyclohexanedione with cyanogen bromide and 3- nitrobenzaldehyde 

in the presence of sodium autoxide and in methanol solvent 

 

From reaction 1-3 -Cyclohexanedione with cyanogen bromide and 3- nitrobenzaldehyde in the 

presence of sodium autoxide and in methanol solvent, the compound 104a and 105 is obtained. 

The IUPAC name of compound 104a, is 10a-hydroxy-9-(3-niro-phenyl)-3,4,5,6,7,8a, 9-10a-

octahydro-1H-xanthene-1,8 (2H)-dione1.  
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Figure6: Compound (104a).  

In the IR spectrum of this compound, the available wide peak in the region cm-I 3400 , 3160 is 

related to tensile vibration free O-H and with hydrogen bond, which this proves the presence of 

two equilibrium keto and enol forms in the compound. The two available peaks in the region 2952 

and 2873 are related to tensile vibration of aliphatic C-H. The strong peak in the region 1724 cm-

I is related to tensile vibration of carbonyl groups. The two strong bands with identical intensity in 

the cm-I 1525 and 1383 is related to symmetric and asymmetric tensile vibration of nitro group. 

In the spectrum 1H-NMR, this compound is a multiple peak equal to three protons in 𝛿 = 7.05 −

8.02 𝑝𝑝𝑚 related to hydrogens of aromatic ring, double peak equal to one proton in 𝛿 = 7.05𝑝𝑝𝑚 

related to proton of aromatic ring. The single peak in the 𝛿 = 4.44 𝑝𝑝𝑚 is equal to one hydrogen, 

double peak equal to one hydrogen in 𝛿 = 4 𝑝𝑝𝑚, the wide single peak in 𝛿 = 3.35 𝑝𝑝𝑚 is equal 

to one hydrogen, single peak in 𝛿 = 3.28 𝑝𝑝𝑚 is equal to one hydrogen and double peak equal to 

one proton in 𝛿 = 3.16 𝑝𝑝𝑚 are observed, also the multiple peak equal to 12 protons in 𝛿 =

1.55 − 2.51 𝑝𝑝𝑚 is related to methylene hydrogens. It should be noted that due to the presence of 

one chiral center in compound, 12 protons are related to diastereotopic methylenes and that’s why 

in the spectrum 1H-NMR, the peaks of aliphatic region are observed in the multiple form. In the 

spectrum 13C-NMR, the compound 104a is totally 36 peaks are observed that indicate the 

existence of 36 types of carbon in this compound and this is due to the presence of three forms of 

keto-enol in this compound and that’s why it can not be predicted the exact position of atoms.  
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                  Ketone form                                       Enol form                                       Enol form 

Figure 7: equilibrium mixture of compound 104a 

The available peaks in the regions 𝛿 = 168.5 − 205.4 are related to carbonyl groups in two ketol 

and enol forms. Furthermore, 16 peaks available in the  𝛿 = 100.1 − 147.4 𝑝𝑝𝑚 are related to 

aromatic ring carbons, and double bond carbon- carbon in two ketol and enol forms, and 14 peaks 

available in the 𝛿 = 19.7 − 58.8 𝑝𝑝𝑚 are related to aliphatic carbons in two ketol and enol forms.  

3-3- Reaction 1-3 -Cyclohexanedione (28) with cyanogen bromide and 3,4,5 

trimethoxybenzene in the presence of sodium autoxide and in methanol solvent 

 

From reaction 1-3 -Cyclohexanedione with cyanogen bromide and 3,4,5 trimethoxybenzene 

in the presence of sodium autoxide and in methanol solvent, the compound 104b and 105 is 

obtained. The IUPAC name of compound 104b, is 10a-hydroxy-9-(3,4,5- trimethoxyphenyl ) 

- 3,4,5,6,7,8a, 9-10a-octahydro-1H-xanthene-1,8 (2H)-dione21.  

 

Figure 8: compound 104b 
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In the IR spectrum of this compound, the available wide peak in the region cm-I 3324 is related to 

tensile vibration O-H, which this proves the presence of two equilibrium keto and enol forms in 

the compound. The two available peaks in the region 2946 cm-I and 2838 are related to tensile 

vibration of aliphatic C-H. The sharp peak in the region 1718 cm-I is related to tensile vibration 

of carbonyl groups. The strong band in the 1122cm-I is related tensile vibration of C-O. In the 

spectrum 1H-NMR, a three single peak , equal to one hydrogen are appreared in the 𝛿 = 6.86 𝑝𝑝𝑚 

and 𝛿 = 6.858 𝑝𝑝𝑚 and 𝛿 = 6.851 𝑝𝑝𝑚. One single peak equal to hydrogens in the𝛿 =

6.42 𝑝𝑝𝑚 related to hydrogens of aromatic ring, one single peak equal to one hydrogen 𝛿 =

6.36𝑝𝑝𝑚 and one single peak related to six protons in 𝛿 = 3.7𝑝𝑝𝑚 related hydrogens of OMe in 

the general tautomeric form, one single peak in the 𝛿 = 3.68 𝑝𝑝𝑚 equal to three hydrogens related 

OMe in the general tautomeric form, one single peak equal to one hydrogen in  𝛿 = 3.67 𝑝𝑝𝑚 

related to OMe in the less tautomeric form, one single peak equal to one hydrogen in 𝛿 = 3.6 𝑝𝑝𝑚 

related to OMe in less tuatomeric form, one wide single peak equal to four hydrogens in  𝛿 =

3.36  𝑝𝑝𝑚 and one multiple peak equal to twelve protons in 𝛿 = 1.88 − 2.47  𝑝𝑝𝑚 related to 

hydrogens of aliphatic region. In the spectrum 13C-NMR , this compound totally 43 peak are 

observed that indicate 43 types of carbon in the compound.  

 

Figure 9: compound (104b).  

Two available peaks in the 𝛿 = 206.2  𝑝𝑝𝑚 and 𝛿 = 205  𝑝𝑝𝑚 are related to carbons of 

carbonyl group, peaks in the 𝛿 = 195.8  𝑝𝑝𝑚 and 𝛿 = 169  𝑝𝑝𝑚 and 11 peaks in the 𝛿 =

100 − 151.9  𝑝𝑝𝑚 related to carbons of aromatic ring, and carbon of double bond C=C in 

keto-enol forms. Peak in the 𝛿 = 59.8  𝑝𝑝𝑚 is related to carbons equal to OMe, linked to 3,5th 

from aromatic ring, and peak in the 𝛿 = 55.6  𝑝𝑝𝑚 is related to OMe linked to 4th carbon of 

aromatic ring and 22 peaks in the 𝛿 = 19.8 − 40.4  𝑝𝑝𝑚 are related to aliphatic carbons.  
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3-4- Reaction 1-3 -Cyclohexanedione (28) with cyanogen bromide and 2- 

hydroxybenzaldehyde in the presence of sodium autoxide and in methanol solvent 

 

From reaction 1-3 -Cyclohexanedione with cyanogen bromide and 2- hydroxybenzaldehyde in 

the presence of sodium autoxide and in methanol solvent, the compound 104c and 105 is 

obtained. The IUPAC name of compound 104c, is 10a-hydroxy-9-(2-hydroxyphenyl ) - 3,4,5, 

7,8a, 9-10a-octahydro-1H-xanthene-1,8 (2H)-dione31. 

 

In the spectrum IR of this compound, the very wide peak in the 3446-2538 cm-I that is interrupted 

with C-H absorptions, indicate the tensile vibration of O-H, and this is due to the intermolecular 

or intramolecular strong hydrogen bond and increasement of acidic properties of compound 104c. 

The peak in the 2951 cm-I is related to tensile vibration aliphatic C-H. The strong peak in the 1642 

cm-I is related to tensile vibration of carbonyl groups. In the 1H-NMR it is very likely that, one 

single peak equal to one proton in the 𝛿 = 10.77  𝑝𝑝𝑚, H, one single peak equal to one proton in 

the 𝛿 = 7.19  𝑝𝑝𝑚 and one multiple peak equal to one hydrogen in the 𝛿 = 7.07 − 7.11  𝑝𝑝𝑚 and 

one multiple peak equal two hydrogens in the 𝛿 = 6.93 − 6.92  𝑝𝑝𝑚 related to hydrogens of 

aromatic ring. One single peak equal to one hydrogen in the 𝛿 = 4.57  𝑝𝑝𝑚, also double peak 

equal to one hydrogen in the 𝛿 = 2.96  𝑝𝑝𝑚, multiple peak equal to three hydrogens in the 𝛿 =

2.44 − 2.57  𝑝𝑝𝑚, multiple peak equal to proton in the 𝛿 = 2.3 − 2.4  𝑝𝑝𝑚, multiple peak equal 

to four protons in the 𝛿 = 1.88 − 2.11  𝑝𝑝𝑚 and multiple peak equal to two protons in the 𝛿 =

1.65 − 1.82  𝑝𝑝𝑚 that are appeared in the aliphatic region are related to methylene hydrogens. It 

should be noted that the aliphatic hydrogens due to diastrotopic are appeared in multiple peaks. In 

the spectrum 13C-NMR, the compound (104c) totally 19 peaks are observed that indicate the 

existence of 19 types of carbons in this compound and indicate the presence of one tautomeric 

form.  
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Figure 11: compound (104c) 

It is very likely that two peaks in the 𝛿 = 197.1 𝑎𝑛𝑑 201.5  𝑝𝑝𝑚 are related to carbonyl carbons, 

the peak in the region 𝛿 = 172.8𝑝𝑝𝑚 and peak in the 𝛿 = 171.1  𝑝𝑝𝑚 are related to double bond 

carbons. The peaks in the 𝛿 = 112.3 − 150.9  𝑝𝑝𝑚 are related to aromatic ring carbons. The peaks 

in the 𝛿 = 77.2 − 19.7 𝑝𝑝𝑚 are related to aliphatic carbons.  

 

3-5- Reaction 1-3 -Cyclohexanedione (28) with cyanogen bromide and 2- 

nitrobenzaldehyde in the presence of sodium autoxide and in methanol solvent 

 

From reaction 1-3 -Cyclohexanedione with cyanogen bromide and 2- nitrobenzaldehyde in the 

presence of sodium autoxide and in methanol solvent, the compound 104d and 105 is obtained. 

The IUPAC name of compound 104d, is 10a-hydroxy-9-(2-nitrophenyl ) - 3,4,5, 6,7,8a, 9-10a-

octahydro-1H-xanthene-1,8 (2H)-dione.  

 

Figure 12: compound 104d. 
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In the IR spectrum of this compound, two strong peaks in the 3038 cm-I are related to tensile 

vibration O-H, two peaks in the 2878 and 2962 cm-I are related to aliphatic C-H and strong bond 

in the 1713 cm-I is related to tensile vibration of carbonyl group. Two strong peaks in the 1343 

and 1524 cm-I are related to symmetric and asymmetric tensile vibration of nitro group. In the 1H-

NMR spectrum of this compound, double peak in the 𝛿 = 7.87  𝑝𝑝𝑚 is equal to one proton and 

multiple peak in the 𝛿 = 7.10 − 7.45  𝑝𝑝𝑚 is equal to three protons related to hydrogens of 

aromatic ring, three single peak in the 𝛿 = 4.73  𝑝𝑝𝑚 is equal to one proton related to H and the 

peaks observed in the 𝛿 = 1.15 − 2.48  𝑝𝑝𝑚 are equal to 12 protons related to hydrogens of 

diastrotpoic methylene. In the spectrum 13C-NMR the compound 104d totally 31 peaks are 

observed that indicate the existence of more than one tautomeric form in this compound.  

 

Figure 13: compound 104d.  

It is very likely that two peaks in the 𝛿 = 205.2 𝑎𝑛𝑑 205.8  𝑝𝑝𝑚 are related to carbonyl carbons, 

peak in the 𝛿 = 196.4  𝑝𝑝𝑚 and peak in the 𝛿 = 170.6  𝑝𝑝𝑚 are related to double carbon bonds. 

Peaks in the 𝛿 = 150.6 𝑎𝑛𝑑 100.3  𝑝𝑝𝑚 are related to aromatic ring carbons, and peaks in the 

𝛿 = 20.4 − 37.3  𝑝𝑝𝑚 are related to aliphatic carbons.  

 

3-6- Reaction 1-3 -Cyclohexanedione (28) with cyanogen bromide and benzaldehyde in 

the presence of sodium autoxide and in methanol solvent 

From reaction 1-3 -Cyclohexanedione with cyanogen bromide and benzaldehyde in the 

presence of sodium autoxide and in methanol solvent, two compounds 104e and 105 are 

obtained. The IUPAC name of compound 104e, is 10a-hydroxy-9-phenyl - 3,4,5, 6,7,8a, 9-

10a-octahydro-1H-xanthene-1 and (2H)-dione541.  
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Figure 14: compound 104e 

 

In the spectrum IR of this compound, the appeared peak in the 3303 cm-I is related to tensile 

vibration O-H. the peak in the 3053 and 3024 cm-I is related to tensile vibration of aromatic 

C-H and two peaks in the 2918 and 2958 cm-I are related to tensile vibration of aliphatic C-

H. the peak appeared in the 1721 cm-I is related to tensile vibration of  carbonyl group and 

the two appeared spectrum in the 1493 and 1600 cm-I are related to tensile vibration of C=C. 

in the 1H-NMR spectrum of this compound, it is likely that one wise single peak in the 𝛿 =

12.02  𝑝𝑝𝑚 and one single peak in the 𝛿 = 12.29  𝑝𝑝𝑚 are related to exchangeable protons 

of OH tautomeric forms, this peak indicate that likely, more than two tautomeric forms exist 

in the compound, because two different peaks are observed for OH factor in enol forms. 

Multiple peak in the 𝛿 = 7.03 − 7.21  𝑝𝑝𝑚 is related to hydrogens of aromatic ring and 

single peak equal to one proton in the 𝛿 = 5.4  𝑝𝑝𝑚 is related to Ha. The peaks observed in 

the 𝛿 = 2 − 2.6   𝑝𝑝𝑚 are equal to three protons and peaks in the 𝛿 = 1.93 − 1.99  𝑝𝑝𝑚 is 

equal to seven protons related to methylene hydrogens. The multiple peaks in the 𝛿 = 1.1 −

1.5  𝑝𝑝𝑚 are equal to two protons related to diastrotopic protons on methylenes. In the 

spectrum 13C-NMR of compound 104e, totally 17 peaks are observed that indicate the 

existence of 17 types of carbon in the compound. It should be noted that in the spectrum 

13C-NMR of this compound, the peaks related to general tautomeric form are observed.  
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Figure 15: compound 104e 

Two peaks in the 𝛿 = 219.4 𝑎𝑛𝑑 205.2   𝑝𝑝𝑚 are related to carbonyl carbons, peak in the 

𝛿 = 192.1   𝑝𝑝𝑚 and 𝛿 = 190.9   𝑝𝑝𝑚 is related to C=C double bond. Peaks in the 𝛿 =

116.4 − 137.8   𝑝𝑝𝑚 are related to carbons of aromatic ring and peaks in the 𝛿 = 20.1 −

5.59 𝑝𝑝𝑚 are related to aliphatic carbons.  

3-7- Reaction 1-3 -Cyclohexanedione (28) with cyanogen bromide and 4- 

fluorobenzaldehyde in the presence of sodium autoxide and in methanol solvent 

From reaction 1-3 -Cyclohexanedione with cyanogen bromide and 4-fluorobenzaldehyde in 

the presence of sodium autoxide and in methanol solvent, two compounds 104e and 105 are 

obtained. The IUPAC name of compound 104f, is 9-(4-fluorophenyl)-10a-hydroxy - 3,4,5, 

6,7,8a, 9-10a-octahydro-1H-xanthene-1,8 (2H)-dione16.  

 

Figure 16: compound 104f 

In the IR spectrum of this compound, the appeared peak in the 3315 cm-I is related to tensile 

vibration O-H of enolic tuatuomeric form in this compound. The peak in the region 3050 cm-

I is related to tensile vibration of aromatic C-H and two peaks in the regions 2962 and 2850 
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cm-I are related to tensile vibration of aliphatic C-H. The peak appeared in the 1721 cm-I is 

related to tensile vibration of carbonyl group. In the spectrum 1H-NMR of this compound, it 

is likely that multiple peak equal to one proton in the 𝛿 = 7.18   𝑝𝑝𝑚 is related to aromatic 

ring hydrogen and the multiple peak equal to three protons in the 𝛿 = 6.86 − 7.03   𝑝𝑝𝑚 is 

related to protons of aromatic ring, the single peak equal to one proton in the 𝛿 = 4.40   𝑝𝑝𝑚 

is related to Ha, multiple peak equal to one proton in the 𝛿 = 3.86   𝑝𝑝𝑚 and wide peak equal 

to four protons in the 𝛿 = 3.67   𝑝𝑝𝑚 and multiple peak equal to one proton in the 𝛿 =

2.96   𝑝𝑝𝑚 and multiple peak equal to ten protons in the 𝛿 = 1.6 − 2.41   𝑝𝑝𝑚 are related to 

hydrogens of diastrotopic methylene. In the spectrum 13C-NMR of compound 104f, totally 25 

peaks are observed. The cause of observation of multiple peaks in the aromatic region, is the 

coupling of fluorine atom with carbon atoms in the phenyl ring and another cause can be related 

to the existence of ketol-enol tautomeric forms.  

 

Figure 17: compound 104f 

The peak in the 𝛿 = 205.4   𝑝𝑝𝑚 related to carbonyl carbons, the peak in the 𝛿 = 196   𝑝𝑝𝑚 and 

peak in the 𝛿 = 170   𝑝𝑝𝑚 are related to double carbon bond. The peaks in the 𝛿 = 100.5 −

168.1   𝑝𝑝𝑚 are related to aromatic ring, and peaks in the 𝛿 = 20.1 − 60.1   𝑝𝑝𝑚 are related to 

aliphatic carbons in enol-ketol tautomeric forms.  

3-8- Reaction 1-3 -Cyclohexanedione (28) with cyanogen bromide and formaldehyde in 

the presence of sodium autoxide and in methanol solvent 

Due to the good results of aromatic aldehydes reaction, we are determined to carry out reaction 

with aliphatic aldehydes. From reaction 1-3 -Cyclohexanedione with cyanogen bromide and 

formaldehyde in the presence of sodium autoxide and in methanol solvent, two compounds 

104j and 105 are obtained. The IUPAC name of compound 104j, is 10a-hydroxy - 3,4,5, 6,7,8a, 

9-10a-octahydro-1H-xanthene-1,8 (2H)-dione71.  
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Figure 18: compound 104j. 

In the IR spectrum of this compound, the appeared peak in 3315 cm-I is related to tensile 

vibration O-H of enol tautomeric form. Two peaks in the 2962 and 2850 cm-I are related  to 

tensile vibration of aliphatic C-H. The peak appeared in the 1721 cm-I is related to tensile 

vibration of carbonyl group. In the 1H-NMR of this compound, it is likely that wide peak equal 

to two protons in the 𝛿 = 11.8   𝑝𝑝𝑚 are related to hydrogen OH of ketol-enol form, and wide 

peak equal to four protons in the 𝛿 = 3.5   𝑝𝑝𝑚 are related to methylene protons which 

overlaps with water. Multiple peak equal to two protons in the 𝛿 = 2.5   𝑝𝑝𝑚 that overlaps 

with peak DMSO is related to protons of hidrofuran ring and multiple peak equal to four 

protons in the 𝛿 = 1.85   𝑝𝑝𝑚 and multiple peak equal to eight protons which overlaps with 

water are related to methylene protons in two ketol-enol forms. In the 13C- NMR spectrum of 

compound 104j, 11 peaks are observed that indicate the existence of 11 types of carbon in the 

compound.  

 

Figure 19: compound 104j 

The peak in the 𝛿 = 204.9   𝑝𝑝𝑚 is related to carbons a, peak in the 𝛿 = 191.5   𝑝𝑝𝑚 is related 

to carbon b, and peak in the 𝛿 = 178   𝑝𝑝𝑚 is related to carbon c. The peak in the 𝛿 =
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96   𝑝𝑝𝑚 is related to carbon d, and peak in the region 𝛿 = 90.5   𝑝𝑝𝑚 is related to carbon e. 

The peaks in the region 𝛿 = 16.4 − 37.2   𝑝𝑝𝑚 are related to methylene carbons.  

 

3-9- Reaction 1-3 -Cyclohexanedione (28) with cyanogen bromide and Phthalaldehyde in 

the presence of sodium autoxide and in methanol solvent 

Due to the good results of one factor aromatic aldehydes reaction, we are determined to carry 

out reaction with two factors phthalaldehyde and terephthalaldehyde aldehydes. From reaction 

1-3 -Cyclohexanedione with cyanogen bromide and phthalaldehyde in the presence of sodium 

autoxide and in methanol solvent, compound 104h is obtained. The IUPAC name of compound 

104h, is 5,10a-dihydroxy – 7,8,9a,10a,11,12,13,13a,14b, -decahydrobenzo [5,6]oxepino[2,3,4-

kl]- xanthene-14-(5H) – One18 

 

 

Figure 20: compound 104h 

In the IR spectrum of this compound, the appeared peak in the 3274-cm-I is related to tensile 

vibration O-H. The peak in the 3020 cm-I is related to tensile vibration of aromatic C-H and two 

peaks in the 2948 and 2900 cm-I are related to tensile vibration of aliphatic C-H. The peak 

appeared in the 1721 cm-I is related to tensile vibration of carbonyl group. In the 1H-NMR 

spectrum of this compound, multiple peak equal to four protons in the 𝛿 = 7.04 − 7.18   𝑝𝑝𝑚 is 

related to hydrogens of aromatic ring and single peak equal to one hydrogen in the 𝛿 = 6.62   𝑝𝑝𝑚 

is related to Hm. Single peak equal to one hydrogen in the 𝛿 = 5.52   𝑝𝑝𝑚 is related to Ht and 

multiple peak equal to two hydrogens in the = 5.21 − 5.26   𝑝𝑝𝑚 , multiple peak equal to one 

proton in the 𝛿 = 4.8   𝑝𝑝𝑚 is related to Hc. Multiple peaks in the 𝛿 = 1.585   𝑝𝑝𝑚, 𝛿 = 2.01 −

2.5   𝑝𝑝𝑚 and 𝛿 = 2.72 − 2.81   𝑝𝑝𝑚 are related to 12 protons of diastrotopic methylenes. In the 
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spectrum 13C-NMR, compound 104h, 21 peaks are observed that indicate the existence of 21 types 

of carbons in this compound.  

 

Figure 21: compound 104h 

The peaks in the 𝛿 = 197.5, 197.6, 205.5 𝑎𝑛𝑑 205.7  𝑝𝑝𝑚 are related to carbons a,b,c,d. The peak 

in the region 𝛿 = 123.4 − 144.6   𝑝𝑝𝑚 is related to carbon (e to j). As the molecular structure 

shows, the compound BrCN has to role in the formation of this compound. The formation 

mechanism of this compound is shown in the diagram 3-7. The peak in the 𝛿 = 112.5   𝑝𝑝𝑚 is 

related to carbon k. The peak in the 𝛿 = 101.2   𝑝𝑝𝑚 is related to carbon I and peak in the 𝛿 =

77.2   𝑝𝑝𝑚 is related to carbon m. The peak in the 𝛿 = 19.7 − 65.3   𝑝𝑝𝑚 is related to carbon (n 

to s).  

3-10- Reaction 1-3 -Cyclohexanedione (28) with cyanogen bromide and 

terephthalaldehyde in the presence of sodium autoxide and in methanol solvent 

From reaction 1-3 -Cyclohexanedione with cyanogen bromide and tereformaldehyde in the 

presence of sodium autoxide and in methanol solvent, two compounds 104i and 105 are 

obtained. The IUPAC name of compound 104i, is 9,9'-(1,4-Phenylene)bis(10a-hydroxy-

3,4,5,6,7,8a,9,10a-octahydro-1H-xanthene-1,8(2H)-dione). 
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Figure 22: compound 104i 

In the IR spectrum of this compound, the appeared peak in the 3500 cm-I, is related to OH groups. 

The peak in the 3095 cm-I is related to tensile vibration of aromatic C-H. two peaks in the 2950 

and 2874 cm-I are related to tensile vibration of aliphatic C-H and the peak in the 1719 cm-I is 

related to tensile vibration of carbonyl group. In the spectrum 1H-NMR of this compound, it seems 

that there is one more compound because in the 𝛿 = 9.89   𝑝𝑝𝑚 and 𝛿 = 9.91   𝑝𝑝𝑚, two peaks 

for OH factor groups are observed that are different in value. As can be observed the aromatic 

region, it is seen at least three or four double types (which are different in integrals), that indicate 

at least two or three compounds. The complexity of spectrum 1H-NMR, in the aliphatic region of 

this compound conforms this point. In the spectrum 13C-NMR of this compound, it is also 

observed at least 6 carbonyl peaks and the large number of peaks in the carbonyl region also 

conforms the existence of several compounds with polarity close to each other. Effort to 

completely prove the structure of this compound still continues, and currently  the structure of 104j 

is proposed for it.  

4- Crystallographic structure of compound 104d 

The X-ray diffraction patterns of crystalline solids allows to completely identification of molecular 

structure. In the procedure, on only the molecular arrangement is determined, but also geometric 

status of molecule such as bonds length, bond angles and two-dimensional is specified. The x-ray 

diffraction, is the most accurate procedure to determine the structure of molecule and its 

arrangement but there are limitations for this procedure. The crystallography data are given in table 

(1). From x-ray of this compound the following results are obtained : 

1- The compound 104d is as xanthene.  

2- This structure is dimeric form.   

3- As can be seen from diagram ORTEP, the cyclohexane ring and cyclohexanone are fused 

together and have twisted chair form . 

4- As can be seen from diagram ORTEP, this molecule has hydrogen bond between H one 

monomer with OH monomer in unit cell. The hydrogen bond length formed between two 

monomers A and B is equal (O6-H6……O4) 2.037 and 2.(table2). 
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5- Hydroxyl group in each of monomers has molecular hydrogen bond H one monomer with 

OH monomer in cell unit of its neighbor and vice verca.  

6- Accumulation diagram of crystalline compound 104d indicate that in the unit cell there 

are 2 molecules.  

7- The percent of each monomers in dimmer 104d are identical.  

8- There are three chiral centers in each of monomers, which configurations are as follows:  

(S) C13 and (S) C8 and (R) C7 in monomer A and (R) C38 and (S) C26 and (R) C33 in 

monomer B, that conclude two monomers A and B are enantiomer to each other.  

9- dimmer form 104d has C1 symmetry.  

10 – x-ray data shows that unit cell form is triclinic.  

 

Figure 23: diagram ORTEP of crystalline structure from compound 104d. 

 

Figure 23: accumulation diagram crystalline compound 104e 

Table1: crystallographic  data of compound 104d 
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Table 2: hydrogen bond lengths and their angles in compound 104e. 

 

5- Conclusions 

The physical properties and reactions efficiencies corresponding to current research are 

presented in table 3.  

Table 3: efficiency and melting point of obtained compounds in the research   

         Number                                compound                              melting point            efficiency % 
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